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P E E E A E

TO THE FIRST EDITION

THE object of the present Memoir is to furmsli a general view of

all the suivcymg: and othci geographical operations in India from

their first commencement ,
in ordei that, in reading reports of

current work, ready means of reference to the previous history of

each branch of the subject may be at hand In case it should be

desired to follow up an enquiry into the details of any particular

operation 01 seues of operations, the references in the foot notes

hare been made as copious as possible

It has been difficult to bung together a complete recoid of the

marine suiveys in consequence of the destruction of documents,

and it would have boon impossible without the aid o seveial

surveying officeis of the Indian Navy, who kimlly futnished mo

with the neceseary information
*

Nothing has been done for many

years to continue and complete the admirable work of the suiveyors

of the Indian Navy, but this state of ifti&gB oatinot last, and it IB

hoped that, befoie veiy long, the section on Marine Surveys will

be usciul as a means of icference

The liistoiy of the labouib of Major Eennell and his fellow iouto

surveyors is paiticulaily mteiostmg, as the commencement of the

vast operations oi which they weie the precursors But their woik

is still extremely valuable m itself l?oi the decision of important

points in physical geography, and of some engmeeraig questions, it

is necessary to oompaie surveys of the $am6 place made at long

intervals The woik done by Majoi Ecnnoll in 1780 enabled

Mi lYigusson m!8(>3 to aigue fiom data, the absence oi which

would have left the question he was discussing in doubt while tlie

want of early observations on the Katiwar coast deprives the

present tidal measuiements of their comparative interest

* Namely, Captains Jenkins, Lynch, Jheht Jones, fiklby* CoftltaWe, JUyloi, Ward,

Heathtot** bweny, and Cruttenden, and Lieutenant^ OdVn|pifood ftiad Barker,

Mr MaiBhali, and Dr Curtex



Yl PREFACE TO THE MUST EDITION

The nairative of the operations connected with the Tugono-
metncal and Topographical Surveys is an attempt to describe work,

the immense value and interest of which admits of no dispute

The main objects of these sections of the Memoir are to enable an

enquirer to gain a clear and compiehensiyc idea of the scope and

natuie of the surveying operations, to furnish him with the means

of prosecuting his researches further, and to enable him to refci

at once to the previous history of any particular survey The
account of the surveys is followed by a Section on the arrangements
for the supply of instruments, which have boon made by Colonel

Strange It contains a buef description of his observatory in

Belvidere Road, and some infoimation respecting his plan of ex

amining and testing instruments, and his system of obtaining them
I have endeavouied, in the section on the Geological Suivcy, to

enumerate the writings of those earlier labourois m this field

who did such excellent service before the commencement of the

Government Survey, and to describe very briefly the opeiations of

Dr Oldham and his accomplished colleagues since that period
Besides supplying references to the volumes of the memoirs and
records m which the accounts of the surveys aio given, a peiusal
of the Section itself will give a general notion of the nature and
extent of the Geological Survey, which has now been so ably and

energetically directedby Dr Oldham foi upwaids of twenty years ,

and it ought also to convey some idea of the arduous and penlous
character of the service, and of the high qualities necessary foi its

due peiformance
The researches of archaeologists are closely connected with the

science of physical geography, and therefore naturally find a place
in this Memoir A perusal of General Cunningham's recently
published work on the ancient geography of India will show how
close is the connexion Moreover, the labour of the archseologist
involve very arduous field work, and he therefore belongs to the
brotherhood of surveyors and geographical explorers In the
section on the Archaeological Survey of India I have enumciated
the descriptions of ruins and tlie interpretations of msciiptions by
Sir Wilham Jones and his disciples, and have given a sketch of the
interesting labours of James Prmsep and his enthusiastic com-
panions in research These eaihei investigators piepared the way



PREFACE TO THE MUST EDITION Vll

for our living antiquaries and students of Indian monuments, among

whom General Cunningham, Mr Forgusson, Sir Walter Elliot,

Dr Wilson, Colonel Meadows Taylor, and Mr Thomas take the

lead I hare ranged their work under eight heads, and have also

given a brief sketch of the reeent investigations of G-oneial Oun

mngham, Lieut Cole, and Mr Boswoll The Government of India

aie now fully alive to the value of archaeological research , further

surveys will no doubt he actively piosecutod , and the foot notes

containing references to the vaiious operations mentioned ra tho

text of this section may, I hope, prove useful

There is a strong disposition in India to establish a system of

meteorological observing and icportmg on a really satisfactory basis

and a review of previous cftorts o the land, and of tho labouis of

former observeis, may ho of some service in the consideration of

future anangements The meteorological section is merely intended

to furnish a histoiy of previous operations, and to be useful lor

purposes of reference It will serve to show how much con-

scientious labour is often wasted and lost From want of systematic

oigaimatioE ,
but it also records much invaluable woik, such as that

of GoBoial Boilwi at Simla, and of Mr Broun in Travancor, as

well as the earlier most admirable observations and deductions of

Colonel Sykcs in tho Deccan Tidal observations have "been much

neglected in India The c (Toils of Dr Whewcll boro scarcely any

fruit, and there is little that is satisfactory lo iccoicl, except tho

useful computations of Mr Parkes for tho tides at 3Cai<Vhi and

Bombay A series of caicful observations at otlici boleoted poiuts

round tho coast is urgently needed

Indian astronomy dates back lor moio than a thousand years ,

and old Aiyabhata was nobly represented in later times by the

learned and energetic "Rajah Jai Sing, -with, his five obsorratonos

and colossal instruments "Worthy successors to tho famous Eajput

astronomci have been found in the Duectors of iho Madias ami

Tuvandrum observatones, and a Memoir on scientific opeiations m
India would be very incomplete without a notice of the laboms of

the astionomers

The section on the Physical Geography of India is intended to give

a comprehensive view of the attempts to deduce gCEerali^ations from

the numerous classes of observations that have been collected by th0
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surveyors, whether geodesists, geologists, antiquaries, or meteorolo-

gists, and it also contains some additional references to original

sources of information, including a sketch of the labours of "botanists

and forest conservators The subject is one which could not be done

justice to within the limits of even a laige volume, and a mere sketch,

such as is contained in this section, can only be of use in supplying
references, and possibly in famishing a few suggestions and incen

tires to further inquiry , for physical geography is the comprehen
sive science which utilizes and makes fmitful the observations

accumulated by many classes of inquirers If the triangulations ol

the geodesists are the skeletons which the topographical surveyoi

supplies with flesh and blood, it is the physical geographer who
clothes these naked bodies with every description of graceful adorn

ment, and gives them beauty and completeness
The Memoir concludes with some account of the system by which

these difficult and expensive operations in India have been, reduced
to shape, and made serviceable, both to science and to the general
public The work of compilers and map makers forms a necessary
supplement to the more arduous labours in the field The Spanish
Council of the Indies established an efficient Department for the
utilization of the work of explorers, of which I have given some
account, but Hakluyt was the ancestor of oui Geographical Depart-
ment at the India Office, wnich also inherits the traditions of Rennell,
of Dabymple, and of Horsburgh These aie great names, and con
scientious efforts to emulate their services cannot fail to ensure

satisfactory results

CLEMENTS E MARKHAM,
Geographical Department

of the Indm Office
January 1871



P JR E E A C E

TO THE SECOND EDITION

THE result of the publication of the first edition of the Memon
on the Indian Surveys was very satisfactory It ^ as a part ol

my plan that the Memoir should be supplemented by Annual
Abstracts on the same model, each abstract being a Memoir f01 one

year The Abstract was to consist of connected nairatives foi the

year of the various operations which are the subjects of the Memon,
accompanied by references to all books, selections, aitides, des

patches, proceedings, or other papers containing fullei information

on the different points At the end of seven years the contents of

the Annual Abstracts were to be embodied m the second edition of

the Memoir

Accordingly these Abstracts of the Surveys were published in

1871, 1872, 1873, 1874 1875, and 1876 In 1877 the time came

fof1the appearance of the second edition of the Memoir Out of

the 750 copies of the first edition over 700 had been disposed of,

and the earlier Abstracts weie out of print In the new edition of

the Memoir it has been found advisable to inciease the number ol

sections An additional sub section has become necessary for the

Maime Survey Department ,
and separate sections are added foi

the route surveys beyond the fiontier of British India by native

explorers, for the Revenue Surveys, for Tiddl Observations, for the

Statistical Survey of India, and for a discussion of the orthography
of Indian proper names An index has also been added In all

other respects the arrangement of the two editions is identical All

who have been concerned in fuithermg the operations of the various

Indian Surveys must look back with feelings of deep satisfaction

to the amount and character of the work that has been achieved in

the interval between the publication of the two editions of this

Memoir

In the Preface to the fiist edition it was pointed out that nothing
had been done to continue the work of the Indian Marine Surveys,
and a hope was expiessed that before long the section on Marine
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Surveys would be useful as a means of refeienco That hope has

been fully realized Owing to the repiesentations of the Geo-

graphical Department the marine surreys haye been resumed under

the able management of Captain Tayloi, an efficient system has

been organized, and most useful work is being done The opeiations

of the Cheat Tiigonometrical Survey undei Colonel "Walker haye

advanced with rapid studes towards completion The Hevenue and

Topogiaphical Surveys have never been more active, and Colonel

ThuiUier has brought the vaiious piocesses foi the lepioduction of

maps, and the airangements for the supply of geographical mfoi-

niation, to a high state of perfection The Geological Survey

has, during the last seven years, xnadc extiaoidmaiy progicss, and it

will not be long before the constmctioii of a geological map of

India will be possible In archaeology the suivey of Gcneial Cun-

ningham has added to the stoic of knowledge ycai by ycai Mr

Burgess has vigorously enteied upon a parallel survey in "Western

India, while Mr Sewell has commenced similai operations in the

Madras Presidency

The Preface to the first edition pointed to the necessity foi esta

blishmg a system of meteoiological observing and icporting on a

really satisfactory basis The irapoitancc of this matter was also

brought to notice, again and again, in the Annual Abstracts Now
an efficient Meteorological Department is constituted undei Mr
H E Blanfordj a uniform system of rcgistiation has been csta

bhshed throughout India, and it is possible to combine all the

results in one general review In the first Preface notice was called

to the neglect of tidal observations, and to the uigcncy of taking
them at selected points round the coasts of India Measures have

now been adopted to secure this end, and Captain Baud, an able and

accomplished officer, has been entiustcd with the supemitondcnce of

tidal observations

Similar advances have been made in the woik ticatcd of m the

other sections of the Memoir
, and in oveiy bianch the useful aid

furmshed by the Geogiaphical Department has been acknowledged
That aid has taken the foim of incessant efforts to give publicity to

work done, and to the aims and objects of laboureis in India, of

prompt attention to all requirements in this countiy, and of cordial

co operation on every opportunity
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The concluding section of the Memou tieats of the work achieved

"by the Geographical Department of the India Office itself duung
the ten years of its existence Theie is still, I sincerely tiust, a

long and active caieei before it, and in watching the contmnod "use-

fulness of an impoitant biaiich of oflicial woik, which I had the

honour to originate, all my lahoui and anxiety during the last ton

yeais will be fully icwaidecl

CLEMENTS E MAUKLEAM,
Greogra/pJwctd Department

of Hie India Office

January 1878
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I.

INDIAN MARINE SURVEYS.

i

EARLY VOYAGES ANJ) THE BOMBAY MARINE
AD 16011830

THE Surveys of India began along the coasts, and the sailois

pieceded the shoie going suiveyors by neaily 200 years A sketch

of the gioat seivices of tho Indian Kavy, therefore, will fitly pieeode

an account of the opoiations of the suivoyois on land Befoic

India could be measuied, it was necessary to get tlieie and tho

history ol Indian surveying takes us back to the day M hen James

Lancaster's fleet of four ships and a victualler got undei weigh bom

Toibay on the 2nd of May 1601 Tho East India Company set forth

one or moie voyages eveiy ycai duimg the next twenty ycais ,
and

the Company's sea captains ol)seived foi latitude and \ filiation, with

the greatest diligence, keeping eaieful ]oumals winch must have

been full of valuable inlotmation for the construction of charts

Lancaster and Middleton, the commanders of the Hint two East

India fleets^ only visited the Eastern Islands, and came homo with

ladings of peppei and cheeiful hearts It tras Gfcptam ICeolmg,

the leadei of the thud voyage in 1007, who fust went to Burnt,

landed Mr Pinch to foim a factoiy, and sent Captain ITawlans
>
1m

second in command, to persuade the gieat Mogul, at Agia, to oidei

his officers to deal justly and favourably with the English Thou

followed Sharpcy's unlucky voyage and shipwreck on the shoals ol

Cambay, the remarkable voyage of Sarib to Japan, and the esta-

blishment of factories on the Malabar coast by other captains, down

to 16S1

The observations of these bold and talented seamen bore good

fruit m the shape of "
plotts

'

(charts) and sailing dilutions, which

were condensed into cc Rules foi our East India Navigations/
9

by
the famous Mr John Davis of Limehouse, who made five voyages

himself
1

Richard Hakhiyt, Archdeacon of Westminster, was tho lusto

nographer of the East Indies, leceivmg the appointment from 811

i "IIain**tf Voyages,' i,p 224

(13441) I 125 A



2 EARLY VOYA.G-ES

Thomas Smith, the first Chairman of East India Directors, m 1601

Hakluyt had the custody of all the journals of East India yoyages,
and made excellent use both of them and of the information he

gleaned from "noted seamen of Wappmg/'
l with whom he con

stantly conyersed Por he freely* communicated his knowledge by
giying lectures to the students at Oxford, and " was the first that
Cff

produced and showed both the olde and imperfectly composed
" and the new lately reformed mappes, globes, spheres, and other
" instruments of his aite, for demonstration in the common
"

schooles, to the singular pleasure and great contentment of his
"

auditory
"

While Hakluyt thus made the maps and journals from the Indies

useful to the public, Edward Wright, the excellent mathematician
and engineer who accompanied the Earl of Cumberland 011 his

yoyage to the Azores^ was compiling and systematizing the logs
and charts He was the first peison appointed by the Company to

peifect their charts, in 1616, on a salary of 50Z a year,
2 and was

thus the John Walker of the seventeenth century

Hakluyt died in 1616, and the journals of the East Indian

yoyages, no doubt with the consent of the Directors, were handed
oyer to the Rey Samuel Puichas, the quaintest and most enter

taming of old writers, but one who was much too fond of taking
liberties with his materials " Purchas his Pilgnmes

"
was pub-

lished m 1625, and included the journals of the first twenty yoyagos
set forth by the East India Company, but m a sadly abridged and
mutilated form Seyeral of the originals haye disappeared, and only
one was eyer published separately Sir Thomas Smith, the Chair-

man, who was the first to allow the journals to be lent, died on
the 4th of September 1625, the year the "Pilgnmes" were pub
hshed, and Purchas himself died in 1626 The deaths of lender and
borrowei, occurring neaily at the same time, possibly account foi

the loss of some of the earliest journals of the Company's yoyages
3

1 " Filler's Worthies/
1

p 39
2 " Calendar of State Papers, East Indies," p 284
s The voyage of Sir Henry Middleton to Bantam and the Maluco Islands, printed

for Walter Burre, 1606 " A new edition of this voyage "was edited and annotated by
Boltoa Corney, Esq., and printed for the Hakluyt Society in 1855 The Hakluyt
Society has also resolved to print the voyages of Sir James Lancaster, to be edited by
the present wiitei , together with a calendar of the logs and journals of 1he other
East India voyages down to the year 1707 , which are still preserved in the India Office
This volume will be completed in 1878



SURVIVING- RECORDS

The rest are still preserved at the India Office, and are

numbered in two series ,
the first, extending from 1606 to 1708 ,

and the second, containing the logs of the East India Company's

ships, from 1708 to 1832 The -journals of Lancaster, Middleton,

and Sans are missing A copy of the lattei (being the eighth

yoyage o the East India Company) was purchased some years

ago, from Mr Kerslakc, a bookseller at Bustol, and is now m
the Topographical Dep6t of the Wai Office The oldest logs, at the

India Office, are those of Captain Keeling in 1606, and Captam

Shaipey in 1608 Among the other, journals, oi the fiist sones,

there is a curious treatise on map making in Thomas LOYO'S log

kept on boaid the "
Peppeicom

"
in 1610 , Downtoxi's memorial of

his second Yoyage in 1613 ,
the "journal of the junk

" Soa AclYon

ture/' on her voyage from, IVando to Sxam, kept by Captain

Adams , Bayer's journal kept Irom Brando to Cochin. Ohma
,
the

journal kept m 1621 during a crane of Mamlk on board a ship

in tho combined English and Dutch fleets which sailed from

Ihrando ,
and journals of other voyages to Aden, Surat, tho Persian

Gulf, and the Malabar and Ooromandol coa&ts One only oi tho

Aictic royages set fortb by the East India Company has boon

preserved It is that of Oaptam Knight who sailed in 1606, and,

landing on some froatti shore, was never heard oi agam* Tho dis

covery of the manuscript of Captain Knight'* jotimni goes some

way to cxoneiato old Puichas, and to show that ho did letum the

journals he borrowed, for Knight is one of Ins
"
Pilgumos

" But

though many of the logs have f01tunatoly escaped desk action, a

thick darkness closes over the subject of marmo surveying, and

continues fax into the eighteenth century Pox all log books dating

farther back than 1865 have been buunt at Calcutta, and ia 1860

tons of precious records m the India Gffi.ee shared the fate of the

Alexandrian Library Among thorn, the Mkiutoa and Boports of

tho Committee oi Shipping, containing a nth mme of information

relating to all that cone orned the marmo "branch of the Company's

affairs, as well as tho Indian Navy logs that had been sent home,

were consigned to a fate worse than that of warming a true

believer's bath

Thus there is little light to be thrown upon marine IE the

East Indies, and on tho observations and surveys of the gallant*

seamen belonging to the Company's service for muy years , but

during those years the Bombay Marine was "being developed ittto %

A 2



4 BOMBAY MARINE

service which was destined to produce a noble succession of sur-

veyors Prom veiy eaily times aimed vessels were employed at

BomMy to protect tlie Company b sliips fiom tlie pirates that

swaimed along the coast In 1742, on a reduced establishment,

we find a commodoie of the Bombay Marine with thiee 20-gun

ships, and several armed gallivats and giabs undei his command *

In 1755 Commodoie James, with a small foice of the Bombay
Maime, took the castle of Suwarnadurg/ and in the same ycai

Admiral "Watson, in taking G-heria, the stronghold of Angiia,
with five ships of the Butish navy and 2,000 soldiers under Olive,

had besides nearly a dozen armed vessels of the Bombay Marine

Heie then was the material for training surveyors , but it was

not until the days of Bennell and Dalrymple that real encouiage-
ment began to be bestowed upon marine surveying, and that its

great importance was at last appieciated

Captain John Bitchie was Hydrogiaphical Surveyoi to the East

India Company fiom about 1770 to 1785, and surveyed the coasts

of the Bay of Bengal and the outlets of the Granges His work

formed part of the material foi TtennelTs map of Hindustan Many
of his chaits were engraved by Dalrymple, the Company's hydro-

grapher, and a manuscript volume of his remarks is preseived in

the Geographical Depaitment of the India Office 3 But his lati

tudes and longitudes \\ere taken afloat, and his soundings were

baiely more than sufficient to show the track of his vessel A

1 " Andeison s Western India" "Rise of the army and navy at Bombay
" Bomb ty Quarterly Review,

' v
, p 265

2
Suwarnadurg, (suwaina golden, and dwgam foot )

3 "Remarks upon the coast and bay of Bengal, the outlets ol the Ganges and

inteijacent riveis, according to the suiveys of John Ritchie, hydiographei to the

United India Company
'

Contents

1 Entrance to the HoogUy, aad remarks on its pilotage

2 Rivers eastward to the Megna, Coast Islands

3 Chittagong and Islands

4 Tempests to which the head of the bay is subject

5 Coast of Arracan

6 Coast of Ava to C Negrais
7 Andaman. Islands

8 Nicobar Islands

Dalrymple engraved Ritchie s chart of the Coromandel and Onssa coasts (177 1),

and others



JOHN MCOLUER

Captain Lacam also suiyeyecl tlie coast at the moulh ot the Hugh
m 1770

Captain Huddart is mentioned "by Majoi Eennoll in his Memon

on the map of Hindustan, as having taken a sones of obsoivations

foi latitude and longitude along the Malabai coast between 1780

and 1790

Captain John McCluor, in the ships
" Endeavour

" and ( '

Panthoi,"

surveyed the whole west coast of India from Diu Head to Cape

Comorm The icsultmg chart was drawn by Liout Weclgboiough,

and many of McGluer's smaller plans wcie engiaved by Balrymplo

McCluex made one of the earliest plans of Bombay harbour,

assisted by Lieutenant Court, which was afteiwaids coirocted by

Bomixucetti, and "WMgborough made a chait oi the Laccadive

Islands MoCluer was also the fust to construct a ohait of the

Persian GhxLf of any accuiacy, and was fai m advance of his time m
his ideas of surveying
The close of Captain McCluei's caieer was lemarkablo In July

1783 the East India Company's packet "Antelope" sailed fiom

Macao She was commanded by Captain Heniy Wilson, and two MR
from Christ's Hospital were on boaicl as midshipmen, named John

"Wedgboiough and Eobert Whito On August 10th the '*

Antelope
"

ran on a rock near ono of the Pelew Islands and became a wieek

The natives tieated the shipwicckcd crow with gioat hospitality,

they built a small vessel, and when they sailed in her ioi Macao, in

the following Novembei, Captain "Wilson look with him. a son of

the King of the Pelcw Islands, named Pimce Leo Boo, who wan

taken to England, and died of small-pox at llothoilutho on Deccm

her 27th, 1784 l

Captain McCluex was ordcied to piocood to tbo

Pclew Islands to lepoit tlxo death of Piinco Leo Boo, with the

"Panther'
5 and "IndearoTU," taking Wedgboiough and White

with him as Lieutenants The " Panther
"

sailed from Bombay on

August 24th, 1790, and reached the Pclew Mauds on SmmKj 18th,

1791, when the sad news was conveyed to the f<xthei ol Lee Boo

In Pebiuary the " Panther
"

left the Poluv islands, McCluei having

been ordeied to survey the north coast of Now Guinea He was

1 See an account of the Pelcw Islands, composed fiom tlu jouinala and com

mumcations of Captain Henry Wilson, wk>, m Atigu^t 17B1, WJIH there slup

Wiecked in tlie "Antelope/ by Geoigc Koatc, 1Kb (I ondon 1788), 41o pp ^78

There is an abridgment of this Account in the " Child s Own Book "
(llth odiUon,

1865, p 343 )
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engaged on tins work from July to December 1791, discovering the

great inlet at the "western extremity,, which was named McOluer

Bay The " Panther "
then proceeded to Bencoolen, and afterwards

returned td the Pelew Islands While there Captain McOluer ad

dressed a Ietter
5 dated Fehmary 2nd, 1793, to Lieut Wedgborongh

resigning the command of the "Panther,
5

asking for aims and

ammunition, which were given to him, and announcing his intention

of remaining on the islands This having been arranged the
"
Panther/

5

under command of Wedgborough, returned to Bombay
on August 17th, 1793 McCluer married natives and lived con-

tentedly foi 15 months, when he got anxious for news, and went in

an open boat to Macao There he bought a vessel m order to return

to the Pelew Islands for his family, at the same time writing to the

Chairman of Directors with an application to be reinstated in tho

service He returned to the islands, took his family on board, and
then went to Bencoolen He sailed from thence and was nevci

heaid of again But three of his wives had been sent to Bombay
in another vessel and arrived safely In 1797 they were s6nt back
to the Pelelv Islands, at the Company's expense

1

Between 1777 and 1795 Lieutenant Archibald Blair was very

actively engaged in making surveys of parts of the Andaman
Islands, the Katrw&r coast, Salsette, and other patches here and
there 3

In 1788 Captain Michael Topping submitted a journal kept on
board the E I ship "Walpole," in a voyage to Madras, with a

chart of the Bay of Bengal In ] 790 he was sent to make a survey
of Korangi and the mouth of the Goddvan river, a service winch
he performed most creditably, submitting a chart and a valuable

memoir as its results He was then employed during 1792 in

taking obseivations for determining the course of the currents
in the bay of Bengal , and he afterwards took a series of levels

of the river Kistna from the sea to Bezwara, with a view to
the e6nstractioii of irrigation works These services led to his

1 See "
Supplement to the account of the Pelew Islands, compiled from the jounnls

of the < Panther ' and c

Endeavom, two vessels sent by the II E I C to those Islands
m 1790," by the Rev John Pearce Hochm (London 1803) This supplement IB

bound up with the later editions of Keate s Pelew Islands
a For an account of Blair's Suivey of the Andamans, see "Selections from the

Records of the Government of India" (Home No 24) Port Blair Was named after
him



LORD VALENTIA AND CAPTAIN C01JB1 7

appointment as chief surveyor at Madras in 1794, when he drew up
a general plan for the improvement of the geography and navigation
of India The bay of Korangi was surveyed again in 1805-6 by
Lieutenant "Warien, who also made a plan of the roadstead of

Vuagapatam.
1

The expedition to the coast of Egypt led to an examination

of the Bed Sea in 1799-1800, and Su Home Popham, who com-

manded tho fleet, drew up some sailing directions for its navigation

But even then it was not entirely unknown On Lord Valentia' s

chart the tracks are given of the cruizer "Swallow" in 1776S

" Venus "
in 1787, and in 1796 Lieutenant Court had taken the

"Panther" up as fai as Suez A chart of the Bed Sea was

drawn by Lieut Bobort White in 1796, for which he received

much praise and his promotion In 1803 Lord Valentia was

travelling in India, and while at Calcutta he declared to Lord

Wollcsley, the Governor General, that he felt it to be a national

disgiace that the western coast of the Bed Sea should be a perfect

blank on otu charts ,
and his lordship volunteered to embark on

board one of tho cruizors of the Bombay Marine and investigate

that shore, with a view to prosecuting further inquiries into the

state of Abyssinia The great Viceroy concurred, and Captain Keys

of the cruizer "
Antelope

" was ordered to take Lord Valentia on

board at Mangahir, and placli himself under his lordship's orders

Tho "Antelope" sailed for Aden on March 13fch, 1804, with

Captain Keys as Commander, Lieutenants Hall ana Maxfield, Mid-

shipman Hurbt, Lord Valentia in the anomalous position of com-

manding the commander, and Mr Salt as private secretary The

ariangomont did not answer At Mokha Captain Keys began to

show a disinclination for the work, at Dhalac he accused Lord

Valentia of wanting to get the credit of discoveries made by his

officers, and at Masawwa they cam to an open quarrel,
and only

communicated with each other in writing They returned to

Bombay IB September, and Captain Keys was put under arrest

Yet neither Lord Wcllosloy nor Lord Valentia were disheartened

Two other vessels were ordered to be fitted out for a second expe-

dition under the same arrangement, which this time answered

admirably Captain Court, who had a high character both as a

"i Amanuscnpt memoir of I*eut Warren's Survey IB preserved in the Geographical

Department of the Ifidm Office Captain Topping s Memoir on
Corniga^

tnth notes by Lieut Warren and Captain Biden, was published by tne

Government in 1855 Selections, No xix



8 COURT AND MAXFIELD

seaman and a man of science, took command of the "
Panthei,"

with Loid Valentia and Mr Salt on board, and two midshipmen
named Hurst and Crawford, while Lieutenant Maxfield had the
tendei Assaye," a small schooner They sailed from Bombay on
December 4th, 1804, surveyed part of the Dhalac Islands, the great
bay to which Captain Court gave the name of Annesley, the
island which he called Valentia, and the coast for some distance to
the north of Masawwa In July 1805 Loid Valentia landed his

secretaiv, Mi Salt, at Arlako, accompanied by Captain Eudland
of the Bombay army, a Mi Cartel, and an adventurous blue jacket
named Peaice, to go on a mission to the rulei of Tigre" at Antalo ,

his lordbhip visiting Mocha and other places in the meanwhile
The embassy was a success, but as foi geography, Mi Cartel
observed foi latitude several times at Antalo, and his result was
nearly 40 miles out In November 1805 the whole paity sailed
from Masawna, and leached Suez in the end of January 1806
Loid Valentia had agieed perfectly with Couit and Maxfield, and
had got some useful work done They parted with regret, and the
crew of the "Panther" gave his lordship thiee cheers when he
went ovei the side The results of the surveys of Captain Court
and his officeis are given in a chait of the Bed Sea in two sheets,
in Loid Valentia s travels l

Lieutenant Maxfield also made a chart
of Masawwa, and paifc of the Abyssinian coast, assisted by young
Ciawfoid and Hurst, foi which he received Es 600 from the
Government as a recognition of his zeal, and his youngstcis wcie
granted Es 200 each

The hydrogiaphy of the Indian seas at the opening of the present
century M as deemed of sufficient importance to wariant the appointmcnt of a Maime Suiveyoi General at Calcutta, and Captain Court
was selected foi the post, which he held until 1823 During this

peiiod, horn 1806 to 1820, Captain Daniel Eoss was engaged, with
the assistance of Lieutenant Maughan

2 and others, in suiveying the
coast of China 8 In 181819 he suiveyed the stiaits of Malacca,

COTlon
' *e Eed Sea ' Abyesiiiia, andm 1802-b, by George Viscount Valcntidela, 3 vol (London, 1809)2 In 1804 Lieutenant Maughan had made a suivey of the Gulf of Each foi vi

he received Es 1,000 fiom the Government, as an encouragement to others to emulate
his praisewoi thy conduct

<=iuw3

"Diieciions intended to accompany the chart of the South Coast of China bv
Daniel Robs aud Phdip Maughan, LieutS of the Bombay Marine '

Printed bv ordei
of the Duectors of tl e last India Company (London, 1808 )



CAPTAIN DANIEL &OSS 9

near Singapore He also made surveys of a portion of the Gulf of

Pechili and of the Canton province, as well as of some of the Eastein

Islands His charts were puhlished as they were completed, and the

whole weie incorporated into a general chart hy Captain Horshurgh

Admiral Colknson, when surveying in China, had opportunities of

testing several of the chaits drawn from surveys hy officeis of the

Bombay Marine, and he bears testimony to the accuracy of their work

It surpiised him to find how much further advanced the Bombay
officers weie than the marine surveyois of that period in England

The surveys of the Canton river, and of the coast 100 miles on each

side, by Daniel Boss, were foifnd by Admiral Colhnson to be re-

markably correct Captain Court also had two vessels surveying

the Bay of Bengal undei Lieutenant Marfield, and caused seaiches

to bo made for various shoals Captain Knox surveyed a portion

of the sea-face of the Simdarbans in 1808-4, and Captain Max-

field's chart of the coast from S&gar pomt to Lighthouse point at

the mouth of the Hugh, from a survey executed in 1816, was

in use until it was supeisedod by Captain Lloyd's woik in 1841

Admiral Sir Henry Blackwoocl having reported that II M S

" Leander" had been safely at anchor inside the Armagon shoal,

north of Madras, for four days during the monsoon, Captain

Maxfield was sent to investigate the capabilities of the place,

which has since been called Blaekwood'a Harbour Ho wont

there in 1822 on board the "Henry Meriton/' accompanied by

Captain do [lavilancl, hut the conclusion come to at the time

was that its distance fiom Madias was an inconvenience winch

outweighed any advantages it might have as an, anchoiage
1

In 1828, however, the Madras Government 1m eel a schooner called

the "
Mary Anne" to ride out the monsoon m Blackwoocl's Har

hour, as an cxpcximcnt
In 1821 a partial survey of the Gulf of Kaohms execnitod by

Lieut Middleton

"While Captain Couit was Marino Suivoyoi Genual at Calcutta^

the name of James Iloisbuigh became mclibsolubly connected with

the Maime Surveys of India Beginning life as a cabin, boy, this

bold and diligent Scotch sailor soon rose to the command of a vessel

m the Eastein seas, and his innate love of surveying had excellent

oppoitunities for development Alter many yeais he returned to

England, and the publication of a set of his charts* engraved by

1 Chart of Pahkat and Armagon shoals, by Captain Maxfidd
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Walker, at once placed him in the first rank of hydrographers
Mr Dalrymple, who was hydrographer to the East India Company,
died in 1807, and the post remained vacant for three years Dimng
that interval Captain Horshurgh published the first edition of his

East Indian Directory/ for which the Court of Directors granted
him a hraidied guineas, and on November 10th, 1810, he was

appointed to examine the journals of the Company's ships, and
became hydrographer From that time all charts passed under his

scrutiny, and were published with the benefit of his superintendence
until the time of his death in 1836 2

OIL the death of Captain Court in 1823, he was succeeded at
Calcutta by Daniel Boss "The ^Father of the Indian Surveys "as
he was called He was indeed the first who introduced a really
scientific method During the Burmese "War from 1823 to 1826
the useful operations under his superintendence were interrupted,
but he had the " Research "

(300 tons) and "Investigator" (450
tons) at work in the Mergui Archipelago , and in 1827 Captain.
Crawford, the midshipman whose zeal, when with, Loi?d Valentia/, had
been rewarded by a grant of Es 200, surveyed part of the coast

of Arakan in a hired brig John Crawfurd, in his embassy to

Ava, speaks in the highest terms of Captain Crawford's surveying
work The " Research" was given up to Captain Dillon to go
in search of La Peiouse, but the little

" Freak" was substituted,
and surveys weie made along the Martabaa coast In 1828 Moresby
surveyed some of the Laccadive Islands

In 1828 there was a fit of ruinous economy The "Fieak" was
sold, the Sf

Investigatoi
"
was declared to be unseaworthy on account

1 The fiist edition appeared m 1808, tlic second in 1817 In 1874 Commando*
A J) Tijloi published

" The Indian Directory founded upon the woik of tho late

Captain James Horsburgh, F B, S "
(Allen, 1874 ) See page 43

2
Captain Hoisburgh s copy of the " Minutes of the Committee of Shipping

'

is

pieseivecl m the Geogiaphicol Department of the India Office The flist entry is

that lecordmg his appointment on NQV 10th, 1810, the last is on June 20th, 1837,
the year alter tug death

Fourteen charts, actually compiled by Horsburgh hraself
, were published by the

East India Company, viz

9 Stiaits of Sunda
10 China Sea (2 sheets)
1 1 Canton Eivei

12 East coast of China
13 Eastern Passages to China (3

sheets)
14 Tracks through Pitt Passsige and

DampierSti ait (1793)

1 North Atlantic Ocean
2 South Atlantic Ocean

3 Part of the Indian Ocean

4 East Peninsula of India

5 West Coast of Sumatra
6 Straits of Ehio and Durum
7 Straits of Banca and Gaspar
8 C&nmata Passage
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of the ranges of white amis, and Lord William Bentinck ordered

the surveying establishment to be broken up

But stout old Daniel Boss was urgent and importunate in advo

catuig a resumption of the good work and in. 1830 he again had

two brigs, the " Flora" and "
Sophia," in the Mergui Archipelago,

under his assistant, Lieutenant Lloyd while he himself examined

the coast of Arakan *
Captain Boss did his work with groat care

and regard for scientific accuracy, and it TV as all on a trigonometrical

basis He measured bases on shore by running a ten foot i od along

a cord stretched tight between the extreme points, and kept in

position by stakes, the direction being verified by a telescope When

work on shore was impracticable, xecourse was had to measurement

by sound The vessels were anchored when the weather was calm,

and the time was taken between the flash and report of a gun, on

the assumption that sound travels 1,140 ieet per second All angles

were taken with a sextant, and the trmngulation was verified by

frequent astronomical obseivations In Ross's time the Government

of India used to strike oil a lew copies of his charts at Calcutta by

lithography, and send tho originals to the India House for engraving

and publication
a

Captain Daniel Eoss resigned his appointment in November 1833,

and was succeeded by his able assistant Lloyd Ho retired to

Bombay, where he was Master Attendant, and President of tho

Geographical Society from 1839 until -just before his death 8

In 1820 the survey of the Persian Gulf was commenced * under

Captain Guy of tho "Discovery
"
(208 tons), with Captain BruclvH

as his assistant, in tho "brig Psycho
"

Guy retired, after having

examined the Arabian side up to the head oi tho Gulf B His suc-

cessor, Captain Brucks, was a good sailor,
Jhoughjinl

brtunotoly not

"

i
Captain D Boss's MS "Sailing Directions to, tho Moigui Aiohipotago

"

presorted m the Geographical Department of the India Office

2
"progress of Maritime Surveys" "Journal of tho Asiatic Societv of Bengal,

lj
s The following is a lotum of the coat oi tho Bengal Suivoys iiom 1821 to

1824

1821-22 Annual expense of survey vessels "Neaiclius," "Mmto," "Sophia,"

and" Henry Menton," Rs 1,19,055

1823-24 Annual expense of survey vessels "Research" and "Investigator,

Rs 59,379

1833-34 Annual expense of survey vessels " Flora " and "
Sophia," Rs 25,055

* the Persian Gulf Survev was commenced ly Captain Maughan at Cape Masaadim,

but ho hod done very little -when Guy succeeded him

The memoir of Captain Guys portion of this survey, drawn up at his request

by Lieutenant Houghton, is preserved in the Geographical Department of the liadift

Office in MS
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a scientific surveyoi , but he had undei him Lieutenants Hames,

Kempthorne, Cogan, Pinching, Etlieisey, Whitelock, and Lynch,
all men of scientific and literary attainments, *wlnle the charts wcie

constructed with great taste and ability by Lieutenant Iloughton
This officer was afterwaids draughtsman to the Indian Navy at

Bombay
It must not be forgotten that suiveymg was but a small pait of

the work of the Indian Navy The influence ot England in the

Peisian Gulf was exercised to suppiess piracy and extend commeicc,

to maintain the status quo of the chiefs, to exclude foreign influence,

and to root out the slave trade The English may look upon then

connexion with the Peisian Gulf with almost unmixed satisfaction

They have hunted down the atrocious hordes of pirates, and have

enabled unarmed merchantmen to pass up and down in safety The

successful invasion of Persia in 1856 is amongst the more recent

operations of the Indian ISTavy The naval heacl-quarteis in tho

Persian Gulf were at Bassadore (Basldft), in the Island of el-Kishm,

wheie theie was a hospital on shore, a Mzdr3 five or six pnvate

houses, a billiard room, and a fives court *

The survey occupied ten years, florn 1820 to 1830, and Lieutenant

Hames also examined the Mekraii coast The tesults aie given in

14 charts "We also have, as results of the old Peisian Gulf Sur

vey, a "Memon descuptivc of the Navigation of the Persian Gulf,

being sailing directions by Captain Biucks himself,
2 notes made by

Lieutenant Kempthoine OIL the identification of places touched at

by Neaichus, which would have gladdened old Dr Vincent's heait,

on the ancient commerce of the gulf, and on a visit to the luins

of Tallin, which he successfully identified with the missing old

Muhamraadan city of Sir&f,
8 and three papers by Lieutenant

"Whitelock, one being a clescnption of the islands at tho entrance

of the gulf, anothei an account of the Aiabs on the pnato coast,

and the thud a nairative of i journey in 'Oman 4

Oaptam Bracks was an old sailoi who had been at sea ever since

he was 11 years of age, and he had completed 16 years' service 111

the Bombay Maime He endeavoured to give his woik a tii^onomc
tncal basis, and always observed foi latitude and longitude on shoic,

1 "Bepoit on Bassadoie, with a plan of the roads, by Midshipman Ilewett

Bombay Selections,' No 24, p 47
2 "Bombay Selections, 'No 24, pp 527-634
3 E G* S Journal, v p 263 "

Bombay G- S Journal," i p 294, and xui

p 125
4 R G S Journal," viu p 170 " Bombay G & Journal/ i p 294
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with an artificial houzon, -because the icfiaction was so great as to

make it useless to observe with the natural horizon But in fact

only a portion of the survey was tugonometiical,
and the bases were

measured from ship to ship by sound The othei portion was merely

a running suivev, verified to some extent by astronomical observa

tions Theie was also some confusion in the longitudes One half

of the survey is referred to the meridian of Bassadore, which was

fixed by chronometric measurement from Bombay, but, ^ those

days, Bombay was 7 miles too far to the oast The other half of

the survey was calculated from Bushire, the longitude of which had

boon coiiectly fixed by Mr Rich, a former Political Resident, of

high scientific attainments
1 Thus the woik does not come up to

the standaid of excellence subsequently reached by the officers 01

the Indian Navy, and most o it has since leered revision

At the same time this old suivey ol the Persian Gulf roflfld*

ciedit on those who executed it, when the imperfection of then

mstmmonts and the difficulties they had to overcome are taken into

congelation, as well as the feaiful climate, the hostilities of: Arab

tubes, and the gieat amount of woik done Guy and Brucks wore

both invalided, besides jumoi officers Captain Brucks loturnod to

England m 1842 He died in 1850 Ho Mas for yeais employed

in preparing a histoiy of the Indian Navy, but the papeis collected

by him on this subject have never been published
*

Alter leturnmg from the Persian Gulf, Lieutenants Oogan and

Peters made a survey of Bombay haiboui and oL the coast as fai as

Bankote m 1832, which was published on a chart of two sheets

In 1832 the Bombay Marine was convoitod into the Indian JNavy,

by the wish and command of King William IV ,
and an admirable

system of suiveymg was inaugurated under the auspices oi its first

Commander-in-Ohief, Sir Ohailes Malcolm _ ^

iThemanuscnpt geographical and uduologud memoranda d
mapj

ot

Wero piesented to the Georraplucal Dopaitmant of the India Oftco by Mr Claude

Eiskine, in 1877

in im l one by M, ^cholson, master of H MS-
m 1787 it H stated to be an uulo* to a large one an dght Aeot, fhen

foUowjd
that

by McCluu and Court, oouoetod by Domuneetu ,
and then the Burvey by Cogan and

Peters (See page 33) Dahymple publ^hed a plan of Mabm and iho notth end

of Bombay Island by Lxeut Edwat d Harvey, ftom a suivoy m 1777
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THE INDIAN NAVY
AD 18321862

WHEN Sir John Malcolm came out as Governor of Bombay m
1827* his brother Sir Charles was appointed Commander m-OhicJfc

of the Bombay Marine, which was henceforth to be called the

Indian Navy
l The change dated from 1832 Sir Ohailes Malcolm

instituted several extensive and important surveys and the Indian

Navy, which came into existence undei his auspices, saw its most

palmy days during his administration He was the first Commander-
m Chief of that distinguished service He was also the founder ol

the Bombay Geographical Society, an enlightened patron of science

and literature, and a warm friend to the officers who served under
Inm 2 The first important act of his administration was the forma-

tion of the Eed Sea Survey
In 1829 the Indian Government resolved to prepare to open the

route by Egypt foi steam vessels, and coal was sent from Bombay
to Suez in a collier, escorted by the ten gun brig "Thetis," as a

protection from pirates that then swarmed in the Eed Sea The
old tub was lost on the reefs north of the Jaffatme Islands, and on
the return of the " Thetis

"
to Bombay a regular survey was resolved

upon
At that time all knowledge of the Bed Sea was derived from the

chart of 1796 by Lieutenant White, from some sailing directions

drawn up by Sir Home Popham during the expedition of 1800, and
fiom Captain Court's charts of part of the western coast, when
with Lord Valentia 3

Captain Moresby, an excellent seaman and surveyor, was appointed
to the " Palinurw "

to survey the northern half from Sue/ to Jiddah,
while Captain Elwon, in the "

Benares/' took up the southern half

from Jidddh to Bab el-Mandeb The officers were picked men , thoie

1 Sir Charles Malcolm, one of three distinguished brothers, was born in

1782, and entering the nayy .erved an his brother Pulteney s ship at the cutting out
of vessels at Manilla, in 1798 His promotion was rapid, and he saw much service

throughout the war He was knighted by Loid Wellesley at Dublin in 1826, and
oecame a IJcai Admiral in 1837

2 The Bombay Geographical Society was instituted on April 9th, 1831, and Sir

Charles Malcolm was its first President, from its foundation until he left India m
1838, when he was succeeded by Captain D Ross

8 See page 7
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were Carless, the future suryeyor of the mouths of the Indus ,
James

Young , Pinching ,
Powell , Barker, the Abvssiman trayeller ,

Ohms

topher, the pioneer of the Indus, who fell gloriously at Multaa ,

Wellsted, the accomplished author , and Felix Jones, then a very

young officer, but whose skill as a draughtsman was already appre-

ciated No expense was spared m fitting out the expedition, and

all the surveying appliances of the day were provided, besides ample

supplies of well found boats and tenders The latter were native

craft with Axab cre^s The sea was then practically unknown, and

great dangers and privations were inseparable from such a service

The first base was measured by a chain at Suez by Captain

Moresby in 1830, and the survey was steadily continued, -without

other interruptions than were necessary to refit the ships and crews,

to its completion in 1834, by a system of triangulates down cither

shore The work was verified by frequent bases, by almost daily

azimuths, by latitudes by the sun and stars observed on shore mth

artificial horizons, and by chronometiic differences l

The original charts were drawn on a scale of an inch to a mile,

but in places where the complicated nature of the channels requited

greater nicety, scales as high as ten inches were employed

The original drawings were mostly by Felix Jones

The aioble resolution of all the officers was that the Bed Sea

Survey should be as peifect as labour and skill could make it , and

it has served well to guide thousands of steamers up and dowa one

of the most important and, at the same time, one of the most

intricate routes in the world

The charts wore compiled at Bombay from the original diawmgs

by ]>eut Carless, and sent home to be engraved The northern

part of the Bed Sea, by Captain Moresby, was published in two shoots

in 1833, and the southern, by Captain Elwon, also in two sheets, in

1834 Two sheets of harboura m tie Hed Sea, wd the sailing

directions by Captains Moresby and Blwon, were published in 1841

In 1848 Captain Barker, I N
,
made a re suivoy of the anchoiagc at

Suez ,

2 and Suez Bay, as well as the Straits of Jubal, have lecently

been again examined by Captain Mansell, UN In the contem

plated partial revision of the survey, called foi by the opening

of the Suez Canal and the great increase of traffic, the original

i "Letter fiom Captain Felix Jones to the Hydrography of the

July 13th, 1870"
* Captam Barker's chart of Suez Bay was accompanied by a memoir



IB RED SEA AND MAI/DIVE StJEYEYS

diawmgs on larger scales would have fceen of the greatest possible

value, but it is feaied that they have been carelessly thrown aside

and lost

The literature of the Eed Sea Survey is chiefly from the pens of

Lieuts Carless and Wellsted In the second volume of his
" Travels

m Aiabia,"
l "Wellsted gives a most interesting account of the pro-

ceedings of the survey in the gulfs of Suez and Akaba, and along

the coast of Arabia , and he also wrote several detached papers

beanng on the work on which he was engaged in the Eed Sea,

while Carless furnished a valuable memoir on the gulf of Akaba 2

A survey of the coral islands which cross the track of Indian

trade had long been considered of the greatest importance to navi

gatoon, and Captain Horsburgh stiongly uiged its necessity
5 As

soon, theiefore, as Captain Moresby had completed his woik in the

Red Sea, he was oideied to proceed in the surveying ship

" Benares/
' with the "

Royal Tiger,
55 commanded by his assistant

surveyor, Lieut Powell, and a large decked boat called the

Maldiva," to survey the Maldive Islands The surveying staff

was composed of Lieuts Robinson, James Young, Barker, Mac-

donald, Riddle,
4
Christopher, Michael Lynch, and Felix Jones The

lattei officer diew the original chaits, and then execution was so

beautiful that they were brought home for the Queen's inspection

The Maldive Islands weie almost unknown, and in order to acquire

a knowledge of the language, customs, and lesouices of the inha-

bitants, Lieuts Young
5 and Christopher were landed in June 1834,

1 Travels m Aiabia, by Lieut J B Wellstecl (2 vols ),
1838

2 Notes on Bruce s charts o the coast of the Ecd Sea, compared with the posi

turns of the lecent survey,
'

by Lieut Wellsted 12 G 8 Journal^ p 286

"Obsei rations on the coast of Arabia between Eas Mohammed and Jiddah," by

Iieut Wellsted R G S Journal, vi p 51

Memon on the Gulf of Akabah, from notes during the survey by Moresby m

1833, by Lieut Cailess, IN Bombay G S Journal, vol i

Lieut Wellsted died m 1843 He also published i woik entitled Jhe City of the

OaUdoti
" 2 voty ,

and wrote an elaborate memoir on the Isknd of feocotra, which he

visited and explored m 1837, m the R G S Journal, v pp 129-229, with a map

See also Journal of the Asiatic Society of Bengal, iv p 138

3
Captain Horsbuigh had written a paper in 1832 on the "

Navigable Channels

sepaiating
the at oils of the Maldive Islands R G S Jowncil,n p 72

4 Mi Riddle died fiom the effects of the climate of the Maldives

5 This distinguished officer was lost in a hurricane on the Malabai coist in April

1847 when in command of the "
Cleopatra

" See a paper on the subject of this

hurricane by k Captain Carless m the Bombay G S Jew not, vin p 93 James

Toung was engaged at the time of his death m diligently collecting materials for wind

and current charts
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and resided for some time at Mal6, the principal island The

results of their observations are recorded in a very interesting

memoir 1 It was found that the Maldivans were a civilized, com-

mercial, and seafaring people, who constructed their own quadrants,

and translated our nautical tables into their language
2

Having

completed the Maldive Survey, Captain Moresby proceeded to the

Chagos Archipelago in February 1837, and afterwards suiveyed

pait of the Saya da Malha bank, about five degrees S E of the

Seychelles He completed this important work, and retuined to

Bombay m September 1838 8

IVCr Darwm, m the piepaiation of his woik on the structure and

distribution of coral ieefs,
4 received much assistance from Captain

Moresby One section of his chapter on Atolls is devoted to the

Maldivc Archipelago and the gieat Chagos Bank, and mainly con-

sists of information communicated to him by Captain Moresby,

which, enabled him to give accuiate and very interesting descriptions

of these coral foimations

The Gulf of Manai and Palk Strait, with the Pamban Channel

and Ceylon coast, weic taken up, aftei the completion of the

Maldive Survey, by Lieuts Powell and Ethersey, assisted by

Lieuts Gtieye and Ghnstophei, with Felix Jones again as draughts-

man They surveyed th Pamban Pass, the west side of Palk Strait,

Adam's Bridge, the west coast of Ceylon from Gall to Colombo,

and a small portion of the Tmnevelli coast After their recall in

April 1838, the work was continued by Captain Pranklin, BF,

* Momou on the Inhabitants of the Maldive Islands," hy Lieut James Young and

Lieut Christopher Bombay 6r S Journal, i p 54 "Vocabulary of the Maldivan

language/* compiled by Lieutenant Chnstopher, I N Journal of the Royal Asiatic

8ooi<ej/, ix p 42 __

See a very interesting account of the nautical instruments used by the Maldive

navigators, by James Pnnsep, m th Journal ej the Asiatic Society of Bengal, v p 784

* The charts tempting from these stuteys are

1 Maldivo Islands, by Captain Moresby and Lieut Powell 3 sheets 1835

2 Maldive Islands (reduced)

8 Chagos Archipelago, by Moiesby and Powell 1836

4 Principal gioups m the Chagos Aichipelago, by Moresby and Powell 1837

Captain Moresby drew up sailing directions foi the Maldive Islands and Chagos

Archipelago "Nautical directions for the Maldive Mands and the Chagos Archi

peW" by Commander Robert Moresby, IN, 1839 Punted by order of the

Court of Directors (London, 1840) See a Summary of "Moresby's Report on

the Maldives "mtheBmiay G S Journal, i p 10?

* The Structure and Dutubutum of Coral Reefs," by Charles Darwin, FES First

edition 1842 Second edition, revved 1 874

(13441 ) B
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afterwards the Madras Master Attendant 1 This officer executed

his survey in a small country craft of 60 tons, between 1840

and 1845 He completed the coast from Cape Oomonn to Point

Cahmere on the Indian side, and made a plan of Tutikorra harbour,

and of the pearl banks 2

Dalrymple had published a plan of

Tutikorin by Van Keulen, in 1782

Whole Moresby went to the Maldives on board the *' Benares"

the old "Palmurus 35 was fitted out for the survey of the south

coast of Arabia, which was commenced in October 1833 Captain
Hames received the command, and his officers were Lieutenants

Sanders, Cruttenden, Grieve, Eenme, and Dr Hulton The survey
was intended to cover 500 miles of coast, but it was discontinued

m Mav 1837, and Captain Hames was appointed Commissioner for

tlie arrangement of affairs at Aden with orders to obtain satisfaction

from the Sultan, for the plunder of a Madras vessel that had been

wrecked on the coast He arrived there in command of H E I C S
" Coote

"
(18 guns) , and Aden was occupied by the English on

January 16th, 1839 Captain Hames was the first Political Besident

of Aden, and held that post foi 12 years Now that so many
years have passed away since the end of his melancholy career,

regret may be expressed at the sad and cruel fate of this zealous

but unfortunate officer 3 He completed the survey of a largo portion
of the south coast of Arabia, and in October 1837 Lieut Cariess

was despatched to survey the coast of Africa about Cape Gardafui,
work which was satisfactorily accomplished

1 The lesultmg charts are

1 Coast of Madura, by Powell, Ethersey, and Franklin (1838)
2 Western side of Palk Strait, by Powell and Ethersey (1838)
3 Pamban Pass, by Powell, and Ethersey (1837)
4 Islands of Eamasward and Manar, by Powell and Ethersey
5 W coast of Ceylon Franklin, Powell, and Ethersey 4 sheets

6 Palk Strait and Gulf of Manar Powell, Ethersey, and Franklin 2 sheets

(1838 and 1845)
*T Hafbcrarof Tutikorin Franklin (1842)
8 Coast of Tinneveih Franklin (1842)

Lieut Christopher wrote an account of Adam's Bridge and Rameswaram, with a

plan of the temple Bombay G S Journal, vol vn
2
Captain Franklin s sailing directions were published by the Madias Government

u Instructions for navigating the Gulf of Manar and Palk's Bay
"

(1851) %
His chart of the Pearl banks was lithographed , and there are copies in the (Geogra-

phical Department of the India Office (See General Catalogue )
3
Correspondence relating to Aden, Parliamentary Papei, 1839
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These surveys are utilized by tlie publication of ten charts,
1

and are also described in several very interesting memoirs

Captain Hamos himself has given a graphic account of the Hadlira-

maut and Yemen coasts in Wo elaborate papers ,

2 and his assistant

and successor, Captain Sanders, has supplemented them by a further

papei ,

8 while Lieut Cruttenden has given us a journal of his ex-

cursion into Dafar 4 Dr Hulton, the surgeon of the ft
Palmurus,"

furnished a very interesting history of the Kuna Muria Islands/

and Lieut Cruttenden has published a still more valuable account of

his visit to Sana'&, the capital of Yemen, while the " Pahnurus " was

surveying Mokha roads in 1836 6 Sana'& had not been seen by any

European since the time of Niebuhr in 1762/ which gives addi-

tional importance to Lieut Gruttenden's account of the town, and

of the coffee-yielding highlands which he traversed to reach, it

Dr Hulton, who was Cruttenden's fellow traveller, was taken ill

on the road, and died soon after returning to Mokha Commander

Albany Gneve succeeded Captam Sanders, and completed the

Arabian coast survey in 1849 He wrote sailing directions and

i 1 Entrance to the Bed Sea, by Hames (1835)

2 S E coast of Arabia Hames 3 sheets (1836)

3 Sevei al bays near Cape Aden Hames (1836)

4 NE coast of Arabia Sanders and Onere (1849)

6 Gulf of Aden Homes, Baiker, and Grieve (3847)

6 Km la Mum Islands Hames (1837)

7 Island of Socotra Ilaines (1834)

8 Islands west of feocotra Grieve (1848)

9 NP coast of Africa Carless 2 sheets (1838)

10 Gulf of Maaira Grieve 2 sheets (1847)
a Memoirs to accompany the chart of the south coast of Arabia, by Captain

HamoB/ Parts I and II R G S Journal, ix p 125, and xv p 104

Iwo copies of the original manuscript of the fiist part of Captain Barnes's Memoir,

with pen and ink sketches and copies of Ilimaritic inscriptions at Sana'a, by Lieut

Cruttenden, are pwwred in the Geographical Department of the India Office

Short Memoir of th Proceedings of Bast India Company's bng <Palincirus'

during the examination of the Arabian coast R G S Journal, p 169

* "Journal of an excursion into Dafar," by Midshipman Cruttenden Bombay

G S Journal, vol i The Mb of Ciuttenden's Journal, dated "Palmurus," March

16th, 1836, is preserved in the Geographical Department of the India Office

s "AccountjoC the CmiaMuna Isles," by the late Dr Hulton R G S Journal,

xi p 156 , Bombay G S Journal, vol m
Excursion to S4na, the capital of Yemen/ by Lieut Cruttenden -E^lay G

S Journal, vol 11 ,
and M G S Journal, vm p 267

7 ThoBev Mr Stern, who afterwards suffered a V>ng captivity in Abyssima, wa

at Swia'a in 1856 He went there to visit the Jews, travelling from el Hudwdah m

the dr^as of an Arab See an article on Yemen in the Geoyra^al Waga^e for

Tanuaiy 1874, p 39S
B 2
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notes about the coast, which weie incorporated m the " Gulf of

Aden Pilot," drawn up hy Commander "Ward and published by
the Admiralty in 1863

In 1833, Lieut Whitelock, a veteran of the Persian Gulf, com

naenced a rough survey of the west coast of Katiw&r, and had

completed it as far as Diu, including the island of Bait, at the time

of his death in 1836 In the following yeai Lieut Ethersey zea-

lously took up the vi ork where "Whitelock left off, and surveyed the

coast round the head of the Gulf of Cambay, and down the cast side

to Surat, as well as the N Konkan coast from St John's to Bassein

He performed this work in a miserable native pattamar called the
"
Bhowany," with the water washing up to his ankles under the

cabin table l

During this service Ethersey laid down the dan

gerous shoals off Surat called the Malacca banks, on which Captain

Sharpey was wrecked in 1607, attentively observed the bore or

rushing tide at the head of the Gulf of Cambay f01 two successive

seasons, and explored the fossiliferous tertiary formations on the

island of Perim Besides his charts, the results of his suivcy aie

recorded in two valuable memons 2

We now come to the important work of the officers of the Indian

Navy in the River Indus When Colonel Pottinger went to Sind

in 1833, he was accompanied by Lieut Del Hoste, who prepared a

topographical memoir with sketch maps, and Alexander Burnes was
also exploring the Indus in those days

8 The work of Lieut

John Wood4 m the Indus commenced in about the year 1835, in

1 The charts lepresentrag this work of Whitelock and Etheisey are

1 Coast of Katiwar from Dm to Dwarka Whitelock 1833

2 Katiwar fiom Dm to Perim Isle 2 sheets Ethersey 1836

3 DmHaibour Whitelock 1833

4 Gulf of Cambay Etheisey 1845
3 " On the bore or rushing tidem the Gulf of Cambay

' M G S Jownal, vni p 196
" Notes on Perim Island, in the Gulf of Cambay Bombay G S Journal, vol u
" The Bore m the Gulf of Cambay

"
Bombay Selections, No 25

s 1& the Geographical Department of the India Office there is a MS " Eoute book
of the Mission to Smd m 1838, with Sketch maps,

1

by Lieuts Patterson and Bel
Hoste (There is a memorf by Lieut Del Hoste on SmJ m the Bombay G S
Jowrnal, i p 22

)

Also MS map of the Indus and Punjab rivers fiom the sea to Lahore, by A Burnes,
with a paper legarding the construction of the map

4 John Wood was born m 1812, educated at Perth Academy , and joined the Bombay
Marme when very young He retired in 1842, and, after visiting many of the colonies,
he finally became managing Superintendent of the Indus Plotilha, and lived for many
years in Bind He was of an extremely retiring disposition, but bis great worth as a
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command of tlie first steam vessel that floated on the river, when he

examined its conise from the sea to Haidarabad, and remained in

the country to observe its periodical rise and fall In 1836 Lieut

Wood accompanied Alexander Burnes in his mission to Kabul,
and afterwards performed one of the most remaikable journeys
that has evei been undertaken in Oential Asia "Wood made a

survey of the Indus fiom its mouth to Attock At Kalabagh, the

point where the mighty stieam escapes from the Salt Range, he

found it impossible to stem the current Undaunted by the

difficulty, Wood landed and went by forced marches to Attock,

thence descending the rivoi and completing his survey amidst the

falls and rapids Aftei reaching Kabul he ciossed the mountains

to Kunduz, and was eventually the fust Buiopean, except Marco

Polo, who ever leached the " Bam-i Dunya
"

or roof of the world

Thus in 1888 Wood discovered the source of the Oxus, and for this

splendid achievement h6 received the Gold Medal of the Royal Geogia-

phical Society in 1842 l Afterwaids Oommandei Grounds and Lieut

Stroyan surveyed the rivers in the Punjab, and were so employed for

two 01 three years Their plans weie recently discoveied in a box at

Bombay, With other valuable originals, by CommanderA D Taylor

valuable public servant was fully reeogmssed, and his loss was much felt in Western

India Captain Wood died m London on November 13th, 1871 (See M G >S

Jew nal, xln p clvn )

i "Momoxanda on the River Indus," by Lieut John Wood Bombay G S

Journal, vol i

"Bepoit on the source of the Oxus by "VI ood ' E G S Jownal, x p 520

" Personal Narrative of a Journey to the bource of the Jlivei Oxus, by the Route of

the Indus, Kabool, and Badakshan," by Lieut John Wood (1845 ) A second

edition, >ith an essay on the geography of the valley of the Oxus, by Colonel H
Yule, OB ,

was published by Mr Murray m 1872

Selections from the Records of the Bombay Government," No 17

Them rc sevei&l manuscript maps by Lieut Wood an the Geographical Depart

ment of the lad* Office A sews of sheets of the Indus and a chart of the Indus

from Mittun to Attock m 1838, four sheets, on a scale of two inches to the mile,

not coloured

The onginal Mfe maps, showing the loutes of Lieut Wood in Central Asia, are

also preserved m the Geographical Department of the India Office Ihey consist of a

map of the upper valley of the Oxus from Kunduz to its source, showing the new

ground explored by Lieut Wood, 1837-38, a survey of routes fiom Peshawui to

Batmaa with sketches and sections of the Khaibar and Hindu Kush passes the

route of Bumos'sxaoswon to Kabul, in the sheets, and the whole of Burness route

from Kabul to Bokhara, and thence through Persia to Bushne, m nine sheets, drawn

by Lwnt Wood There are also a set of route surveys in Tuibstan (geven sheets),

tod a reconnoitring survey of the Khawk pass, the most easterley fiom Kabul to Balkh

in Tttrkistan
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At about the same time Lieut Wybiird of the Indian !Navy

penetrated into Central Asia, and his fate still remains a mystery
Meanwhile laeat Carless, in the "Palmurus," had carefully

surveyed Kar&chi3 and the whole coast from the eastern mouth
of the Indus to Sunmiydm, in 1837 and 1838 l The Indus

mouths were again surveyed, in 1846, by Captain Selby, assisted by
Midshipmen Taylor and Stroyan, in the "

Tapti
"
brig He drew

maps showing the great swatch way in which, in a regular line of

9 to 10 fathoms, there is a sudden dip of 40 to 68 fathoms, and so

to 120 He concluded this to be the vast bed of the Indus before

it had brought down the mountains of soil which now divide its

stream nxto so many channels These maps have never seen the

light Subsequently the operations of the Punjab campaigns led

to the formation of an Indus Elotilla, under the command of Captain
Powell, to ascertain the capabilities for navigation both of the Indus
and of its Punjab tributaries In 1847 Lieut Christopher, with
this view, went up the Sutlej and the Chenab in the steam tender
"
Meanee," with an iron flat laden with merchandise in tow, and

made full reports of his observations 2 Lieut Christopher joined
the force before Multan under Herbert Edwardes in 1848, and was
killed during the siege In 1848 and 1849 the whole coasts of Smd
and Kach, including the entrance to the gulf of Each, and part
of the lower Delta of the Indus, were surveyed on a large scale by
G-neve and Ward In 1852-53 the Katiwr coast from Bait to

Purbunda was surveyed by Constable and Stiffe, and thence qom-

pleted to Diu Head in 1853 54 by Grieve and Constable An
elaborate survey of Karachi Harbour was made by Captain
Grieve in 1853 54,

3
assisted by Lieuts Constable, W H Barkei,

i
i

. -1- __^_^ -"
i

j
"

i

1 "Memou to accompany the Survey of the Delta of the Indus, m 1837," by
Lieut Carless R G S Journal, vm p 328 "

Bombay Selections/' No 17
In the Geographical Department of the India Office there aie thiee copies of a MS
map of the Indus, fiom Ehidarabad to the sea by Lieut Carless a he extension of
the Indus Delta to seaward is progressing at a prodigious rate, it was partially
re-exaroxiedhy Lieut Stiffs in 1867, and will require periodical i^examination

2
"Keport of an experimental voyage up the Indus and Sutlej," bj Lieut Chris

topher, Bombay G S Journal, vm p 144
Journal of an ascent of the Kiver Chenab," by Lieut Christopher Bombay G

S Journal, vili p 236
a In two sheets on a scale of eight inches to the mile When Mr Walker drew up

his report on Kax&chi Harboui he acknowledged his indebtedness to the excellent
chart by Captain Grieve This meritorious officei co-operated with Mr Parkes lit hip
examination of the harbour until his sudden death on Jan 17th, 1838 Mr Pairkea
took Gneve's chart as the general basis of his survey of Karachi Harbour
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and Siaffe Grieve had finished the Sind, Kach, and Katiwar

coasts, as well as his survey of Karachi, pst before his untimely

death He was one of the ablest surveyors in the Indian Navy

Sir Charles Malcolm presided over the Indian Navy from 1827 to

1838 In the latter year Sir Charles was succeeded by Captain

Eobert Oliver, II N , whohad to recall all the surveys in consequence

of the breaking out of war, and from 1839 to 1844 surveying opera-

tions were almost entirely suspended Even when, after the latter

date, a few surveys were sanctioned, they were confined to the

narrowest limits, the officers were miserably found both as regards

vessels and instruments, their allowances were cut down, and tho

acquisition of all knowledge beyond bearings and soundings was

coldly discountenanced

But officers who had been trained by Moresby and Hames, and

whos6 zeal had been encouraged by Sir Charles Malcolm during so

many years of progress, could not so easily be turned from thoii

useful careers They worked on, in spite of official discourage-

ment In 1823 an observatory had been formed at Colaba, the sea-

girt spit of land south of Bombay, and Mr Curnm received tho

appointment of Companv's Astronomer, but tho instruments supplied

to him were so bad that he refused to make use of them Other

instruments were sent out in 1835, and remained unpacked for five

years Tho transit instrument was put up at last, m 1840 , and

since September 1841 a regular register oi magnetic and meteoro-

logical observations, commenced by Mr Orlobar, has boon kept

Time is also observed for rating ships' chronometers In Su

Bobert Oliver's time, the chart office of the Indian Navy was

one httle corner of the sail loft in the dockyard at Bombay, where

numbers of valuable documents were eaten by white ants and cook

roaches The office of the draughtsman of the Indian Navy was

afterwards removed to the observatory at Oolaba, by Sir Eobert

Oliver, and here the chronometers of the Indian Navy and Mer-

chant vessels were rated, and the charts were compiled, drawn, and

occasionally lithographed Captain Montnou succeeded Lieutenant

Houghton in this office, which he held from 1847 to 1852, and

drew up the information called for in the Parliamentary Paper

printed in 1852 He was succeeded by Lieut I"ergusson, who held

the appointment until the end came in 1862 The establishment

consisted of the draughtsman, and two natives for copying, and its

whole cost was under 600? a year
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la 1844 a few surveys were again permitted, but m such a niggardly

spmt that an officer making geological or othei scientific mvesti

gations apart from sounding with the lead was obliged to pay his own
boat hue ! Captain Sanders1 was sent in the " Palmuius" to continue

the portions of the Arabian coast left "unfinished by Captain Hames,
assisted by Lieutenants Pell, Constable, Ward, and "Whish, and

accompanied also by that accomplished naturalist and geologist

Dr H J Cartel The work was completed by Lieutenant Gneve in

1845, who also, assisted by Lieutenant Waid, carefully surveyed
the islands lying to the west of Socotra 2 The second survey of the

Arabian coast enabled Dr Carter to make and record those valuable

geogiaphical and geological observations, which have since, from

time to time been published
3

Sir Hobert Olivei, the second Commandei -in-Chief of the Indian

Navy, died at Bombay, and, after a short interval, was succeeded in

1849 by Captain Lushmgton, who set seveial useful surveys on foot,

and did his best to restore the service to the state of efficiency it

had attained in the days of Sir Charles Malcolm

Prom 1844 to 1847 Captain Montriou, assisted by Midshipmen
Taylor, Whish, Nixon, Lamb, and Dickson, surveyed the anchorages
of Vrjayadrug, Eatnagin, and others south of Bombayin the "

Tapti
'

1
Captain Sandeis died at sea, near Malta, on his wa) Lome in 1848

2 The bailing directions foi the Ai abian coast and Socotra have been drawn up
by Commi Ward "The Gulf of Aden Pilot," compiled by Comm C 1 Ward,
HM IN (Published by the Admiralty in 1 863 )

s In 1846 Dr Carter published an account of the ruins oi
" El Bellad," formerly a

town on the shore, in the province of Dafai, on the south east coast of Aiabia, in the

ft G & Jownal, xvi p 187, and with additions in the Bombay G S Journal\
vu p 225, with a plate In 1847 his notes on the G-mrah Tube of the south east

coast of Arabia appealed in the Jbwnal of the Bombay branch of the Asiatic Society,
11 p 195 with a plate Also notes on the Mahiah Tribe o the souih east coast of

Arabia, with a vocabulai} of their language, and furthei notes on the Gurrah,
in p 339, and a description of the frankincense tiee of Aiabia (Boswdha
papynfeia), n p 380 Hi* "Memoir on the Geology of the South east Coast of

Arabia" is in the same journal for 1852, iv p 21, and the second edition, which
is the best, will be found m the "

Geological Papeis on Western India*' (1858),

p 661

0r Carter s admirable geographical description of the south east coast of Arabia,

together with an essay on the compaiative geogiaphy of that coast, was published in

the number of the Journal of the Bombay branch of the Asiatic Society for January
1851 It has since been reprinted separately

He also wrote a paper oh the igneous rocks of Maskat and its neighbourhood, tod
on the limestone formation at their circumference, in the Journal of the

branch of the Asiatic Society> No xin (1850)
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brig, but was frequently called away to assist in quelling the Sawant-

Wari insurrection Captain Selby,m the Palinurus," with Lieuts

Ward, Sweny, May, and Bewsher, having the "Noibudda" cutter

commanded by Midshipman Ohailes Poster, as a tender, trigono-

metrically surveyed the coast of India from Cape Comorui to Beypur

The northernmost Laccadive Islands next the Sesostris and Padua

banks were carefully examined in the "
Tapti" by Selby, assisted

by Taylor, in 1848 Selby constructed a map of a constant circular

current prevailing between the Malabar coast and the Laccadives,

which was not published, and the want of it caused the loss of one

of the P and d" steamers
1 In the memoir which accompanied his

drawings, Captain Selby described the remarkable mud bank at

Alepy, and entered at some length on the effects of the fearful

cyclone of 1848 in the Laccadive group

Captain Lushmgton seems to have systematized and put fresh

vigour into this somewhat desultory work During 1850-52 Lieu-

tenants Bennie and Constable, on board the "Euphrates" bng,

filled in some of the gaps left by Ethersey on the North Konkan

coast, while Lieutenant A D Taylor, assisted by Lieutenant Whish,

with Barker, Stiffe, and Macaulay, suiveyod the Gul of Each and

coast of Katiw&r on board one httlc pattmw and the " Maldiva
"

cutter Lieutenant Taylor's survey was plotted on four sheets,

on the scale of one inch to a mile, then leduced to one sheet by

Whish and Strffc Ihcu admirable chart is densely covered with

soundings, and Taylor pointed out in his momon the meats of

the anchorages to the eastwaid of Bait Harbour Indeed one im

portant result of his labours was to establish the existence of good

harbouis suitable for the export of Gujiat cotton, which aio two

days to windward of Bombay
2 The value of the splendid suivey of

Bait was practically tested in 1859, just after the Indian Mutiny,

when the harbour was crowded with vessels for the attack on the

fort occupied by the recalcitrant Wagheis

Captain Selby was engaged from 1848 to 1850 in making a veiy

important chronometric suivey of the Bombay bank of soundings,

on boaid the "
Tapti

"
brig, assisted by Whish, Sweny, Macaulay,

1 MS lettei from Captain Selby to Sit Henry Leeke, dated October 18th, 18

2 General descnption and sailing directions foi the coast of Katrwir (Bom

bay 1855) See also the important paper by Captain Taylor On the Haihours of

India
' read at the meeting of the British Asbouation at Liverpool, 1870 See ako hw

Report on the Harbours o India
'

(August 1870) in the papers on Bast India Marino

Surveys, presented to Parliament in 1871
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and Foster At a distance of 100 to 150 mile from the shore there

is a vast step or precipice some 2,000 feet deep, and the lead

is all at once brought from 50 to 300 fathoms and no bottom
Bnt within this ridge, the bank, from Dm on the north to

Ratnagin on the south, has a gradual and well defined slope,
so that by the unaided lead, and without seeing a heavenly body
for days, the navigator may track his way safely and surely to his

port
1

Captain Selby also surveyed the entire approach to Bombay
harbour from about 17 30 N to 19 30 N , and connected the

North Oanara with the Gujrdt coast, including the tail of the
Malacca banks

The labours of officers of the Indian Navy have been the chief
means of bringing the Somali coast of Africa to our knowledge

In 1838 Captain Carless had made a beautiful survey of the African
coast from Bas Hafun to Eas G-ulwaim, assisted by Lieutenants
Grieve and Selby The results of Captain Carless's labours would

piobably have been lost had not the steam frigate "Memnon,"
undei the command of Captain Powell, been wrecked on tliat coast
on the 10th of August 1843 She was supplied with a little outline

chart, the result of Captain Owen's running survey of 1823-26
The question was asked whether Owen's was the best chart in

existence, and it then came out that Carless had made an elaborate

survey and drawn charts of the coast some years before the wreck of
the "Menroon "

His chart was then,when the mischiefhad been done,
ordeied to be engraved^ Lieutenant Barker examined the coast
SW of the straits of Bab eLMandeb and the Gulf of Tajura m 1840,
and two years afterwards he accompanied the embassy of Major
Sir W Hams to the Abyssinian King of Shoa, as astronomer
Lieutenant Christopher was Barker's assistant on the African coast,
and near the mouth of the Juba he discovered the Haines nvei,
which flows for many miles parallel to the coast, and terminates
in a deep lake about 50 miles N E of the mouth of the Juba
Ijieat Grieve, in 1848, surveyed the Somali coast between Berbera
and Has Gulwami, and the islands between Socotra and Cape
Gardafui, thus completing the Gulf of Aden

,
and also compiled a

fine chart of the whole, as far as Socotra He was a veiy accom-
plished draughtsman, and rapid surveyor The Somali coast was
also visited and reported upon by Lieutenant Cruttenden in 1848
who Was then Assistant Political Agent at Aden

, and Lieut Stroyan

1 "
Bombay G & Journal," xu p xx
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was killed when serving on this coast, with the expedition of

Burton and Speke These officers have recorded the results of

their observations in several papers Lieutenant Christopher kept
a journal, and noted down his inquiries into the resources of

N E Africa
,

x Lieutenant Barker wrote on the same subject,
2 and

Lieutenant Ciuttenden published two memoirs on Eastern Africa

and on the tribes of the Somali coast 3

On the Bengal side, when Daniel Boss retired, his second in

command, Captain Lloyd, succeeded as Marine Surveyor General,

with James Young, Fell, Bennie, and Montriou as his assistants

Lloyd had been in the suivey department under Daniel Boss since

1823 In 1833 he had one brig, with which he conducted a survey
of the inland navigation of Arakan, but, after the first season, his

operations were put a stop to by severe illness, contracted by much

exposure m that unhealthy climate On las restoration to health,

he, in 1835, surveyed the river Hugh from Sagar Island to

Calcutta, carefully connecting his work with the base line measured

by Colonel Everest on the Barrackpur road In 1840 he completed
the survey of the sea face of the Sundarbans from Chittagong to

Hjjih, the results of which he submitted to Government m the

form of carefully drawn charts and a most valuable and interesting

memoir He compares the state of the coast at the dates of different

surveys, and his remarks, in showing the changes that are taking

place, prove the urgent necessity for periodical tensions of the

surveys He also describes the remarkable phenomenon at the

head of the Bay of Bengal, similar to that reported by Captain Sdby
off tho mouths of the Indus, called the cc swatch of no ground

"
It

is a deep chasm, open to seaward and very steep on the north-west

face, with no soundings at 250 fathoms *
Captain Lloyd also sui-

veyed the Chittagong river, and made additions to Boss's survey of

tho Mergui Archipelago, a short account of which lie published at
_._.
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1 "
Bombay G S Journal," vol vi " E G S Journal," xiv p 76 Thoio is a

MS extract from the Journal of Lieut Christopher (H C Bug "Tigus ") ontheNE
coast of Africa, May 8th, 1843, kept in the Geogiaphical Depaitment of the India

Office

2 "R G S Journal," xvm p 130
3 Bombay G S Journal," vui p 177, and R G S Journal," xroi p 186

See also a paper by Lieut Fraser, I N , relative to the Kiver Juba ^-Bom6^ G
S J&wrnal, atvl p 78

4 " The nautical remaiks to accompany a survey of the sea face of the Sunder-

bunds," by Captain Lloyd, dated February 1841, are preserved in the Geographical

Department of the India Office, in manuscript
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the time Boss had laid down the outer islands "between 1827 and
1830, and Captain Lloyd filled up the innei portions, and delineated
the coast line l The coast of the island of Cheduha was surveyed
for the Indian Government hy Captain Halstead, E N ,

in 1840 2

On the letirement of Captain Lloyd in 1840 the Marine Surveyoi
Generalship at Calcutta was abolished

,
but Captain Fell was

employed from 1841 to 1848 on boaid the brig
" Krishna "

in

finishing detached surreys on the Coromandel coast, along the Pegu
and Martaban shores, and on the north coast of Sumatra 3 In 1851
he was engaged in compiling a chart, in three sheets, of the whole
surrey of the Coromandel coast from Palikat to Bimlipatam

Captain Ward succeeded Fell in the command of the " Krishna "

Between 1851 and 1859 he laid down the Miitlah river, the Prepaus
north channel, the Bassern and .Rangoon rivers, the Malacca strait,

4

and Penang Captain Ward also made surveys of the Sittang rivci
and of the mam branch of the Iiawadi, but nothing has been
hoard of them since he sent in the drawings to the Government
Finally Lieutenant Heathcote was engaged upon the surveys of
the Bay of Bengal from 1856 to 1862 In the former year he made
a survey of the western entrance of the Hugh, from Kaokah to
the Pilot Station at the Sand Heads It was undertaken because
the Gaspar channel, that commonly used, was becoming dangeious
owing to accumulations of sand, and threatening to obstruct the
tiaffic to Calcutta This suivey, which requited very gieat exact-

ness, was paiformed in the surveying vessels "Knshna" and
"
Spy," tod the chart was drawn on a laige scale, showing the

depth of water to feet It was accompanied by a report upon all

the channels of the Hugh, compamng then present form with
that which they showed upon the last surveys, and showing the
amount of accumulation that had taken place in the intervals
The work wis connected with the stations of the Great Trigono-
metrical Survey Since Captain Lloyd s time there has always been

1 Journal of the Asiatic Society of Bengal,
'

vii , pt 11 p 1027
* Inll M B "Childers" See Admnal Halstead s inteiesting "Eepoit on the

Island of Cheduba ' J A S B
, vol x

, pt i
, p 349

3 Theie are printed sailing directions by Captain Fell for the coast of Pegu and
Gulf of Martaban, dated Karch 4th, 1852, and MS sailing dnections for the north
coast of Sumatia from Achm Head to Diamond Point, mthe Geographical Depai tment
of the India Office

4
Sailing directions for the Malacca Strait, by Captain Ward, are published m tho

last edition of **

Hoisburgh's Directory
'
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a nrer suiyeyor for the Hugli, with a small flotilla consisting of

one brig, one schooner, one anchor or buoy vessel (the
"
Grappler ")

and four row boats Steam power is not yet used in this serrice,

and the loss of time is great The surveyoi has had to work on

under gieat difficulties, and without qualified assistants

In 1855, Captains Eennie and Heathcote weie appointed to

accompany Sir Aithur Phayre's Mission to the Coast of Ava, with

instructions to make such a survey of the Iiawadi above the British

possessions, as opportunities offered The circumstances were

favouiable for astronomical observations of all kinds The geo

graphical positions of places and points weie fixed, and a sketch

survey of tho riveis was foiwarded to Calcutta, and afterwards

lithogiaphed for use in navigation A section of tho Irawadi at

a point a little above Ava was obtained, and tho volume of its

discharge at that point calculated 1 IE 1861, Oaptam Heathcote

was employed by the Admiralty to compile a chart of the bay of

Bengal , and in 1857 he had made some additions and correction

on the Arakan coast lie also made a chait of tho currents of the

S W Monsoon in tho bay of Bengal, intended as an accompani-

ment to Taylor's chait of the Arabian sea foi the same season

The currents were worked out from a great number of the logs of

the old Indiamen s

Lieutenant Sweny completed the Coiomandel coast from point

Calimere to Pahkat m 1860

The suivey of the nvers Euphrates and Tigns, and of that

region of Mesopotamia, which, for its historical associations, its capa-

bilities, and the importance of its geographical position, suipasscs

almost any othei country in the world, is mainly the woik of

the Indian Navy
8

During upwards of 26 years the accomplished

and persevering officers who executed the Mesopotamian Survey

continued to work in the face of great difficulties and dangers , and

for this alone the Indian Navy takes rank among the foremost

contributors to geogiaphical knowledge

1 For an account of the inannei m which this i turning survey of tho Irawadi

was performed, see the Journal of the Royal United Sermce Institution, appended to

a paper by Adnural Collmson on the "
feurvey of Rivers

"

2 The chart was sent to the India Office, and is printed, together with the Momon
which accompanied it, in the R G S Journal for 1862

3 In 1826-30 Lieutenant Ormsby, leaving the Indian Navy, had devoted three

years to exploring Mesopotamia His adventures aie descnbed by Wellsted in his

" Travels to the City of the Caliphs
"

(2 vols , London, 1840 )
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After the time of Colonel Chesiiey, his second m command,
Who was nearly lost in the ill fated cc

Tigris/
5 had charge of the

surveym Mesopotamia This was Henry Blosse Lynch, an excellent

scientific observer and daring explorer, who had commenced his

career in the Persian Gulf Survey In 1837 Captain Lynch, B ,

traversed the whole course of the Tigris from its source in Armenia
to Baghdad, fixing the chief positions by astronomical observa-

tions, and others by cross bearings He then connected Nraeveh,

Baghdad, Babylon, and Ctesiphon by triangulation , and, when he

completed the Tigris map in 1839,
1 his mind was full of interest

in his work, and he exclaimed that the field of operations, instead of

diminishing, appeared to extend

In October 1841 Lynch commenced the survey of the Euphrates
by measuring a base on the level plain between Balis and Giaber

He had the steamers "Nitocris," "JSTimrod," and "
Assyria/' and

was assisted by Lieuts Felix Jones, Campbell, Selby, and Grounds
After ascending the river, it was connected with the Mediterranean

by chronometnc measurements a

Captain Lynch retired from the

survey m 184*3, and his assistant, Felix Jones, succeeded him
Felix Jones had already seen service in the Bed Sea Survey,

m the Maldives, m Ceylon,
8 and in the Manar Gulf, and he had

reported upon the harbour of Grane or el-Kuweit in 1839, since which
time he had been serving under Captain Lynch in the Euphrates
He was stationed at Baghdad, in command of the "Nitoeris"

steamer, and had other duties besides surveying , but every year
he succeeding in completing some interesting and valuable surreys,

1 The map is on a scale of 12 inches to a degree
See "Note on a pait of the River Tigris between Baghdad and Samarrah " -

R G S Joutnal) ix p 471

"Note accompanying a survey of the Tigiis fiom Ctesiphon to Mosul R G S
Journal, ix p 441 Captain Lynch was ably assisted in this survey by his brother
Michael Lynch, whose constitution did not equal his zeal, as he died fiom the effects oi
hard work and exhaustion at Diabekir This officer had suffered before from the
climate of the Maldives

2 "Memoir of the River Euphrates, m three parts, to accompany the map"
Bombay G S Journal, vi p 169

" Memoir of the country between Baghdad and the Hamreed hills/' by Lieut
Grounds Bombay G S Journal, vol YI

8 While employed heie he visited and fixed Adam's Peak and the Hortoa Pl&m^
descending by the Caltura River, of which he made a survey, in company with Majoi
General Adams^ who fell at Inkerman They pushed their way over the higher
ranges by tie Elephant paths, there being then no constructed roads
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although for a great part of the time he was almost single handed

In such a region it was impossible to go in any direction without

meeting with work weU worth the doing, and Felix Jones made the

best use of his opportunities The country, infested by wild tribes

of Arabs, was frequently dangerous, and it was necessary to seize

upon any chance that offered for exploring and surveying

In 1844 Oaptam F Jones accompanied Sir Henry Eawhnson on

a journey to coUect information respecting the boundary between

Persia and Turkey The results were a memoir and map of a

country but little known In 1846 he made an ascent of the Tigris,

from Baghdad to Samarrah, on board the " Nitocris
m In 1848 he

undertook a journey to determine the course of the ancient Nelirwan

Canal, and to survey the once fertile region which it irrigated,

now a desolate and almost impassable waste His interesting

memoir on the Nehrwan Canal, accompanied by a map, gives the

history of the work from the days of its constructionm the time of

the Sassaman dynasty, and minutely describes its vast brickwork

dams and sluices In April and September 1850 Oaptam Jones

surveyed the old bed of the Tigris, discovered the site of the ancient

Opis, and made researches m the vicinity of the Median wall and

Physcus of Xenophon In 1852 he made a trigonometrical survey of

the country between the Tigris and the Upper Zab, including the

ruins of Nineveh, fixing positions by meridian altitudes of the sun

and stars, with chronometnc differences for longitude The results

of this work are recorded in the beautiful maps of "
Assyrian Ves-

tiges," in four sheets, and in a valuable memoir During 1853

Captain Telix Jones, assisted by young Colhngwood, then a mid

shipman, completed a map of Baghdad on a large scale, with a

memoir on the province full of statistical information ,

a and m 1854

he sent home his maps of Babylonia They consisted of three sheets

with a detailed memoir, and included the country from Museyb,

north of Hrilah, down to the N W end of the sea of Nejf Unfor-

tunately these maps were lost in the India House s

1 "B G S Journal," xvm p 1

2 The memoirs and maps by Captain Felix Jones will be found in the "Bombay

Selections, No xlm (New Series ) Most of the memoirs weie reprinted in the

Transactions of the Bombay Geographical Society
"

s In the smvey of Nineveh and Babylon he was much indebted to Dr J M
Hyslop of the Bombay Army, for valuable aid in the field operations, and to Mr T K

Lynch, now Consul General for Persia m London, who entered con amore into the

work from a love of research alone,
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In 1846 Captain Felix Jones compiled a general map of Meso-

potamia, from Soanderoon on the Mediterranean to el-B&srah, whic^i

was based on the surveys by Chesney, Lynch, and himself Cap-

tain Jones retired from the Mesopotaxman Suivey, to take up
the post of Political Resident at Bushiie in the Persian Gulf,

in 1855 He possessed all the knowledge and tact which were

necessary for an officei in his position Toi the woik of the

Mesopotamian Survey seveial acquirements weie essential in addi-

tion to those of a surveyor, such as an acquaintance with the

language and ancient history of the country, tact and judgment m
dealing with wild Arah tribes, and capacity foi enduring fatigue

and privations All these were possessed by Felix Jones in an

eminent degree In 1857, while he was Political E/esidcnt at

Bushire, the Persian war bioke out This he had foieseen and

provided for by furnishing to the Government of India an elaborate

plan foi invasion, containing itmeraues through Peisia, and guides

foi the Commissariat Departments of the Army and Navy This

paper obtained for him great commendation under Earl Canning's

own hand l Assisted by Captain Malcolm Green, he made a survey

of the Shattu
5

1 'Arab, including the Kariin, which enabled Sii

James Outram to attack Muh&mmerah

Captain Selby took charge of the Survey of Mesopotamia in

1855 He had previously done very important service tn the

spring of 1842, by ascending the Persian Rivers Karftn and Dizful

in the E I C steamer "Assyria/' thus demonstrating their naviga-

bility
a He had with him in the Mesopotamian Survey Lieuts

Collingwood and Bewsher as assistants These officers made a

trigonometrical survey of the region west of the Euphrates,

including the sea of Nejf, which is fed by that river, and em-

bracing the classic sites of Meshed
J

Ali, Birs Nimrftd, Kerbela,

Kufa, and Babylon, and the portion of Mesopotamia fiom Sa-

marrah on the Euphrates to a point about 10 miles above Baghdad
on the Tigris The former portion was completed and sent home
in 1861, with aji elaborate memoir by Captain Selby But both

maps and memoirwere lost, through someunaccountable carelessness

The original maps and field books have, however, been procured
from Baghdad, and the maps have been redrawn by Lieutenant

Oollingwood, and engraved Lieutenant Collingwood also sur-

1 " Indian Records, Political and Secret "

2 R G- S Journal," vol xiv p 219
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voycd and drew maps of the Shattu-'l-'Arab from ol Basrah to

Makil, and of tlio course of the old Hindiyeh Canal, noax Mc&Iiod

Ilnsam Tins valuable work lias recently boon rescued from des-

tination at Bombay, by Captain A D Taylor Captain Selby and

Lieutenant Collmgwood, while tracing tho old bed oi the* Euplnatos

with great care, and surveying the Balir el Nejf, wore exposed to

mucli harassing work among the marslies They also sent in

accurate plans of the irruptions from tho Tigris,, and showed that,

boloie long, if no efficient steps woic taken to check the evil, that

nvei would be as unnayigable as the Euphrates now is

The lattei portion of the suivey liom above Baghdad to Tol

Ibrahim, and fiom Tel Ibiahim to Simaxiah on the Euphrates, was

commenced in Octobei 1862 In the end of ihat yeai Captain Soflby

ictired, and Lieutenant Bewsliet, wlio then took <haigo of tlu woik

that had thus been begun, complc ted it in 1 865 The maps (seven in

numbei) have been engxarod in two sheets, and Bowahox'b momou l

contuns an mloi estmg account of the ancient canals which can

still be traced, and some details icspecimg the humbler modem

system of nngation Tho ability and learning sliowa in tins

memoir aie proofs that Lieutenant Bowshei* would have been a

w>xthy sucGossoi of tho oarlioi siirvoyois, but lie died of diseases

contracted during the service, ami tlio Oovernmcnt abi aptly put a

stop lo the survey, leaving it incomplete, and with much work gtill

to bo done

The suivey of tho west coast ol India, south ol Bombay, with tho

exception o some roadsteads and detached bits of coast laid down by

Moixtnou, and the portion fiom Beypur to Capo Gomoiin. by fcMby,

had not been levised smco the old chaits weie diawn by McCluoi

m the last centuiy Tins most impoitaut woik was entxustccl to

Liieutenant A Dundas Tayloi, who lecoivod tlie command ol an old

yattmop, the a Pownah/' aCtei wards exchanged for the ** Bhooxna **

He was assisted by Lieutenant Swcny, and Mates May, Btwahoi ,

Williams, and Lewis, and commenced work ux 1858 The "whole

of Taylox's woik is adinuably executed on a tiii^onoiuctiical basis,

with bases measured on shore, and is included in six shoots of tho

}n llio pint of M(Hopotamn contained between Shonat d Beythfy on ity*

and Id Ibiahim" By Liout Bowslui, IN M 0- H Journal* txzui

p 160

(11441 )



34 TAYLOR'S SURVEYS ON THE WEST COAST OP INDIA

coasts of South Konkan, Canara, and Malabar 1 It occupied

six yeais, from 1853 to 1859 He also surveyed the harbour at

Karwai, the anchorages at Beypur and Cochin, and the Bay ot

Korangi' on the east coast in 1857 There is no man living who

is so intimately acquainted with the anchoiages on the Indian coast

from the mouths of the Indus to those of the Godavari, 01 who so

completely understands then capabilities for improvement Aitu

his return to England he diew up a volume of sailing ducc-

tions for the west coast of India 3 Lieutenant Williams aftei wauls

completed the coast from Boria to Bombay Those coast suivcys

were ably supplemented with deep sea soundings by Lieutenant

Fostei in the cutter
"Nerbudda

"

In 1859 Lieutenant Whish examined and icpoitod upon the

harboui in Bahrein Island and on a channel called the Kham-el-Bab,
1

and in the following year he made i complete suivoy oC Bombay

haiboui on seveial sheets on a laige scale, A\luch 1m smco been

reduced and published by the Admnalty
In 1860-61, under instiuctions from the Government of India,

Mr William Marshall, senior midshipman oi II M gunboat

"
Clyde

"
of the Indian Navy, then stationed at the Andaman

Islands, made a trigonometrical suivey of Port Blau, which has

since been published by the Admualtv He also made inugli

surveys of PoitMoadtro, Middle Shorts, and pait of Gicat Coco

Island, all of which were lithographed an Indui The nitivcs of

thebc islands being very savage, the surveys were executed m boats

lully manned and armed, and befoic taking oto,eivat ions on

bhore it was geneially necessaiy to station outposts in the jungle

to prevent surprises Mr Marshall also di&covciecl, by scvual

clnonometric measurements taken between Bombay, Madias, and

Calcutta, that the Andaman Islands were placed eleven miles too

1 Jolm Edye, Esq, who was mister shipwright at rrmcoinalc o m 1832-38, wrote

a valuable paper on the sea poits of the Malabai coast, vrith roinaiks on the poon sparw,

con fibre, and a list of timber in. thefoiests, and another describing the natuc cralt

muse on that coast See " Journal of the Royal Abiatic Society,' i,p 1, mdii.p J24

2
Korangi (Cormga Bay), it will be remembered, -was suivoyed by Michael lopping

in 1790, and Lieut Wairen in 1805 See p 7 lucre is also a chart by Lieut Poll,

1846 and Dahymple engraved i plan of Coring^ loads by Wm Stovons, dated 1773

3 West coast of Ilmdostan Pilot, including the Gulf of Man ir, tho Maltlivh and

the Lakadivh Islands, 'compiled by -Com A D Taylor, IIMIN (Published by tho

Admiralty in 1866 )
* "Memoii on Bahrein,' by Lieut Whish, TN Bombay G <S Journal, xvi

p 40
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far to the westwaid on the charts, and that the Great Coco Island

was placed six miles too fax to the westward oi Poit Blair

One of the last and not the least important work of the officeis

of the Indian Navy has been a careful levision of the old suivoy ol

the Persian Gulf. m 1857-60, by Captain Constable, assisted by

Lieutenant Stiffe

Captain Constable had foi many yeais taken a deep interest in the

maritime geography of the Peisian Gulf, and had gradually collected

a largo mass of matenal with a view to pieparmg a sailing ducetory,

with a description of the shoics and islands A vast numbc i of

omissions and maccuiacies had been discoyeicd in the old smvey

from time to time, and there was a weight ol evidence to show tb<xt

the knowledge of the gulf was voiy imperfect One lemaikable

instance of the unreliable chaiaetei of the old chaits ^as Cumibhul

by Commodore Carless in 1848, when enteung the gulf onboaultho

"Elphmstone
" Ho found that a shoal mailed on the eluxit as thico

miles fiom the Poisian coast, ically extended seven 01 eight miles to

scawaid Js
Tumeious othci discoveuos oi the same characfcci had

been icpoitcd Theic is no published (hail oi the Shattu '1 Ai ib

fiom el-Basrah to the sea,
1 and no m<xnno survey of tlie Iblaud ot

Karak 2 In 1846 Captain Cailess
3 wont to the guli with eight

chionometeis and proved that the longitude of Bassadoro was nearly

correct with lofcrence 1o Bombay but that Bushuo was eight miles

too fai west '

It was abundantly clcai that theio exited a preying necessity

lor a icvision of the Persian Gulf Suivcy, and Lieutenants Constable

and State woio commissioned to execute it in 1857 They had the

brig"Eupluatcs" fiom 1857 to 1858, and tho achoonci "Mane"

fiom 1858 to 1800 Then icvision oi the old suivoy consisk d in

caiofully determining ceitani positions lound tho gull by obscived

latitudes (the altitudes all being taken with artificial horizons) and

longitudes by chronometei, with as much triangulation m tho

vicmity of the fixed positions as time would admit of They com

i Lieut Collingwood made one, and BO, I Ixluve, did C'upl Klix Tones, but both

Dalrymple published a plan of this island fiom a Inench MS in 1787, and Insigu

Anderson (afteiwatds murdeied at Multon) made n tugonomctnuil survey on

scale of 6 inches to a milo in 1839, on whuli (vuy ravmo and Iissuic a ticcmukly

laid down , ljut there is no moimo hin voy of its fekorcs

Ihis officer died m 1848

* Meraou relative to the hydio.jiapliy of tho Tusian Gull," by Lieut GousLablt,

I $ Bombay G & jTownaf,tiii p %
C 2
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piled a general olart of the Persian Gulf m two sheets in 1860,

which is thus a correct skeleton of the islands and principal points

round the gulf 9 with some detail of the coast line xound the fixed

positions tnangtdated, and the remainder adopted from the old

charts
l

Lieutenant Strife now holds the post of engineer and electiician

of tie Persian Gulf Cable He is one of the most able, scientific,

and accomplished of those surveyois who made the Indian N"ary
famous, and though his immediate duties are now unconnected with

surveying, he has never missed an opportunity of improving, cor-

recting,, or adding to the charts

The subject of winds and currents in tlie Indian seas, to which

Major Bennell devoted so much attention,, has "been carefully studied

since his time Lieutenant A D Taylor compiled a chart of the

Arabian Sea with gieat care, showing the winds and cuirents duung
the S W monsoon, by a companson of upv^aids of a hundred logs

of vessels of the Indian ayy
2 and Lieutenant Heathcote made

a similai wind and current chart of the Bay of Bengal Lieutenant

Tergusson, the draughtsman of the Indian Nary, also prepared three

sets of charts, each set containing a chart for every month in the

yeai, showing the winds and currents of the Keel Sea, Peisian Gull,

and Indian and China seas
8

Henry Piddington, of Calcutta/ was5 however, the great contributor

to the study of the law of storms His attention was first turned

to the subject hy the reviews of Oolonel Reid's work, aiii he tells

us that it was, to him,, a subject connected with many associations

of his early Me, and more especially with one instance in which to

1 "Peisian Gulf Pilot, including the Gulf of 'OmAn, compiled by Capt C G
Constable and Lieut A W Skffe, I N Published "by tlio Admiralty (London
1864 ) Ca.ptiin Constable's chart of the Persian Gulf w^s published "by the Admix ally,

and the hycliograpliei, the late Admiial Washington, sent it to the Grieat Intoui itional

Exhibition of 1862 as a good specimen o English chart drawing
Dr Carter repotted an the geological specimeas brought from the Persian Gulf by

Constable and Stiffe, in tne * ( Jburnal of the Asiatic Society of Bengal,
' No 97, N fb ,

p 41
2 Sent home with a letter dated January 16, 1852, m which Captain Lushmgtoa

called attention to Lieut Taylor'b zeal, assiduity, and ability The chaitwas published
in 1853, "with a memou

s Published in 1856
4 Captam Piddington was Foieign Secretaiy to the Agricultural Society of Indi%

Sab Secretary to the Asiatic Society of IBengal, Curator of the Museum of Economic

Geology, and President of the Marine Oomt of Enquiry at Calcutta
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the yeormg of a Imrricanc alone lio owed Ms safety from shipwieck,

after cutting away tlie mainmast of tlie vessel lie then commanded

His first memoirs on cyclones or cnculax storms were published in

1839 In the following yoai he iccoivod extracts fiom numerous

logs prcseired at the India House,, furnishing records of hurricanes

from 1780 to 1841 ,

l and ho thus accumulated proofs that these

great storms are ciiculai, that they tuin from light to left, noith

of the equator, and that they are progressive lie also made out

the tiacks on which they move, and their laics Mr Piddinflfton

continued to publish accounts ol all important cyclones that

occurred in the eastern seas horn 1839 to 1851 This involved

immense labour and icsoaich, the untilmg and persovoung collcc

turn of materials, and no small ability and judgment in their

arrangement Each memoii was accompanied by a chart showing

the course of the storm Mr Picklmgtou was zealously assisted m
his labours by Captain Chustophei IMon, the Mastei Attendant at

Madras 2

The impetus thus given by the zeal oi Captain Piddington to the

study of the law of stoims was communicated to Iho we slcin side of

India The great hurricane o Apnl 1847 3 in winch llio
"
CJcopatia

"

was lost, was carefully observed, ami remarks upon it woio published

by Captain Carless, of the Indian Navy/ and by 3Dr Thorn,, oi the

83rcl foot 4 Dr Bui&t afterwards collected accounts of Immomes on

the west coast from 1647 to 1847., and wrote a caieial nacmon on the

subject of cyclones/ to which ho added anothei icvu vvmij Ihc com so

of storms from 1854 to I860, and Lieut l?orgusaou publibhui an

account of the cyclone of November 18C2 *

At Madras., Mr franklin, tlie Master Attendant, published an

account of the storms oi October 20th and Novcmboi 25th, 1816,

1 " Journal of tho Asiatic Society of Bong il," vol 11, pt JLJ p 605

2
Cipi im Piddmgton published 23 memous on cyclones in volume H H,

{

\ 10, 1 1, 12 9

13, 14, 15, 16, 17, 18, 19, 20, 21, and 2^ oi Iho " Journal of Iho Anulu Society ol

Bengal" Ho ibo published "A Horn Book ol tho kw ol htoiiB
5>

Cftlcuita

(Second edition ) 1845 1 he sixth edition of Picidmgton's
" hailoiV Horn Book of tho

Law of Storms," was published in London, hy Willnnw and Noigato, in 1876

3 "Jomnal of the Bombay Googiaplncal SOCK iy,' vm p 1

4 " Joainal of the Bombay Geographical Society/' Till p 9^3

5 " Tournil of tho Bombay G S / vol xu p \xv
6 " Journal of the Bombay G b ," vol xv p 19
7 ' Journal of tho Bombay G S ," vol acvx p
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with diagrams,
1 and Lieutenants Mullms and Hemery of the

Engineers described the cyclono at Nellor and Ouddapah, on

November 2nd, 1857 2 The fall lepoit on the Calcutta cj clone of

Octobci 5th, 1864, \vas drawn up bv Colonel Gasti ell and Mr If

]? Blanford, with maps and diagrams At the end thoie is a list

of lecoided storms in the Bay of Bengal fiom 1737 to 1865, chiefly

fiom Piddington's Memons
In 1864 Colonel Eraser, who eiectecl the lighthouses on the coast

of British Burmah, made a proposition that monthly leturns of

wiecks should be furnished, with a view, first, to show the positions

of wrecks on a chaifc , second, to show the geneial causes of losses at

sea, and, thiid, to give a table of loss of life, caigo, and ships, with

the yalue In accordance witii this idea, the firbt wieck chait of

India for 1864-65 was pioduced in 1865 s Anothei was published
at the Suiveyor General's office foi 1866, and a \\reck chait oC the

approaches to Bombay haiboui has been piepaied with icfeience to

the urgency of its being adequately lighted It shows the wrecks

fiorn 1826 to 1866, and was compiled by the Master Attendant

Nor must the chart by Colonel Prasei, showing the lighthouses on
the Burmese coast, with printed directions, be omitted in an
enumeiation of yaluable publications for the use and guidance of

nayigatois

In 1802 the Indian Navy ceased to exist, and all the surveys weie

abiuptly stopped and left incomplete In his anniveisaiy addicss

to the Geographical Society foi that yeai Su Rodenek Murchison

said/
" The war seiyices of the Indian Navy, as well <xs the

"
beneficial and enduring results of itb lepression of pnacy and the

"
slaye tiade, aie well known These seivices have been \ariccl,

"
honourable, and useful, but m the eyes of geographeis the wide

cc

spieacl and lasting utility of the excellent surveys made by officcis
" of the Indian Navy hold an equally prominent place

"

Before the Indian Navy had become a thing of the past, there
was a destruction of the materials foi its history Previous to 1860
theie weie many and most valuable recoids of that service in the
India Office , but in that year nearly all weie reduced to pulp The

1 Madras Journal of Literature and Science,
J

xii p 146
Ibid, 111, 1ST S

, pp 65 and ^0
3 See page 47
4 ( E G S Journal," vol xxxm p elm
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charts, witli the copper plates, original diawmgs, and sailing

directions, were transfened to the Admiralty in 1861

The official records of the Bombay Maimc and Indian Nayy hare

been almost entiiely destroyed Its histoiy can now only be traced

in the fragmentaiy memoirs, papers, and reports which have already

been quoted jxnd indicated by refeienccs Some statistical details

will be found in a Parliamentary Papei called for by Mr Joseph

Hume, and printed in August 1851
l It is much to be desired that

befoie the geneiation of Indian marine surveyors passes away, one

of their number would gather together the recollections oi his

colleagues, and with the aid of such fragments as hayc survived the

general destruction, give to the woild a histoiy of the work clone

by the Indian Navy in war and dunng peace The history of its

wai services, containing such episodes as the gallant captuio oC tlio

"M6d<5e
3 '

by Henry Menton/ Commodore Dance's action with

Linois, and many deeds of daung in Persia, Btuma, and China,

combined with the splendid scivices of its surveyors, would form a

very noble record 3

1 " Statement of the nature arid locihty of the mantimo suiveys undeifcalen by

the Bant Inin Company since 1820, and othoi papas connected with the biibjoct
*

2 SOQ JZrenton, m p 341, and James, 111 , p 65 Captain Menton was Mastei

Attendant at Bombay in 1820
3 In the "Foieign Quarterly Review '

fox July, 1845, (Ixac p 464), theieis an ai tide

on the suivoys of the Indian Navy A. work entitled
" Iho land ol the Sun "

(1870)

lias been published by I lent C R Low, late o the Indian Navy, giving an account o

his services an the Red boa and Pcisian Gulf, with notices of Aden, P<nm, tlie Somali

coa^t, the Andaman*, and the ports in the Persian Gulf, &e Lioul Tx>w has aho

wiitten a histoiy of the Indian Navy, which came out in numbois m iC Colbmu s United

Service Magazine," fiom Octobei 1876 to December 1877, and is ibout to be publiBhod

sepaiately
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3

THE MARINE SURYEY DEPARTMENT

(187377 )

IN March 1861 the marine surveys on the coast of India wcie

practically abandoned The Secietary of State pioposed to the

Admiralty that in future the surveys should he conducted in vessels

selected "by the Bombay Government and paid by the Government

of India, hut that the hydrogiaphei of the Admiralty should suggest

what surveys ought to be taken up, and that the resulting chaits and

niemoiis should be published undei the authority and at the expense

of the Admiralty all correspondence between the hydiograplier and

the surveyors passing through the India Office Admiral Washington,

who was then hydiographer,, pointed out the gioat piattical inconve

mcnces of such mixed responsibility, and expressed his inability to

foresee how such an arrangement could work The India Office,

however, insisted upon the arrangement that was originally proposed,

and the discussion dropped But in August 1861 the Government of

India was informed that the surveys then incomplete weie to bo

finished by the Indian Navy, and that all futuie surveys and oluits

would proceed from the Royal Navy at Imperial expense It

does not appear that the lattei part of this alleged arrangement had

evei been proposed to the Admiralty Admiral "Washington sub-

nutted a list of the surveys that should be completed by the Indian

Navy, and some of them have since been published by the

Admiralty
From the date of the alleged arrangement in 1861, until the

establishment of the Marine Suivey Department in 1873, Indian

marine surveys have been little attended to

The stock of charts and copper plates was handed over to the

Admiralty,
1 but many original drawings and memoirs were lost,

both at Bombay and in England They were the results of ex-

pensive surveys, and their loss is synonymous with the waste of

many thousands of pounds It represents the cost of the surveys
of which they were the lesults, as well as that of the future surveys

which their loss has made necessary

1 Ihe numbei of manuscript charts and plans was 264, of 'which 210 wete obsolete
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It is not clear what the arrangement with the Admiralty for

securing the execution of necessary marine surreys really was, as

there is nothing to show that the Admiralty ever heard of or

agreed to the airangement of which the Government of India were

informed, in the Despatch, No 55 (Marino), 28th November 1862,

para 14, namely, that in future " the surveys of the Indian Seas

" would he conducted by the Eoyal Navy, at the expense of the

"
Imperial Government

" But as the airangement, whatever its

exact nature may have been, entirely failed to secure the objects

toi which it was made, and as no survey of any part of the Indian

coasts was undeitaken bj the Loids of the Admnalty aftei the

abolition of the late Indian Navy it was represented by the Geo

graphical Depaitment of the India Office, in 1871, that some steps

had become absolutely necessary The execution of marine suiveys

in the Indian seas, the periodical revision of old work, and the

production of correct charts, are essential foi the safety of the

rapidly increasing ocean and coasting trade of India

Theie me sufficient reasons for the arrangement that was intended

to have been made in 1862 having piovcd abortive The duties

of the hydtographei of the Admiralty extend over the whole woild,

and the exigencies of the service seldom enable the Board to furnish

him with the vessels and officers which he would consider necessaiy

to execute needful surveys in the various seas and haibours The

Indian seas would, at the best, only receive a proportional share of

his attention, and it might be many yeais "before he would considei

that their requirements were moie urgent than those of othei parts

of the world, with reference to the very limited means at his

disposal It must also be remembered that the hydrogiapher has

no special ox local souices of information, through which he can

Icam the requirements of the Indian seas, as regards the levision

atid completion of surveys Vessels of the Eoyal Navy merely

make ports,
and probahly never visit more than half a dozen out

of the 300 poits which are frequented hy the coasting vessels

But, from the point of view of the Government of India, the safe

navigation of then coists and of the surrounding seas is a question

of the greatest impoitance ,
and the necessary surveys cannot be

loft unpiovided for without the ceitainty of a vast amount of loss

and misery, and without incurring a responsibility of the gravest

kind Great dependencies are necessarily responsible for the due

provision of means for approaching theu? coasts, in which respect
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accurate charts are even more essential than lighthouses Local

Governments cannot afford to depend upon the shaie of attention

that the Admiralty can enahle the hydrogiapher to give to then

coasts, in common with those of othei seas and oceans throughout
the world The Australian Colonies have found it necessary to

employ suiveymg seivices of then own, and the fact that all

surveys of Indian seas ceased foi twelve yeais points to a similai

necessity in India

The gieat ocean and coasting trade of India renders the provision
of accurate charts on adequate scales a very impoitant part of the

duty of the Government, and although the piesent chaits may be

considered fairly to meet the leqmrements of general navigation,
there was a good deal of work left incomplete in 1862, while

sevcial surveys will always require periodical levision

These considerations ^ere sufficient to show the uigent need ot

some effective ineasuie foi secuimg the due execution and revision

of marine suivcys, and toi the publication of accuiate charts on

adequate scales Only two courses were possible One had been

tued, and had failed absolutely The whole responsibility was
handed over to the Admiralty, and during the interval of twelve yeais
that had since elapsed not a single survey had been undertaken in

the Induin seas The othei couise was for the Government of

India to orgam/e a system foi the survey of its own coasts, and to

lesumc a lesponsibility which should nevei have been abandoned,
and it was this course that the Geogiaphical Depaitmcnt of the

India Office earnestly advocated On March 30th, 1871, the question
thus raised was lefeired to the Government of India

But it was three yeais befoie the matter ^as taken up in

earnest
,
and it was then found that the need foi some measure being

adopted was most urgent Not a year passed without adding feaiful

proofs of the defective state of the charts Many charts, once

accurate, had become obsolete, simply because no authority existed

to record the changes effected by nature and by man fiom time to

time It was impossible to exaggerate the hopeless state of con-
fusion into which everything connected with marine suiveys had
drifted All traces ol elaboiate and expensive surveys had dis-

appeared, important islands weie still shown many miles out in

longitude In Calcutta no correct list of the lights of the Bay of

Bengal existed, and the wreck chart, the one document that pro-
fessed to show all the lights, omitted four of them The Govern-
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ment of India could not fail to be impressed with the case as brought

before them in the reports prepared in the Geographical Depart-

ment of the India Office
1

,
and m a dispatch dated Juno 30th, 1873,

it was lequested that Captain A D Taylor of the Indian Navy

might be deputed to Calcutta to assist m devising suitable means

for restoring to efficiency the Indian Marine Survey Department;,

which had ceased to exist since 1861

Captain Tayloi arrived at Calcutta on the 22nd of December

1873, but before referring to the results of his investigations there,

it will bo well to enumerate the few pieces of marine surveying

woik that had been done between the date of the oiganization of

the Geogiaphical Department of the India Office in 1867 and the

end of 1873

In February 1871 Captain Eobmson, the supeuntendont of Marino

at Bombay, represented that a port on the MokiAn coast called

Khoi Eapsh should be suiveyed, and that afterwards the Bahicin

reef channels in the Persian Gulf should be taken up, including the

approaches to el Katif and Deman, the noith-east approach to

Bahrein, and the unsuivcyed bay south of Bahrein Mi Gii dlestone,

of the Topographical Suivey, but formerly in the Indian Navy, was

lent to perfoim this woik in an old sailing schoonei of 180 tons

called the "
Constance," with no good boats, no steam launch, and

an insufficient staff of officers She TV as away from March 8th to

June 20th, 1871, yet the actual work only occupied four weeks In

a stoamei, a suiveyoi could have done it all and rctuincd to Bombay

in five weeks, being a saving to Government oi 650Z in pay and

piovisions
The inefficient equipment of a surveying vessol is,

therefoic, as wasteful as it is deplorable in othei respects

Mr Gii dlestone completed a chart of the laigo inlet of Khoi

Eapsh, on the Makran coast between Jashak and ChahMr , and

ascertained differences of longitude by telegiaph, between the

Bombay Obseivatory and pillais which were erected at Gwadar,

Chahbai, and J ishak

In the autumn of 1871 the " Con&tance," undu Mi M. Chapman,

took a series of soundings m the Gulf of 'Onum fiom Has Jdshak to

Has as Shajar Mr Chapman, assisted by Mr Thompson, thenpro-

i Ako presented to Paihament "Copy of Dispatch fiom the Secretaiy of State

for India to the Governor General, of the 30th day of March 1871 (No 7

G-eoraphical) and its enclosures, on the subject of Marino Surveys m India
"

(India office, 22nd May 1871 )
Asked ft* by Mr Frederick Walpole Ordered to be

printed 7th July 1871



44 lAYLOR'fe. NEW BAS1 INDIA DIKECiOBY

ceeded to Bahrein and commenced the surrey of the reefs , but in

May 1872 nearly all the crew of the " Constance" were attacked

with fever, and she returned to Bombay Mr Chapman had, how

ever, completed a fair chart of Bahrein harbour and a portion of its

adjacent reefs Being beyond the limits of British India this work

will, for the future, fall to the province of the Admiralty In 1873

Lieutenant Stiffe of the Indian Navy compiled a new chart of the

Makran coast, which has acquired some importance owing to the

establishment of telegiaphs along it since 1862 It is a revision

of the old chart of Bracks and Ilames in 1829, the longitudes being

rcfericd to that of the Madias Observatory, and the scale being

the same as that of the Peisian Gulf chart This chait has been

engraved, and Lieutenant Stiffe has also drawn up detailed sailing

directions for the Maki&n coast

During the Orissa famine, the want of charts of that paat of the

coast was veiy seriously felt, and in 1869-70 the schoonci "Gemini"

was employed in surveying some of the cieeks and harbours of

Orissa, under command of Mi HA Harris, who had had 15 years

experience in river surveying, having been assistant surveyor on

the Hugh Nine charts were the results of this suivey In 1869

a new survey of the Chittagong coast was completed, being a

revision of that executed by Captain Lloyd
Befoie he left England foi Calcutta, in the autumn of 1873,

Captain Tayloi completed the new edition of the first part ol

"
Horsburgh s Bast India Directory

" l This well-known woik had

already gone through eight editions since its ongmal publication in

1809, under different editors, who added considerably to its bulk,

without curtailing the original mattei Captain Tayloi's edition

is, in reality, almost a new work IIo has adopted the system of

brief paragraphs, dropped the marginal refeiences, given abbicvia

lions well understood by seamen, and mtiotluccd block printing

of important names and words to catch the eye The opening of

the Suez Canal necessitated a notice lespecting the navigation of

the Mediterranean, and Captam Taylor of course gives teisc and

succinct, but sufficiently complete directions for the Bed Sea His

intiocluction treats of the trade winds, monsoons, currents^ land

and sea breezes, storms, and cyclones, variation and deviation of

the compass, and tides

During the winter of 1873-74 Captain Taylor prepared an ex

haustive report at Calcutta, in which he reviews each, cltart and

1 See page 10 (and note)
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plan, points out their deficiencies, and estimates their intrinsic and

idative value , so that a most complete knowledge was thus

acquired of the then existing requirements His proposal was

that there should he a Superintendent of Marine Surveys with an

office staff and a certain numboi of qualified surveyois ,
and ho

enters fully into all the details of present and prospective require

ments After carefully considering this Report the Grovernment

of India accepted the responsibility of completing and maintaining

the suiveys of the Indian coast line from the Pakchan estuaiy at

the southern extremity of Tenassenm, to Sunmiydni Bay on the

western limit of Smd Beyond those limits all suiveys must be

undertaken by vessels and surveyors of Her Majesty's Navy, at

the expense of the Imperial Government They also resolved to

organise a small surveying flotilla

The whole annual cost of the Department was not to exceed

20,OOOZ , and Oommandei A Dundas Taylor, than whom no man

living has a moio thoiough knowledge of the subject, both from

long oxpononoo and natural aptitude for the work, was appointed

to bo tho first Superintendent of Marine Surveys

Thus, after a dieary period of 12 years, during which the surveys

of the Indian coasts and the safety of the great mercantile fleet

which frequents thorn, were entirely neglected, the Marine Survey

Department was restored to efficiency The office of Marine Surveyor

Gonoial was abolished on Captain Lloyd's retirement in 1840, after

which time tho work was earned 011 at hap hazard, with no efficient

superintendence, and in 1862 it ceased altogether Its lestoration

to efficiency is an important measure which will be the moans of

preventing much loss, and of securing the safety of one of the

largest meicantilo fleets in the world, so fai as accurate charts and

icliablc bailing directions can effect that object

Previous to the commencement of operations in India, Com-

mander Tayloi visited England m 1874, foi the purpose of

con fcrxmg with Ik Ilydrographci at the Admiralty, more par

ticularly respecting tho selection of suitable officeis of the Eoyal

Navy as surveyors The Lords Commissioners of the Admiralty

nominated six surveyors fiom the Royal Navy for service on the

Indian, coasts Theio wore, however, still important duties con-

nected with tho pioparation of charts and the projection thereon of

the land surveys unpiovidod for, and these required qualifications

and tiaimng of a special order To discharge these duties Mr E,

Oarnngton of tho Hydrographic Office, who had been highly
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recommended by Admiral Bichards, was appointed, his post "being

that of Chief Cml Assistant to the Superintendent of Maiino

Smveys at Cahutta, with the title of Supeimtendent of tlio

drawing bianch The Admnalty placed at the disposal of Captain
Tavloi all those onginal chaits and lecoids in their custody which

were the, pioperty of the Indian Government, and that officci

selected those which he consideied lequisite to take hack to India

These originals, together with a goodly numbei of others that wcio

found at Bombay doomed to destiuction because hayed, insect-

eaten, and dust stained, but foitunately lescued just in time, arc

now safely deposited in pi esses at Calcutta, and a catalogue of them
has been punted
The catalogue of all the onginal and othei documents deposited

in the Marine Survey Office, Calcutta, has been compiled by
Mr Carnngton It composes lists of the geneial and physical
chaits of India, and the coasts to the west, as well as of each section

of the coasts of India from Kai&chi to Tenasserim, and of the Anda-
man Islands, Ceylon, the Eastein Archipelago, and China Captain

Tayloi also prepared a useful leview of all the Admnalty chaitb

of British Indian coasts, showing in what lespects they are incom-

plete and nntiustw orthy, and what suiveys arc icquircd to icndci

them adequate guides foi navigation lie checifully admitted,

howevei, that the Admiralty charts aie the best obtainable, and

suggested that some of the wrecks and accidents weie due to tho

fact that most merchant ships obtained for their use inferioi copies
of the Admnalty chaits not coirected up to date Captain Tayloi
also made notes of the suivey operations nccessaiy between the

Pakchan nver and Karachi Pending the extension of the Gieat

Tiigononietrical Survey ihroughout the length of the temtory ol

British Burma, Captain Tayloi did not lecommend any minute

maritime suivey of the coasts, but supplementaly soundings chiefly
at the entrances of poits, whcie steamers now call or wish to call

for commercial objects

The leqmsite surveys m the order of then importance were those

of the Cattack coast from Point Palmyras to the south west foi a

distance of 270 miles, the Great Megna Flats 01 shoal water off

the mouths of the Brahmaputia and Ganges (the lattei nvei being
one of those which bung down alluvial deposits that render

periodical examination an absolute necessity), the Cocos, Andamans,
and Nicobar Islands, the entrance of the Sittang Hiver, the Gulf

of Cambay, the Chittagong Coast from Fenny River to the Nauf

Hivei, the coast of Burma from Nauf Hiver to the Pakchan,
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with, furthei examination of the Mergm Aichipelago as fai south-

ward as the Seyei Islands, or perhaps to Jank Salanga Korangi or

Coconada Bay required le-exammation, owmg to the silt brought
down by the Godavari, which had had the effect of throwing the

anchoiage some two miles furthei northward Futuie littoral

changes were to be expected at the mouths of all laige Indian rivers,

the Indus, Narbada, Tapti, Kistna, Godavari, Mahanadi, Ganges,

Brahmaputra, Arakan, Irawadi, and the Salwm, and also at the

bars of minor rivers, notably Mangalur, Cochin, Negapatam, Nai-

sapui, Cluttagong, Rangoon, and Tavoy
The first chait compiled undei the orders of the new Maime

Survey Department was received in England, and put into the

engiaver's hands in 1874 It is a chart of the "West Coast of

India from Sunmrf&m Bay, noith of Karachi, to Pigeon Island, in

latitude 14 south It was compiled by Mr Oarnngton fiorn the

surreys of Ethersey, Gnere, Selby, Constable, Taylor, Waid, Whish,

Stiffc, and Williams, 1835 to 1862, on the scale of three inches to

a degree of longitude Captain Tavloi has issued three moie cliaits

unifoim with the above, embracing the whole of British India

By a resolution of the Government of India, dated Octobei 25th,

1875, the duties of the Marine Survey Department were defined

Systematic surveys of the coasts of India are to be earned on

with suitable vessels efficiently equipped and maimed These sui

veys aie to be connected with the shore surveys, and closed in on

points already fixed by the Great Tiigonometiical Suivcy The

ongmal surveys of ports, harbours, and nvci enhances will bo

photozmcographed, and issued foi local navigation and cngineeung

puiposes, and fiom them chaits of the coast will be compiled on a

medium, scale for the purposes of geneial navigation Copies oi

all original surveys will be forwaided to the Adomalty Hydro

graphei for publication , and all coriections of surveys and othu

information, such as notices of changes in the places of buoys,

lights, &c , will also be transmitted at once to the same office

A catalogue of all the clmts of the Depaitmcnt will be kept,

besides a sufficient stock of Admiialty charts, and copies of those

will be furnished to the Local Governments and public officers on

demand The Superintendent of Marine Surveys 3S also charged

with the duty of compiling an annual ohait of "wrecks,
1 an annual

1 Seep 37 The annual Indun Wreck and Gwnlly Statement and Chail will bo

drawn up by Mai mo buxvey Department, from 1876
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list of lights,
1 with descriptions of them and their positions, and

sailing directions for the Indian coasts
2 He will report on the

lighting and marking of the sea approaches to all groat Indian

ports and rivers, suggest improvements m harbom conseivancy

hy means of buoys, heacons, and lights, and in the navigation of

riveis throughout India Any extracts fiom log hooks oi vessels

helongmg to the Bengal and Bombay Maiine, or to II M's Squadron,

which bear upon any discoveries, dangeis, 01 eiiois m the chaits of

the Indian Seas will be communicated to the Department of Maune

Surveys, which, like all the other branches of the Suiycy, Jb affiliated

to the Department of Eevenue, Aguculture, and Commeice

The agency by which these duties are to bo dischaigtd consists of

a Superintendent (Commander A D Taylor, late I N ),two Deputy

Superintendents, and nine Assistant Superintendents, thioo executive

officers, one Medical Officer and Naturalist, and a Siipumiondcut

of the Diawmg Bianch Six of the surveying offieeis belong to

the Royal Navy, their seivices having been lint to the Indian

Government by the Admiralty The whole cost of the Depaitmont

does not exceed two lakhs of rupees 01 20,000? pei annum '

The first general report on the operations of the Manno Survey

of India was issued by the Supenntondont, Commandei Tayloi, in

the latter part of Decemhoi 1876 * It commences with aiotiospcn t

of the prelimmaiy steps fiom 1871 to 1873, which led to tho

deputation of Commander Taylor to India in the latter yo<u It

i The annual list of lighthouses and light voxels in Ihitish India, inducting tho Ill

Sea and Coast of Aiabia, with a map, is prepared by Mi II Camngkm, bupeuu

tendent of tho Di wing Branch
s Ihc Ilyehognpluc Nolitts 110 published fiom time to tmu , with awuning

that the new information contained m them nhould be tare fully toumtluetl, note el in (ho

hailing directions, and compote d with 1ho chart, when i ship IH navigating tho locility

to whuli it icfus
8 IheDipwtmcnt consi Is ol tho following ofticos Ce>immiudoi A I) layloi,

IN, Supewntendent, Staff Gommandu T H Ellis, RN, Deputy Sup< nntendeni,

1st Grade, R C Carnngton, Esquire, Suponnte nelcnt ot the, Dnvwuifl Bianeh

Navigating Lieutenant fc W Jarrad, Deputy hupeimtcnelcrit, 2nd Giiule Navigating

Lieutenant G C Hammond, BN, Assist int bupeiintonelcnt, 1ft OiiwU , Navigating

Lieutenant E W Petlcy, RN, and Mi M Chapman, AsmHlant hupetmtendcntH,

2nd Grade Mi P T Palle, Lieutenant W II Coombcs, RN, nud Navigating

Lieutenant J C Pascoe, RN, Assistant Superintendents, 3rd Gi lelo , find Dr t7 Aim

strong, BA , Surgeon and Naturalist

* " Geneial Repoit on tho opeiations of tho Marmo Sui vcys of India from the com

mencenient in 1874, to the end of the official year 1875-76," by Commanelt i A Dunehw

layloi (Uo ITS") ERGS, feupoimtendont of Mannc SuiieyM (('kuth, 1876 )
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touches* upon the propolis of tlio Government of India for seeming
efficient surveys and charts, the measures taken in England to
obtain qualified survcyois, and the final depaxtuie of Commander
layloi and the officeis selected foi service under him in Decembei
1874

The vessels chosen loi the Manne Survey opeiations were at that
date as follows

The Clyde
"

(steamei) and the Constance "
(schooner) liad

been fitted at Bombay foi suiveymg puiposes, and the " Guide "

(bug) and the "Lady Lawrence" (schoonei) had been selected
))y the Kiddoipui dockyard authoiitics foi the same service The
list mentioned vessel, howevci, could not carry a steam cutter, and
was unsuitable loi chait woik, so was letiansferred to the Marine
Department The "

Clyde
"
eventually pioved to be almost useless

under sail, and the " Guide "
to be so aftccted by dry rot as to be

unsoawoithy and not woith lepairmg These disappointments
Invc caused much delay, and have necessitated the provision ox a
new steamci, which is eventually to be constructed in England

Notwithstanding the lad oi vessels, the Department has "been
able to accomplish much valuable work Mi Chapman, late I N , ui
the c <

Constance/' made a plan of Kolachul Harboui and surveyed
the Enciam Uockd m Tiavancoi, charting C miles of coast and 5|
squat o miles of watei He then rounded Cape Comorm, passed
thiough the Pamban Pass, obtained additional soundings in Palk
Stiatt, and venfied those on the published clients, and then pio-
ceeclecl to Coconada, wheie ho commenced the survey of the Bay,
till relieved by Lieut Hammond and Sub Lieut Petley Tins

suivey was completed on the 21th August It compusecl 79 sqtiaao
miles of watei and 42 miles of coast, charted on a scale of 2 inches
=1 nautical mile The survey has since been republished by the

llydrogxaphei to the Admiralty
On the 8th Apnl the "

Guide," under the command of Navigating
Lieut J B Coghlan, pioceeclcd down the llivei Hugh, and
suiveyod the dangeious James and Maiy Shoals, Luff Point to

Anchoimg Oicck, including the entrance to thcEupnarainEivei, on
the scale ol 10 inches io the nautical mile (this being subsequently
reduced ioi publication by photozmcogiaphy to 6 inches to the

mile) The chait is a valuable one loi iecord
?
and Captain Tayloi

icmarks that it the whole of the nvei i^om Chandeinagai were

annually surveyed in the some way, a comparison of the
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would be invaluable m carrying out engineering works foi the

improvement of the conservancy of the river

Staff Commander Ellis, B N ,
in the Clyde/' had in Februaiy

connected, by meridian distance, Pigeon Island with one of the

Laccadive group, m his voyage from Bombay to Calcutta He

was also enabled to make an examination of the channel into

Mutapetta Bay (Port Lome), the soundings near which differed

considerably from Captain Powell's survey in 1837 The dredging

and blasting operations in Pamban Pass are still continued A

depth of 11 feet 9 inches had then (March, 1875) been attained,

and it was confidently expected that the Pass would soon be

available for vessels of 14 feet draught

Survey operations along the Buima coast were commenced m
November 1875 by Lieut Jauad in the "

Clyde" examining the

approaches to the Rangoon Eivei, accompanied by Navigating

Sub Lieutenant George Tlic election and maintenance of a

tide pole was a matter of gieat difficulty, owing to native boats

fouling it, and the great strength oi the tidal streams Captain

Taylor considers the establishment of a self-registering tidal gauge

there very desirable This important survey was completed on the

8th March, and comprised 371 **nles ^ coas^ tngouomofciically laid

down, and 216 squaie miles of water examined In consequence o

a discrepancy in longitude discovered in the compilation ol the

sheet, including the coast oi Tonasserim and Smgapoic and Pcnang,

the meridian distance between Elephant Point Obelisk, wMch lias

beea determined by the Great Trigonometrical Siu voy, and Amhaist,

was astronomically measured Tko result proved tliat the position

of Amherst on Admiralty Ohait, No 828, is 4J miles too lai west

Commander Taylor intends to have observations made next season

at Diamond Island, off Cape Ncgiais, and Amhcrbt, foi the same

purpose, and these would then be thicc principal points in the Gulf

of Martaban fixed astronomically These rneastuements oi mondian

distances are of great importance, as the whole oi the eastern side o

the Bay of Bengal has been very incorrectly laid down on the

Admiralty Charts, an erroi of fiom five to eight miles sometimes

existing

After obtaining some prolific dredging between Biamoiid Island

amd Akyab, the cc

Clyde
"
commenced the survey of that port on

th 21st March 1876 Much time was spent in clearing the lull tope

of 3ungle, owing to the independent character ol the Burmese, and
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the
difficulty, through want of an interpreter, of communicating with

them On the night of the 30th of March, Navigating Sub Lieut

George, E N , was suddenly seized with cholera, which had been
rife for some time among the native population , and though every

thing possible was done to arrest the progress of the disease, this

promising young officei died at noon on the 1st April Liout

Gcoige was a son of Staff Commancloi George, B N , Map
Ouratoi to the Royal Geographical Society Like his father,

young Geoige -was trained to the surveying branch of the naval ser

vice, and joined the Indian Manne Survey Department inNovembei

1877, as Assistant Superintendent His loss is sonously felt by the

Department, in which he did most excellent service, and where ho

had won the warm friendship of all Ins hiother ofiiccrs lie was a

pamstakmg and intelligent young surveyor, and a gicat JUivountc

His career was brief, but it was one to wbioh his beicwcdfathei
can look back with pride, as that of a prOBcabing officer, who did

his duty thoroughly and well Owing to the threatening prevalence
of: the disease, Commander Taylor, who was on Ins way down the

coast of Buima on a visit ot inspection, orderc d Lieut Jaxradto

loavo Akyab The "
Clyde

"
accordingly proceeded noithwaids, and

tested the coiicotaess of the coast between Olioduba and Kyouk
Phyou, as shown on Admiralty Ohait, No 8$1 laout JTouad

leports it to be roughly laid down and out of tearmg wken refoired

to Chcduba Island The published plan of Kyouk Phyou proved to

b( so incouect that arrangements weie made foi the suivcy ot the

Poit to be continued during tlio ensuing season

The "
Constance," under tho command ol Lieut Hammond, lett

Calcutta m Decembei 1875 for tho purpose ol making a plan of tho

anchorage of Ifalse Point on the Onssa coast In spite oi many
mishaps with tho steam cuttei, the suivcy was completed by the

9th of March The anchorage was charted on the 6-meh scale,

the coast for 5 miles to tlie south and 10 poles to tho north

was surveyed on the 3 inch scale, and tho soundings e\tarul to

1rom 5 to 8 miles oil slioie Liexit Hammond then pioceotled
to the northern portion of the

r

shoal oil Dlidmia Bivor, whoie lie

measured a base, and proceeded to sound the shoals TJ:oortu

nately, woik was completely btopped by a heavy gale, and a

great number of the crew falling BIO& compelled Lieut Hammond
to letuin to Calcutta, whence lie proceeded to England on medical

certificate

D 2
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Duimg the months of April and May 1876, Commaadei Tayloi

made a tour along the eastern coast of the Bay of Bengal, and

inspected the ports of British Burma He visited first Akyab and

lloulmain, and then proceeded to Amherst This port has never

"been properly surveyed The late Mi Pearson, of the Bengal

Marine, examined the Moulmam lliver in 1865, hut no steps wcio

taken to have the Admiralty Chart corrected by the survey Com-

mander Taylor is of opinion that no laige port of Bntisli India

requires so much to be properly surveyed and mapped, and has

accoidmgly arranged for Lieut Jarrad to commence next season's

work at Amheist The Admiralty Chart of Tavoy piovecl to be

dangerously eironeous , and the Butish India Steam Navigation

Company's steamer "Mahratta," when navigating by it, stiuck on

a rock in Tavoy Eiver Subsequently, Captain Tayloi diseovciccl a

copy of the suivcy of Tavoy, executed by Lieut E Moresby, of the

Bombay Marine, in 1824, and published by Iloisbuigh m 1827,

winch is fai supcuoi to that issued by the Admiralty Captain

Tayloi pioposes to issue amended charts of Tavoy,Meigui, Pakclian,

&c After visiting Mergtu he turned his attention to the passage
from Itergui to Pakchan, which urgently needs sailing dncctions,

none of which at present exist He pioposes to issue those m the

form, of hydiographic notices, explanatory of the noimal tiadmg
route between Moulraam and Pakchan, touching at Tavoy and

Mergui, with some useful remarks on the extended voyage along
the Siam coast to Penang Below Pakchan, Commander Tayloi
has made a sketch showing the soundings in the entrances to

Kopah, which has great tin mines like most of the ports along the

Siam coast, but no trace of such a fine nvei as depicted on the

Admiralty Chait A new chart of Kopah is now in piepaiation
Of Salanga (Junk Seylon) a pietty good survey was obtained Jfiom

Captain Richelieu, commanding the Siamese Royal gunboat
" Coronation

"
This officer was trained in the Butish Royal Navy,

is a good observer, and most intelligent in surveying the coast and
islands The actual survey of this island differs immensely from
the published one, and the corrected charts will be a great boon to

the British India Steam Navigation Company and the coasting
trade The new Survey of Salang was published at Calcutta, by the
Marine Survey Department, in February 1877

The Superintendent of Marine Surveys has been consulted by
Government on a variety of manne questions of great importance
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Among those may bo mentioned that of the re organization of the

Rivei Hugh Suivcy, on which an exhaustive report has been

submitted by him Commander Tayloi is of opinion, that an

elaborate scientific suivey of the whole tidal basin of the Hugh
River, it least fiom Ohandcinagar to the Sand Heads, is leqiuicd,

as well as an accurate seiies of leyels from Calcutta to below

Diamond Ilaiboui

Duiing the yeai undei review a yaluable list of lighthouses and

light vessels in Butish India., including the Red Sea and coast of

Arabia, has been issued by the Marine Survey Depaitment The

list is in the form of a hand book, giving in fcabulai oidei Hit

lights, with then names, latitude and longitude, coloui, radius of

illumination, height, and othei paiticulais This little book will

be a most useful aid to navigation It has been compiled by
Mr R C Carrington
The programme of work to bo undertaken by the Marine Suivey

Department duung the season of 1876-77 is as follows The
"
Clyde

" was to leave Calcutta in Novembei, call at Diamond

Island (Bassein River), and connect the same astionomically with

Rangoon and Amherst Pagoda, and then to pioceed to survey the

approaches and entianco to Moulmain River, on a 2^ inch scale

Alter that the "
Clyde

"
is to examine the entrance to the Sandoway

Rivei, and then to complete the survey of Akyab Port, a task

which will probably occupy two months

Commander Tayloi proposes himself to visit first the Mcigui

Archipelago, in which trip he is to be accompanied by Di Aim

strong, (the opportunities for lescaich in natural history and geology

being very promising in these islands), and then to inspect all the

poits on the Coromandel Coast, with a view to satisfying lum&cli

regarding their leqiiirements as far as regards lighting, buoying, &c
This piogramme has leceived the sanction of the Government of

India
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MAJOR BBNNELL AND THE EOUTE SURVEYS,

1763-1800

THE land survey and mapping of British India have advanced

with the acquisitions of territory , they weie commenced when the

first "battles were fought, and the first piovmces gained Renncll,

the father of Indian geography, served under Olive, the conqueror

of Plassy
At that time all existing knowledge of India, derived from routes

of solitary travellers and rough chaits of the coasts, had just "been

collected and utilized *by the great French geographer D'Anville l

His map of India appeared five years befoie the date of the hattle

of Plassy ,
and eight yeais afterwards Eennell was at woik in the

newly acquired terntory of Bengal and Bahar, laying the founda-

tions for the construction of* a map which was destined to succeed

the admirable work of D'Anville

James Eennell, the son of a captain in the artillery, was horn

at Ohudleigh m Devonshue in 17^2 He entered the navy, and

distinguished himself as a midshipman at the siege of Pondicheiry ,

hut soon afterwards took service in the army under Olive, rose to

the rank of major, and was eventually, but when still quite a young

man, appointed, Surveyor General of Bengal

Major ^ennell's labours in the field extended over a period from

about 1763 to 1782, when he finally left India In Section II of

his memoir he describes this survey as covering an aiea about 900

miles long by 360 to 240 wide, fiom the eastern confines of Bengal
to Agra, and from the feet of the Himalayas to Oalpi The dis-

tances appear to have been chained, and obseivations were taken

for latitude and longitude at certain stations The
s
measured dis

tances are said to have accorded minutely with observations for

latitude, and closely with those for longitude

EenneH's maps of the nvers Ganges and Brahmaputra, reduced

from the original surveys by himself, are preserved in the Geogra

phical Department of the India Office They are on a scale of

two miles to an inch A portion of the original surveys IB

1 The English edition of his map by Herbert, with a memoir, appeared m 1754
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15 sheets, on a scale o 500 yards to the inch, is also preserved

These are not only interesting memorials of the great geographer

who executed them, but, looking to the changes which have since

taken place in the rivers, are still useful in the study of the causes

which operate to effect these changes For instance, Rennell's

Surveys were turned to good account by Mr Fergusson, in his

thoughtful and well considered paper on the recent changes in the

delta of the Ganges
1 The maps of the districts of Bengal and

Bahar are of course entirely superseded by those of the Eevenue

Survey, and now have only an historical interest They are on a

scale of five miles to an inch (that of Ohittagong being rather

larger), and were compiled, by Major Eennell, from 600 original

surveys made by himself and nine assistants These maps were

published in 1781 as the "
Bengal Atlas

" 2

Major Eennell returned to England in 1782, the very year of

D'Anvillc's death ,
and thus as it were received his mantle, and

commenced that useful career of nearly 50 years' duration, which

has won torn a place in the fust rank oC geographers The story

of his labours in England belongs to another section of this

memoir
Ooldnol John Call, who had made some route surveys of tho

southern pait of the peninsula,
8 succeeded Major EcnneU as Sur-

veyor General of India on October 2nd, 1777 ,
and tho following

years saw much good and /oalous geographical work done by tho

disuplos of Eennell Colonel Pcarso was engaged in making

astronomical obseivations at Calcutta from about 1774 to 1782,

and in the latter ycai he undertook a journey to Madras, for the

purpose of fixing positions, and laying down tho intermediate coast

lino, for a distance of 700 miles Ho observed for latitude by

stars' meridian altitudes, for longitude by immersion of Jupiter's

satellites, and measured the distance with a perambulator This work

1 On recent changes in the delta of the Ganges," by Tames Forgusson, FRS

Quarterly Geological Journal, xix p ^21 (1863 )

2 The ongmals aie now m tho Geographical Dcpaitmont ot tho India Omce

They were taken homo by some official, and ticatcd by him as private property, till

they were accidentally discovered m tho collection of a lady of rank, and purchased

for 1002 by then lawful owners, the Court of Directors Somlay Quarterly Review

U
^PIn the "Philosophical Transactions

"
foi W2, vol 62 p 358, tboro is a lettei

from John Call to the Astronomer Royal, Wcvil Mafikelyne, on the signs of the

Zodiac ho had obseived on the ceding of a choultry neaf Cape Comorin
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occupied two yeais, from 1782 to 1784, and Colonol Peaise was

ably assisted "by young Colebrooke, the future Surrey01 Geneial, Avho

latteily took all tlie obseivations Duiing tins period intelligent

suiyeyors accompanied eveiy aimy m the field, and good route

maps were thus obtained In 1788, Colonel Kelly is repoited to

have made a most valuable collection of routes and maps of the

Oarnatic during a long course of service, some of which had pioved

valuable guides to General Sir Eyre Ooote Captain Pi ingle also

made maps, and measuied 2,000 miles of load, in the Carnatic,

duimg the war with Hydei Ah
Thus materials weie rapidly accumulating, and Colonel Call, the

Surveyor Geneial, undertook the compilation of an Atlas of India

in 20 sheets, to be collected afterwards into one geneial map on a

smaller scale In 1787 it v^as nearly completed, and the Bengal
Government ordered that a fair copy of it, on a scale of four inches

to a degree, should be made, and hung up in the Council Boom at

Calcutta for constant refeiencc Colonel Call went home in 1788,

but died soon after he landed in England , and his map, winch must

have entailed an enormous amount of labour and expense, appears
to have been lost

In 1787, when Colonel Call was compiling his map of India, he

found so many contradictions and absurdities in the various surveys,
that he requested Mr Reuben Bunow, an experienced marine

surveyor and an accomplished mathematician,
1 to consider the

subject, and draw up a plan for determining astronomically the

positions of the principal places in Bengal Eventually Burrow

received orders from Majoi Wood, Colonel Call's successoi, to

determine the latitude and longitude of Murshidabad, Hajmahal,

IMonghiTj Patna, Dacca, Goalpara, and Cluttagong But there was

great difficulty in piocuung th6 ruxe^ary insti umcnts It sounds

strange in these days, that the equipment of this Government

1 Beuhen Burrow contributed several mathematical papers to the "
Asiatic

Researches
"

1 a Hints relative to friction in Mechanics,'
?

i p 171

2 " Method of calculating Moon s parallax," i p 3

3 " Remarks on the Artificial Horizon,' i p 327
4 "Demonstration of a Iheoiem concerning the Intersection of Curves,**

i p 330

5 " Corrections of the Lunai Method of finding the Longitude,'* i p 43$
6 ">A Proof that the Hindoos had the Binomial Theorem,

' n *'

7 " Method of Eeducmg Practical Tables," in
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expedition could only be seemed by boirowmg a sextant hero, a

watch tlieie, aad a q^iatlianl in anotliei quaitci, iom different

officeis at Calcutta wlio happened to possess them

In addition to the woik sketched out foi him, Reuben Burrow

went up the Ganges as far as Ilardwai, taking obseivationb, and

making careful notes o eyerythmg he saw l It is remarkable that

Uennell should not allude to the suiyey by Beuben Buriow in his

second edition of the memoii 3 published in 1792

Colonel Call was succeeded in the office ol Suivoyor General of

India by Colonel Wood, who was stiongly impressed with the im-

portance of making the maiches of tioops^ subseryient to the

promotion of geogiaphical knowledge lie actively collected mfoi

ination and matenals for con cot maps whorcyei it was to be

obtained In 1792 he received the suivoys by Lieut Emimtt, of

poitions of the Deccan, made during the previous wai, which ai e

said to have been both reliable and elegant In 1793, Colonel

"Wood's assistant, Lieut Colebiooke, submitted a map of the part

ol Mysore tiaveiscd by tho aimy undei Loid Oomwalhs., with a

memoir, and icceived 11s 0,000 iox his liouble In the same yoai

Majoi Kyd surveyed tho louto fiom bonngapatain, tlnough Cooig,

to tho west coast, and Dx lluntci, the suigeoa to tho Residency at

Scindia's Couit, sent m louto surveys made on maiches liom Delhi

and Agia to Gwalioi and Ujam
* A map of Calcutta and its

cnvnons was made by a Mi Upjolni in 179^, who secuicd liboial

patronage fiom the Goveinmuit, and in 1795 Lieut Iloaie

icccivccl instructions to make a scuvey ol the llivci Jumna When

Captain Symcs went on a mission to tho Com I oi Ava in 1795, lie

was accompanied by Di Buchanan and Lieut Wood The lattoi

officei surveyed the route, and afterwards submitted a map of: the

Irawadi from Rangoon to Amarapura, with a papei of a&ko

nomical observations Mr John Crawfurd, when he went over tlie

same ground in 1826, bore witness that Wood's survey was still tho

best extant 8

1 "Kcmarks made in tho Ganges and Burrampootei Ri\ors m 1787, "by

Buirows/' MS volume piesuved in the Geographical Department ol the Indm Office^

See also his tables of latitudes aad longitudes determmed from astronomical obsei

vations, m tho " Asiatic Researches," iv p 325
2 See also Dr Hunters Astiononiical Observations, takea duung a journey fiom,

Uppei Hindustan to Ujain, in the * Asiatic Eesearches," iv p 41
3
Syme's Embassy is in " Pmkerton's Voyages/' ix p 246

,
and ws also published

separately in 1800
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On the Bombay side Captain Moncrieff surveyed the district of

Canara in 1799, while Colonel Charles Reynolds made a careful

route survey of Malwa and part of Badnur Colonel Reynolds was

for years engaged in collecting materials for a great map of India,

which was at last completed and sent home in 1798, hut it was never

published
l

Reynolds measured one long line of route with great

care, checking it at each end by observations for latitude, and

estabhshed it as a base to which all other diverging routes weie

leferred, the intervals being filled in from native information But

such work was of (jourse very inaccurate , and the maps of that

period were only of service while India was an unknown region, to

be tiaversed by armies, and ceased to be toleiable when that vast

country became a British impenal possession, requiring to be

administered

At the commencement of the present century the great tnan

gulation was begun, which was to furnish a permanent geological

basis of the highest order of accuracy, for all future stirveymg

operations in India The process of constructing maps from tonte

surveys and astronomical observations has since been gradually

discontinued in the provinces which are undei the immediate

contiol of the British Government, though it is still necessarily

piactiscd in geographical cxploiations beyond the frontici, and more

particularly in the Trans Himalayan legions

Yet the labours of Rennell and his school were not only useful at

the time, but also setvcd as incitements to encouiagc then succes-

sois ,
and the names of those first pioneers of the Indian Surveys

will ever bo held in iev6ience by geographers It is particularly

pleasant to note the liboial and hearty cncouiagement which was

given to young surveyois by the Government in those days, by

giantmg them a good icuncl sum of money for their soivices

whenever they submitted creditable lesults of their labours in the

field This was done to show them that their hard and meritorious

work was appreciated,
and to excite a feeling of emulation and

1 Some rough sheets for this map arc still preserved, but the great map of India by

Reynolds itself, a work of consideiaMe value and interest, appears to have been, loHt

in the destruction of precious records which took place at th^ time^ of the abolition of

the Bast Indn Company
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III.

EEB/ST PERIOD Oi1 THE TRIGONOMETRICAL SURVEYS
1800 -23

INTRODUCTORY

Ii -was not until the end of the last century that a trigonometrical

slimy was gen01 ally allowed to he the only accurate basis for the

mapping of a country The obserrations foi ascertaining the shape

of the earth by measuring an ai c of the meridian were commenced a

few years after the death of Sn Isaac Newton, but not by his

countrymen, tod these observations were the forerunners of the

great tngonometucal surreys The famous French expedition of

Condai&ine and Bouguer went to South America in 1735, and the

admirable work of these savaaw, aided by the Spanish brothers

Ulloa, consisted in the measurement of two bases connected by a

series of triangles, one noith and the other south of the equator on

the meridian of Quito, the arc being 180 miles long It is to be

icgretted that while fiance and Spam weie thus combining m the

interests of science, England was less nobly engaged m bummg
churches and cutting off Supplied from the Penman coast

The labouis of Condamme were followed by the measurement of

an arc m Lapland, of anothei m liance, and finally the countrymen

of Newton took up the work at which they should haye "boon

foremost
1 The idea of a Tugonometrical Smyey of Groat Britain

was fiist concord by General "Watson, after the Scottish rising of

3745 It was intended to extend OYCI the disaffected paits of the

1 The particulars of the measurements of various arc s arc as follows

Geodotical Tables ftasod on tlio Qtoments of tlio figure of tho earth Ptuwuuwu ^^^^ ^ ^^ OroUianoo Surrey) liondon 18w
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Highlands, and tlie design was subsequently extended so as to

include all Cheat Biitam and Inland The work was committed to

General Eoy in a"bont 1784, when he measured his famous base on

Ilounslow Heath He died in 1790, and Colonel Mudge was on

gaged m the measurement of his aic fiom Dunnose to Clifton in

Yorkshue, in 1802 1 Thanks to the genius and resolution of one

man, to whom the eaily commencement of similar work in the east

is due, Butish India was only a few yeais behind Trance and

England in beginning a great trigonometrical survey , a stupendous

work, which has occupied the lifetime of several noble and devoted

suiveyors, and which, when completed, will be among the most

gloiious monuments of Butish rule m the east

The man who ongmated the great Indian Suivey was an mfantiy

officer serving in the aimy of G-eneial Harris, in the wai with

Tippoo William Lambton was bom in 1753 Ho was very le-

served in all paitioulais lespectmg his ongin 01 family, and it is not

known wheie ho was born 01 who ^ere his parents But Ins name

points to the county of Duiham, and he certainly passed his boy-

hood at Dailington 3?or many years he devoted a large portion of

his pay to the suppoit of one of his parents He obtained a com-

mission in the 3id Eegmicni, and his proficiency in surveying

obtained for him the woik of measuimg land gianted to settleis m
Ameiica He was appointed barrack mastoi in Nova Scotia, and

ipplicd himself toi seveial years to the study of mathematics

Lambton was entirely self educated In 1795 the Duke of York

issued an oider that all officers in civil employment were to bo

struck off the strength of then legiments Lambton, thoiefoio,

gave up his banack masteiship, and joined the 33rcl at Calcutta,

after an absence of 13 ycais Ciom icgimental duties lie was well

acquainted with the methods of obscivmg and computing which

weie in use among the leained men who had recently been engaged
in the ineasuiement of aics in Euiope He rejoined tho 33rd

Regiment, then commanded by Sir Arthur Wellesley, at Calcutta,

in 1797, was bugado majoi duiing the Mysor campaign, and dis-

tinguished himself by leading the left column, after all his superior

officeis had been disabled, in the stoimmg of Seimgapatam
Aftei the fall of Tippoo, Loid "Wellcsley took measures foi exploi-

mg and collecting accurate information respecting the vast territory

*
Philosophical Transactions," 1803

2 "While at Calcutta, Lambton contributed two mathematical papers to the *
Asiatic

Researches" 1 " Obseivations on the Theory of Walls/' vi p 93

2 "On the effects of Machines when in motion," vi p 309
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wlucli had thus been thrown open to the English Di Buchamu

was employe d to icport upon the agriculture and products of Mysoi

and Malabar Colin Mackenzie pioceeded with his admirable

topographical surveys and memoiis and it was then also that Majoi

Lambton submitted his piojcet foi the measurement of an arc of the

meridian, and foi a trigonometucal suivey across the peninsula

The measurement of an aic in the peninsula of India was, in a

puiely scientific point of view, of the highest importance By it

the exact figure of the eaith was to be ascertained, and it should

be remembeicd that this was not, as has been asserted, an object of

meie cunosity It affects some of the tables used in navigation,

especially all those of which the moon's paiallax is an element, and

is theicfore an investigation of the gieatest piactical consequence

to the Whole civilized woild Moreovei, the measuied base line, the

series of accurately measured triangles, and points fixed by numeious

astionomical observations, all which aie necessary for ascertaining

the shape of the eaith, were the basis from which, as a back bone,

the tnangulatioii wis eventually to be extended over the whole of

India The primaiy tuanglcs foimcd guides by which the topo

giaphical and revenue surveyois woie enabled to fill in the details,

and delineate all the main features of the countiy within fixed

limits of eriois

Tugonoinetrical suiveying is divided into three distinct branches

Pust, the selection of sites foi base lines to form, the ends of Certain

ranges ot tuangles ,
then setting out ,

and then measurement with

the utmost attainable accuiacy The base line becomes the side of

a triangle, the length of which is thus known, and by tngonometiv

the distance of othei points, visible fiom its extremities, can be

ascertained through angulai observations with suitable instruments

Second, the construction of the range of triangles This is done by

ascertaining the position of selected points on the earth's suifac^ by

angles taken at first from the ends of a measuied base, and then

carnal on fiom point to point in succession so as to foim a netwoik

of positions fixed by this tnangulation along a belt of countiy

The accuracy of the woik is checked by the base line which

terminates it The primaiy tuangulation is completed by a sufficient

number of such belts across the area of the survey, both m the

direction of latitude and longitude Thud, as a further check to

the tnangulation, astionomical observations for latitude and longi-

tude are made at selected points

The positions of a sufficient number of places Spread ovei the a^ea

of suivcy are m this way fixed with the gieatest accuiacy , and they
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"become the starting points from which the topographical surveyois

proceed to fill in the detail, as well as checks i^pon their accuracy

But from the first, the staff of the Great Trigonometrical Suivoy

was distinct from that of the Topographical and Revenue Surveys

The nature of the work, the training, and the objects, were distinct ,

and even the time required for each, and the calls of the public

service lendered it impracticable that they should be earned 011

together The trigonometrical surveyoi was obliged to secure ex-

treme accuracy, both in his terrestrial measurements and in his

celestial observations The same stars had to be taken over and

over again, and it was often necessary to wait for days until they

weie in the desired positions His mathematical attainments must

bo of the highest order, and he would have neithei the time nor, as

a rule, a special aptitude foi the collection of topogiiphical details

for filling up the exact skeleton fuimshed by his scientific labours

The two kinds of woik aie distinct, and lequiie a dilleicnt tiarnmg

in many lespects, and a difleient turn of mind On the other hand,

the topographical and revenue surveyois found the main landmarks

on which their maps were to be based, already fixed and established

to their hands Their work consisted of secondaiy tnangulation, and

filling in the details with the plane table It was then duly to ex-

amine and delineate all the natural features of the countiy, to mark

boundaries, and collect information of all lands While they would

never be detained so long at one spot, as would often be the case with

the trigonometrical surveyor, they would be longoi in one district, fill-

ingmand completing the maps Tflius, though then woik wasm some

lespects similar, and even may bo said to dovetail at ceitam points,

it was on the whole so distinct that it has genei ally been i omul

most convenient to carry on the two surveys apait fiom each othci

By the tugonomctiical survey a netwoik of piimary tuangh s

was foimcd with numcious fixed positions By the topogiaplucal

and revenue surveys the details wore filled in, and the data for the

maps collected These points will be brought out moic cleaily as

the narrative of the surveys proceeds The labours of each systcm
will be recorded separately, in the successive periods The first

period covers the work of Majoi Lambton, and will be divided into

two sections , fiast that treating of the trigonometucal surveys of

Lambton himself from 1800 to 1828, and secondly that tmder

which the topographical suiveys of Colin Mackenzie and tas fol*

lowers m the peninsula, and of other workers in the Bengal

Presidency, must be recorded, covering the same period of time
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COLONEL LAMBION AND IHE MBA&UBEMINT or AN Auc 01

MERIDIAN

MAJOR LAMBTON'S proposal for a mathematical and geographical

suivey of the peninsula and the measurement of an arc of the men

dianin connection thcicwith was supported by Su Arthur Welleslcy

and approved hy the Madras Government It is a cuuous coiuci

donee that two of the most eneigetic and influential supported oi

Hamilton's proposal, Mi Petue and Mr Andrew Scott, should have

been first cousins of the father of the futuie superintendent of the

surveys, Sir Andrew Waugh Lambton was himself appointed to

conduct the measurement, but it was not until 1802 that he was

furnished with the necessary instruments Meanwlalo he organised

an efficient staff, and obtained the able assistance of Lieut Warren

of the SSid,
1 and Lieut Kater

'

Lambton's instruments woio a theodolite, zenith sectoi, and steel

chains The three foot theodolite, by Gary, was captured on the

passage to India by the French fngatc
" Piemontaiso," and landed

at Mauritius , but it was eventually forwarded to its destination by

the chivalrous Ficnch Governor, De Caen, with a complimentary

letter to the Govornoi of Madias The zenith sector was one of

5 feet radius by Eamsden The chain was one that had been sent

as a piesent to the Emperor of China, with Lord Macartney's 33m

bassy, and refused It was handed ovoi to Mr Pinvuddio, the

astronomer to the mission, appaicntly as part payment for las

i Author of the Kala Sankahte This officer w descended ftom a noble Fionch

family, by the mother's side

^ Kater aftu wards so well known foi Ins pendulum and othei scionUftc obwi \alwms

m I- nland, was appointed an Assistant in tho buiv ly in Oetolx i 1803 Ho invaded

n vur ingenious method of awxalauung the amount of moisluu m tho atmosphcio,

while sex vmg under Lambton Ho obswved that tho IwwOod seed of a Rpatwi of

Krass callwl m Tamul yciudowaal pilloo (Andropogon contorturn, tin ), pftSSWPd

anextiemc sensibihty of moutuio, and he constructed a hygiomotor of this material

Aaatio Researches, ,p 24 and 375-lIeuiy Kater vm boin at

JJiMtol

m

17W and went out to India in 1794, as an Ensign m the 12th Eegt 111 health

oWured him to retain to Fngland m 1806 Ho u m08t generally known m connection

with Ins labouis foi the construction of standards of weights and tnearares Captara

Katei died m 1835
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sernces, and lie brought il to Madras with the zenith sectoi
x Both

vcre bought hy the Government foi Ma/joi Lambton's survey

The chain vas 100 feet long, consisting of 40 steel links of 2fc feet

each In May 1802 another steel chain ainved from England,

mannfactiued by Eamsdon, and having been set off from his bar at

a tempeiature of 50 This was nerei used in the field, but leseircd

as a standaid with which the old chain was corapaied both btfoic

and aftei measurement There was also a standard biass scale hy

Caiy, 3 feet long, f01 use if the standaid chain failed

The fixed position or point of depaituie of the Tiigonometncal

Siuvey of India is the Madias Obsoivatory ,
and its longitude TV as

always a niattoi of some moment Ohseiyations had been taken

since 1787 ,
but tbe building was elected in 1792 It contained a

20-inch tiansit, and a 12 inch altitude and azimuth, instilment

by Troughton Fiom 1790 there is a legulai scncs of mctcoio

logical icpoits, and the astionomical icsults arc locouled in

huge folios punted at Madias l Mi Golclingham, who seems

1o horo succeeded Michael Topping, vas the Madias astronomci

contemporaiy with Colonel Lambton He made experiments with

the pendulum at Madias, and on the equatoi near Bencoolon in

Sumatia ,
othci careful expcuments foi ascei taming the Telocity of

sound , and observed legulaily Coi latitude by the tiansit of heavenly

bodies over the meudian, and foi longitude fiom eclipses of Jupitei's

satellites and lunais Since 1787 a regular series of obsemtiom

of eclipses of Jupiter's satellites had been taken, and about 800

lunar distances The means of the eclipses gaye a longitude of

80 18' 30" E , hut the lesults from the lunars weic 2' 55" rnoie to

the cast In1815 Lieutenant Wairon had chai go of the obsei vatory

duung Mi Gokhngham's absence in England, and icducod the

longitude to 80 17' 21" E These figures were adopted by Colonel

lambton in the suircy , but they weie destined to fuithei change

1
According to another account, tlcbc instruments TVCI c bought fiom Diirwicldie at

Calcutta, and seat do^ti to Madras
2 " Astronomical Observations" by J Golduigharn, 4 vols (folio) Madras, 1825-27,

"Machas Observatory Papers," liy John Goldmgliain, Astronomer (Madiap,

1827)
Results of Astiononueal Obscivaticns made at tlio II L I C Obsavatoiy at

Mfldias,' by f G Tiyloi 4 \ols Maxlras, 18^1-37

Sec nlso " Journal of tlio Asi vttc Socnty at Bengal," n p 380 Tlie Mcteorologitnl

Eopoif
1* of the Madias Obseivatoiy will I c lound 111 the ' Madias Journal of Liteiaturo

and &c eace



THE LONGKETTJDE OP MADRAS 65

Mr Taylor succeeded Mr Goldmgham as astronomer at Madras in
1831, and was supplied with a new set of instruments consisting of
a five-foot transit instrument, a mural circle, and a five foot tele

scope equatonally mounted He specially devoted his attention to
the positions of 2881 fixed stars, to observations of planets passing
the me* idiaii, moon culminating stars, and occupations He reduced
the longitude of Madras to 8f 14' 20" E, by observations
between 1839 and 1847 l

It must be borne in mind that the astronomical observations of
the surveyors were not taken only for the purpose of fixing points
foi geographical purposes The object of the astronomical obsei-
vations was also to measuie the angulai, as distinguished from the
linear, length of a degree Thus, supposing obseivations for
latitude were taken at two points distant from each other exactly
one decree or sixty minutes of a celestial arc , then by tnangulation
the distance of these points in yards, feet, inches, and decimal

parts of an inch, might be ascertained by angular observations
leferred to a measuied base line, 01 the distance itself might
possibly bo measured by the same method as a base line , or it

might TDO traced or staked on the ground, measured, and corrected
for irregiilaxjities of the surface by levelling opeiations By such
means the leiigth of a degree of latitude on the earth's surface
would "bo ascertained if the two points weie on the same meridian ,

or of a degree of longitude i they were on the equator ot a parallel
So also the actual form of the earth's cucumference, and any
departure of it from the regularity of the celestial arc can be
obtained

The longitude of Madras is impoitant, as that of the secondary

meridian, or substitute for the prime meridian of Greenwich Obser-

vatory, from which observations for longitude in the Indian Survey
are reolcoEecl Every station and place m that Survey will be

erroneous if the longitude of Madras is in eiror In other words,

1 Mr Taylot was followed, at tlu Madias Obscivatory, by Captain Worster, Major
Jacob, [Mjgtyoi Tenant, and Mi Pogson According to Findlay, in the new edition of

his Directory, tit last iemlt (80 14' 195") was fiom observations by Majoi Jacob
The obsot vations ofWorster and Jacob were also published, and extend fiom 1848
to 1852

Besides the publications of Goldragham, Taylor, and Jacob, see "Philosophical

Transactions," vol um,p 408,
" Memoirs of the Astionomical Society," xxxi p 83

(1861-68), and a short account of the observatories in India, in the "Times of India/
foi June 15th, 1850

(13441) E
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the accuracy "with which the entire map of India, as a whole, will he

placed on the globe, will correspond precisely to the accuracy with

which the geographical position of the Madras observatory has been

determined At present three different authorities, commenced at

different periods, are based on the three different results, accepted
as accurate at the time of adoption The Indian Atlas adopts
80 IB' 30" E as the longitude of Madras , the Survey Department
m India uses 80 17' 21" , while the Admiralty, on their charts, hare
80 14' 19 6" The point will be again investigated when the longi
tude is ascertained through the electric telegraph from Greenwich
The actual work of the Great Trigonometrical Survey of India

was commenced on the lOth of April 1802, by the measurement of

a base line near Madras The ground selected by Major Lambton
for this operation was a flat plain near eight miles long, with

St Thomas's mount near its northern, and Perumbauk hill near its

southern end The chain was fitted into five coffers of wood, each

20 feet long, which were supported on tripods with elevating screws

The base line was 7-J miles lo$g, and the measurement was com-

pleted on the 22nd of May, when observations were taken to deter-

mine the angle of the base with the meridian

Major Lambton, by means of tnangulations from this base line,

then proceeded to measure an arc of the meridian, and the length of

a degree at right angles with the meridian, in the neighbourhood of

Madras These operations were conducted with great caro, and
the Major himself devoted 16 nights to the observation of the star

Aldetem at each of the stations at the extremities of the arc ,

while Lieutenant "Warren filled in the topographical details of this

part of the survey, from Cuddalor to Paudri, north of Madras
But these preliminary labours were only first trials in which the

young surveyors were, as
L
it were, trying their wings Sir George

Everest says, in one of his letters to the Duke of Sussex, that they
were afterwards rejected by Major Lambton himself, and never
adverted to by him in his latter days, but as failures

From the Madras base hne a series of triangles was carried, up to

the Mysor plateau, and a second base was measured near Bangalorm 1804, by Lieutenant Warren, as a datum for extending the

triangles to the Malabar coast , and as a base of verification for the

triangles brought from the Madras base *
Lieutenant Warren also

1 A base, winch afterwards appears to have been rejected, was measured by Lamb-
ton himself at Bangalore between October 14th and Decembei 20th, 1800



1HE TBIGONOMETEIOAL SUBVBY 67

made some experiments to estimate the effects of terrestrial refrac

tion l Lieutenant Eater was next despatched to select stations in

the mountains of Ooorg and Bednur, whence the flag stares on the

western sea coast would be intersected A series of triangles,m two

degrees of latitude, was then carried across the peninsula , the flag

staves at Tellicherry, Cannanore, and on Mount Delly, being inter

sccted from the summit of Todiandamol, the highest peak in Ooorg ,

but no base line was measuied on the Malabar coast

The distance across the peninsula, at this point, was found to be

360 miles , while the best maps had hitherto given it as 400 miles

Thus 40 miles had to be taken oft the width of the peninsula at one

swoop, and the absolute necessity for a Trigonometrical Strrvey,

owing to the hopeless inaccuracy of other methods, was thus demon

skated This work was completed in 1806

Having connected the two sides of the petmisula, Major Lambton

devoted much of his future labours to the measurement of an arc of

the meridian, and the series of triangles that was measured foi? this

purpose is known as the " Great Arc Series
"

lie first brought the

series down from the Bangalor base line towards Cape Comortn
,

and a new base line was measured in Ooimbatoor in 1806 But

this was very far frotti representing the whole of his work, which

included a network of primary and secondary triangles, almost

covering the peninsula
In 1808 a base line was measured at Tairjoro, and on this occasion

Ma^or Lambton dispensed with tho tripods, and made the moasuto

ment on tho ground, drawing out the chain by means of two small

capstans In this flat country Mapr Lambton availed himself of

the goparams ot lofty towers of the pagodas, on whieh scaffoldings

were erected, and thus the triangles were formed, connoctrngTanpre

with Nagor and Negapatam But, m hoisting the throe foot Gary's

theodolite to the strcomifc of the Tan]ore pagoda, a most sewms

accident occurred One of the guys earned away, aud the rnstra

ment was dashed with great force against the wall of the pagoda,

the blow falling upon the tangent screw and clamp, and quite dis

tortmg the kmb Ordinary men would have been disheartened at

such a mishap, but Lambton was endowed with indomitable re&olu

tion, and was Ml of resource He hurried back with the theodolite

to Bangalor, where there was an establishment of ordna&oe aria,-

i " Asiatic Researches," ix p 1

E 2
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ficers, and sliut himself tip in liis tent, refusing admittance to all

comers except a few of the workmen who assisted him He then

took the instrument entirely to pieces, cut out a cncle of the exact

size on a flat plank, and gradually drew the limb out so as to fit into

the cncumfeience by using wedges, screws, and pullies In six

weeks he had biought it back neaily to its original form, and the

same mstiument was used foi all the subsequent observations up
to 1830

A base line at TinneveUi was measured in 1809, and the primary
triangles were extended thence to the sea shore at Punnae, eight
miles north east of Cape Oomorin This terminal station is a square

building with two doors and two arched windows, and a solid pillai

IE the centre, on the top of which is a large circular stone with a

hole through it It is a mile south east of the village of Punnae,
and about 700 yards fiom the beach Major Lambton devoted 28

days to fixing the latitude of the Punnae Station, during which time
he took 236 astionomical observations In addition to the " Q-reat Aic
Series," another senes of tnangulations was carried across the penin-
sula from, Negapatam to Ponany and Cahcut, and anothei round
the coast from Eameswaram, through Travancor and Cochin, to

Cahcut

The Arc Series was thus completed from Cape Comonn to

Bangaloi , and in 1811 Major Lambton and his staff turned their

whole attention to its extension northwards, in the direction of the

Himalayas Major Lambton himself, ever hopeful and buoyant,
Calculated on personally completing it as far as Agra A base was
measured at Guti, with triangles connecting it with that near

Bangalor, and others extending to the nvei Tungabhadra The
Guti base is also the foundation of a series of triangles connecting
Masulipatam with Goa , and bases of verification weie measured
near Guntur, on the beach at Coomta, and at Cape Eamas Thus
an accurate basis of tnangulation was formed from Cape Comorm to

lite Kistna river, enabling the Topographical Surveyors to proceed
with the mapping of the country , and the heights of peaks and
table lands were caiefully measured

Major Lambton then crossed the Tungabhadra and entered the

territory of the Nizam, continuing the Great Aic Series to the

neighbourhood of Bidai, where another base line was measured
at a station called Dumargidda in 1815 Astronomical observations
were taken with the zenith sector to determine the celestial arcs of
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amplitude, and nothing lemamed to the completion of neai 10

degrees of the meridional arc from Cape Oomorin to Bidar In

concluding his fifth report, the enthusiastic surveyor thus writes
" In 20 years devoted to this work I have scaicely experienced a
"
heavy houi Such is the case when the human mind is absorbed

ct in pursuits that call its powers into action A man so engaged,"
his time passes on insensibly, and if his efforts are successful his

" reward is great, and a retrospect of his labours will afford him an
"

endless gratification If such should be my lot I shall close my" career with heartfelt satisfaction, and look back with unceasing"
delight on the years I have passed in India

"

Yet the difficulties in the field were not the only obstacles with
which Lambton had to contend He was called xipon fiom time to

tmiej to demonstrate the utility of his work, even Majoi Rcnnell
came forward to maintain that route surveys on an astronomical
basis weie equally accurate and more economical, and Majoi
Lambton's resources were cuppled and starved by the Finance
Committee at Madras l Nor did he receive any encouragement
fiom scientific bodies in Europe during the caily ycais of his suivey
when such support was most needed, and would have been most
welcome Professor Playfair reviewed his work m the "

Edinburgh
Review "

in 1818, and he received one letter fromNenl Maskelyae at

a time when he was surrounded by difficulties, and whealie was ramly
endeavouring to impress the natuie and utility of his operations on
the local Government He used to dwell on this letter from the
Astronomer Royal as the event which, had most cheered him undei
all his toils But for many years he never received ono woid of

encouragement, sympathy, or advice, eithei Iroru the Government
or from the Royal Society Indeed it was a foreign, nation that was
the first to recognize the importance of his services In
Lambton. was made a corresponding member of the

but it was not until the following year that the Royal Society tardily
followed the example, and elected him a Eellow

The Governor^Geneial,
" not unaware that with mmds of a certain

" order he might lay himself open to the idle imputation of vamly"
seeking to partake the gale of public favour and applause which

u the labours of Lieutenant Colonel Lambton have recently at-
"

tracted," at last recognised the gicat impoitanee of the smvoy,

1 " Calcutta Eenew," \ol iv,p 80(1845)
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He transferred it to his immediate control on January l^t, 1818 ,

and ordered it to be denominated for the future,
" The Great Trigo

noHietneal Suryey of India
"

Captain Everest was appointed as

Colonel Lambton's chief assistant, and Dr Voysey as medical atten

dant to the surveying parties, and geologist
l

In the end of 1818 young Everest joined Colonel Lambton at

Haidarabad The assistant describes his chief, at this time, as an

old man with a bald head fringed with a few snow white hairs,

about six feet high, erect, well formed, and muscular His com

plexiou. was fair and his eyes blue, hut dimmed and weakened by
time Yet when he aroused himself to adjust the great theodolite,

they shone with the lustre, and his limbs moved with the vigour of

full manhood " His high and ample forehead gave animation and
"

dignity to a countenance beaming with intellect and manly
"
beauty" But these moments of activity were like the last

flickermgs of an expiring lamp The old surveyor was gradually

wasting away, and in June 1819 was the last occasion of his ever

taking part m the work of triangulation
Central India was then in a most unsettled state , and instead o

attempting to push forward the Great Arc Series, Lambton employed
his parties in completing the triangulation between the rivers

Kistna and Godavari In June 1819 Everest was despatched upon
this duty, into a wild country, where each village had its mud foit

defended by Jinjals, and many districts were in rebellion agarast the
Noam's government He overcame the difficulties arising fiom the
disturbed state of the country , but he tod his party, working in a

region teeming with malaria under a tropical sun, were at length
prostrated by jungle fever, and in 1820 Everest himself went to the

Cape of Good Hope for the recovery of his health

Meanwhile the indefatigable but now aged and broken chief of
the survey once more began to push forward the Great Arc Series
He measiured a base line with the steel chain stretched on the

ground by capstans* at TakalkMra in the valley of Berar, in the
winter of 1822 , but the standard had got rusty, and was unreliable
Old Colonel Lambton during this time was constantly at work with
the zenith sector, exposed to a tropical sun, and unaided, for his
assistants were all sick owing to the reckless exposure to -which he
had subjected them He himself took no rest at night, but con

* For a notice of Dr Voysey's worjt, gee the section on the Geological Survey
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tinned to work at the zenith distances of stars His constitution

received its death blow, while his observations proved wild, and were

confusedly registered
" Men cannot last for ever," wrote his assis-

tant,
" and the Colonel's infirmities had evidently subdued all but

"
his spirit, at the time of his last effort

"

On Everest's return from the Cape, he was detached, in October

1822, to bring up a series of triangles connecting Bombay with the

Great Arc Series Colonel Lambton set out from Haidarabad to

Nagpore, to make arrangements for continuing the Great Axe

operations But he died on the road at Hmganghat, now one of

the great Berar cotton marts, on the 20th of January, 1823, aged
70 l His assistants and servants were affectionately attached to

him and looked upon him as a father , and in 1822 he counted

three generations of them in his camp His assistants, De Penning
and Bossenrode, attended upon him in his last hours A tomb was
erected over las remains at Hinganghat, by Mr Jenkins, the then

Resident at Nagpore
Colonel Lambton, the first Superintendent of the Great Trigono-

metrical Survey, completed the triangulation of 165,842 square
miles in the peninsula of India, at a cost of 83,587? In concluding
his last report he saya,

" I sincerely hope that^ after I relinquish
the work* somebody wall be found possessing geal, constitution,

" and attainments wherewith to prosecute it
, and it would indeed

" be gratifying to nae if I could but entertain a distant hope# that
cc a work which I began should at some future day be extended
" over British India

"

That hope was fulfilled in the appointment of George Everest as

his successor

The labours of Colonel Lambton are recorded in the following

manuscript volumes, deposited in the Geographical Department of

the India Office

VOL I (Part 1 ) Trigonometrical Operations, 1802 8, with a

map
, 5 (Part 2 ) Trigonometrical Operations, 1803 6, with a

map
VOL II Operations, 1807 11

VOL III 181114 Dated at Haidarabad in 1818

VOL IV Missing from the Geographical Department of the

India Office

1 The Government Gazette of the time gave his age at 75
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VOL V Operations to Jan 1823 Signed W Lambton, and

counter-signed in 1832 by Everest

VOL VI End of Lambton's Reports, with an Appendix by
Everest, relating to his own operations under Lambton
in 182223, and to Capt Garhng's in 181617
Signed by Everest in 1832

Abstracts of these accounts will be found in vols 7, 8, 10, 12, and 13,

of the " Asiatic Researches
" The first three of these weie reviewed

in the 21st volume of the "
Edinburgh Review

"
(1813) by Professor

Playfair Colonel Lambton published an abstract containing the

results of all his measurements from Punnae to Dumaigidda in the
"
Philosophical Transactions

"
of 1818 See also Eveiest's " Account

of the Measurement of an Arc of the Meridian (1830),
" and his

series of letters to the Duke of Sussex (London, 1839), foi some
further mteiestmg particulars respecting Colonel Lambton and his

services * The operations of the survey under Colonel Lambtoii
are also described in the " Account of the operations of the Great

Trigonometrical Survey of India," vol i
, by Colonel J T Walkei,

R E
, E R S (Dehra Didn, 1870 ) There is a "

Biographical Sketch
of the late Colonel Lambton "

in "
Gleanings m Science," vol 11

,

p 27, (Calcutta, 1830,) and an afticle " On the Measurement ol

the Indian Meridional Arc,'
3

in the same work, vol m , p 337
The whole of Colonel Lambton s operations are shown in a chart of

eight sheets engraved by Mr "Walkei

1
Major Jems ptiblished some extiacts from Colonel Lambton's Notices of Halab&i

m the Bombay Geographical Society's Journal, vol iv (1840)
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IV

FIRST PERIOD OF THE TOPOGRAPHICAL STJRYEYS

1800-23

HITHEHTO the maps of Indian districts had been based on military

route surveys The initiation of detailed topographical sinveys,

based on triangulation, is due to Colin Mackenzie, one ol the most

indefatigable surveyors and persevering collectois of information

that ever served this country

Colonel Mackenzie commenced his exploring labours after the

close of the -war of In that and the following yeais he vras

at work in Coimbatore and Dmdigul In 1790-94 he was engaged

in surveying Nellor, Guntur, and the Ceded Districts ,
and his

)oumal in manuscript is among the most interesting rehcs m the

Geographical Department of the India Office 1 In 1799 he Tias

appointed to conduct the topographical suivey of Mysor

It was Mackenzie who suggested the establishment of the Madras

Military Institution, which, undci the able superintendence of

Captain Troyer, tiained most of the surveying officeis who, under

Mackenzie and others, carefully surveyed the peninsula of India

Mackenzie was engaged on the Mysor Survey during several

years His system of tnangulation was independent oi Colonel

Lambton's, and the two officers do not appear to have worked

haimoniously Mackenzie measured live bases m the Mysoi

country, in convenient situations, each from three to five miles long,

and connected them by triangles His icsults were a topographical

i "Remaiks on a journey in tha countnes ol Cummiw, Puiwathum, and Cwtoui,

being a continuation of the survey oi tlie frontiei and pusses between the Ponnoa and

the Krishna m 1794," by Captain Colin Mackenzie This manuscript volume is m the

form of a journal, with aichieological and other notes, and sketches on the maigins

JLhe following manuscxipt maps, diawn by Colin Mackenzie at tins pciiocl, aie also

pioseived in the Geographical Department of the India OUiee

1 Nizam s dominions and Mysore, showing acquisitions of territory, 1799

2 Militaiy chart of the Carnatic, 1802

8 Roads from Bangalor, to Nelloi, <fec , 1798

4 Survey of passes leading from the Carnatic lo Kkmiil, 1792

5 Passes between the Pennar and the Kistna, 1794

Mackenzie's account ol the Peiwuttum Pagoda is published in the Amafac Itesearckes, v ,

p 003
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survey compiismg 40,000 square miles, a general and seven pro-

vincial maps, and a valuable memoir in seven folio volumes, con

taming, besides a narrative of the survey, much carefully digested

statistical, historical, and antiquarian information Of these seven

volumes, four have been found and restored to the Geographical

Department of the India Office, after a long search The other

three are missing
! '

In 1809 Mackenzie was removed from the Deccan Surveys, and

became Surveyor General of Madras In 1811 he went with the

expedition to Java, where he got through much work with his

usual zeal and energy, and resumed his post at Madras on his

return in 1815 He superintended the continuance of the survey

of the Ceded Districts, commenced m 1809, until he was removed to

Calcutta, and took up the appointment of Surveyor General of India

But his surveys were only a part, and, indeed, a small part of the

stupendous labours of Colin Mackenzie He devoted himself to the

study of Indian antiquities, and visited every place of any interest,

from the Kistna to Cape Comorni, accompanied by a native staff

of assistants, copying and collecting records He got together

8,000 sassanums or tenures inscribed on stone or copper , and the

Mackenzie collection consists of 1,568 manuscripts in different

Indian languages, 8,076 inscriptions, 2,630 drawings, 78 plans,

6,218 coins, and 106 images He sent some beautiful sculptured

stone work from the Amravati tope to the India House before 1820,

and published vaxioms papers on historical and topographical sub-

jects
l Among the results of his labours were the discoveiy of tho

existence of the Jam religion, and of other sects, and the descriptions

of tumuli of early tribes

After Colonel Mackenzie's death, Horace "Wilson volunteered to

examine and leport upon his manuscripts, and the result appeared

in 1828 2 Our knowledge of the literature and early history of

Southern India is almost entirely due to the Mackenzie MSS

1 In Dalrymple's Cteential Reprtoiy are papers by Mackenzie on routes in Nellore,

and on the source of the Pennar In the " Asiatic Annual Eegister
"

for 1804 are his

Life of Hyder Aly, and his Histories of the Bijayanagai and Anagundi Kajahs, and

in vol ix of the ' Asiatic Researches
" he first brought to notice the r&igion and

monuments of the Jams
2 " Mackenzie Collection of Onential Manuscripts," by H H Wilson, Secretary to

the Asiatic Society 2 vols (Calcutta, 1828) A further series of Beports On the

Mackenzie MSS was made to the Madras Government by Eevd W Taylor They



THE TOPOGRAPHICAL SUBVEYS 75

In 1811 Lieutenant Garling, an 61&ve of the Madras

Institution, commenced the surrey of the Portuguese territory of

Goa A base was measured at Cape Hamas, and the survey was

completed in 1812 Besides the maps, Lieutenant Garling wrote a

memoir in four volumes, containing a general descnption of the

Goa territory, and detailed accounts of the coast, anchorages, rivers,

population, and villages, with tables, cultivation, towns, and roads

and passes
As soon as the Goa Survey was completed, Lieutenant Garling,

with Lieutenant Conner and three sub assistants, commenced work

in Soanda and Bilgi, in North Oanara, in 1813 The topographical

surrey of Soanda is founded on the base measured near Goa, whence

a net of triangles was extended over the new country, and united

With the stations of Lambton's Trigonometrical Survey The detail

was taken tip by plane tables on a scale of one inch to a mile, and all

topographical objects that could be expressed on the scale were

embraced in the survey The field work was completed HI March

1815, and the descriptive memoir, in two volumes, contains an

account of the general aspect of the region surveyed, with details

respecting the cultivation, water supply, inhabitants, tenures, trade,

routes, and history

Lieutenant Conner then proceeded to conduct a survey of the

little mountainous puncipality of Coorg, exactly on the stofe plan as

that of Soanda Colonel Lambton had carried his primary triangles

through Coorg, so that Conner could use them as a basis on which

to construct his secondary series He commenced work in 1815,

and completed the survey in October 1817 The memoir, in one

volume, intended to illustrate the map, contains details respecting

the boundaries and extent of Coorg , a table of areas of the districts ,

accounts of the principal places, descriptions of the mountains,

nvers, forests (with a catalogue of trees), animals, agriculture,

implements of husbandry, a register of villages, and tables of

triangles, and of bearings and distances
l

are printed m vols vn
,
vm

,
ix

,
of the Madras Jowrnal of Literature and S&ence

See a notice of Colm Mackenzie m the Journal of the RoyalAs^c tfoc&ty) i, p 333,

and Madras Jowrnal of Literature and Science, 11
, p 262

i Conner s memoir on Cooig was reprinted at Bangalore in 1^70 "Meinpir $f the

Codugu Survey commonly written JKoorg," by Lwutenani Condor, Surveyor

(Bangalor Central Jail Press, 1870), 2 vols 8vo tfart 1, p 137, part 33,

p 119
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Travancor and Ooclnn were surveyed by Lieutenants Ward
and Conner between 1816 and 1821 Their memoir, in seven

volumes, contains a journal , tables of tnangulation , and descrip

tions of the districts, villages, forests, productions, and passes

Extracts from it, describing the hill tubes of Travancor, were

published in the " Madras Journal of Literature and Science,"

vol i , pp 1 and 54

Malabar was surveyed by Lieutenants Ward and Conner between

1825 and 1829 Their memon, m one volume, furnishes a special

desciiptioa of each taluk, including Wynaad, but Ward refers to

the great work of Buchanan for fuller details l

Tmnevelli was suiveyed by Assistant Suiveyor Thomas Turnbull

and others, between 1807 and 1813, and the memoir which accom-

panied the map is most valuable, but, unfortunately, it was left

unfinished, owing to the death of its author Tmnevelli was a

portion of the ancient Pandian kingdom, and the memoir describes

inscriptions on granite walls , the temples and other religious

monuments, the climate, population, products, and gives details

respecting the boundaries, the resources of each taluk, and the

roads This was the best account of the people in the extreme

south of India that had appeared since the publication of 1he

"Lettres Edifiantes
" The Tmnevelli suiveyors, howevei, could

not be induced to penctiate into the forest covered mountains

towards the Travancoi fiontiei, from a not altogether erroneous

idea that they were unhealthy, and there is still a large blank

space on the atlas in that direction

The provinces of Drndigal and Madura weie surveyed between

1815 and 1824 by Assistant Suiveyors Thomas Turnbull and

William Keves, and afterwards by Lieutenant Waid Then
memon s are well wntten and most valuable, containing full details

respecting thost piovmces, and an account of the wild and little

known hill legion bordering on Travancor The account of the

1 The memoir on Malabar, by Captains Ward and Conner was communicated by
Major Jervis to the Bombay Geographical Society, and published in their vol iv

(May 1840) The map of Malabar -was drawn on a scale of one inch to a mile, but

theie is only one sheet of it in the Geographical Depaitment of the India Office A
beautiful reduction of it was drawn in 1832 at Madras, on a scale of two inches to the

mile, by C Ignatio, (draftsman), a complete copy of which is preserved in the Geo

graphical Department The portion including Wynaad has been lithographed

separately at Madras by Colonel Priestley
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Palnai hills, from Lieutenant Ward's memou, is published in the
c< Madras Journal of Literature and Science/

5

yol vi , p 280

Ward and Keyes also surveyed the Coimbatoi district between
1821 and 1624, and a descriptive memou accompanied their maps
They weie the discoverers and exploieis of the Nilga.ii hills 5 and

Ward completed a map and memou of that mountain knot in

1821 An isolated range of hills, with a remarkable peak, separated
from the Nilgins by the Bhowani nver, was named aftei the

founder of the Great Survey, and is known as Lambton's Peak

Range
The Carnatic was topogiaphically surveyed by the officeis of the

Military Institute, and Trichinapalli by Lieutenant Ward, whose

memoir, in two volumes, contains registeis of tuangles , tables of

bearings and distances , maps of loads on a scale of one mile to

an. inch, and accounts of the system of irrigation, trade, and

agriculture

The eastern districts of Ellor, Eajmahendn, and Ghintur weie

surveyed between 1815 and 1823 by Lieutenant Mountford and the

officeis of the Militaiy Institute The memoir 011 the Elloi

Survey is in three volumes That of Eajmahendn, in two volumes,

by Captain Snail, contains tabulated routes with coloured maps
For this survey a base was loughly measured on the boardeis of the

Oolair Lake in May 1820, and connected by tnangulation with two

of Lambton's points near the Kistna The map was on a scale

of one mile to an inch The survey of the Nizam's territory,

commenced in Colonel Lambton's time, occupied upwards of 30

years
Thus full materials for a map of the whole peninsula of India

south of the Kistna, based on Lanabton's Grieat Trigonometrical

Survey, were furnished The memoirs, with a few exceptions, are

preserved in the Geographical Department of the India Office

Those that are wanting aie three volumes of the memoir of the

Mysor Survey in seven volumes,
1 that of Madura, and that of the

Nilgins by Waid, which were lent many years ago to some one

who never returned them These manuscripts appear to have been

placed in the hands of Mi Montgomery Martin, for publication by

i Wo have also a manuscupt volume by Colm Mackenzie, entitled,
i

Eeport

on the State and Results of the Suivey of Mysore, in a googiaphical, statistical, and

historical view, up to July 1st, 1807> with a map explanatory
"
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the Court of Directors A small portion of the Coorg Memoir

appeared in two parts in the " Colonial Magazine" during the year
1842, and the whole was reprinted at Bangalor in 1870 Extracts
from the Travancor and Dmdigal Memoirs were published in the

Madras Journal of Liteiature and Science With these exceptions,
and that of the Malabar Memoir in the "

Bombay Geographical

Society's Journal/' the whole of these valuable and interesting
memoirs remain in manuscript
While the topographical surveyors of Madras were thus energeti-

cally filling in and completing Colonel Lambton's work, their

brethren in the north of India were not idle

That indefatigable geographer^ Colonel Colebrooke, was Surveyor
General at Calcutta from 1803 until his death in 1810 He had

previously made a series of astronomical observations in the Cai-

natic in 1791, consisting of latitudes by mendan altitudes of stars,

and longitudes by eclipses of Jupiter's satellites, and in the previous
year he had made similar observations during a voyage to the
Andaman and Nicobar Islands l He also made a survey of the

Ganges , but only one of the original sheets has escaped destruction,
and is now in the Geographical Department of the India Office 8

Colebrooke's attention was early called to what was, at that time,
one of the most interesting problems in Indian geography, the

position of the source of the Ganges The only knowledge then
attainable of the upper Himalayas and Tibet was derived from
Chinese sources through the Jesuit missionaries It appears that a

map of Tibet was put into the hands of I?athei Regis at Pekin, in

1711, and that he reported its defects to the Emperor Kang-hi, who
resolved to procure one that was more accurate and reliable Two
latnas, who had been instructed by the Jesuits at Pekin, were scat
to prepare a map from Sming to Lhasa, and the source of the Ganges
The results of their labours were given to the missionaries in

1717, by whom they were communicated to Du Halde, and pub
lished in Paris Much of this map was from oral information 9 but
all that w&s derived from personal observation appears to have been
well laid down Our knowledge of Tibet and of the course of the

1 u Asiatic Keseai ch.es,
'

iv
, p 317, and p 321

2 No 3, Mouth of the Cossimbazar to Colgong It is dated 1796 There are also
three sheets of another incomplete set by Colebrboke, dated 1801

See *Mamtive of the Mission of George Bogle to Tibet," edited by Clemens H
Markham, CB ,

F B S (Trubnei, 1876) Introduction, p bet
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Sanpu was entirely derived from this source, until the journeys of

Captain Montgomery's pundits corrected the old lamas' work,
within the last few years, while confirming its general accuracy
The map published by Du Halde was re-examined by D'Anville,

who moved the source of the Ganges further north
,
and Rennell,

in his first map, copied DAnville almost exactly Afterwards,

Anquetil du Perron obtained the results of some observations along
the course of the Ganges from a Jesuit missionary named Tieffen-

thaler, who did not, however, carry his compass survey beyond
Hardwar, the rest being laid down from native information 1

Rennell, m his second edition, adopted the position of the source of

the Ganges &om Tieffenthalei, which was based on no better

authority than that of the lamas, namely, the report of natives

Thus this important geographical question was left in a state of

doubt , and Colonel Colebtfooke considered that, as Surveyor General,

and for the honour of his country, it was his duty to attempt its

solution

In 1800, Lieutenant "Wood, the former surveyor of the Irawadi

in 1795, had,
"
by order of General Sir James Craig, K B

, com

manding the Army m the Field," made an elaborate survey of the

Ganges from Hardwar to Allahabad ,
a and in 1808, Colonel Cole

brooke resolved to complete the oxammation of the sacred river

from Hardwar to its source Captain Gnthne and Hir Daniell, the

artist in 1789, and Colonel Hardwicke in 1796, had already pene
trated as far as Simagar, and the observations of these officers

had enabled Eennell to correct the error of Tiollenthalcr in placing

Srinagar N N" "W instead of E N E of Hardwar But the source

of the Ganges had not yet been reached

Suoh was the state of knowledge when Colonel Colcbrooko

obtained the sanction of the Government for his expedition But

while he was preparing to set out, the Surveyor General was seized

with a fatal illness, and the execution of the project devolved upon

Captain Webb, who was accompanied by Lieutenants Baper and

1 There is a copy of this curious map of the Ganges, published by Anquetil, in tte

Geographical Department of the India Office, entitled,
" Carte G6ne"ral du coots du

Gange et du Gogre, dresse"e sur les cattes du Xieffenthaler, Missionaire" Par

M Anquetil du Perron Pans, 1794
2 This survey is beautifully drawn and coloured on several sheets The MS is

preserved in the Geographical Department of the India Office^ and there 16 also a

second set of sheets of Wood's burvey on a reduced scute But both aie in a

disgraceful state from long neglect
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Hearsey They surveyed the course of the Ganges fiom Hardwar

to near its source at Gangotn, and fixed the position of Srinagar,

on. the Aluknunda, and other points, between April and June 1808 l

la 1805, Colonel Ciawford, while conducting a survey in Nepal,

measured some of the peaks of the Himalayas, and was the first to

announce then immense height, hut the journal of his surrey

is unfortunately lost Mr Golehrooke, the Sanscrit scholar, and

kinsman of the Surveyor Geneial, took a great interest in tho

question of the height of the Himalayan peaks, hereaftei to "be

finally settled hy Andiew "Waugh, and wrote a papei on the subject
2

After the untimely death of Colonel Colebiooke, the office was

hold by Colonel Garstm from 1810 to 1814, and Colonel Charles

Crawford succeeded him During this period many useful route

surveys were made by officers who accompanied the armies in Oudh

and Rohilcund, and in 1807, Dr Buchanan, ivho had so ably

reported upon Mysoi and Malabai, was nominated by Lord

Hastings to make a statistical suivey of Bengal, with an account of

the condition of the people, their religion, agriculture, productions,

&c He had efficient assistants and draftsmen, and his labours

extended over seven years, from 1807 to 1814 8

In 1816, Colonel Colin Mackenzie, who had been working in

the Madras Presidency foi more than 30 years, became Surveyor

General at Calcutta, where lie ieduced and compiled many useiul

maps, and set several surveys on foot He eventually died there of

old age in 1821, and was temporarily succeeded by Colonel Hodgson

1 The Manuscupt of Webbs Survey of 1809, m 12 sheets, fiom Hardwar to

Gangotn, is preserved an the Geographical Department of tho India Office ihe

narrative of his expedition was written by his companion, Lieutenant Raper, and

published in the <l Asiatic Eesearches,
'
xi

, p 446-63
2 " In the Asiatic Resciiches," vol XH loi intciestingpa/iticularsiespectingoaily

meisui ements of Hrnnlayin pcik&j see al&o "
Miuray s Disco\cnos in Asia/* 11 , p 382,

" Bailhe Jnaser's Journal, p 323,
" Buchanan Hamilton s Nepal," and tho **

Quarterly

Renew," No 34 Ihe reviewer challenges the accmacy of the observations, and, like

a true conservative, declaies that the Andes will be found to be higher than the

Himalayas
3 Dr Buchanan's Survey cost 30,000/ His MSS were sent home m 1816, and m

1838 Mi Montgomery Mai tin got leave fiom the Court of Dnectors to publish

extracts, which accordingly appealed m thiee thick volumes There are a series of

manuscupt maps of the Bengal Districts, drawn for Dr Buchanan, in the Geographical

Depai tment of the India Office, but they are merely compilations to illustrate 1m
reports, and were engraved by Mr Walker in 1838 for Mi Montgomeiy
book
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After the termination, of the Nepal War, Lord Hastings, in 1815,

appointed Captain J A Hodgson and Lieutenant Herbert to sur-

vey the mountainous regions between the Sutlej and the Ganges,
which are bounded on the north by Chinese Tibet A base was
measured by Lieutenant Herbert with staves made of deodara wood,
latitudes weic fixed by stars' zenith distances, and longitudes by
observations of Jupiter's satellites 9

l
but, although the scientific basis

of the survey is highly cieditable to the officers employed, the
interior filling in was scanty and inaccurate 2

Captain "Webb was

employed to continue the suivey over the province of Kumaon, fiom
1815 to 1820, and in 1818 Hodgson and Herbert were engaged

3 in

Gurhwal

Between 1815 and 1821, Captain James Eranklm, a very accom

phshed officer, surveyed the whole of Bandalkhand, and produced a

valuable map of that region, and a memoir on its geology A
survey based on routes and cross routes was also made in 1821 by
Captain Johnson, of Bhopal and Bausiah, in Central India *

The Sundarbans were surveyed between 1812 and 1818 by two

young biothers, Lieutenants Hugh and W E Morneson They
were much annoyed by tigers and alhgatois, and they relate how a

1 The original manuscnpt map showing the base measured by Hodgson and Heibeit
neai Saharanpur, and the triangulation founded on

it, to ascertain the heights of

peaks, is preserved in the Geographical Depaitment of the India Office
2
Interesting accounts of these operations will be found in the Asiatic Researches,

\ol xm
, p 297, and vol xiv

, p 60 and p 187

The operations of Hodgson and Herbert were albo pubhbhed in a work entitled
iC Astionomical Observations in various paits of Hindustan, and a fouivey of the

sources of the Ganges and Jumna," by Capt J A Hodgson
" with operations foi

"
determining the heights of peaks m the Himalayas, by Captains Hodgson and Hoi

"
beit, 1817 w

It contains an account of then measuiemont of a base, with drawings
of the appaiatus

Theie is a copy of this woik in the Geographical Department of the India Office,
bound in led moiocco and gilt, with a manuscript title page

In 1829, Herbert commenced a periodical at Calcutta, called "
Gleanings in Science '

to which James Pimsep was a frequent contributoi Herbeit became Astronomei
at the Lucknow Observatoiy in 1831, and Pnnsep took his place as editor In 1832
the "Gleanings" weie converted into the " Jouinal of the Asiatic Society of Bengal/
and have been published monthly evoi since Herboit died at Lucknow on Septem
ber 24th, 1833

8 The onginal
" Journal of the Survey o Gurhwal,

'

by Lieutenant J I) Heibert,
8th Kegiment NI, in 1818, is preserved m the Geographical Department of the

India Office

4 The Held books of Captains Franklin and Johnson are pieserved m the

Geographical Department of the India Office

(13441 ) E
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tiger spiang from a branch just over their theodolite while in the

act of observing, ana how the shaking of th.Q ground near them

made the instrument vibrate, owing to the tread of huge monsters

in the Bungle Hugh died of jungle fever at Jessor in 1818, and

his brother was killed in an action with the G-orkhas
l

A rough survey of Oattack was commenced in 1818 by Lieutenant

Buxton 9 a survey of Bakarganj was instituted in 1819 , and those

of the Silhet frontier, and of Azimghur and Jaunpur were com-

menced in 1818 A luxe of country was also surveyed by Lieutenant

Jackson, from Midnapur to JSTagpur in 1818, with a view to ascer-

taining the practicability of making a road 2

In the Bombay Presidency, during this period, Colonel Moniei

Williams made a careful survey by compass and perambulator of

Ghrjr&t, Each, and Katiwar, between 1813 and 1820 , and some

maps were compiled from route surveys in the Deccan, but none
were based on tnangulation Captain Dangerfield was engaged on

geographical work in Malwa, and between 1812 and 1816 Colonel

Dickeuson. and Captain Tate surveyed the town and islands o

Bombay and Salsette, and this map was accompanied by a statistical

memoir 3

1 Their field books are pieseived at Calcutta See " Calcutta Review/' vol Ixiu

(1859)
2 See a dispatch from Lord Hastings, dated February 15th, 1821
3 Tlio map of Bombay, by Dickeuson and Tate, was lithographed for Major Jervis

m 1843, on a scale of 1 inch to 1,200 yardb , but it is very inaecmate



V
SECOND PERIOD OF THE TRIGONOMETRICAL

SURVEYS

1823-43

SIB G-EORGKE EVEREST, AND THE COMPLETION OP THE
MEASUEEMENT or AN AEG or THE MEEIDIAN

ON the death of Colonel Lambton m 1823, his assistant Gteorge
Everest was appointed to succeed him as Superintendent of the
Great Trigonometrical Survey of India , and thus the hope of the
veteran surveyor, expressed in his last Report, was fulfilled ff A
" man was found, after he relinquished the work, possessing zeal,
"

constitution, and attainments wherewith to prosecute it
"

George Everest, son of Tristram Everest, Esq , of Gwernva/Je in

Brecon, was horn on July 4th, 1790 He began his education at

Marlow, and completed it at Woolwich, where he passed a brilliant

examination He sailed for Bengal as an Artillery Cadet in 1806,
and executed a reconnaissance survey for Sir Stamfprd Baffles m
Java in 1814-16,

1 when he became the friend of Mr John Crawfurd
In 1817 he was employed in establishing a/ telegraph system from
Calcutta to Benares, and joined the survey m 1818

He had been Colonel Lambton's chief assistant lor upwards of

five years At the time of his chief's death he was engaged on the

Bombay longitudinal series On taking charge of the survey, ho
found the most northern work to be a base line measured at

TakalkMra in the valley of Berar, but the triangulation had not
been extended so far Here Everest commenced work in November
1823

He was surrounded by many difficulties His colleague,
Dr Voysey, died in December 1823, and Lambton's principal

assistant, Mr De Penning, a half caste from Madras, became weary
of the service, and retired in February 1824 The rest of Lambton/s
staff consisted of Madras men, who were unwilling to go so far from
their homes, and there were no trained hands to take their places

1 Tlie MS volume containing the original route* survey of Java in 1814-16 is

preserved in the Geographical Department of the India Office

E 2
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Everest himself was attacked with a severe fever, and his limbs

were paralyzed Still he resolutely persevered, lest, if he broke

down, the establishment should be scattered, and the trained men
be lost, whom it would be impossible to replace He was lowered

into and hoisted out of his s$at by two men, when he observed with

the zenith sector

He now had to take the meridional aic senes across the Satpura
hills/ which bound the valley of Berar to the north, about 15 miles

north of the Takalkh^ra base He anticipated that the density and

magnitude of these mountains would cause a consideiable deflection

of the plumb line, and made some caieful observations with a view
to deciding the point He then carried the tuangulation across the

Satpura hills as far as the plain of Siron], where a base line was
measured with the old chain in "NTovernbei 1824 In January 1825
a scues of observations was taken at Kahanpftr near Sironj, and
then at last the Superintendent's health completely broke down
He was obliged to go to England on sick leave, but still retaining
his appointment, m 1825

During Colonel Everest's absence, a longitudinal series of triangles
was extended from the Sironj base to Calcutta, over nearly 700 miles
of difficult and little known country This important woik was
entrusted to Mr Joseph Ollrvei, who had been Everest's pupil from
the time he first joined the survey in 1818, and whom he called his
"
right aim

"

Colonel Eveiest was in England from 1825 to 1830 , and his time
was fully employed in studying the newest impiovements and
superintending the construction of instruments on the most approved
principles "When he returned to India in 1830, he was provided
with the best instruments that could then be produced He had
a large theodolite with an azimuth circle 36 inches in diameter, by
Troughton , and two double vertical circles three feet in diameter,
by Troughton and Simms But the most important improvement
introduced into the survey by Everest, at this time, was the measure-
ment of the bases by compensation bars, instead of the old inaccurate
method by chains

One of the objections to the chain method was the
impossibility

oE determining the temperature of its different paits while in actual

1 He calls them the Mahadeo tolls
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use Colonel Colby, of the Irish Survey, invented the method of

measuring bases by compensation bars,
1 founded on the principle of

eliminating the errors arising from changes of temperature by

compensation 01 self collection Advantage is taken of the unequal

expansion of various metals to eliminate the effects of variations of

tempeiature altogether Two bars, one of brass and ono of iron,

each about 10 feet long, are firmly clamped together in tho middle

so that no motion can take place near the centre , and any cxpan
sion from change in temperature must be towards the extremities

At a temperature of 62 the two bars are precisely the same length

At each end of both bais an aperture is worked out to admit a

conical pivot, and the two pivots, one in the brass the other m tho

iron bar, aie adjusted to a flat iron tongue When the temperatuio

rises, the brass bar will be lengthened moie than tho iron, one, and

the tongues will incline inwards, and mce versd Consequently

there is a point on the tongues at which theoretically the expansion

of the bars is compensated by the inclination of the tongues*

This point is marked with a dot on each tongue, and tho distance

between these dots is, as nearly as it can be made, ton feot Tho

bars are supported on brass rollers and enclosed in deal boxes, from

which the tongues only project Before going to India, Colonel

Everest tried tho compensation bars in Lord's cricket ground Two

iron standard bars were made of 10 feet each, called A and B , and

two brass standard scales of six inches, also A and B , with which

the compensating bars and microscopes were fiequently compared
All the measurements were refeiicd to these standards 2

Colonel Everest arrived at Calcutta in the autumn of 1830, with

six sets of bars, and well supplied with the most improved mstru

ments He combined the appointments of Surveyor Gcncial and

Superintendent of the Great Trigonometrical Suivcy in liis own pci

son He found that Mr Olliver had nearly completed the Calcutta

longitudinal series, which originates at Kalianptir, and terminates at

1 It is said that a base 100 feet long m Ii eland was moasmcd BIX times with

Colby'e compensation bais, and that the extreme diflerence between the measurements

did not exceed half the breadth of a shaip steel point on a plate of metal, observed

with a microscope
2 Transactions of the Physical Class of the Asiatic Society of Bengal

1' J839

This was an interesting lecture by Everest on the compensation bars, tho substance of

which will be found m the Asiatw Researches) xvw p 189



86 THE BABRACKPUH BASE

Port William, Calcutta On "Eyerest's arrival he resolved to measure
a base Ime of verification for this series^ which is interesting as the

first baseline in India that was measured with the compensation bars

Mr Taylor, the Astronomer at the Madras Observatory, was deputed
to Calcutta to assist Colonel Everest at the measurement of this

base It extends for 6^ miles along the road from Government
House at Calcutta to Barrackpur The extremities are marked by
two towers 75 feet high, which overtop the trees and houses l The
measurement wa$ commenced on November 23rd, 1831, finished on

January 21st, 1832, and the triangulation of the Calcutta longitu
droal series was completed on July 2nd, 1832 2

In 1832 Colonel Everest resumed the work connected with the
meridional arc series, and in the commencement he had to encounter
difficulties which could only have been surmounted by a combination
of qualities which are rarely found united m one man His staff

had to be trained to the woik, and, m addition to his incessant
labours in the field, he had to transact all the business connected
with his office as Surveyor General

Hitherto the meridional are series had been conducted over the

elevated plateau of the Deccan, where numerous rocky heights
offered excellent sites for stations But in extending the triangula-
tion beyond the Sironj base, the surveyors entered upon a much
more difficult country for their work Here the great plateau of
Central India terminates with the high land round G-walior, and the

valley of the Chambal commences From this point the east flank
of the mendioaal series is on flat laud, while the western side rests

OB. low hills as far as Delhi But from Delhi a wide plain, over

grown with groves ot mango and tamarind, intermingled with lofty

|>eepul and banian trees, and thickly scattered over with villages,
extends for 104 miles to the foot of the Siwalik hills, the first out-
work of the Himalayas At a distance of a few miles from the
observer on the great Gangetic plain, the trees appear to form a
continuous belt of foliage, while clouds of dust often obscure the view

1 Tli following officaaware engaged in measuring this "base Lieutenants "Western
and Bndgman, Mr Taylor tlie Madras Astronomer, Messrs Logan, OUnrer, Peyton
Tornek, Eossenrode, and Lieutenant Wilcox the Surveyor of Assam There is an
account of the measurement m the Journal of the Asiatic Soctety of Bmaat, i p 71
See also Tames Frmsep s Determination ofthe Constant ofExpansion of the Standai d "

i p 130
'

2 The area surveyed was 33,442 square miles Total cost 13,0747
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In entering upon this difficult country. Colonel Everest was

supported by able and zealous young assistants In 1832, Andrew

Waugh,
1

liis future successor, and Benny joined the survey, and

Olliver and Bossenrodo had already been in training for some

years
It is tho practice of the survey, before commencing the main

tnangulation of a series, to execute an approximate series by which

tho stations for obseivmg tho angles of the main series are selected,

and tho positions of the triangles sketched out

Mr Olliver commenced the new work by exploring the tract

noith of tho Ohambal, while Mr Bossenrode was deputed to carry

on an approximate series along the meridian of the great arc as far

as the Ohambal river It then became necessary to erect permanent

towers for stations onthe Gangetic plain , and in order to select theur

positions, Colonel Everest designed a mast 30 feet high, with a

circular table, 40 inches in diameter at the top, round which a

square scaffolding of large bamboo was built This was intended

to obsoivo from, and 13 other masts, 70 feet high, with cross

bamboo staves having an ignited blue light at one end, and a sway

rope at tho other, wore placed on the surrounding stations

On December 6th, 1833, Colonel Everest arrived at Muttra, tho

station for collecting bamboos lor the masts and scaffolding The

instrument used on the top of tho observing mast was a Troughton

and Simms 12-inch theodolite, constructed in 1830 The signals

at tho pinnacles of tho other masts weio blue lights, burnt by sets

of four, at intervals of 10 minutes But, owing to the distance

between tho stations, tho signals wore scarcely ever visible to the

naked eye, and it was necessary to lay the telescope m the proper

direction, to be calculated beforehand by a series of minor triangles

This system, invented by Colonel Everest, was called ray tracwg
"

By May 1834 all the 35 stations between the Chambal and the foot

of tho Scwalik hills had been selected Day and night, at all hours,

from December to May, Everest was perpetually at work Colonel

Lambton had used masts and flag staves as signals But, owing to

the nature of the atmosphere, objects of this kind cannot bo easily

bisected in the day time during the healthy season, and are often

mvisiblo for days together So Lambton chose the ramy season

when the atmosphere is very clear, for field observations The con-

.__ * -< '

Nominated July 2nd, 1832
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sequence was a reckless waste of life and health, besides much
suffering and discomfort But luminous objects were found to

succeed best in the dry healthy season Eveiest therefore substi

tuted the heliotiope
1
for day observations at shoit distances, and re-

verberatory lamps with argand burneis,
2
01 blue lights, for the night

The position of each station having thus been fixed, 17 permanent
towers were erected They aie square at the base, about 50 feet

high, with walls five feet thick at the bottom and two at the top
The loof or terrace is supported by two large stone beams on which
rests a cylindrical well of masonry surmounted by a circular slab

of sandstone At right angles to these stone beams, and 3] feet

above them, are rafters supporting the stage for the observer, lound
which is a hand lail with rings for the observing tent Thus the
instrument is completely isolated from the stage on which the ob-
server stands The instrument is hoisted up by a crane at one angle

3

These important but tedious preliminaries having been completed,
the great work of measuring the most noithern base foi the gieat
arc series was commenced in the end of 1834 The region selected
for this measurement was theDehra D4n, a beautiful valley between
the Srwahk hills and the Himalayas, 2,000 feet above the sea The
western end of the base line is 1,886 and the eastern 2,073 feet
above the level of the sea The measurement was commenced on
December 1st, 50 compansons having first been made between each
of the six compensation bars and the iron standard, while the
standards A and B were compared with each othei 101 times As
soon as the base was measured it was remeasured in leverse order by
Waugh and Benny, the error being 2 396 inches The whole dis-
tance was 7 42 miles On March 28th, 1835, the work of measuring
was completed The uncultivated part ot the country, over which
the base line passes, was afterwards purchased by Captain Kirke,
who called it Arcadia, in compliment to the great arc series Colonel
Everest's head quarters were at Hatipaon, in the Dehra Dtin, whence

1 The heliotrope is a circular mirroi, 10 to 12 inches m diameter, fitted for veitical
and honzontal motion

2 The lamps constructed m 1830 consisted of a parabolic reflector 12 mches m
diameter, applied to an argand bmner, the whole inclosed m a wooden shed with a
glass window, which served as a packing case in tiavellmg

* See an article on the detail of the working of the Great Tngonometncal Survey
describing the duties m the field, the rules foi selecting stations the heliotrope and
other apparatus, m the 'Piofessional Papeis on Indian Engineering

'
vol iv p 303
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he commanded a view of the lovely valley The base was transferred,

by triangulation, to the peaks of the Siwalik hills, called Amsot
and Banog, which are visible both from Dehra and from the Gangetic

plain During this period Colonel Everest's health suffered very

severely, and he was ordered home, but this was impossible, as none

of his staff could then have taken his place

Between October 1834 and June 1835, all the horizontal angles
across the plain, from the Ohambal to the foot of the Siwalik hills,

were taken The instruments used were two three foot theodolites,

one by Tioughton and the othei by Mr Barrow, the instrument

maker whom Colonel Everest had brought out from England, and

estabhshed as head of a factory at Calcutta Barrow's theodolite was

partly composed of portions of the oldmstiument of Colonel Lambton,
and the ciicle was graduated at Calcutta by Barrow Members
of the surveying staff were now rapidly gaining knowledge and

efficiency

An observatory was formed at Kaliana, near the foot of the

Siwalik hills It consists of a room 20 feet long by 12, terminated

at eithei end bv a semicirculai bow, and two side rooms Pillars

aie passed up through the floor, and free from contact with it, and

opposite each there are two meridional apertures 24 inches wide

Here one of the double vertical circles was placed on a column of

carved sandstone, surmounted by a capital of brass The instrument

is three feet in diameter, and consists of two circles with a telescope

between them These astronomical circles were found to vibrate

so much as to lender accuracy impossible At fnst this was attri-

buted to the wooden tripods on which they were place d, but the

same defect was appaient when they were removed to the stone

columns, and it became evident that they were top heavy Eveiest

set himself resolutely to work to devise a remedy He was ably
assisted by Syud Mohsin, a native of Arcot, who came to Calcutta

under the patronage of Colonel Blacker, the Surveyor General, and

was engaged by Everest in 1830 The task was one of great

delicacy, and requiring an intimate knowledge of the subject, as

well as much mechanical skill Einally, howeyei, the great surveyor

and his native colleague achieved a complete success

On the 1st of October 1836, Colonel Eveiest took the field with

both the large theodolites, and four 18-inch altitude and azimuth

mstruments He divided his staff into two distinct parties, under

himself and Andrew "Waugh, and by February 1837 they had con
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nected tlie Dehra D&n base with that measured on the Sironj plam
near Ealianpiir in 1824 At the latter place another observatory

was erected, exactly like that at Kaliana

It then became necessary to re-measure the Siron] base with the

same instruments that had been used in the Dehra Dftn This

work was commenced on December 1st, 1837* and completed on

January 18th, 1838 The old base proved to be too short by 2 825

feet, and the error was attributed to want of means of knowing the

true length of the chain and the true temperature
In October 1838 Captain "Waugh was sent south to revise the

angles in the Deccan with Troughton's large theodolite, and he

completed a series of triangles over a meridional distance of 260

miles, returning to Dehra in June 1839 To show the wonderful

accuracy of these obseirations, it may be stated that the difference

between the length of the Dehra IMn base as measured, and as

computed by tnangulation from the Sironj base was only 7 2 inches

The difference of latitude between the Kaliana and Kalianp4r

observatories, which are on tlie same meridian, was fixed by simul

taneous observations of the same stars with the two great astrono-

mical circles
x The stars selected for simultaneous observation were

36 in number On the 25th of November 1839 Captain Waugh
reached the Kalianp&r observatory, with the instrument called
"
Troughton," while Everest and Eenny remained at Kaliana with

" Simms " The series of obseivations was completed on the 23rd of

January 1840, and an arc of amplitude was tlius determined on this

section of the meridian "Waugh then went south to Dumargida
near the old Bidar base line, and Everest came down to Kalianptir

Simultaneous observations of 32 selected stars were then commenced

on November 24th, 1840, and completed on January llth, 1841, and

anothei arc of amplitude was determined, Prom Kaliana to Ka

lianptir the arc is 5 23' 37", and from Kalianptir to Dumargida
6 3' 55 9" In 1841 Waugh proceeded to re-measure the old Bidar

base line, after making 57 comparisons between the compensation
bars aiaid the standard The difference between the length as

measured, and as computed from the Sironj base, was 4 296 inches

Thus were brought to a close the operations of the great arc of

India series, which extends from Cape Comorin to Banog in the

1 By the simtdtaneous observations of the same stars, the eriors in. the catalogued

places of stars were eliminated
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Himalayas* The portion from Cape Oomonnto Dumargida and the

Bidar base is dependent on Lambton's chain measurements That
from Dumargida to Banog depends on the iron standard bars A and

B, and the brass standard scales B was sent to England in 1843-4,
and deposited at Southampton A was at first deposited in the fort

at Agra, and now remains with the rest of the apparatus in chaige
of the officers of the Survey
In these observations Everest deemed symmetry essential to

accuracy in his triangles (" triangles bien conditionals "), and allowed

no angles to be less than 30 or greater than 90 The total cost

of Everest's Great Arc Series was 89,833Z , and the area covered

56,997 square miles l

In 1835 Colonel Everest had had a serious and almost fatal illness,

and at one time his recovery was pronounced to be beyond all hope
la September 1837 the Court of Directors appointed Major Jervis,

an engineer officei who had been engaged in some of the surveys

in the Bombay Presidency, to succeed Colonel Everest as Surveyoi
General in the event of his death, that the work might not be

impeded Major Jervis had made himself well known in England

by reading papers and submitting proposals for improved methods

of conducting the surveys,
8 and eventually the President and several

Eellows of the E/oyal Society addressed a memorial to the Directors of

the East India Company, urging them to adopt the views of Major

Jervis, without alluding to the great services of Colonel Everest

and his admirable staff This proceeding excited great indignation

in those distinguished officers who had borne the heat and burden of

day, and gave rise to a series of letteis addressed to the Duke of

1 There was an interesting discussion on the Great Indian Arc and the figure of

the earth, between Archdeacon Pi att and Captan* Tennant See the Philosophical

Transaction^, 1855 *
(p 78) papers read before the Astronomical Society in January

and June 1857 and the "Journal of the Asiatic Society of Bengal," xxvm p 20

Archdeacon Pratt held that it would be necessary to allow for the effect of mountain

refraction oji the plumo line, in calculating the curvature of the eaith

2 See his " Address delivered in the Geographical Section of the Butish Associa

tion at Newcastle on August 26th, 1838, on the state and piospects of the Surveys

m India, with a prefatory sketch of the principles and requirements of Geography,

by Majoi Jervis, appointed provisionally Surveyor General of India, with introductory

remarks, by Sir George Back, Vice President of the Section "

It is published in Vol iv of the "
Bombay Geographical Society's Journal

"
pp 157-

189 (1840,) and was printed separately at Torquay
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Sussex
l as President of the Eoyal Society, from Colonel Everest^

remonstrating against the conduct of that learned body These

letters are written in a vein of humorous sarcasm, and they so com-

pletely gamed the writer's object that nothing more was eyer heard

of Major Jeryis in connection with the Suryeyor Generalship Useful

service was, however^ unintentionally done by arousing the great

Surveyor's indignation, for his letters contain many interesting

details which would otherwise have heen lost

The labours of Colonel Everest, as Superintendent of the Great

Trigonometrical Survey of India, are by no means comprised in the

Great Arc Series He also completed the Bombay Longitudinal

Series, and designed and paitly carried out a scheme for covering

Bengal and Behar with a gridiron of trangles

TheBombay Longitudinal Series had been commenced by Everest

himself, as long ago as 1822, and lie had reached as far as the

meridian of 76, when he received the news of Lambton's death

This portion was revised by Lieutenant Jacob in 1840-41 During
Everest's absence in England, Captain Jopp, the Deputy Surveyor
General at Bombay, proposed the continuation of the work in 1827,

and Lieutenant Shortrede 2 was appointed to undertake it But these

officers committed the great mistake of commencing from a base of

their own, unconnected with Lambton's triangulation, and this too,

in the teeth of remonstrances from Colonel Hodgson, then Surveyor
General at Calcutta They measured an independent base on the

Karli plain, 40 miles east of Bombay, with a steel chain made by
Cary The rest of their work, as regards observations of angles and

celestial azimuths, was considered by Colonel Everest to be slovenly
and objectionable^ and he set it aside When Lieutenant Shortrede

resigned in 1836, Lieutenant Jacob was appointed to succeed him,
and took the field in October 1837 3 His labouis were completed
with the revision of Everest's old woik by himself and Waugli, and
thus the Bombay Longitudinal Series was finished in 1841 It is

1 Published in a pamphlet by Pickering, in 1839
2 Author of " Logarithmic and new Astronomical and Geodesical Tables,

'

by Robei t

Shortrede, Captain E I C S (Edinburgh 1844 ) He afterwards had charge of the

Punjab Eevenue Survey, from 1849 until 1856 G-eneial Shortrede died at Black

heath in 1868
8 Between 1845 and 1848 Jacob made a catalogue of double stais from observations

at Poona, with a five foot equatonal by Dollond (Memoirs of the Astronomical

Society, xvii p 79) He afterwards had charge of the Madias Observatory, fiom

1848 to 1856 See the section on Astronomical Obseivations in India
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315 miles in length The area surveyed is 15,198 square miles*

Total cost 13,742?

A complete revision of the famous old survey by Major Eennell

was also designed "by Everest He resolved to originate several

Meridional Series from the Calcutta Longitudinal Series, to terminate

at the foot of the Himalayas, and eventually to be connected by
another Longitudinal Series along the base of the mountains This

is the gridiron, in contradistinction to Lambton's network system

of triangles The plan was approved in 1832, and nine stations

about 60 miles apart, weie selected on the Calcutta Series, as origins

of as many Meridional Series , namely,

1 Budaon^ passing through Gwalior and the western part of the

North-West Provinces to Dehra

2 RangUr, through the western part of the North-West Pro-

vinces

3 Amua, going through the central part of the North-West Pro

vinces and Oude

4 Karara, do do

5 Garwam, do do

6 Gora> going by G-orakhpur, through the eastern part of the

North-West Provinces

7 Suwlaong, through the Lower Provinces

8 Chmdwar, do do

9 Pammath, which goes both north and south from the Calcutta

Series, through the Lowei Provinces

10 Maluncha, also going noith and south through the Lower

Provinces

Thus the North-West Piovinces, Eohilkhand, Oudh, Bah&r, and

half Bengal would be crossed by lines of primaiy triangles, sixty

miles apart
The first series taken in hand was that of Pansnath, under Lieu-

tenant Western The northern portion was executed between 1832

and 1835, and the southern part, extending to B41asore, under Colonel

Boileau, between 1835 and 1840 The Budaon Series was com

menced in 1832 bv Lieutenant llodeiick Macdonald, who died at

his post, and finished by Captain Benny
* The Eanghir Series was

begun by Captain Waugh in 1834, and completed in April 1840

The Amua Series was begun in 1834, and finished in June 1839 2

Vol ix , pt i
2 Vol ix

, pi in
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The northern connecting series Was also proceeded with in Colonel

Everest's time Captain Du Yernet connected the G-r^at Arc Series

with that of Ranghir between 1841 and 1843, andm November 1842

Captain Waugh continued the work thence to the head of the Amua
Series, throughthe Terai north of Kohilkhand,a fever haunted country
covered with dense forest and brushwood Everest designates this

piece ofwork by Andrew Waugh
" as complete a specimen of rapidity

" combined with accuracy of execution as there is on record in the
" volumes

" l

The Superintendent of the Great Trigonometrical Survey finally

quitted the scenes of his labours and triumphs in 1843a and retired

from the service after having been connected with the surveys for

twenty-five years He refused the knighthood which was then
offered to him, but accepted it with a C B in 1861 He had completed
one of the most stupendous works m the whole history of science No
scientific man ever had a grander monument to his m6mory than
the Great Meridional Arc of India Everest's was a creative genius
The whole conception of the survey, as it now exists, was the Creation

of his brain He entirely altered and revolutionized th@ did system
of Lambton by substituting the gridiron for the network method
He introduced the compensation bars which have measured every
base in India down to the piesent day He invented the plan of

observing by heliotrope flashes, and the system of ray tracing, and

designed the plan for the towers There have been modifications

and improvements since his time , but nearly everything m the

surveys was originated by the great geodesist Su George Everest
died in 1866 In one of his letters to the Duke of Sussex, he

speaks of two of his assistants as having
"
attained a degree of

cc

accuracy and perfection of skill which it would be impossible
es to surpass

' One of these, now Sir Andrew Waugh, was his

successor 2

Records of the labours of Sir George Everest are to be found in

the following published and manuscript books
1 " Account of the Measurement of an Arc of the Meridian >f

(Londori, 1830 4to )

1 Budacm Series, cost 17,259Z Area 12,468 sq miles*

Banghir Series, cost 11,837J Area 16,087 sc[ miles
Amua Series, cost 10,495Z Area 5,565 sq miles

a The other -was Major Renny Tailypur
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2 " Account of tlie Measurement of two sections of the Meri-

dional Arc of India/' by Lieut -Colonel Everest (London,
1847 4to )

3 Account of the Compensation Bars, in the As^at^o ^Researches,

xvm p 189

4 Edinburgh Review (1848 ) Vol 87, p 372

5 A Series of Letters addressed to H R H the Duke of Sussex,

by Lieut -Colonel Everest (London, Pickering 1839 )

6 The operations of the Trigonometrical Survey from January
1823 to 1837 Great Arc Series, Bidar to Sironj and Dehra

Vol 7, parts i and n
, with Maps and Appendix to part n ,

MS
7 Calcutta Longitudinal Series, with a map Vol 8, part i

MS
8 Bombay Longitudinal Series, with a/ map Vol 8, part n , MS
9 Budaon Series Vol 9, part I ^ MS (Skeleton maps )

10 EangMr Series Vol 9, part u , MS (Maps )

11 Amua Series, &c ,
with maps Vol 9, part in , MS ,

12 Himalaya Longitudinal Series Vol 9, part iv , MS
13 Pilibit Series Vol 9, part Y , MS
14 " Remarks respecting the errors likely to arise from the false

position of the fixed axes of the pendulum/' by George
Everest Memoirs of the 'Royal Astronomeal $oc%ety9 IT ,

p 29

15 * c On Instruments and Observations for Longitude for travel-

lers on land/' by Colonel G Everest Journal of the Moyal

Gf-eographvcal /Society, Vol xxx , p 315

16 " Geodesical operations m India/
3

by Sir George Everest

IBntwh, Assoc^at^on Ee$orts9 1844, p 3, and 1845, p 25

The obituary notice of Sir George Everest, by Sir Roderick

Murchison, in his anniversary address for 1867, will be found in the

Journal of the Royal G-eograjphical Society, Vol xixvn , p cxv

There is toother obituary notice in the address of the President

of the Astronomical Society, on February 8th3 1867 Proceed^ngs9

vol xxvu p 105
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VI

SECOND PERIOD OF THE TOPOGRAPHICAL SURVEYS
18231843

THE REVENUE AND TOPOGRAPHICAL STJEYEYS

DUBING- the period from 1823 to 1830 there was a Surveyoi

General at Calcutta, and Deputy Surveyois General at Madras and

Bombay The post at Calcutta, from 1823 to 1827, was held by
Colonel Valentine Blacker, whom Sir Andiew Waugh speaks of as,

with the exception of Everest, the ablest and most scientific man
that ever presided over the Department

x The revenue surveys in

the North West Provinces were commenced under his auspices , and

his thorough appreciation of the importance of the surveys on a

geodetic basis is shown in his able paper on the subject, which

has been reprinted by Sir Andrew Waugh Colonel Blacker died of

fevei m 1827, and was succeeded by Colonel Hodgson, who had

previously held the office from 1821 to 1823, and who now held the

post until 1829, when he returned to England, m the expectation of

being employed on the engraving of the Indian Atlas Mapi?
H Walpole acted as Surveyor General for a short time in 1829-80

In the same year Colonel Everest assumed the duties both of Supei-

intendent of the Great Trigonometrical Survey and Surveyor General

of India ,
and in about 1834 the posts of Deputy Surveyor Geneial

at Bombay and Madras6 were abolished

There was convenience in placing the whole Department under

one head , but it must be confessed that, owing no doubt to the

absorbing nature of Colonel Everest's duties connected with the great

drc, and to the difficulties which surrounded him in tho organization

of his Department, the progress of the geographical delineation of

1 Parliamentary Paper, April 1851

2 This is the same ofEcei who surveyed piitof the Himalaya with Captain Heiboifc

(See page 81 ) John Anthony Hodgbon was born at Bishop Auckland on July 2nd,

1777, and went to India as a cadet in 1799 Aftei his return to England, he lived at

Duilaam He became a Majoi General in 184o, received a command m India, and

died at Ambdla on March 28th, 1848 Hodgson was also an accomplished astronomc r

See the section on Astronomical Observations

8
Captain D Montgomery had been Deputy Surveyor Geneial at Madras since

July 1829 A map of the peninsula of India, to be compiled from the surveys, had

beeii called for so long ago as 1819 , and in 1830 Montgomene submitted a map of

most of the Madras Collectorates on a scale of four miles to the inch, with a sketch

map of southern India, on a scale of 24 miles to the inch, as a key
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tho country had languished m some degree during the period of his

incumbency
In 1828., Mr J S May, the Supeimtondent of the Nuddea rivers,

surveyed and made maps of tho Hugh, Bhagirathi, Jalangi, and

Matabftanga , and J Prinsep lithographed maps of tho Hugh and

Ganges, from old suiveys by Colebrookc, corrected up to his own
time from May's "woik

The revenue surveys in the Noith-West Provinces were commenced
m 1823 They wore undertaken mainly with a view to forming a

settlement foi the land revenue, and the correct delineation of

boundaries of estates ^as considered of moie impoitanee than

accurate topographical detail , while lapidity oi execution, latlici

than good mapping, was the object of the surveyor The icvenue

survey was divided into two parts, scientific and native The
scientific survey laid down, on a scale of four inches to tho mile^

the village boundaries, and the mam geographical featiuos of tho

country The native survey consisted of a rough plan of the village
and fields, called a slmyreJi, and the list of the fields with their

measurement, or khusi ah

Between 1822 and 1842, the districts west of the Jamna (Hai-
rianah, Panipat, Bhattiana, Delhi, Bxxhtak, Ghxrgaon, Mattra, and

Agra,) were surveyed m this way by CaptainsW Brown, Simmoncls,

Oliver, "Wroughton,
1 and Eoidyce, the districts of tho Do^b by

Captains Enascr, II Lawrence, "Wroughton, W Brown, Abbott,
and Stephen, and those of llohilkhand by Captains Bnme, Brown*
Bedford, Wioughton, JFiasor, and Abbott

Abbott and Stephen, between 1889 and 1842, completed a buivey
of Bandalkhand in thieo maps, which supeiscdecl the old route survey
of franklin, and showed great changes m tho country Scveial

villages maiked on Fianklin'smap aro not foundm the later survey
The districts round Benares were surveyed from 1880 to 1841 by

Abbott, Wioughton, Maxwell, Fordyco, and H Lawrence, whose
woik superseded the old route surveys A survey of the Sagar
and Narbada country was completed by Captain Wioughton in

1842, while that ot Bahai and Bengal was commenced m 1837, and
was still progressing at the time of Evcicst's retiioment

Lieutenant Thuillier, who enteied the service in 1882, and is now
Surveyor General of India, was engaged on the survey of Gairjam and

1 See a statistical icturn of the Malti a District (Act, J835), by Captain Wioughtori
Tournal of the Anatic So(^ett/ of 13cwgal}

v
, p 216

(13441 ) Q-
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Oxissa, an conjunction witli Lieutenant Smyth/ from 1839 to 1842 9

and afterwards sniveyed the districts of Silhet and Cachar A
rough survey was also made of Chittagong, foi a district map,
between 1835 to 1841 , and in 1831 Lieutenants Norns and Weston

surveyed the Beiar and Nagpore country, and made a map, which
contained much detailed geographical information

The topographical details of these Eevenue Surveys were tolerably
"well executed until 1834, when a confeience of surveyors was held

at Allahabad, by order of Lord William Bentmck The great object
was to get the surveys done, in oidei to commence a new system of

revenue settlement A new plan was therefore adopted, introducing

economy and rapidity, and sacrificing quality for quantity The

maps were only required to delineate village boundaries and sites,

with rough outlines of loads and the courses of rivers, and wore
mere skeleton sketches They preceded the Great Trigonoxnotncal

Survey and thus a pioper connexion was not in the first instanc c

established between the two operations Major Bedfoid was appointc (1

Superintendent of the Eevenue Surveys of Bengal, under Colonel

Everest, in the end of 1838

On the first appointment of Captains Waugh and Benny to the

Tiigonometrical Survey in 1832, Colonel Everest sent thorn to

explore the wild jungly country between Chunar and the souiccs

of the Son and Narbada, up to Jabalpur They completed this

deinco, and submitted a topographical and geological rcpoit in

1834*

The breaking out of the Burmese War led to the acquisition of

much valuable geographical information in the direction of the north-
east frontier of Bengal, and of that vast unknown region beyond,
which then, as now, was delineated only from the maps of d'Anville

Captain Bedford and Lieutenants Wilcox and Burlton were sent to

explore the Brahmaputra towards its source in 1825, under instruc

tions from Colonel Blackei, then Surveyor General Burlton

surveyed the Brahmaputra as far as Sudiya, Bedford went up the

1 Their memon on the Ganjam district is preserved m the Geographical Depart
ment o the India Office It contains an account o the boundaries, area divisions

soil, productions, population, ports, lakes, &c Their new map is in 15 sheets (and
an index), on a scale of four miles to the inch

2 A manuscript volume containing the journal of the route from Shergotty to

Chunar> a^ thence to Jabalpur, by Lieutenants Waugh and Kenny, is preserved in
the Geographical Department of the India Office At the end there is a Geological
Journal," with coloured sketches of the route
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rivers Dihong (Sanpu P) and Dibong until he was stopped by wild
frontiei tribes, and Wilcox made one journey beyond the frontier

np the Brahmaputra valley, and in another penetrated to the banks
of the Irawadi 1

Captain Boilcau Pemberton surveyed the territory
of Manipnr and surrounding countiy, and portions of Cachar,
between 1825 and 1830 , and from 1830 to 1837 Dr Richardson
and Captain McLeod made exploimg ]ourneys from Moulmein to

Ava and to Kiang Hung noai the Chinese frontier To tlm day
no exploier has succeeded in adding, in any appreciable degree, to

the knowledge conveyed by the discovoiies of Bedford and Wilcox:,
as legarcls the region beyond oui north east frontier, and towards
the sources of the head wateis of the Brahmaputia and Lawadi

Captain Pemberton's exceedingly valuable large map, compiled
from the

route^ surveys of all these officers, was lithographed at

Calcutta m 1838 s

In 1830 a survey was commenced to connect the map from

Goalpara, where it tcimmatcd in Captain "Wile ox's survey of the
Assam valley, with the surveys of the Ganges In 1854 Lieutenant

Ommanncy was engaged in tiacmg the line of the Brahmaputra
from Goalpara, round the difficult country at the root of the Khasia

1 "The Memoir of the Survey of Ass^m, 1825-28," with a detailed account of tho

discovenes, and a map, by Lieutenant Wilcox, will bo Found m the Asiatic jRewwches,
vol xvm

, p 314

2 The record of Iheso sin veys will be found in tho following pi mted and manusci ipt
books

Vols xvi and xvm ol the Asiatic Researches

No xxm of the Sclet ttonsfrom the Ittcowh of the Bengal Government (18 5 3)
"Report on the Eastern Fiontier of British India/' by Captmn Pomhoiton

(Calcutta, 1835 )

Touinal (abstract) ofan expedition from Moulmem to the Chinese frontier, in I)c combei

1836, by Captain McJLoocl Journal of the Asiatic Mootety ofJBinffffl, vi
,

JPl H
, p 980

Tho Manuscript Journals of Captain McLcocVs and I)r Eiehardson'S expeditions arc

preserved in the Political Department of the India Office They woro printed by oulcr
of the House of Commons in 1870, with a map compiled by Mr baunclers Captain
McLeod s original map appears to be lost

On^mai Journal of Captain Tames Bodfoid on tho Bialimaputra arid Dihonc-

1824-25 MS
Note book of routo from Ku^san on tho Bihong, towards tho source of tho Jjawadi

m 1826, by Lieutenant Wilcox MS
J? icld book of tho survey of part of the Brahmaputia in 1825 Mb
Suivey of the Biahmaputra fiom Goalpara to Biahanalh m 1828 MS
These manuscupt volumes aio prefeerved in the Geographical Department of tho

India Office

G 2
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lulls, to within, thirty miles of Dacca, when a sudden ordei of the

Government diiected the work to be suspended, thus rendcung it

comparatively useless foi want of the connecting link which it

would only hive taken three months to complde
x

In 1835 Mi Eergusson made a sketch suivey of the lower Ganges
and Biahmaputra, from Jafar^anj to the sea, which was com
bmed in a small atlas published at Calcutta hy Mr J B Tassm

,

and a topographical survey of the nvei Hugh fiom Bandcl to

Garden Beach was compiled and published in 1841, by Mr Charles

Joseph
2

The survey of the Nizam's temtory was progressing throughout
the period of Colonel Everest's incumbency, having been commenced
la 1816 The officers engaged upon it were Captains Garling,

Young, Macpheison, Du Vernet, Moilaiid, and Cusp Hie survey,
based on the trigonometrical operations of Colonel Lambton, pro-

gressed systematically and steadily It wis conducted on the

principles of the Madras Military Institution Survey, and the maps
are full of topogiaphical detail They wcic accompanied by several

volumes of memoirs, which are deposited in the Geographical
Department of the India Office

Several districts were re surveyed, and the surveys of others were

completed in the Madras Presidency, including JsTellor, Vi/agapatam,
Salem, Ganjam, and the Arcots, between 1833 and 1840, by Cap-
tains Snell and Macpheison In the Bombay Office some raapb
wore compiled, from compass and peiambulation suiveys not based
on triangulation, of Kach, Katiwar, part of Gujrat, Ahmedabad,
and Surat Captain Grafton and Lieutenant Boyd weie surveving in.

the Deccan in 1829, ana a survey of the South Konkan was executed
in detail by Captain Jervis, between 1824 and 1829, but it was

grounded on imperfect tnangulation, and is now obsolete * This is

the officer who was to have succeeded Colonel Eveiest, and, during tho
time that he was in Englandm 1837, he obtained a donation of 1,QOOZ
from the Court of Directors,

" as a testimony of their high sense of
the value of his labours

" 4 In the same year he wrote a memoir

1 " James Prmsep In the Journal of tho Asiatic Society of Bengal," iv
, p 63

2 See the " Calcutta Review,' in
, p 428

3 "Bombay Quarterly Review,'' p in
,
133

* Nov 10th, 1837 (No 2,670 )
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on tlie surveys m India, which is published m the " Journal of the

Royal Geographical Society
" l

In 1841 a map of Smd was compiled from the suiyey of Alexander
Burnes and othei souices

The Revenue Suiycys were under Majoi Bedfoid fiom 1830 to

1840
,
and m 1844 Major Wioughton succeeded, and was Supei-

intendeat until 1847, when he made ovei the work to Captain
Thuillior, and died in 1849

On the whole, although much was clone both a& legaids explora-
tion and the filling in of topographical details, the incumbency of
Sir Greorge Everest will be more memorable foi the gieat scientific

results of his labouis as a geodc&ist than for the quantity of reliable

matenal that was famished to the map makers It was said of

him that " he would have nothing to do with rescaiches which he
" did not thml admitted of the accuracy ho cultivated, lest his
"

assistants, whom he had tiamed with so much caro and labour,
"
might lose then aptitude for his objects

"

1 Vol vn
, p 127 (18 37 )

It is 10 published in the Mftdiav Journal oj
and Science, vol vn, p 424 Majoi Jems retired m 1842 In 1845 he published
a translation of Baion Ilugcls travels m Kashmir and the Punjab In 185# he was
ippomteclthe fits! ducctox of the lopogxaphical JDop&t of the Wat Depaitmont, and
died in 1858 Ste an Obituary Notice of MJIJOI Jcrvis, by toofcpsoi Phillips, m the
"

1 1 ansict ions of IhoGoologwal Society
'

2
"Pioeeedmgs ol the Astionomieal boeioty,

' xxvn
, p 105
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VII

THIRD PERIOD OE THE TRIGONOMETRICAL SURVEYS
1843-61

SIR AHDHETT WATCH AS SUPERINTENDENT or THE

GREAT TRIGONOMETRICAL SURVEY

WHEN Sir George Everest retired, he recommended that his able

and indefatigable lieutenant, Andrew Wangh, should succeed him

In doing so he thus spoke of his successor " He is beloved and
cc

respected by all the subordinate members of my depaitment, and
fff held in honour and esteem by all who know him personally His
"

talents, acquirements, and habits as a scholar, a mathematician,
" a gentleman, and a soldier, are of a high order

"
Colonel Waugh

took charge in 1843,
1
and, like his predecessor, received the appoint-

ments both of Superintendent of the Groat Trigonometrical Survey
and Surveyor General of India His first work was to complete Sir

George Everest's project for the triangulation of the impoiUnt

region between the Great Arc Series and Calcutta, including the

North West Provinces and Bengal
Lambton's system has been to throw a network of triangles ovei

the whole face of the country But Everest considered this to be

unnecessarily laborious, and that nothing more was required than

to execute meridional series about a degree apait, tied together at

their ends by longitudinal scries This is termed the gridiion

system, and is analogous to the Eicnch and Russian methods Sir

George Everest had piojected a gricliion of which the Gieat Arc

and a Calcutta Meridional Series formed two sides, the Calcutta

Longitudinal Series and a Series along the base of the Himalayas

being the other two , and ten Meridional Series, 60 miles apart,

onginating from the Calcutta Longitudinal, and ending in the

Himalayan Series, forming the grating It has been seen that

three of these, namely, Budaon, Banghir, and Amua, had been

1 Andrew Scott Waugh, son of General Gilbert Waugh, the Military Auditor

General of Madras, was "born in 1810 He entered the corps of Bengal Engineers
m 182?> became garrison engineer at Allahabad in 1830, and joined the survey
m 1832
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completed in Everest's time On assuming the command. Colonel

Waugh set himself steadily to work to finish, his old chief's project
The Karaia Mendional Series comes next to the Amua, emanating

from a hill called Karara 011 the Calcutta Longitudinal Series, and

passing through Rewah, Allahabad, and Lucknow, to the Terai

The first part passes through a hilly country covered with pestiferous

jungle, and the rest is in the Gangetic valley The woik was com-
menced in February 1838, under Mr Scully and Lieutenant Jones ,

hut the whole party was prostrated with jungle fever, of which
Mi Scully died In February 1842, Lieutenant Shortiedc took

charge of the Kaiaia Series, but ho zetiicd IE 1845 It was then

arranged that Mr Armstiong should advance irom tho south, while
Lieutenant Du Voinet earned a series of tnanglos from tho Amua
Series to the meiidian of Karaia, and thence turned south until a

junction was effected with Armstrong's work In May 1845 this

junction was established Tho area surveyed covered 5,819 square
miles, at a cost of Es 1,34,908

1

Next comes the Gurwani Meridional Series, 235 miles long It

was begun in December 1845 by Lieutenant Du Vornot, and com-

pleted on May 24th, 1847, the 18 inch theodolite by Syud Moci
Mohsm being used foi xneasuung angles in tho first season, and
Colonel Waugh's 24 inch in the second The positions ol Jaunpui,
Oudh, and Eai/abad, woio fixed by secondary tnangulation Tho
area of the operations covcied 6,298 bquarc miles, and tho cost was
Us 53,019^

The next is tho Gora SOIKS, 208 miles long, which was com-
menced by Lieutenant Jones in 1844, but ho died of jungle iovei

Lieutenant Gaifoith then took chaigo, and completed tho sonos
Of the stations, six were on hill tops, and 23 woio towcis in tho

valley of tho Ganges The area is 4,416 sqaare miles, suivoyed at

a cost of Bs 76,948
8

Then comes the Ilunlaong Soiics, 208 miles long, which was exe-

cuted by Mr Aimstiong between 1848 and 1852 Of the 32 stations

7 were placed on hills, and the rest were mailed by towers Tho
series ciosses the nvers Ganges and Gogia ncai their 3unction
Then follows the Olmndwar Series, 181 miles long, of which 86 is

through hill country, with 11 stations, and tho rest in the Gangetic

valley, where 19 towers had to be erected It was commenced hy

Vol x , pts 1 and 2 Vol at
? pt 8 * Tol a

, pt* 4
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Mr Logan, in December 1843, and completed m April 1846 The

area is 3,565 square miles, surveyed at a cost of Rs 64,504
l

The Parisnath North Meridian Series was completed by
Mi Nicolson between 1850 and 1852 , and lastly the Maluncha

Mendional Series was commenced by Captain Eenny Tailyoui in

1844 But, he was called away to seive as Brigade Major of

Engmeeis m the G-wahoi campaign, and was present at the battle o

M&Mr%ur Lieutenant Reginald Walker then took up the work,

and completed itm 1846 The length is 157 miles, a laige propoition

being over very unhealthy ground The area was 4,765 square

miles, and the cost Us 52,878
8

The eastern side of Everest's gridiron is formed by the Calcutta

Mendional Series, onginating fioin his base line in the Bariackpooi

road, passing north parallel to the Hugh and Bhagirathi riveis,

and ending at a new base line at Sonakhoda, neai the foot of the

Dujilmg mountains The prehmruaiy work of selecting stations

was begun by Mi Lane in December 1843, Mi Peyton took charge

in 1844, and the series was completed in 1848 It consists of a

simple series of triangles, and all the 56 principal stations necessitated

the building of a tower The area surveyed is 4,136 square miles,

at a cost of Es 1,10,302
4

We now coxae to the North Eastern Himalaya Scucs which

connects the northern ends of all the^e meridional series, and the

dangers and difficulties in the execution of which were iai greatei

than have boon encountered in the majonty of Indian campaigns

Military service, plentifullv rewaidcd by the praise of men and by

puzes of all kinds, is neither so perilous nor so honouiable as that

of the Indian Surveyor, who devotes gicat talent and ability to

scientific woik in the midst of as deadly peril as is met with on the

field ol battle, and with little or no piospect ofK aping the reward that

he dcscives His labours, unlike those of a mere soldier, arc of per-

manent and lasting value , but few know who obtained the valuable

results, except the gallant surveyor's immediate chief and colleagues

The NorthWestern Himalaya Series was the most desperate of

these grand undertakings, and the average slaughtei was greater

than in many famous battles

This memorable series was commenced in 1845, and completed
m 1850, and was the longest series between measured bases in the

1 Vol xi, pt 2 2 Vol xi, pt 4 3 Vol xu, pt 2 4 Vol xn, pt 4
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world, being 1,690 miles long from the Dehra Dun base to that ol

Sonakhoda, m Purneah It was originally intended to have been

earned along the Himalaya Mountains, but the Nepalese Govern

ment refused to allow the operations to entci their temtory So,

aftei ciossmg the hills of Guiwhal and Kunaaon, the triangles weie

biought down into the Terai near Bareilly, whence they continued to

pass through the deadly tracts of marsh and jungle which fiinge the

Himalayas The first and second parts were, as has aheady been

stated, performed by Du Vernet and "Waugh himself , and the next

section, as far as the head of the Chandwar Senes, was completed,

amidst gieat difficulties, by Mr Logan, who did the woik admirably,

obseivmg with Barrow's great theodolite In one season 40 natives

died of jungle fever ,
Mi Logan was himself piostiated, and in 1847

the whole surveying party was conveyed in a helpless condition

from fevei to Goruckpoie In 1847 Lieutenant Reginald "Waliei

took charge , but he also was attacked by the terrible scourge He
hurried towai els Darjcelmg, and was found dead in his clooly when it

arnvccl, on April 24th, 1847 Mr Charles Lane completed the eastern

end in 1848, when Colonel Waugh himself joined the party, to carry

on operations for fixing the heights of Himalayan peaks The com-

pletion of the worst part of tins sencs is due to the ability, couiage,

and perseverance of Mi Geoigc Logan, who died from the effects ol

diseases contracted in the Tei u, about three vears afterwaids Of

the five officeis who hid charge of the senes at different times, two

retired, and two fell victims to the climate

The mightiest of the Himalayan peaks are visible from the prin-

cipal trigonometrical stations of this senes, and were fixe cl by mea-

surements with the great theodolite The primaiy difficulty o( the

computer was the identification of numerous points, the positions ol

which had been observed by different peisons from different points

of view The series was carefully piojeeted on a scale of /our miles

to an inch, and the rays emanating from the stations of obseivation

exactly drawn Then intersection defined the points bought for The

area of the largest tuangle to a Himalayan peak is about 1,706 square

nrles, with a side 151 miles long The heights of 79 peaks wcio

fixed, of which 31 have names, and the rest only numbers Then

positions are correct within a quaiter of a second as regards latitude

and half a second as to longitude, and the heights are probably tiuc

to within 10 feet, all being too low, if anything, owing to deflection

due to mountain refraction No 15 peak, the highest of all, 29,002
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feet above the sea5 was well named hy Colonel Waugh, aftei his old

chief3 Mount Everest

The N E Himalayan Series * covered an area of 15,826 squaie

miles, exclusive of the operations of the mountain peaks in Sikkim,
which included 73,920, or a total area of 89,746 square miles The
cost of the survey was Es 2,14,257

Colonel Waugh then proceeded to measure a hase at the ^unction
of the N W Himalaya and Calcutta Meridional Series, to verify
both triangulations, and with a view to the future extension of opoi-
ations eastward into Assam The site selected was an unbroken,

level plain near Sonakhoda, and the measurement was performed
in the season 1847-48 Waugh was assisted by Captain Ecnny
Tailyour, Mr Logan, and Mr Lane

,,
but the whole paity suffeicd

severely from fever Colby's compensation apparatus, brought out

by Everest in 1830, was used, and the measurement was piovcd by
a system of minor triangulation in four sections The bais were

compared with the standard 53 times before measurement, 60 at the

middle, and 80 times afterwards s

With the Sonakhoda base Colonel Waugh completed the project
of Sir George Everest, for placing a gridiron of trigonometrical scries

over the North West and Lower Piovmces Accurate data were now

supplied for the complete filling in and mapping of this important

region

Operations were progressing to the south at the same time In

1842 Captain Jacob had commenced the South Konkan Series fiom

a side of the Bombay Longitudinal Series, but was obliged to go
home owing to ill health He was succeeded by Lieutenant ILtny
Eivers, of the Bombay Engineers, who worked with an 18 inch

theodolite, made by Dollond under instructions from Kater This

series is not, in Colonel Waugh's opinion, in the fiist rank of gco-
detical operations, but it is sufficiently accurate for geogiaphical

purposes The sones passes through Mahabaleshwar, and goes
south as far as Goa8 It was completed in 1844, and Rivers then
took up the North Konkan and Khanpisura Series, which extends

north as far as Nimach

1 Vol XT ,
of the Trigonometrical Operations, MS

" Calcutta Eeview," vol xxxvm (1863)
" Journal Asiatic Society of Bengal," vol xxxi (1862), p 32

2 Vol xn , pt iv

* Vol xiv, pt i
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Sir George Everest had also projected the execution of a chain of

triangulation along the east coast of India, from the Calcutta base

line to the observatory at Madras
,
and two of the Meridional Series,

namely, those of Parisnath and Malancha, weie to be extended

south from the Calcutta Longitudinal Series, to join it The South

Parisnath Series was commenced as early as 1832 by Lieutenant

"Western, assisted by Lieutenant Boileau The next year Captain

Macdonald was sent to take charge, but fell a sacrifice to the arduous

nature of the work, and in 1835 Boileau and the whole party were

piostrated by sickness The series was completed in 1839 The

work is second rate, but will answer all purposes of geography
1

The Coast Senes was commenced by Captain Thorold Hill, who

had previously, from 1845 to 1847, been engaged on the South

Malancha He was supplied with a now 24-inch theodolite in

1847, and began the coast opeiations from the Calcutta base lino,

but found extreme difficulty in crossing the flat swampy cotuatry,

inteisected by creeks between Calcutta and Balasore His health

suffered so much that he was obliged to go to sea for two years,

and thus progicss was very blow Ho was replaced by Mr J

Peyton

After the measurement of the Sonakhoda base, Colonel Waugh
was free to undertake a woik originated by himself, and the acqui-

sition of Sind and the Punjab offered a vast field for feesh opera-

tions lie conceived a piojcct loi forming a gudiion of tiiangu-

lahon to the westward of the Gicat Arc Sencs, to include all the

newly acquired tcmtoiy, which entailed more labour and was on a

grander scale even than Everest's gridiron to the eastward Colonel

Waugh's plan commenced with the GKeat Arc Senes, having the

Dehra Dun base at the north, and the Sironj base at the south end

]?rom the Dehra base a NW Himalaya Series was to be extended

to near Attock, whore a new base was to be measured , while from

the Sironj base the line oi the Calcutta Longitudinal Series was

to bo extended to Karachi, to be called the Great Longitudinal

Series (Western Scetion) At Karachi another base was to be mea-

sured, and a Great Indus Scries was to form the western side of the

quadrilateral Finally, a set of intermediate Meridional Series was

to complete the gridiron This magnificent project was commenced

1 Vol xm
, pt i
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in 1847-48, with the Longitudinal Series from the two bases at

Dehra Dun and Siionj

Lieutenant Du Vernet began the North West Himalaya Series in

1847 from the Dehra Dun base , but in the following year an insur

rection in the Jasw m Dun drove the party fiom then woik The

triangulation was proceeded with by Mr Logan, who reached Attoclv

in 1853 The seiies consists of 77 principal tiiangles, in quadu-
lateials and polygons, covering an area of 33,000 square miles The
direct length is 416 miles, and there are no towers, as all the stations

are on mounds or hill tops
The western section of the Great Longitudinal Seiies was com-

menced from the Srronj base by Captain Rennie, assisted by Captain

Strange, of the Madras Cavalry, in the end of 1848 Aftci the Hist

season Renny, who had done such excellent seivice during 1C years,
retired from the Suivey Depaitment,

1 and Captain Strange took

chaige of the series He was assisted by Lieutenant Tennant, E E ,

Mi C Lane, Mi Rossenrode, Mr Buit, and Mi McGill The
triangulation had to be taken across the lugged range of Aiayulli

mountains, then over the great Thiur or deseit to the noith of the
Eann of Each, and finally across the Indus valley to Kai&chi,
which place was reached in April 1853, aftei five seasons of veiy
severe woilv This series is 668 miles long, consisting of 173 pun
cipal tuanglcs, and coveung an aiea of 20,323 squaie miles Of the

117 stations only 22 aie toweis

A few details respecting the progress of Captain Stiange's party
will give a general idea of the obstacles to be encountered in work
of this land The great difficulty, peculiai to this series, was the

crossing of the desert No geodesical operation of the fiibt ordei

had, at that time, cvei been conducted in a dcscit, and cxpeiiencc
was thcrcfoie totally at fault as to the probable obstacles to bo
encountered Stations had to be selected, in the fiist instance, by
an advanced party At each station a masonry platform had to be
erected in a countiy entirely composed of sand, and destitute of

building materials After this had been accomplished, the mam
party engaged in taking the final observations, numbering 200 men,

1 On the death of his father in 1849, he succeeded to the estate of Bonowfield, m
Foifarshire, and letned fiom the service, taking the name of Tailyoui He is now
Mi)0i Thomas Renny Tailyour, of Boiiowfield His eldest son is named after his old

colleague, Waugh
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had to be maintained in the deseit during a whole season The
desert furnished only three things useful to man 01 heist, namely,
grass, immediately after the xainy season , limited supplies of milk ,

and brackish, or, more conectly, salt watei in deep wells, scattered

at wide mteivals The appioximate sencs was conducted by
Mr J Rosscniode, to whose coinage, energy, and sagacity as a,

pioneei Captam Strange attributed, in no small degree, the success

of the undeitaking The information gained by Mr Hossenrode

while conducting the approximate series with a small party was
invaluable in organi/mg the ariangements necessary to maintain the

main body during the succeeding season These arrangements
involved the supply ol provisions of eveiy description for 200 men
during several months, and also the distribution of these provisions
to the numerous detachments into which the party was necessarily

divided For this purpose, dep6ts had to be established beforehand,

throughout the tiact to be ciossed Special arrangements were
also necessary foi supplying the people with watei from distant

wells Being favoured with good weather, and immunity fiom

bickncss, the final triangulation of the desert was completed in one

season, 1851-52 In Novembci 1852 Captain Strange' s paity finally

inarched across the deseit from Deesa to the veige of the Indus val-

ley, and commenced work in Smd These arrangements, requiring
so much calculation and foiethought, remind one of the precautions
and minute attention to details which alone enabled McOhntock
to explore the Arctic Regions in search of Fianldm Like

McOhntock, the loader of the Great Longitudinal Series had to loim

dcp6ts of food at ceitain intervals for his people, and to calculate

exactly the weight of the food consumed by each man, and the weight
his camels (the sleighs of the Thurr) could cariy at each trip

The principal stations in Smd are from 12 to 20 miles asunder^

each defined by masomy pillais foui feet m dlametei, surrounded by
a platioim foi the observer's tent, accoidmg to Sir George Everest's

pattern They vary in height fiom 8 to 35 feet, according to the

nature of the country intervening between two points of obseivation

"When the only practicable view is obstrueted by tieos or houses,
the practice is to lemove them, paying the owners fan compensation
m communication with the village authorities Captain Strangers

party reached the boideis of Smd, and commenced operations on the

8th of Dccombci 1832 The first station was Chortli, where it was*

necessary to observe from a tower 37 feet high, the side being 22
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nules long, and crossed by the Indus The view was obstructed by
a dense babool jungle, intersected, in many places, "by sleets of water
It was a tedious task to clear the line, and then it was long before

tlic signal could be made out at the othei station of Helaya, 22 miles

away After a wearisome detention of 25 days, and much painful

straining of the eyes, occasional faint glimpses of Helaya weie

caught, and at length the angle was satisfactorily observed At
tlie next station of Kanad there were fresh misfortunes The tower,
39 feet high, began to emit a crackling sound towards evening, and

luckily the great theodolite had not been placed, when one of the

angles fell in These Smd towers weie built of alternate layers of

wetted earth and stout branches, but this one had been carelessly
thrown, up In rebuilding it a ramp was raised round the walls foi

two thirds of their height At another place the great theodolite

narrowly escaped destruction fiom a humcane, and was icscuod by
the despeiate cffoits of its guardians, amidst the roar of the tempest,
in a night of inky darkness Such arc the soi t of harassing difficulties

and delays which form the daily life of the surveyor, but which arc
ever cheerfully faced and overcome Captain Strange and his party
had their Ml share, but at length their work was completed, and
the last angle of the seiies was taken at Magar Pir Station, on the
22nd of Apul 1853

At the western terminations of these two Longitudinal Series it

was necessary to measure bases

Accordingly, Colonel Waugh selected a site for the northern base
in 1851-52, in the Chuch Doab, near Attock, and the chief officers

of the survey, Walker, Montgomery and Strange, wero summoned
to assist at the measurement George Logan was also there at
the commencement He adhered to his post, with undaunted leso-

lution, though the hand of death was on him lie had been at the
measurement of every base since 1831, but here he was forced to

succumb, and this brave and zealous officer died at Musun, on the
10th of June 1854, aged 45

The ground at the Chuch base was more level than at any previous
one and as the plain was studded with ancient mounds, the termini
were placed on two of them The stone piers used by Everest m
1834 for "bar comparisons, were brought all the way from Dehra
Dtin in a platform cart, and set up on Dec 2nd, 1853 On the 6th
there was a violent <*hoct of earthquake Many comparisons were
made with the standard, but the length of the compensation bars



THE KABACIII BASE 111

was foirnd, as on former occasions, not to "be constant during a single

hour of the day, owing to the dissimilar radiating power in the "brass

and iron The only available remedy was to compare them with the

standard, under circumstances exactly identical with those prevailing

during the measurement

The verification triangles of the Chuch base were executed by

Lieutenant Montgomery with Barrow's great theodolite

On the completion of this measmement, the apparatus was sent

down to Karachi, where Mr Rossenrode had already selected the

ground It is a nearly uniform ascent from the south to the north

end, with masonry towers at the termini The verificatory tri-

angulation was effected by Lieutenant Tennant previous to the mea-

surement, and the apparatus was dehveiod over to Captain Strange,

who had the principal charge of the KaiAchi base operations,

under Colonel Waugh Syud Mohsm, th mathematical instrument

maker, came round by sea from Calcutta The Surveyor General

himself had been overworked with his multifarious duties, and had

been prostrated by fever, but joined the party at Karachi, on

December 6th, 1854 Montgomery, Tennant, and Nasmyth were

also present

The measurement was commenced on December 6th, 1854, and

completed on January 20th, 1855 Lieutenant Tertnant also took

810 observations to fix the latitude of Karachi

Colonel Waugh took especial pains in the preparation of the

volume recording the measurement of the Chuch and Karachi

bases , and previously drew up instructions lor the selection of sites,

and a memorandum to serve as a guide for other base lines that may
hereafter be measured No man living has had so much experience,

and he made the volume1 as complete as possible, furnishing detailed

instructions and suggestions for every conceivable contingency

His final conclusion was that Colby's compensation system was un-

satisfactory , and he recommended that the Survey should be

equipped with a new apparatus of the most perfect kind, iree from

all its defects Careful observation, extending over many years,

showed that the relative length of the bars changed according to

some law independent of tempeiature He would, therefore, discard

the compensation principal, and substitute simple iron bars 10 foot

.
.

- * --------**. - *-~-^---. -

1 MS Vol not numbered
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long, coupled by a pair of micioscopes revolving round an axis

regulated by a level

It remained to complete the quadrilateral by connecting tlic two

bases at Cliuch and Kai&cln along the Indus valley Tins opu-
ation is comprised in the Great Indus Sciies, winch was commenced
at both ends., the parties to meet and connect then woik half way
The approximate tuangulation of the southein halt, commencing
from Karachi, was effected in a remaikably shoit tiDic by Mi
"W C Eossemode 1

Majoi J T Walkei took charge of the noi them
section of the Indus Senes in October 1856, with Lieutenant Basovi

as his assistant One flank was placed in the Smd Sagui Bo xb,

and the other in the Derajat, with the Indus between them, as lai

as Sukkur
,

bu't below, the series is taken along the western bank oi

the Indus to Karachi At the conclusion ol the season of 1857
tho mutinies broke out and Majoi Walkei joined the moveable
column undoi Geneial Chamberlain at the siege ol Delhi, whoie ho
was wounded This threw back tbo woik a yeai, but m 1858 it was
resumed The Indus Senes was completed in 1860 It is 700 milts

long, and covers an aiea of 2,92
r
> puncipal and 8,157 secondary

triangles Of the 148 stations, 122 in the flat A alloy ol the Indus
are towers The heights of numerous peaks in the Suliman moun-
tains weie fixed, but political considerations pi evented the explo-
ration of that lange

*

In 1856 Colonel Waugh determined to institute a seuos of levelling

operations to determine the height of the base lines in tho mtenoi
These heights had already been approximately measuied by voitical

observations between the piincipal stations The method of deter

mmiDg heights of stations above the sea by taking reeipiocal vortical

angles, which was the plan which had hitherto been puisucd m tho

Suivey, is susceptible of a high degice of accuiacy, provided that
the observations are taken during the period of minimum itfiaction,

1 This soi ies formed the basis foi the Smcl and Khalat Boundaiy Huivty, for the
conduct of -which Captain Stiange drew up a set of instructions I lie lino begins at

Capo Monze, follows the Biver Ilubb for 80 miles, and then appi caches clogo to the
sides of the triangles of the Indus Seues The boundary pillais weio all connected
with the Indus Senes Tins boundary survey was entrusted to Mi J Eossemode

2 Blue book Report for thiee yeais, ending 1858 59
Calcutta Review (1863)

5
vol 38 Major Walker has contnbufcocl m interesting

paper on the Suliman Range, to the Geographical Society, entitled " On tho Highland
legion adjacent to the Trans Indus frontier of India '

By M tjoi Walker of the Bombay
Engineers Journ R G S , xxxn , p 303
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which occurs between 1 and 3pm But the series of triangles is

the longest in the world, and it "became necessary to chock the

lesults of the observations by vertical angles, by instituting a scries

of levelling opeiations

The series was commenced in the Indus valley in 1858, under

the superintendence of Major Walker, and has connected Kardchi

with the Ohuch, Dehra, and Sironj bases The spirit levels used

were 21 inches focal length, and had been made for th6 Punjab
Canal Department The levelling staves were painted, and divided on

both faces to feet, tenths, and hundrcdths, one face being white with

black divisions, and the other black "with white The opeiations were

commenced by three observers working ovei the same ground , and

the Jesuits, as regards agreement with heights pieviously determined

tngonometncally, were remarkably satis factoiy The distance from

the sea to the Ohuch base is 706 miles, and the diflerence between

the result by vertical angles and that by spirit levelling was found to

bo only 8 feet 2 inches At Dohra the difference was 5 foot 1 inch ,

and at Siron], in levelling from Dohra, 1 foot and 8 inches , and

from Karachi to Sironj 2 feet 1 inch l

As soon as the measurement of the Karachi base was com

pleted, the survey of Kashmir, and the mighty mass of mountains

up to the Tibetan frontier, was commenced, under the superin-

tendence of Captain Montgomerie, who began work in the spring of

1855 with the Id-inch theodolite by Troughton and Simms Great

difficulties were encountered Irom the outset, and manCully over-

come The Kashmir Series originates from that of the Norih

West Himalaya between Sialkot and Gurdaspur, and during the

first season it was taken across the Pit Panjal range into Kashmir

Two of the stations were 13,000 and 15,000 feet above tho sea

Building materials had to be dug out of the snow for tho station

pillars,
and the observers were detained at one station for 22 days,

owing to the storms of snow and the foggy weather Afterwards,

as the party penetrated into the mountains, the height of the stations

averaged 17,000 feet, and luminous signals were used from peals

19,000 and evca 20,000 feet above the sea Between 1855 and 1861

the triangulation was extended over 93,500 square miles Mr
Johnson, one of the party, took observations fiom a station which

i Tables of Heights m Sind, tho Punjab, NW Provinces, and Central Inclm, for

May 1862" (Calcutta 1863 ) Major Walker communicated a paper on tlie methods

of fixing the heights of Stations, in use in tho Great Trigonometrical Survey of India,

to the Astronomical Society Memoirs Astronomical Society xxxm
, p 103

(13441 )
H
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was 20,600 feet aboye tlie sea
3 and marks weic erected on peaks

as high, as 21,480 , while a peak on the Kaiakoinm lango tcmpoiarily
called K 2 was found to have a height of 28,290 feet, and to bo

second only to Mount Eyeiest This most difficult and laborious

surrey is remarkable foi its accuracy and in a ciicuit ol 890 miles,

only a disciepancy of ^ of a second 111 latitude and of TV in longitude
was found In the Kashmn Series the topographical filling in by
plane table advanced with the triangulation, both being undci

Captain Montgomerie
Of the Meridional Senes forming the bars of Colonel Waugh'b

gridiron, the Jogi Tila, executed by Captain Walker and Lieutenants

Tennant and Brownlow, passes by Jhelum, and is stopped by the

Great Deseit The Gurhagaih Scries is on the mciidians oi Amntbir
and Firozpur, and extends south, joining the Aiumlia Series by
Captain Rivers, at Ajmir It was commenced by Lieutenant

Tcnnant, but almost entnely executed by Mi Shelverton It was

designed foi the incorpoiation of the Revenue Survey with the

general map of the Punjab Captain Nasmyth, aftei tnangulatmg
.Katiw&r and Each, connected his work with the Great Longitudinalo
Series

In 1855 Captain Strange was appointed to take chaige ol the
Eastern Coast Series, succeeding Mr Peyton, ^ ho was invalided

Captain Stiange left head quaitois at Masauii on the 17th ol Oc-
tober for Cattack, and visited the fine obscrvatoiy at Lucknow on
his way

l The early leports of tins Coast Series record a yearly suc-

cession of disasters, disappointments, and failures , and it takes lank

among the most difficult of the whole survey Captain Stiange
was ably assisted by Mr "W C Eossenrode, who pushed forward the

appioximate series, and by Mr Clarkson The difficulties consisted
in an inaccessible country, unhealthy climate, unfavourable state of
the atmosphere, and an inefficient native staff At ono station the

party was detained for 19 days before they could obtain observations
In 1856-57 Mr Claikson completed the Sambalpur Series, Mi
Shelverton commenced a secondaiy series from the Clulka lake to

Balasore, to fix the coast line, and some progress was made in the
mam triangulation But the whole paity suffcied from a jungle
fever, producing the utmost debility and depression both of mental
and physical powers, and six men died of cholera In 1857-58

1 Phe Lucknow obsenatory, with its instruments and the whole of its valuable
of obseivations, was entuely destroyed during the mutiny
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further progress was made, but m August 1860 Captain Strange, in

consequence of his piomotion, legimentally, to the rank of major,
was obliged to retire from charge of the series, and from the Survey
Depaiment, after a seivice in it of thirteen yeais In addition to his

ability as a surveyoi, his raie knowledge of the mechanism oi

mathematical and astionomical instruments, his never failing ic-

souice in an emugency 01 when any accident happened, and his

inventive faculty, lendercd him a pie eminently valuable member of

the Survey He was succeeded in the chaige of the Coast Scries

by Captain Easevi

The Superintendent of the Suivey designed and saw the com-
mencement ol two more important Longitudinal Series, one from
Calcutta to the eastward, and the othei extending iiora the Sona
khoda base into Assam

811 Andrew Waugh became a Major General, and was knighted
in 1861 He retired in March 1861 after having held the appoint-
ment foi 17 years When he returned to England, he took with
lam the appreciative thanks of his Goveinment, and the attachment
of a splendid staff of surveyois who had been trained tinder his

auspices
l He had pushed forward the great work with such ability

and energy that Ins successor could see his way to its completion in
a specified number of years
The icsults of Sii Andrew Waugh' s labours will be found in the

following volumes

(1 ) Vol 10, paits 1, 2, 3, and 4 Accounts of the Karara, Noith

Longitudinal connecting Amua and Earara, Guiwam, and
Gora Series MS

(2 ) Vol 11, parts 2, 3, and 4j Chandwai, Ilurilaong, and North
Pansnath Seues MS Part 1 of this volume is wanting

(3 ) Vol 12, paits 2, 4 Malancha Series Calcutta Meridian
Seues Measurement of the Sonakhoda base MS
Parts 1 and 3 are missing

(4) Vol 13 Part 1 Southern Pansnath Sencs MS The
remainder is missing

(5 )
Yol 14 Part 1 South Concan Seues m the Bombay Presi-

dency MS The lemamder is missing

(6 ) Vol 15, and appendix in a separate volume The North East

Longitudinal Series MS

1 ihe whole* stafl, 191 m number, presented Sii Anchtw Waugh with a scivico ol

plate m 1 862
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(7) Volume on the Clinch and Karachi base linos;

"bered MS
(8 )

"
Report by Colonel Waugh on tlio extent and nat-cuce of the

operations of the Grand Trigonometrical Survey," with

Appendices
Called for by Mr Joseph Hunxe, and pre-

sented to Parliament in April 1851

(9 ) Report on the Surveys of India, by Sir Andiew "Wa/ugli, for

the three years ending 1858-59

(10) Report on the Surreys of India, by Sir Andio-w "Waugh,
dated January 31st, 1861, being his last

(11 ) Calcutta Review
"

for 1842, vol 4 p 62 On tlxe Gieat

Trigonometrical Survey

(12)
" Calcutta Review" for 1863, vol 38 On the Oz-eat Tri-

gonometrical Survey This article is by Colonel "Walker

(13) "Journal of the Asiatic Society of Bengal" foil86S53 vol 31,

p 22

The labours of the survey under Sii Andrew Wangli wo:ro brought
to public notice m several of the annual addresses of tho 3?j?esideiLts

of the Royal Geographical Society,
1 and m 185C ho was a/waj?ded the

Gold Medal

A history of the opeiations of the Gioat Tugonomottrioal Survey
down to the time of Sir Andrew Wangles resignation, c oxrrpiled from
the reports, byH Duhan, personal assistant to the Suiv<\yo:r General,
will be found in five articles in the "

Professional Papers on Indian

Engineering," edited by Major J G Medley, E , (Hurlci.) 3 vol n ,

p 2855 and p 398, and vol m , pp 94 305, and 402 Tho articles are

illustrated by a map showing the direction of tho series azxcL By prints
of the astronomical circle by Troughton and Simms, of a/ sketch le-

presenting the measurement of a base lino, of an obseirvlia-g tower,
and maps of the Tso Morari lake and of tho Baltoio glacier m Tibet,
as surveyed by Captain Godwin Austen The filth arkolo describes
the operations of the Kashmir Survey

1 By Sir E Murckison in 1844 and 1845, Lord Colcliestu in 1846, M> Hamilton
in 1848 and 1849, Admiral Smyth in 1851, Lord Ellesmoro m 1851 A.aal37al Beechey
in 1856, and Lord de Oiey in 1860
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THIRD PEEIOD 01? THE TOPOGRAPHICAL SURVEYS
1843-61

THE REYENTJL AND TOPQ&RAPHICAL SUEVEYS.

progress was made in Uie Topographical and Reycnue

Surveys during the admimstration of Sir Andrew Waugh, "who was

admirably supported hy Major Thuillier3 his Deputy in the Surveyor

General's Offi.ee, from 1847.

In 1851 the Official Manual oi; Surveying ior India, by Captains

Smith and Thuilher, was published ,

* a thick volume divided mto

five parts

1 Geometry and trigonometry
2 Surveying instruments

3 Surveying
4d On native field measurement (kliasrd)

5 Practical astronomy, and its application to surveying

The great value of Colonel Thuilhei's Manual lies in the sound

instruction it supplies to surveyors Fox the last quarter of a

century it has been the means of inculcating stuct professional

punciples and rigorous procedure m the Revenue Settlement Depart-

ment It contains clear explanations of the method ol preparing

and surveying village circuits, of the mode of donuHatmg and oi

keeping native records, and oi the system of collecting and utilising

statistical information

Captain. Boileau prepared a now and complete set oi traverse

tables, chiefly for the use officers of the Eevenue Survey It was

1 " Maim il of Surveying loi India, detailing the mode of opu^tions m the Revenues

Survey of Bengal,
9

compiled by Captains It bmyth and II L Ihuilhu (Calcutta,

1851 )
" C xleutU Beviow,

'

vol xvi p 321, 1851 A second < dition of the "
Manual,

*

with additions, was published m 1855 In 1875 Colonel Ihmlheir bi ought out the

thud edition of the " Manual of Siu voying foi India
"

Iho work waa carefully icvised,

improved, and extended , and some of the elementary portion gave Way to more useful

and valuable professional papeis in the Appendix It was brought tip to date in all

essential particular The Appendix to the thud edition contains Sir Andrew Waugli's
" Instructions foi Topographical Surveying," a memorandum on, the use of thQ plaao

table, and many useful tables



118 MODES OF PllOCLDUBE IN SUEYEYING

the first that was calculated to single minutes, or carried out to fire

places of decimals x

The Revenue Survey is conducted as follows The settlement

officers mark the boundaries of the joargana, and furnish the sux

veyoi with, a rough sketch dcmaication map, called thak-Jbust

"With this map men go round, fixing the stations and clearing the

ground foi measurements The surveyor then runs a line fiom

station to station, as near the boundary as possible, entering evciy
measuiement in a field book, and parties of village boundary sui-

veyors do the same with the villages The Mas? a, or field measure-

ment by natives, is checked by the general survey ,
and the physical

details ire filled in by the plane table The paagwia maps aio

drawn on a scale of one mile to an inch, and the /illah 01 district

maps four miles to an inch The plans of cantonments aic drawn
011 i scale of 12 or 18 inches to a mile

One important object of the Eevenuo Survey is to iill up the out-

lines fixed by the Gioat Trigonometrical Survey, and, as the " Cal-

cutta Review "
expresses it,

"
to put sinews and llesh on the colossal

skeleton which that survey constructs
"

In 1861 Sir Andrew "Waugh published his
ec
Insti notions loi Topo-

graphical Suiveymg," m which, adopting the mlos laid down m
Tlmillici's Manual as a basis, he dove lopes the system best suited to

suivcys puiely topographical in chaiacter The special piovmce
of the Revenue Suiveys is to define the boundaiics of estc%tes , -\\lule

Topogiaphical Suiveys are mainly for the mcasuiement and de-

lineation of natural features in wild districts 01 native states The

stations of the Groat Trigonometrical Survey give the topographical

surveyoi foui initial elements required for commencing a survey,

namely, a point of departme with latitude and longitude, a base, an
i imuth or true direction of tho monclian, and the height above the

sea But the great stations are too lar fiom each other foi use m
filling up topographical details, and the principal tnangles have,

1 "Anew and complete set of tiaverse tables, showing tho cliffc i cnce^ of latitude
mcl the departm^s to every minute of the quadrant, and to five places of decimals,
togcthei with a table of tho lengths of each degree of latitude and con ospondmg
degiee of longitude from the equator to the poles with other tahles useful to tho Sin

veyor By Captain J T Boileau (2nd od London, 1839
)

2 Instructions for Topographical Surveying" by Lieut Colonel Sir Andicw
Waugh, for the use of the burveying Department (Buiki, 1861) Also printed m
the third edition of Ihuilher s " Manual of Suiveymg for India' Appendix t) m
(Calcutta 1875)

* '*
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therefore, to be broken up into smaller ones by the Bay Trace

System, introduced by Su George Everest

Kapid progress was made with. Revenue Surveys under Su
Andrew Waugli, by Blagrave in the Jallandar Doab, Gastrell in

the Sundarbans, O'Donel in AiaL.au/ and Van fi/enen in Nagpui
The Haidaiabad Survey, which had been progressing since 1818,

was suspended in 1852, owing to the mismanagement of the officei

in chaige ,
but in 1855 it was lesurned by Mr Mulheran, an ex-

cellent suiveyor, who made good progiess, and successfully earned

a branch senes of triangles from the Great Arc to Nagpur, during
the rising of Tantia Topee A survey in Ganjam and the Cattack

Mehals proceeded under Captains Saxton and Depree
2

The first Masra survey of the Pun]ab proved a failure It was

made by plane table to which native made compasses were attached,

which were in the last degree uncertain and confounding A book

of instructions was issued for their use, and a great deal of work

was done with them at a very considerable expense The surveyors

to be employed were the patwans of villages In 1856 it was

reported that all the work done in this way was utterly useless,

ind that the system had biokon down Colonel Meadows Tayloi

had meanwhile been ordered to introduce it into the Ilaidarabad

Assigned Districts, but had leportecl that it would be quite impossible

to work out the system as proposed He was, however, ordered

to use the plane table, instead of the cross staff and chain used in

the Bombay Revenue Surveys, and he adopted a plan of his own, by

woikmg by back and forward sights only, as with a theodolite The

method was readily learned by native assistants, who became

wonderfully expert and correct The woik had been cheap and com-

paratively lapid, and when tested by scientific processes in con-

nexion with the points of the Great Trigonometrical Survey, it had

piovcd very satisfactory A good deal of work was done in 1856-57

in the Nuldrug district, and Colonel Meadows Taylor was ordered to

prepare an establishment for the Revenue Survey of the whole of

the Assigned Districts, of which he was to have been the head

But the mutiny broke out in 1857, causing a suspension of work,

1 See "Notes on the tribes of the Eastern Frontier," by J II O'Donel Nos 1, 2,

and 3, m the Journal of the Asiatic Society of Bengal, vol xxxu (1863 )

2
Registers of computations ol triangles, &c, &c ,

for the Ganjam Survey, fiom

1845 to 1864, aie preserved m the Geographical Depaitment of the India Office
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and When quiet was restored a part of the Bombay Revenue Survey

establishment was set to work in Berar

The most interesting and valuable of the Topographical Surveys

executed in Sir Andiew "Waugh's time are undoubtedly those of

Kashmir and the Smd Sagar Doab, under Montgomery and

Robinson

After the Sutlej campaign, Captain Eobinson was employed on a

military xeconnaissance of the Haz&ia hill district, and as soon as

the second Punjab war was over he was ordered to survey the Salt

Range Sir Andrew Waugh speaks of the result as an admirable

worK, to which Captain Robinson's great talent for topographical

delineation has imparted the highest charactci for fidelity and

beauty of execution

Robinson's work compuses a complete suivey of the whole high-

land country of the Smd Sagar Doab, between the rivers Indus and

Jhilam l Piom the nature of the country this was a work of gicat

difficulty The aiea amounts to 10,55^ square miles, and the cost

of the survey was Rs 1,98,465 The legion is the scone of some

of the exploits of Alexander the Great, and includes the site of

ancient Taxila, the burial plaee of Bucephalus Here too IB the line

on which India has been invaded from the days of Alexander to

those of Nadir Shah The country abounds in strong positions, and

an elaborate and aeeurate map is important in a strategic point of

view, and in lacilitatmg public works operations The map, which

is on eight parts published in 28 large sheets on a scale of one me h,

comprises the whole of Uawal Pindi and Jhilam, including the Salt

Range* and the hilly parts of Shahpur and Liah The greater

portion consists ol elevated plateaux of mail and clay, resting in

basins of sandstone and limestone, supported by the Salt Range and

several parallel iidges, which lun east and vicst These ridges, some

of them rising like fish fins, others expanding into mountains neaily

10,000 feet high, protect the surface ftom denudation , but the water,

acting on the underlying sandstone, is constantly washing it away,
and cutting up the country into a senes of deep and intricate ravines,

in the bottoms of which the richest cultivation is found The

drainage of the country thus becomes exceedingly complicated,

1 " General Ecpoit of the Survey of the Kohistan of the Smd Sagar Doalb," by
CaptainD Gc Eobinson, Bengal Engineers, FRG-S , Seasons! 861-59 MS Volume
m the Geographical Depaxtment of the India Office, -with m zntioductioa by Sn
Andrew Watigh
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but it was made the fundamental part of the field sketching, and is

delineated on the map with admirable exactness l

Captain Bobin

son trained 17 surveyors The work was commenced in 1851 and

completed in 1859

The Topographical Suivcy of Kashmir proceeded par^pass^b with

the main triangnlation, and both were under the superintendence of

Captain Montgomene The filling in was executed by the plane

table, on a scale of two miles to the inch for the valleys, and of

four miles f01 Ladak and the wilder region A plan of the city

of Kashmir,, with the lake and suburbs, was also executed on a

scale of two inches to the mile This work was in full swing when

Sir Andrew "Waugh reined ,
and several of those who were afterwards

leading officers in the survey, such as Montgomery Basevi, Godwin

Austen, and Melville, were partly trained in the Kashmir moun-

tains Godwin Austen, especially, sketched some most difficult

ground with great taste and skill, including the enormous glaciers

of Little Tibet, one of them 36 miles long One of the most dis-

tm<mished of the Kashmir surveyors was Elliot Brownlow, who

was slain at the siege of Lucknow cc His adventures and achieve-

" ments in the snowy mountains, and his hardihood and endurance,

were the theme of much praise amongst his brother surveyors lie

" had intended to devote his rare and splendid qualities as a mountain

" suiveyor to the exploration of Central Asia on rigorous principles
" 3

i Colonel Robinson speal s of tins service is eight ycais oi hard but pleasing labour

He says of llie maps, that "ihcy arc not likely to be of gicat mlerest as meie inch

cations of tho geography of tint part of Indii, but they are valuable as indicating,

< with complete Mthty, tho extiaoidmary googiaphic il contortions of that wild distiict,

" and it is much to be logicttcd that the adjiccnt countue have not been surveyed

with the same caic
9 l ittu from Colonel Rohnson to C B Markham, Qct 1866

* Colonel Robinson was i suivcyoi of 19 ye<trs standing, from 1845 to 1865 He

oiioinatocl the pi escort accuiale style of delineating ground, and trained many of the

best men who hwc had clm
to
c of lopogiaphical Survey parties, and in the Surveyor

Genesis Office The papa OH the use of tho plane table m Sii Andrew Waugh s

Iiisliuctions foi JLopogi iplucal Suiveymg,
' was by Colonel Kobmson He com

mcncca the lopoyaphual Survey o Cential Indu, and was m chirge of it from

1859 to 1863 Iu 1863 he officiated for Colonel Walker duimg his absence m Europe,

and dicw up the Ecpoit for 1863-64 In April 186o he took chaige of the Eevenue

Surveys duimg Colonel Thmlhei s absence, but shortly afterwards he was invited to

accept the Dncotoi Gene^lship of Telegraphs, a Department of which he has had

charge ftom 1865 to 1877, and which he has now brought to a high state of efficiency

* Colonel Thiulhor, m a paper read befoic the Asiatic Society at Calcutta, on July

6th, 1859



122 WALKER'S SUBVEY IN THE DEEAJAI

Between 1849 and 1853, Lieutenant Walker, the future successoi

of Sir Andrew Waugh, executed a military reconnaissance of the

Tians Indus region fiora Peshawui to Dera Ismail Khan, single

handed
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IX

FOURTH PERIOD OF THE TRIGONOMETRICAL
SURVEYS
186270

COLONEL WALKEB AND THE GREAT TRIGONOMETRICAL SURVEY

ON the retirement of Sn Andrew "Waugh, the two offices of

Survey01 General and Superintendent of tlie Gieat Trigonometrical

Survey were once more separated, after having "been united in one

peison since 1830 Colonel Thuillier became Suiveyor Geneial,

and Colonel Walker was appointed Superintendent of the Survey, on

the 12th March 1861 James Thomas Walker joined the Bombay

Engineer Corps on December 9th, 1844, and seived in the Punjab

campaign at the siege of Multan and battle of Gujerat, and in

various affairs on the Trans Indus frontier under Sir Charles STapiei,

Sii Colin Campbell, and Sii Neville Chamberlain After the an-

nexation of the Punjab in 1849, he was oidered by Lord Melville,

who then commanded at Peshawur, to make a military survey

within, ten miles radius of that station, which was afterwards

extended to embiace the whole of the British teriitory beyond the

Indus, as far south as Deia Ismail Khan On the completion of this

impoitant work, he became a member of the Great Trisjonometucal

Suiveying Depaitment, and had latterly been in charge of the

Great Indus Senes, and o( the spirit levelling opeiations In 1857

he was wounded at the siege of Delhi He assumed charge of the

Great Survey, with the invigoiating prospect, which had been

denied to his predecessois, ol completing the giandest senes of

survey operations ever undertaken in the world, during his own

incumbency
As Sir Andiew's first work was the completion of some of the

Meridional Senes in Eveicst's eastein gridiron, so Colonel Walkei's

opening laboui was the completion of the gieat north westein grid-

iron, designed by Sir Andrew Waugh The Eahun Meridional Series,

after six years of woik, was finished by Mi Keelan in 1863, by

being connected with the Great Longitudinal Series (westein

branch) It is 457 miles long ,
its triangles cover an area of 23,620

square miles, and the total cost was Es 201,609 The Gurhagarh
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Series, under Mr Shelverton, having occupied five years, was com-
pleted in 1862, by being joined to tke Arumlia and Khanpisura Series

brought -up from the Bombay Longitudinal Series to the Great
Western Longitudinal Series and thence from Bombay to Ajrmr
by Captain Elvers Its length is 587 miles, covering an area
of 19,096 square miles, and the cost was Es 1,08,212 An
oblique series was also brought up from Mithankot near the junc-
tion of the Indus and Garra, to a side of the Gurhagarh Series, bemg
300 miles long, with an area of 8,142 square miles It was begun
by Lieutenant Herschel m 1860, and completed by Mr Shelverton
m 1863, Mr Eyall working zealously under him, and clearing 300
miles of trace This is called the Sutlej Series, and cost Es 80,743
But Colonel Walker's fiist work was the measurement of a

base line at Vizagapatam, nearly m the same latitude as Bombay,
at which point the Longitudinal Series, from Bombay to the Bidai
base line, was eventually to touch the east coast The Coast Soiics
in charge of Captain Basevi, had already been completed from
Calcutta to Vizagapatam Captain Basevi was engaged during the
season of 1861 in selecting a site, but he met ^ith much difficulty,
owing to the numerous irrigation tanks with which the district is
studded At length he found a suitable site on an undulating plain
near the military station of Vi/agapatam, and about 15 miles fxom
the port of Bimlipatam Trenches wore dug to carry away tlio
rainfall of the monsoon , but, notwithstanding this precaution, the
line was submerged in the following October, and was not drained
off without much trouble and exertion

In the autumn of 1862 Colonel Walker arrived with Colby's
compensation bars and microscopes, the same that had been brought
out to India by Su George Everest, and had measured every base
line since that time Colonel Walkei was assisted by Captams
Basevi and Branfill, and Lieutenant Campbell The base line
measurement occupied two months, and was finished on the 5th of
November 1862 The line is 6 miles long, and was divided into
three venficatory sections, checked by a double series of triangles
one on each flank of the base These tests of accuracy were mofet
satisfactory The difference between the measured length, and tho
length as computed from the triangles commencing at the Calcutta
base, was half an inch When it is considered that the distance
from Calcutta is 480 miles, and that the Coast Series passes througha region of dense jungle, such accuracy is perfectly marvellous
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Colonel Walter, mindful of the maxim that " the ends of a base

line should be guarded with religious veneration/' gave much atten-

tion to the measures for their preservation at Vizagapatam In

India such maiks are viewed with cupidity not unmixed with fear

The natives have an idea that money is buried under these

mysterious monuments erected by the western strangers, while they

feel a diead that they may cast a spell ovei the district Hence

they are exposed to a double danger, and those at Sironj were

actually destroyed At Vizagapatam substantial domes of cut stone

masomy without openings were built over the marks at each end of

the "base line, and put in charge of the police

After the measurement, Captain Basevi was sent to make a recon-

naissance in the almost unknown Jaipur territory, with reference to

the extension of the Bombay Longitudinal Series to the East Coast

The whole party was attacked by fever, but the result was a good

preliminary map of Jaipur, and a valuable memoir by Captain

Basevi l

Meanwhile Captain Branfill connected the Vizagapatam base line

with, the principal triangles of the Coast Series, and in December

1863 he commenced work near Guntur, with a view to the extension

of tlie Coast Series to Madras The Madras Obseivatory is the only

one in India at which systematic observations for longitude have

been taken for a number of years ,
and it is very important to con-

nect the Coast Series with it It will be remembered that this

Madras Observatory was the fixed point from which Colonel Lamb-

ton started with his tiiangulation in 1802 It was the pivot on

which the whole fabric lested Now, after a lapse of 62 years,

Captain Branfill was bringing back the triangulation to the olcl

starting point Unluckily several trees inteirupted the view between

the neaiest station and the observatory, and extravagant compen-

sation was demanded for permission to remove them One man

wanted Es 300 for a single branch of a casuarma tree Eventually

a pillar had to be erected to overlook the intervening obstacles, and

a scaffolding was raised at the observatory, so that the theodolite

could be fixed at a height of 63 feet from the ground Thus, in

1864, the Coast Series from Calcutta to Madras was completed

1
Report by Cap! J P Bascvi,RE, on a reconnaissance of part of the Jaipur

Temtory," forms an Appendix to Colonel Walker's Report for 1862-63

2 See Page 64
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In 1865-66, Captain Branfill and his party observed a Longitu-
dinal Series over Colonel Lambton's old ground, from the Madias
Observatoiy to the Bangalor base line It is 118 miles long, and
consists of 23 principal triangles, covering 2,641 square miles
Secondary tiiangulations *eie also completed fiom Guntur to

Masulipatam, to fix the positions of the lighthouses on the coast
Most of the party were struck down by fevei, and Captain Branfill
himself was obliged to go home on sick leave
In the season of 1866-67, Lieutenant Campbell took chaigo of

the paity at Bangalor He extended the triangulation for some
distance to the westward, and south f01 60 miles in the direction of

Cape Comorm He also successfully re measured two of the last

years' triangles, which had been icjected owing to tho gracing oi
the lays of light against the slope of an intervening frl!, winch
caused an error of 3" 8 This eiroi was leduced to 0" 7

Colonel Walker now gave oiders foi the re measurement of the
Bangalor base line In 1861 Piofessois Airy and Stokes, at tho
request of the Royal Society, had lepoited upon Colonel Lambton's
Smveys They were of opinion that, owing to his instrumental
appliances having been far less complete than at piesent, his work
though executed with the greatest caie and ability, admitted of
being unmoved in every pait, and they expiessed a hope that tho
whole of his survey would be lepeatcd with the best modern appli-
ances The Superintendent, therefore, resolved to le measuio the
bases at Bangaloi and Cape Comorm, and to leviso the intervening
triangles

&

In 1867 Lieutenant Campbell selected a site for the new base near
Bangalor Colonel Lambton's teimmal marks ^cre stall in exist-
ence, and in good preservation, but the sxirfaco of tho country was
much changed Irrigation tanks, as well as a lofty lailway embank-
ment, now cioss Colonel Lambton's base line Hence the necessitv
for a new site

y

Colonel Walkei was prevented by a severe accident from oas
south to measuie the new Bangalor base, and he deputed Mr Hen-
nessey, one of his most trusted assistants, to take his place The
length of the base line is 6 84 miles, and, hke that at Vizagapatam
it was divided into three

venficatory sections, with triangulation on
both flanks The difference between the result by measurementand that by calculation from the Vizagapatam base was again only
i quarter of an inch Lieutenant Rogers, a young officer who now
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commenced his careei in the survey, connected the base with the

main triangulations, and with Lambton's base and his astronomical

station at Dadaguntah

Captain Branfill then proceeded to Cape Comoim, to select a base

line site at the southern extieme of the Groat Aic He found the

country studded with locky precipitous hills, and laigo groves of

palmyra palms, but at last he lound a site neai Lambton's old

station at Punnae, and prepared the giound The measurement of

the base, during the season of 1868-G9, was entrusted by Colonel

"Walker to Captain Basevi, with Bianfill, Ileischcl, and Rogers to

assist him This is the last base necessary for the verification of the

triangles within the limits of India propei, and the tenth that was
measuied with the compensation bars brought out to India by Sir

George Everest in 1830 The system adopted was to divide the line

into three sections, measure the central one, which is 1 68 miles

long, four times over, and determine the length of the othei two
fiom the central one by tuangulation on both flanks The latter

operation was performed by Lieutenant Rogers, and the result of the

measurement was highly satisfactory

Thence the Bangaloi Mendian Senes was brought up to join the
Bidar base line This woik was executed by Lieutenant Rogers
and Major Branfill in two sections The northern section from Ban-

galoi was carried on without intermission by Lieutenant Rogers,
until he effected a junction with Sir Andrew "Waugh's southern

section of the Gieat Arc, on the 1st of March 1872 The southern
section was taken acioss the Palm Hills 111 1871, and the heights of

several peaks, 5,000 to 7,550 feet above the sea, were fixed, whieh
are not indicated OIL existing maps The icvision of the southern

portion of the Great Aie was completed in 1874, and thus the last

of the old links, which might have been objected to as weak and

faulty, have been put on a par with the best modern tnangulation
Major Bianfill then pioceeded to leconnoitie the Gulf of Manai
with a view to connect the tuangulation of India and Ceylon He
selected an island called Kaelii tiva, half way between llamaswar
and the island of Ncduvcn-tiva, on whieh a base was measuied
between two stations about a mile apart Eiom this base the posi
tions of the two next stations on Neduvon-tiva, ciectecl by the Ceylon
Government were fixed, and Colonel Pyeis, R E , the Superintendent
of the Ceylon Survey, will complete the connexion

In 1874 the llamnad Longitudinal Series was commenced, to

extend along the parallel of 9| eastward from the Great Arc to
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Ramaswai, with, a view to the connexion between the triangula

tions of India and Ceylon A " Madras Coast Series
"

is to proceed
from Eamnad along the eastern coast, to join on to a side of the

principal tnangulation in the vicinity of Madras In 1876 Majoi
Branfill completed the Ceylon connecting triangulation , and on

May 9th, 1876, made over his charge to Captain W M Campbell,
EE
While this important revision of Colonel Lambton's work was

piocceding, the Superintendent continued to push forward the other

survey operations with vigour and judgment In September 1862

he formed the party under Lieutenant Thuilher for the East Cal-

cutta Longitudinal Series, to extend from the Calcutta Mciidional

Series to the eastein frontici, and form a basis for the survey of the

districts of Naddea, Jessor, and Dacca Operations were commenced
at Chmsura in Novembei, but the paity encountered great difficul-

ties In working through jungle, it is first necessary to cut a nairow

glade in a peifectly straight line in the direction required foi a

station, for 8 or 10 miles The ground is then reconnoitred for a

suitable site, to which a glade is cut from the trial line Two sides

and the included angle thus give the data to ascertain the direct

lino between the two stations, which is then cleared to bung them
in sight Immense laboui is thus involved, and, in a populous

country like Lower Bengal, the difficulty is increased by having to

make bends to avoid houses and gardens, and by being exposed to

worrying litigation for compensations The towers of unburnt bricks

were found to be unsafe in so moist a climate, and masonry walls

round the central pillar will be essential

The countiy which was the scene of Lieutenant Thuilher's opcia-

tions was peifectly level, covered with malarious swamps, and inter-

sected by great livers with densely wooded banks In the season of

1864-65, 174 miles of trial lines and 314 of final lines were cleared

through the jungle Cholera and fever were raging in the country,
and twenty men of the party fell victims Yet Thuilher remained

steadily at his post, and made satisfactory progress, completing the

scries as far as the eastern frontier in 1866-67, on the parallel of

23 It is 210 miles long, and consists of 41 triangles, every station

necessitating the erection of a tower

Lieutenant ThuiUier then commenced a Meridional Series on the

meridian of 90, called the Brahmaputra Series, to complete the basis

for the surveys of Naddea, Jessor, Dacca, and other parts of Eastern
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Bengal Again the giound was level and covered with vast swamps
During 1867-68 upwaids of 700 miles of glades were cleared

through heavy junefle, and ten towers were "built, the season being

entueJy devoted to pielimmaiy opeiations But in 1868-69 the

raeasuiement of the tuangles was commenced with a 24 inch

theodolite by Tioughton ancl Simms At the same time Lieutenant

Larmmie commenced a chain of secondary triangles to be carried

through the valley of: Assam, wheie the Eevenue Survey operations
aie in piogiess A seiieb of tuangles from Calcutta to Poit Canning
was commenced by Mi Byall, but it was permanently interrupted

by litigious fellows thiough whose gaidens the line had to be taken

Ealf Mr Byall's time was passed in the courts of law
,
and Colonel

"Walker repiesontod the urgent necessity foi extending the provi-

sions of Act VI of 1857 to the officeis of the Survey Department
The Brahmaputra Series was completed by Captain Carter in 187A,

and in the following year the paity was reorganized and transferred

to Burma tinder Mr "W Gr Beveiley The secondary tuangulation
in Buima is designed with a view of fixing all prominent buildings

and other objects in large towns foi the purposes of topogiaphical
and geological surveys, while positions of lighthouses along the

coafet aie also to be fixed for the marine survey Mr Beverley
executed a very satisfactory amount of work during the season of

1875-76
The Eastern ITiontici Scries was commenced by Mr C Lane an

1861-62,, near tlie western extieme of the Assam valley He was

ably seconded l>y Mr Rossenrodc, and in 1862-63 they weie in

Independent Trpperah, and working down towards Chittagong
The physical difficulties to be overcome were very great

1 In

1865-66 Mr Rossonrodo assumed charge, and the senes was brought
clown to the eastern frontiei towards Akyab, and through AJ akan

In 1867-68 and the following year the party crossed the difficult

range of hills between Aiakan and Prome, and pushed their opera-

tions into British Burma, whence they extended the series in a S E
direction to Monlmam Mi W Rossemode continued the work

in 1875-76, but, worn out with a long series of arduous and

successful achievements he retiied on a pension at the close of the

season of 1876 Mr Rossemode entered the Department in 1839

under Sir George Everest, and especially distinguished himself m
1 Seo Extracts fiom a "Beport on Independent Tipperah," by C Lane, Esq,m

Colonel Walker's Report foi 1862-63 (Appendix )

(13441 ) I
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the work of the Great Longitudinal Series under the late Colonel

Strange Colonel Walker, in his last Keport, speaks of tins officer

in terms of the highest praise

Meanwhile, in 1871-72, the triangnlation in the Assam valley

was continued to the eastwaid by Mi W G- Bevcilcy, thioagh the

Sihsagar district, but progress was slow owing to the cxtraoidinary

difficulties The whole surlace of the country is covered utliti

with patches of forest, or with, dense jungles of bamboo and long

gia&s, and the entire length of line between continuous stations lud

to be cleared In 1874 the triangulation leached Sibsagai, and

vanous points were fixed in the Daphla Hills to the noith, and in

the Naga Hills to the south east 9 but the party sustained a seiious

loss by the death, from fever., of Mr G A Ilairis, a painstaking
and valuable member of the Department During the season of

1875-76 Lieutenant Haiman had charge of the opeiations in the

Assam valley,, and advanced the series fiom near Sibsagar to

Dibrugah, a distance of 41 miles Thence the approximate tuangu
lation is continued in two branches, one south east to a spur oi the

Naga Hills, the other north-east across the Brahmaputra to Sadiya

In the Bombay Presidency a series of tuangles was commc need

by Captain Ilaig south of Bombay (on the mendian of Mangilui)
lie, however first revised a large portion of the old Bombay Longi
tudinal Series In the season oi 1862-63 good progress was being

made, when a tower, on which the large theodolite had been pKc ( d

for observing, gave way on one side, and the instrument was so

severely injured as to be incapable of further use until it hml be en

repaired m England It was sent out again oveiland, ic ached

Bombay in November 1864, and work was re commenced The

design was to take the series south to Mangalur, and thence east to

the Bangalor base line In 1866-67 Lieutenant Trotter took

charge, when the work was still 180 miles from Mangalur, and on
the verge of the dense and deadly jungles of North Canara The
whole party was struck down with fever, and Lieutenant Trotter

himself was obliged to go home In the season of 1871-72 the

Mangalur Meridian Series was carried over the "Western Ghats by
Major Branfill , and it was found that the Aneimudi Peak in the
AmmalM Eange has an altitude of 8,837 feet above the sea, ncaily
200 feet higher than the Dodabeta Peak on the Nilgin Hills, which
had hitherto been supposed to be the highest mountain south of the

Himalayas In 1873 this series was completed by connecting it
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with the Longitudinal Series which, connects Mangalui with Madras

The series passes for above a hundred miles between the coast and

the Western Ghats

Two additional Mcudional Series aie designed to pass south from

the old Calcutta Longitudinal, called the Sunibulpui and Jabalpur
Series They were in charge of Mi Keelan and Mr Shelverton,

who commenced their opeialions by a revision of a large portion

of the Calcutta Longitudinal Series from the Siron] base to the

Goia lull station Mr Keelan then woiked south, through wild

tracts covered with almost impenetrable forest, where his paity

suffered seveiely from fever, intending to inn into the Coast Series

near Madias Mr Shelverton's operations were on the rneiidian of

Jabalpur From 1864 to 1866 he worked through the Central

Provinces, and was prostrated by fever, but satisfactorily completed

the series in the latter year

As soon as the Jahalpur Series was finished, Mr Shelverton was

employed to continue the Bombay Longitudinal Series from the

Bidar base lino to the Vi/agapatam base In 1868-69 he had com

pleted the portion betwcc n the Great Arc and the Jabalpur Series ,

receiving much assistance from the Nizam's Government, which

was urgently required, is 72 hill tops had to be cleared of forest for

observing stations This series is called the Bidai Longitudinal

Series In 18G9 Mr Shclveitoii continued the work towards the

coast, chiefly in the valley of the Godavan Here the leader of the

party was stiuclv down by fever, and he died in the midst of his

labours, adding one moie to the list of gallant men who have

sacrificed tliolt lives in the cause of science Mr Shelverton was

an excellent surveyor, and a man of uncommon energy and deter

mmation His name was identified with several of the most

important operations connected with the Great Trigonometrical

Survey, and Ins loss was much felt He was succeeded by Mr
H Beverley , and in December 1871, Mr Eossenrode took chaige,

who completed the series in the following April, when a junction

was effected with the Coast Series

Mr Bossenrodc then commenced a triangulation on the meridian

of 82 from the Bidar Saios northwards to meet the triangulation

on the same meridian which was brought down from the Calcutta

Meridional Scries by Mr Keelan ,
and the two parties met, thus

completing this scries in 1873 The country through which they had

to work is one of the most malarious and deadly m India It is

I 2
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tlie region in which Colonel Everest commenced Ins career as a

trigonometrical surveyor in 1818, when he was stricken clown by

jungle fever/ and it was here then, in 1870, Mi George Shelvciton

lost his life Both Ihe parties of Mi Rossenrodc and Mi Kcclan

suffered severely from fevei

In 1872 the Jodhpui Mendional Seiies was commenced,, which

was one of the two mteinal chains of tuangles icmaimng to

complete the great north west quadnlateial, the cxteiior chains oC

which connect the base lines of KaiAchi, Siron], DeluaDun, and

Chuch near Attock It is carried northwards so as to close on the

Sutlej Series This woik was entrusted to Captain Rogers, ^ ho found

the country very favouiable, being sandy with isolated hills, the

chief difficulty being the scanty supply of water The sencs wds

advanced across the deserts of Jasalmii and Bikann, and the seiies

was completed in 1875 Captain Rogcis then commenced the

Eastern Smd Series on the meridian of 70 fiom the Kaiaohi

Longitudinal Series to the Gaeat Indus Series

In the Kashmir Survey Sii Andrew Waugh first combined tugo-
nometrical and topographical work in the duties of one paity
Colonel "Walker continued this principle in two 01 three instances,

in anticipation of the completion o the Trigonometrical Survey,

foreseeing the impoitanco of having his officers trained to topo

graphical work, that their services might eventually bo available in

filling in the mighty skeleton, which their accurate observations and

high mathematical attainments will have completed

During 1862-63 great progress was made with the Kashmir

survey east of Leh Stations were fixed on the Chinese frontiei, and

peaks were determined at a distance of a hundred miles from it

On the 21st of April 1864 Lieutenant Carter joined the party as

second Trigonometrical Assistant, and helped Captain Montgomeric
in observing for latitude, while Godwin Austen and Johnson turned

out much effective topographical work At the close of 1864 the

Kashmir Series was completed It consists of a surveyed area of

70,000 square miles, m every variety of climate and scenery There
is not a valley in these wild regions of perpetual snow that was not

visited by the surveyors, the triangulation coveimg Jaxuu, Kashmn,
Khagan, Ladak, and little Tibet , and peaks were fixed, some of

which (among them that named K 2) being second only to Mount
Everest In 1865 Mi Johnson crossed the frontiei, and visited

1 See page 70
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Ilchy, the capital of Khotan, obtaining two observations foi latitude

theie, and icconnoitrmg an area of 21,000 square miles l

After tenyeais of unmteriupted laboui in Kashmir, Montgomerie
went home on leave, and Lieutenant Cartel received charge of the

party, which was sent to commence a topographical survey of

Kumaun and Gurhwal, on a scale of one inch to the mile, with a

survey of the tea plantations, eight inches to the mile, and of the

stations of Masaun and Landaur, 12 inches to the mile Lieu

tenant Cartel pushed the woik forward with much zeal and ability

during the time that he was in charge, and on May 1st, 1867,

Captain Montgomerie leturned, and resumed his labouis, extending
the triangulation to the two groat branches of the Alaknunda, the

stations being 12,000 to 17,000 feet above the level of the sea He
also undertook a suivey of the hill Sanatanum of Ilanikhet, and

of the Kosi valley which leads up to it The contours of this

Eanikhet survey weie not filled in by eye, but the heights of a

veiy laige number of points were determined tugonometrically,
and reflecting levels weie employed in getting the run of the lines

between the stations Thus a dcgieo of accuracy was obtained m
the delineation of the contour lines which has not hitherto been

equalled in maps even of the highest class ot merit The survey of

the Iosi valley, completed by Lieutenant Hill, is on a scale of

bix inches to the mile In 1872 the G-arhwal Survey was continued

up the Mana and Niti valleys which (ham into the Alaknunda

branch of the Ganges, and the field work comprised triangulation

o the country cast of Nairn Ta], up lo the Nepal frontier on the

Sartlah river Among the distant peaks, tlic hojghts of winch

were fixed, was the celebrated Kailas or Gangri, which was formerly

measured by General Strachey , and his result proved to bo nearly

correct The height now established is 22,028 foot In 1873

Captain Thuillier took charge of the Kumaun and Garhwal party,

and under him Mr Byall continued the woik among the upper

valleys of the Ramganga, Sorju, Gon, and Ealam rivers In 1874

the maximum height reached by the surveyors was 22
?
04iO feet

above the sea ,
and there only remained 1,200 square miles to

complete the work, but, as operations in these desolate and inacoes

sible regions are very expensive, further progress was postponed

i For an account of tlie Kashmir Survey &cc the " Journal of the Asiatic Society

of Bengal/' vol xxix
, p 20, and vol zxx , p 99
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Meanwhile Captain Thuillier proceeded wtli a survey of the

new forest tracts of Dehra Diin and the Srwalilv Hills, "while

Captain Bailey, as head of a Department of Porest Suivcys,
demarcated the forests in the same region, including the Jaunsai

Bawar forests In 1876 the whole of this woik was successfully

completed by Captains Thuillier and Bailey, and Mr Eyall We
thus have accurate maps, with well delineated terrestnal features,

of a tract of country rich in tea and other plantations, and which
is steadily rising in importance

Colonel "Walker has long had another topographical survey party
at woik in the Bombay Presidency In 1865 it was engaged, m
Bombay Island, in forming a basis oi tiiangulation ior a detailed

cadastral survey , and m 1866 it was transferred to Katiw/ir, under

Captain Ilaig, to resume the suivey commenced in 1864, but

suspended in consequence oi a famine in 1865 Duimg 1870-71
Lieutenant Ti otter made very satisfactory progress with the

Katiwar Suivey, and several sheets of the final maps were pie-

pared on a scale of two inches to the mile A low will bo printed
in Gujrdti character for the use of the people Paits oi Katiwdi aio

very fertile and populous, while others are in such a wild state as to

form the haunts ot lions Katrwdr being one oi the few places in

India where the lion is still found Colonel Walker considered it

very desirable that the topographical surveys should combine the
details of the marine with those of the land surveys by connecting
the points along the coast which are common to both by aetual

measurement on the ground Several eopies of the original

diawmgs of the charts ol the Gulf of Cambay were, theieiore,

lithographed foi the use of the Katrw&i survey, and also of the
Gulf of Kach In 1872 the new maps oi Kdtiw&x were found to

be of great use , for the agent of the Bombay, Baioda, and Central
India Kailway, on examining them, was induced to lay out an

entirely different line f01 detailed survey from what he had intended
when he only had the old maps to judge from By 1873 the
number of squaie miles surveyed m Katiwar was 2,680, chiefly m
the northern portions of Jhalawar, bordeung on the Eann o Kach
Captain Trotter had charge of the survey until nearly the end of the
season of 1872-73, when he joined Sir Douglas Forsyth's Embassy
to Kashgar, and was succeeded by Major Pullan, who, m 1876,
was proceeding with the south west portion of the province The
whole Katrw&r survey will probably be completed by 1880 Topo
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giaphical operations are also proceeding in Gujrat, where an

attempt is being made to utilize the details of the fiscal surveys

which have "been earned over British Gujrat by the Bombay
llovuiuc Suiveyorb, and which have been mapped on a scale of from

8 to 12 inches to the mile, by native surveyors, but with no attempt

at delineating the configuration of the ground

In 1870 Colonel Nasmyth, who had chaige of the Gujrat surveys,

was obliged to take sick leave, and died shortly afterwards in

Australia, lie was succeeded by Lieutenant McCulloch Both

thcbo officeis failed in then attempts to utilize the results of the

.Bombay Revenue Survey, but Colonel Walkei determined to

puscvoio, as he was exceedingly loath to think that no use could

bo made of them for topogiaphical purposes In 1872 Major Haig

took charge, and between the yeais 1872 and 1876 the subject was

much discussed and vay caiofully considered In August 1876 the

liual decision, with a view to utilizing the previously executed

llcvcuuc Suivey map*, of Gaji U villages by combining them with

the Topogiaphical Suivey of the province, was approved
1

Major

Ilaig has continued in chaige of the Gujrat survey, assisted by

Lieutenant J E Gibbs, and steady progress is being made

Colonel Walkei has not failed to push forward those important

spurt levelling opuationb which he himself commenced in Sir

Andicw "Waugh's time In 1862 Mi Donnelly had completed 242

miles of levelling up the valley of the Ganges, when he \vas com-

pelled, by bcvuo illness,, to close work ncai Bhagalpui In 1863

Captain Trottci took charge of the levelling party, and got as far

as Allahabad, though he and his people weie prostiated by fovei

1 It IB as follows , 1

Jho maps of thoBntisli districts of Gujrat in to boon a scale of 2 inches , and

tlioBc ol all othu parts of Gi.jidt are,to to drawn so as to bo readily reducible by

,,hotounnhy to tho 1 inch scale I wo irts of maps of the Bntibh districts are to be

mWiriiocl, one OH tho 2 mch scale, and the othu on the 1 mclr to
juxtapose

with the

, duccd mips of tho Nalno Walts Ihc vulagc maps of tho llevenue Survey c to bo

uUL/txl n. distmguiBlnnj, between cultivated xnd barren or forest tiacts, in deflnmg

,llaa lxmnd;dui yyuig nllthomtouor topo^aplneal details winch stand the

tent ol (xanmation by tho wpognplm al surveyors The stat.ons of tnangulatron and

1iav< t m" o to be place d as 1. ( qucntly as possible at tho junction points of three fieldb,

and aTiomsponamg Md numbers ate to be nuUced on the maps The fie d junctioa

polta on tho external bounty bncs, and the internal dmsrons between coltivated a

n tracts me to te taken ftom the v.lHge maps and inserted on the tP<"

the numbers for every second or thud pornt being grven on the map to
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He found the levels of the railway officials to be veiy maccmate
In 1864 Trotter brought the senes of levelling up to Agia Kai
chi is connected with Calcutta by a line of levels 2,200 miles long,

being the longest and probablv the best evei executed, besides 830
miles of bianch lines, the origin or datum being the mean sea
level of Karachi, and the terminus the sill of Hidderpm Dock, at

Calcutta

In 1866-67, brpnches were taken fiom the main line of levels to

connect the levels of canals and railways at Delhi, Lahore, Multan,
and other places In 1867-68 a line was brought through Eolul
Miund , in 1868-69 a line was taken from Bareh for 350 miles to

Lucknow, Cawnpore, and Fai/abad, and m 1869-70 Mi Lane
carried a line of levels for 572 miles thiough Oudh and the Noith
Western Provinces In 1872 Captain Carter carried the mam line
of levels to the towers of the Sonakhada base line

A second volume of levels has been published undci Colonel
Walker's instructions, recording a portion of these opeiations,

1 and
two sheets of a series of maps showing the various levels of Ingono
metrical stations, canals, and railroads

In 1873 Lieutenant Harman commenced a series of levels in the
Madras Presidency with, the object of connecting and reducing to a
common datum seveial lines of levels executed for lailways and
canals He earned a line from Guti to the sea at Kar^ar, a distance
of 304 miles In 1874 he was lelievecl by Lieutenant McCullagh,
who took a line of levels from the south western end of the Banga-
lor base line to the Eaichur railway station, a distance of 297 miles,
connecting it with Harman's work at Bellary Much important
levelling has also been completed by Captain Baird, an account of
which will be found in the Section on Tidal Obseivations

Dunng the last 16 yeais there have been parties engaged on
purely astionomical observations In 1861, Mi Nicolsonwas sent
to fix the positions of the Andaman and other islands which weie
erroneously placed on the charts

, but aftei taking a series of obser-
vations at Port Blair, and fixing its position, this work was handed

1 "Tables of Heights in N W Province* and Bengal, to May 1865 '

(Rurki 1866^
with an mtioduction by Lieutenant Irottoi

'*

' "
Spirit Level and Trigonometrical Heights of the Gieat Trigonometrical Snrvev of

India, with canal and railway levels, compiled from vanons somces "
Sheets 1 and 3

photo zmcographed at Dehia Dun m 1867 These two maps comprise the districts of
Ambala, SaMranpur Dehra Dfln, and Muzaffarnagar and are accompanied by prmted
sheets describing the bench marks, and giving othei information
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over to the marine surreyors In 1863, however, two astronomical

parties were organized to fix the latitudes of trigonometrical stations,
at modeiate distances, all over India One was to begin at Calcutta,
and observe at each ol the stations along the Calcutta Longitudinal
Series, whence the Meridional Scries of Sii George Eveiest's grid-
iron started , while the othei was to work north and south at ceitam

stations, about a dcgiec apart, on the Great Aic Senes The
latitudes were to be observed liom the zenith distances of pans
of stais noith and south l The latitude observations were taken
on the mendians of 75 and 78, by Captains Herschel and Heaviside
in 1870, the lattei obseiving with the zcmth sector designed by
Colonel Stiange, iieai Bangaloi and Coimbatoi In 1870-71

Captain Trottci icheved Captain Heaviside, and the second new
zenith sectoi airived at Poona, and in 1871-72 the latitude

obseivations were continued by Captains Herschel and Campbell

In, 1868 the total eclipse of the sun in India gave some additional

woik to the scientific surveyors The obseivations were entrusted

to Majoi Tennant, whom we last met with at the measurement of

the Kai&chi base, and who had since been a a chaige of the Madras

Obsuvatory ITc came out fiom England -vuth instiuments sup

phccl by the Royal Astionomical Society, and was joined by

Captain Bianlill Aftei much careful inquiry, it was decided that

the most iavouiable positions foi obseivmg the eclipse, as regaided
1ho probable abbcneo ol clouds and rain, would be Brjipur, and

Guntai on the cast coast Tennant and Bianfill obscived at

Guntui, Hcischel, Campbell, and ilaig, at Brjipur, and the con-

< lumons arrived al fiom then investigations weie that the corona, in

in c elipse, was but slightly, if at all, self luminous, while red flames

\\ere
2

In 3876 Captain Campbell, assisted by Captain Heaviside, pio-

ceoded to Ilaitlarabad, and duimg the season completed the measure-

ment of differences oi longitude, by dcctue telegraph, between

JIauUiabad and Bombay, Bellaiy and Bombay, Bellaiy and

JLaulaiabacl, Madias and ilaulaiabad, Madras and Bcllary, and

Bangaloi and Bcllary, one oflieei woikmg at one end and the

1 At Isunfin, iioai tlic noitlum end of the Punjab plains, the clifFeience Ibotween

the obscivtd latitude axid that compute dliom tnangulation -was only O6'
x

1 !
'

2 ibco an aituk on tlu ulipne oLsci vat ions loi 1868 in the " Professional Papers

on Indian Engine cnng,
'
vol vi,p 9i bco also "Uevistti, cie Fspana* Tom xvn

,

No 67 (Madnd, 1870 )

u JU eclipse dc sol considemdo bajo el punta de vista fisica
'
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other at the othei They received hearty co-operation liom Mi
Pogson, the astronomei at Madras, and Mr Chambers, F E S

,
the

Superintendent of the Obseivatory at Bombay
Of late years advantage has been taken of the lines of telegiaph,

in Europe and America, to dcteimine differences of longitude, and
thus to obtain astronomical arcs of amplitude between two places
situated on a common parallel of latitude, with reference to the
determination of the figure of the earth Formerly such aics had
been measured between points on the same meridian, because in
that case it was only necessary to detcimme latitudes at the
extreme points, which is one of the simplest pioblems of piactieal
astronomy But on arcs of parallel it is longitudes that aie le

quired, and their deteimination within the requisite degree of pie-
cision was extremely difficult and labonous When, howcvti,
places are connected telegraphically, their differences of longitude
can be determined with great precision In Septcinbei 1871
Colonel Walker, in London, and Major St John, at Teluan, dctci-
mmed the longitude of the latter place to be 51 24' 5" E

, the
distance between the two stations being 3,870 miles Then detei-
mination only differed half a mile from a value previously deduced
by Major St John, by combining a telegraphic determination of
difference of longitude between Tehran and Karachi, with the

tngonometncally ascertained difference between Kaia,ohi and the
Madras Observatory In 1872, some of the instruments which
were oidered in 1863, designed by Colonel Strange, and conducted
under his superintendence, arrived in India These were two
transit instruments, by Messrs Cooke and Son, of Yoik, two
astronomical clocks by Frodsham, two cluonographs by MM' Scc-
rctan and Hardy, of Pans, and electnc appaiatus Colonel Walkei
determined to employ these instruments, in the first instance, on
the arc of parallel which crosses the Peninsula of India in latitude
13 from Madras to Mangalur, passing through Bangaloi midday
This are is of special interest, because it is situated much neaiei
to the equator than any similar arc that has yet been measured in

any part of the globe Its length is 364 miles Captains Herschcl
and Campbell were selected to carry out the operations, who first
made a series of most careful prclimmaiy trials, ascertaining that
no sensible influence, in one direction more than another, was
exerted by earth cuirents The mean of all the determinations
gives a velocity of 17,000 miles per second, which is materially
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greatei than the velocities deduced in the course of similar opera
tions in Europe and America But as several relays were used OE
those lines, and none on these, such a difference is only what might
have heen anticipated The pielimmary results aie, that the

difference of longitude "between Madras and Mangalur by the tn

gonometrical measurement is Oh 21m 36 78s , and by telegraph
Oh 21m 35 85s The difference is 93s , which is equivalent to

13 95" seconds of arc The latitudes and longitudes of the stations

of the Great Trigonometiieal Suivey have, for the last 40 years,
been computed with the elements of the figure of the earth known
us Everest's 3?irst Set of Constants, (equatorial semi axis,

20,922,932 ft , ellipticity H) J 80 ) Subsequent investigations have

slightly modified these dimensions of the mean figure, and Captain
Claike gives the following elements in the Appendix: to his

" Com-
panson of the Standards of Length '?

(1866) , cquatoiial semi-axis

20,926,062 ft ellipticity ^ , J )8 Using Captain Clarke's elements,
instead of Colonel Everest's, the trigonometiical determination of

the difference of longitude between Madras and Bangalor would be
diminished by 3 5", and thus be brought into bettei ac cordanco with
the telegiaphic diffeicnce, which is still 10 5" less than the tngono
metric difference This fact is consistent with the result of Captain
Bascvi's pendulum operations, which show that the density ol the
strata ol the earth's ciust is gieatei under the depiesscd Tbeds of
oeeans than it is unclci lands elevated above the sea level Thus
the direction of the plumb lino at Madias, on tho cast eoast, is most

probably deflected to the cast of the noimal to the mean figine,
while at Mangalur the diieetion ot the plumb line is deflected to
the west of tho corresponding normal Tho length ol 1he arc
between the apparent /enith points is consequently diminished,
and must, theiofore, "bo less than tho length deduced from trigono-
metrical observations Tho observations to determine tho astrono-
mical latitudes of certain stations of the survey have boon hold
m abeyance sineo 1872-73, as Captains llerschel and Campbell,
by whom they aie carried on, have been both employed on tho

longitude observations

Theie is a method, independent of tnangulation, by which the

ellipticity of the earth can be determined, and it scorned important
that it should be tested over the same ground as was traversed

by the Gieat Aic Series This method is by observing the pen-
dulum The force of gravity increases fiom the equator to the polos 9
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and a pendulum, which makes a certain number of vibrations in
a given time at the equator, will make a greater number at all othei

points, the numbei mcieasmg, as a mle, with the latitude The
experiment consists in dcteimming the numbei of vibrations which
a given pendulum of invariable length males in 24 hours, at the

position selected for the operations Previous observations had been
taken chiefly on islands and near the coast, notably by the veteran
observer, General Sabme It was a desideratum to obtain expen
ments in the intenoi of continents to combine with those taken
near the sea The Eussian Government had caused them to be
taken at the pimcipal stations of the Great Eussian Arc, and
General Sabme was anxious that a series should be observed in India
The tendency of the plumb line to deviate fiom its normal direc

tion, m consequence of local irregularities of tbe eaith's crust, is a
source of error which lequires the most careful investigation The
plummet is supposed to be attracted by mountains and repelled by
oceans , and even on level plains deflection is said to exist when the
rocks below are of unequal densities, on cither side of the plummet
Archdeacon Piatt, after close examination of the effects oC this
attraction on the operations of the Trigonometrical Survey, came to
the conclusion that the piobablo eiror caused at Kalianpui, by
proximity to the Himalaya was one fouith of a mile, but this only
affects astionomical obseivations In the tuangulations the con eot-
ntss of the iclative distances is of course unaffected x

The pendulum observations give an independent detcimmation of
the elhpticity of the earth and throw light on its physical constitu-
tion, by determining the intensity of the force of gravity
In 18C4, Colonel Walker, E E

, the Supermtendcnt of the Groat
Trigonometrical Suivey of India, applied to the Sccictaiy of State
foi India for sanction to undertake a series of pendulum cxpon-
ments in India in connexion with this survey His application
was strengthened by opinions fiom several of the most eminent
Fellows of the Eoyal Society in favour of the

undertaking, moie
especially as affording an independent check on the local variations
in the direction of the force of gravity, and on the distuibances due
to the mountain masses north of Indict

1 "A series of papers on mountain and othei local attraction m India and Us effect
on the calculations of the Great Tiigonometrical buivey," by John II Pratt M A
(Calcutta, 1862) These papers are upnnted fiom the reactions of thl Jtoval
Society

J J
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The necessary sanction haying been obtained, tlio Royal Society

lent for the purpose of the expeuments an astronomical clock by
Shelton and two mvaiiable pendulums The equipment was sup

plemented by a copper vacuum cylinder and an an pump It was

decided to make the Kew Obseivatoiy the base station in this

count] y for the opeiations, and befoie the pendulums weie sent to

India they weie swung there by Mr Loewy The apparatus amved
in India in 1865, and the work was at once commenced by Captain
J P Basevi, E E , who had been placed in ohaigc of the opeiations

in India In the com so of the next five yeais Captain Bascvi

swung the pendulums at some 19 stations on the Indian aic fiom

Dclna Dun to Cape Comorm, at two stations ou the East Coast,

and at two on the West Coast of India, and he likewise swung them

at Minikoy, an island of the Laccadivc group
In 1870, two conveitible pendulums were lent to Colonel Walker

by the Impenal Academy of ^cienccs at St Peteibbuig These

pendulums had been used on the llussian nrc, and it was hoped
that by then means a connexion might be established between the

Indian and Russian pendulum opeiations An airangemcnt for

measuring the lengths of these pendulums forms part of the wliole

apparatus, so that they are capable oi giving not only rolatavc

results, such as are obtained by the invariable pendulums, but also

absolute values oL the length of the simple seconds pendulum

Captain Bascvi had at that time but little oppoitumty of using
these pendulums, and in the spring of 1871 he started fox the

lofty plateaux of Tibet, taking with him the mvaiiable pendulums

only On his way to Tibet he took observations at Mian Mn, and

passing through Leh, ciossed the Takalung pass 18,060 ieet in

height, into the desolate region of Ikiskshu lie tlieio swung the

pendulums at a station he sole cted on the Moi6 plain 15,500 leet

above the sea level ]?rom Moio ho raade his way back to the

Upper Indus, and, although suffering fiom a severe cold, he erossed

the Marsimik pass and set up Ins tents and instruments on

the Lanak plains, upwaids of 17,000 feet above the sea Theie

protected only by a tout, in a climate wh(i( the thermometer

rises to 70 01 80 in the afteinoon and falls below zero at

daybreak, his illness increased One morning, when gallantly

striving to rise from lus bed and commence work, ho died, and

by his untimely death the suivey lost the scrviees of one of its

ablest officers
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Captain Heaviside was subsequently appointed to complete the
operations After some preliminary observations at Dehra and at
Massaii he went to Kahana, the base station m India for the
pendulum experiments He theie took observations with the m
variable pendulums to determine whethei they had undergone anv
change since they were last swung there He also swung and
measuiod at Kaliana the Eussian conveitible pendulums He then
staited for England, and on his way to this country he swun- tho
pendulums at Bombay, at Aden, and at Ismailia, in Egypt At thoKcw Observatory he swung the invauable pendulums, to determine whether they had undergone any alteration since 3865, and he
also carried out there a complete scries of experiments with tlu
Russian convertible pendulums for the determination of tho length
ot the simple seconds pendulum
At the suggestion of General Sir E Sabmo a farther series of

experiments was made with tho convoitible pendulum employedin 1818 by Captain Eater The bar of this pendulum, owing to
some unknown cause, had become bent It was re straightened andthe Lmfe edges re giound and re-bedded In its altered condition
this pendulum was swung at the Eew Observatory by Captain
Heaviside Lieut Colonel A R Claike, RE, undutool, to
measure the distance between the knife edges of tho pendulum at
Southampton Prom the values thus obtained a second dotoimma
tion of the length of tho simple seconds pendulum at Kew was made
Captain Heaviside then returned to India, where tho final results
of the whole series of experiments from 1865 were computed out
and arranged for publication

One fact of great scientific importance has been ascertained l>v
these experiments, namely, that tho density of the strata of tlu
earths crust under and neai the Himalaya is less than that undo*
tho plains to the south It is also a noticeable featuio of Captain
Basevi s observations, and one already observed in comparing pondulum observations made m other parts of the world, that at inland
stations gravity appears to be in defect of that observed at
coast stations in similar latitudes The cause of this is still
uncertain

The superintendence of work in the field only forms a part of
Colonel Walker's anxious and absorbing duties The labours in tho
computing and drawing office also require his close attention and
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here lie lias "been ably assisted by Lieutenants Heischel and Mr lien

nessoy One matter f01 careful thought is tlie dispersion of iznaYoid

able though minute errors in tlie observations of Iatitudes 3 longitudes,

and azimntlis 3
in sucli a manner as to obtain tlie closest appioach

to accuracy Tins is a consideration of gieat intricacy and difficulty,

and tlie preliminaries for eventual calculations have been caiefully

elaboiated in the Computing Office All the obsei vations are reduced

de novo, which involves an enormous amount of calculation In

ISGSMr lEoimessoy, who had studied at Cambridge and Southamp-
ton "^ hile ho was in England, resumed charge of the Computing
Office lie commenced the punting of the observations of all the

puncipal angles, which, except the Great Arc Series, published by
Sir George Everest, had hitherto been only in manuscript

1 He
also introduced photozincography, having learnt the process it

Southampton, and the sheets of topographical surveys weie rapidly

re-produced Photographic apparatus had been in use in the

Diawing Office some yeais before, for copying and reducing Here

the Kashmir maps were compiled, one of Central Asia, by Mr
Scott, in 18C6, and many others

In 1866-67 Colonel Walker was engaged, with Mr Hennessey, an

the verification of the standaids of length At the measurement of

each base the relative length of the standard bai A and the six com-

pensation bars was found to be altering , and as all the bars told

the same tale, it seemed pi obablc that then lengths had remained

constant, and that tlio stindaid had changed While Colonel

Walker was in England, in 1864, two now standard bars, one of brass

and the other ol iron, were constructed foi him They anivecl at

Dohra Dtin in 18G6, and were compaied with A, having first been

compared with B at Southampton The comparison showed that

the relative length of A and B was nearly the same as in 1834 when

they were last compared together Then B was 1 28 millionth s

longer than A Now B is 8 08 millionth s longer Thus the old

standards have not altered appreciably, and the changes must be

due to the compensation bars

The tables to facilitate the calculations of the Survey Department

1 One copy at the India Office anil another at Calcutta
2 fotc "Professional Papeis on Indian Lngmooxmg/ vol v

, p 305
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were also revised and extended under the direction of Colonel Walker
in 1866, by Mr Hennessey

l

In 1867 the Kashmir and Ladak maps were completed, togcthci
with a senes of maps with lines of levels , and in 1868 a valuable

new map of Central Asia, mfoui sheets, was compiled and published
An accurate knowledge of the factoi of expansion of the stan-

dard was the one thing wanting to permit of the final i eductions of

the base lines being taken in hand In 1870 the whole of these

reductions were completed The details of the operations form part
of the fiist volume of Colonel Walkei's " Account of the Operations
" of the Gicat Tugonometrical Suivey of India/' which contains a

very interesting
"
Introductoiy account of the eaily operations ol

cc the Suivey between the years 1800 and 1830," and of the
" Standards of Measure and the Base Lines

"
This gieat v^ork will

be completed in 20 volumes

Meanwhile 200 copies of the fust volume wio received m
England in 1871, and upwards of 90 wcic distubutcd to various

scientific institutions and men of learning at homo and abroad In
a Icttci to Colonel Walk^i, dated Dccembci 1st, 1871, the Under

Secictaiy of State foi India acknowledged the receipt of the copies
of this volume in the following woids "The Duke ol Argyll
" desires me to convoy to you his congratulations on the completion
" of this first volume of a great work which, as a record o aecmato
"

geodetical measurement and of aiduous sei vices well porfoimed,
"

will yield to none that has hitheito been published by any
"
European nation, either in inteicst 01 in scientific importance

" His Grace is impressed with the amount of laboui and ot con-
" centrated thought which must have been devoted to the pro-
"

paration of this volume, and I am to express to you his sense oi
u the value of youi seivices as its author In a despatch to the
" Goveinoi General in Council, the Duke of Argyll has requested
" that his Gi ace's appreciation ot the assistance aliordcd to you by
cc Mr Hennessey and othci offieois of the Survey may bo convoyed
" to those gentlemen

"

In 1874 the Computing Office, besides the usual duties of exa-

mining and reducing the observations, aided in the completion, of

the 3rd and 4th volumes of the "Account oi the Opeiakons of

1 "
Auxiliary Tables to Facilitate the Calculations of the Survey Department

"
(IX lira

Dun, 1868)
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a the Cheat Trigonometrical Survey of India
" The second rolume

contains an historical account of tlio triangulation, with description

of the methods and procedure, and o the mstiumeats which haye

been employed, and its prepaiation lell mainly upon Colonel

Walkei himself, as well as tlie poition of the 5th yolume dealing

witli pendulum obseivations 3?oi the South East Q,uadiilateral

there will be six synoptical volumes, one foi each series , and much

progress has been made not only with, these, hut also with the

volumes of the North-East and North "West Quadrilaterals and

the Pendulum yolumc, by Major Ilerschel during Mi Hennessey's

absence on leave, and since 1870 by Mi Hennessey himself

Preliminary charts of tuangulation and charts of levels are

prepaied in the drawing "branch of the Computing Office, and m
1872 a map of the country round Delhi was compiled foi the camp

of exercise As regards the lattei map, experiments were tued as

to the most convenient foim of issuing it fox use with tioops in the

field Copies wore pimtod on watcipioof india-rubber cloth, oa

white cloth, and on seyeial kinds of paper, and it was found that

white cloth promised to be most useful in the climate of India In

1875, Colonel "Walker issued a third edition, of his valuable map of

Cential Asia, each of the four sheets being entirelv redrawn, and

much new mateiial being inserted The regular duties of the

drawing and pliotozmcographmg blanches of the Computing Office

arc to examine all maps and olxaits drawn by the field establish-

ments, to photozmcogxaph them, and 1o undertake original compi-

lations TIic number of maps, chaits, and diagrams that veie

photomeogiaphed in 1875-76 was 25,425 The libiaiy ot the

Computing Office now consists oi 2,121 Yoliirnes, all kept m good

01dei in one room The ^oik ol the Computing Office of the

Gaoat Trigonometrical Survey is done undci tlic immediate feupei-

Yision ol the Superintendent at his head qnartois, and has hitherto

heen quite independent of tlio more voluminous laboms of the

Surveyor Gteneial at Calcutta, whose opciations will he the subject

ol another &u tion

'the magnificent woil, so ably commenced by Colonel lamhton

in the first year of tlio ccntuiy, is no^v nearly completed The

topographical surveying oi the present day is so much more accurate

than li was m Lambton's, or even in Everest's time, that a smaller

amouat of triangulatioa suffices as its basis When the Eastern

Smd series and tlie woik m Assam andm the extreme south of the

(13441) K
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peninsula aie finished, theie will bo nothing raoie left 1o do in

India proper In Burmah there will be further triangulation, and

probably two bases to measure , and, in some future day, the great

arc will doubtless be carried northward over the mountain barriers

to the shores of the Arctic Ocean A preliminary approximate
series would extend our geographical knowledge of Central Asia,

while it would establish the practicability of a final measurement

Sir George Everest looked forward to an arc of the meridian extend

ing from Cape Comorin to the northern shore of Siberia, as the final

achievement by which his successors would complete his labours l

Colonel "Walker, the fourth in succession of the great surveyors

who have superintended this most difficult and important work, will,

in all human piobability, have the high honour and satisfaction of

being at his post when it is completed It is, and has been, a very
noble band, that body of surveyors who have been tiamod and

have worked under Lambton, Everest, Waugh, and Walker It

is no small honour to be at their head These men must ( ombme
the knowledge and habits of thought of a Oambiidge wranglei with

the energy, resource, and presence ol mind of an explorer or a back-

woodsman, and they must add to this the gallantry and devotion

which inspiic the leader ot a forlorn hope The danger of service

m the jungles and swamps ol India, with the attendant anxiety and
incessant work, is greater than that encountered on a battle field ,

the per ccntage of deaths is larger , while the sort of courage that

is required is of a far higher order The story of the Groat Tugo-
nometrical Survey, when fitly told, will form one of the proudest
pages in the history of English domination in the East

Since Sir Andrew Waugh's time, the manuscnpt volumes con-

taming the Superintendent's reports and the triangulations foi cadi
series have not been forwarded to the India Office Pielmuriaiy
chaits containing all requisite data for Topographical Surveyois and

Geographers are published by photozincography annually, but the

reports are kept back until the whole of the results can be printed
in a final and complete form A considerable portion of the original
observations is already in the press

Colonel Walker has completed the first volume of this series,

being a history of the Great Trigonometrical Survey of India,'
which includes an introductory account of the early operations

1 See the preface to " An Account of the Measurement of Two Sections of the Meri-
dional Arc of Incfya/' p 7
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of the Surrey durmg the period 1800-30, and sections on the
standards of measure and on the measurement of base lines The
complete work wiU consist of about twenty volumes * Accounts of
Colonel Walker's work are to be found in his annual printed Re
ports, and m the abstracts of them which he has from time to time
communicated to the "Journal of the Asiatic Society" (Bengal)

2

The progress of the Survey is noticed in the anniversary addresses
of the President of the Royal Geographical Society, and there are
aiticles on the Survey in the "

Calcutta Review "
for 1863/ and in

the "
Quarterly Journal of Science

"
for October 1870

The annual repoits by Colonel Walker, or by the officer acting
foi him when on leave, in the Geographical Department of the
India Office, are fourteen in number, fiom 1862-63 to 1875-76
inclusive

An abstract of that foi 1862-63 is given m vol i , p 180, of the"
Professional Papers on Indian Engineering

"
(Rurki) 1863

|

"Account of the Opeiations of the Great Ingonomottical Survey of India,"

^
'

, o^
y

x

n0i J J Walke1
'
E L

' * R & ' Superintendent of the Survey (Dehra
JDuxi, 1870 )

2 Vol 3aaai,(1863,)p 111 Vol xxxi (1862,) p 32
3 Vol xxxvm

, No 75

K 2
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X

ROUTE SURVEYS BEYOND THE FRONTIER OP BRITISH
INDIA BY NATIVE EXPLORERS

THE employment of native explorers to make discoveries in the

unknown regions beyond the Noithern fiontieis ol Butish India

has led to most important geographical icsults The idea, -was

originated by Colonel Montgomene while he was cauymg on the

survey of Kashmu and Ladak, and he hoped that by tins means the

whole country between Butish ind Russian teriitones mifiplvfc be

explored Natives would be permitted to tiavel without molesta-

tion, as traders 01 in oihei capacities, tlnough countiics whcic

Europeans would certainly be regaided with suspicion and exposed
to ill treatment, and most piobably would be muiderecl

The plan is to employ Pathans to exploie the noithem and

southern valleys of the Hindi} Kush, the vallej oi the Oxus, and

Eastern Turkistan, while foi exploration ol Gi cat Tibet, and I ho

legions which are subject to the Chinese Government, and mostly
inhabited by a Buddhist population, it ib neccssaiy to employ

Bhutiyas 01 Tibetans, (the inhabitants of the uppci valleys ol the

Himalaya within Butish temtory
The exploieis are taught to make a loute survey by taking beai-

mgs with a compass and pacing the distances , they ate also taught
to take meridian altitudes with a sextant to dctciimno latitudes,,

bat they aie puiposcly not taught how to icduce then obsci vat ions,

noi supplied with astionomical tables, m ordci that they may not

be able to fabucate fictitious woik Observations loi dcteimnuiuj
absolute or diffeiential longitudes are beyond their capac itics Tht

u suiting latitudes and the co-ordinates of the routes aic computed
in the office of the Superintendent ol the Gicat Tn^onomctiical

Survey on the exploiei's return With all its dehciencics this plan
furnishes materials for defining the positions of chief towns with

some accuiacy, and results in the acquisition of a laige amount ot

new geogiaphical information

The trigonometrical surveyors experienced very gieat difficulty in

tiammg these agents, and met with many disappointments Out
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of six 01 eight men that they had spent years m training, only two

01 three turned out first class explorers The first .omn sent out was

a native named Miihammad i-flamid, who went to Yarkand by

way of the Kaiakoiim Pass, and deteimined the position of Tai-

kancl l

Muhammad i Ilamicl died at Lch, on his return home, under

very suspicious ciicumstances The next explorer sent out was a

Pathan of the native sappers and rameis, a very intelligent man,

who promised exceedingly well He was sent into the country

north of Pcshawur, to explore in. the ducotion of Chitial , but he

had a blood feud in his family, and the avenger of blood went aHci

him and muidered him His popeis weie collected and sent back

by no less a person than the Akhund of Swat 2

In 1864 Colonel Walker engaged two Pundits from one ot the

upper valleys of the Himalaya, who were recommended by Major

Smyth of the Education Department as likely to have great facili

tics in tiavellmg thiough various parts of Tibet They were placed

under Colonel Montgomone, who completed their training, and then

oidered them to make a route survey from the Mansarowar Lakp to

Lhasa, with a view to defining the course oC the great liver Sanpu in

Tibet One of these Pundits (A) was Nam Sing, a Bhutiya subject

of the British Government, bom at Milan m Knmaun He was m
the service of Messrs Schlagmtwcit during 1856 and 1867, and then

joined the Education Depaitment, being head mastei of a Govern

ment vornaculai school in his native dibtuct of Milan from 1858 to

1863 In the latter yoai he was faamed as an explorer, and con

turned to seive m the Department of the Gicat Tiigoaometncal

Survey for the next 13 yeais

The two Pundits (A and B) made a fiist attempt from Kumaun,

but did not find thib route practicable They, however, met some

Bisahms, British subjects who had bocti robbed whilst trading in

Chinese temtory, near Oaitokh, and who asked the Pundits to be

their vakils, m ordei to obtain icdre^s fiom the Lhasa Government

This luinishocl a plausible reason for the ]oumcy, and it TV as that

decided that the best chance of reaching Lhasa would be thiough

i Lat 3820'N, Long 7*7 30' If The values adopted by Ivlapioth, Ilumboldt,

and Hitter arc 38 19 N ,
andW 18' I The Schlagmt^ciis adopted 38 K)' N ,

and 74 10' L
&ec Colonel Walked bpecth Proceedings E G- 5 " xv , p 203

t (1871 i
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Nepal They accordingly set out,
1 and reached Kathmandu on the

7th of March 1865

The Pundits heard that the route by the Kirong pass was clear

of snow earlier than that by Kuti (Nilam), and they, therefore,
selected that route, leaving Kathmandu on the 20th of March , but
the Chinese Goveinor of Kirong refused to allow them to pass, and

they returned to Kathmandu on the 10th of April
One of the Pundits, B, then gave up the attempt, and contented

himself with making a long journey in the uppei parts oi Western

Nepal, including an examination of the Muktmath pass
2 The

other, A, set out, disguised as a native of Ladak, as a companion of
a Tibetan merchant, named Dawa Nangul, on the 20th of June,
and made his way to Kirong
The post of Kirong is very important in connexion with the

question of intercourse between India and Tibet It commands
what is probably the best of the Nepalese passes The Pundit
descnoes it as a place with a fort, a good sized temple, about 20

shops, and a population of 3,000 to 4,000 Wheat and barley are
raised round the town, and there is a trade in salt from Tibet and
in rice from Nepal
The road through Kirong leads past the important Ohmesc post of

Jonkajong, on the Central Chain, which is probably the Ari-jong of
D'Anville's map But the Pundit was again refused leave to pro-
ceed, and with very great difficulty he eventually got permission to

take anothei route, to the westward^ over the No la pass of the
Central Chain, 16,600 feet above the sea His route was through
forest on the outer slopes of the Southern Cham as far as a village
called Lue, where the mountain sides become bare and rocky, and
then across the Southern Chain by the Ga-la pass, which is the

boundary between Tibet and Nepal, and 16,700 feet high The
Jfo la pass was crossed next day, so that here the two chains

approach very closely, the intermediate plain sinking to 14,000 feet
On the 2nd of September the Pundit reached the banks of the

Sanpu, and crossed to the Taduni monastery, on the north shore,
14,200 feet above the sea Here he learnt that once in two years
the Maharajah of Kashmir sent a merchant to Lhasa with a great

1
Theyhad a large sextant, two box sextants, prismatic and pocket compasses, pocket

chionometer, boiling point thermometers, and a common watch
2 No account has ever been published of the journey of this Pundit m Western

Nepal, and of his visit to the Muktmath pass
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quantity of goods, who is called
u
JJopchak," and that onco a year

the Government of Lhasa sent a merchant, called "
Jang Ohong-

pon," to ILadak Another account of this exchange of kafilas

between Kashmir and Tibet is given by a writer in the "
Calcutta

Review " He says, that every third yeai a kafilq,, consisting of 270

horse or yak loads leaves Ladak for Lhasa, carnage being supplied

by the Tibetan Government while within its territory The goods
from Ladak are dried apricots, saffron, oriss root, cnrrants, chintz,

and piece goods ,
and the articles brought back are shawl, wool,, and

tea The leader of the kafila, called ct

Lopohak," must be a Tibetan

of Ladak, and is always chosen from a family of rank The profits

of the undertaking are shared "between the Kashmir Government

and the leader's family The Tibetan Government sends a yearly

venture of the same number of loads to Kashmir, the Maharajah

conveying it at his own expense when within his own "border x

The Pundit joined the Kashmiri merchant's head man, named

Ohiring Nurpal, who passed through Tadum with 70 laden yaks,

and they set out together for Lhasa on tho 3rd of October

The party travelled along tho northern side of the Sanpu,

crossing a large tributary called the Oharta-8anpu5 flowing from

the Northern Chain ,
and then passing ovor a range into the valley

of the Raka-Sanpi, a nvei which has a long course parallel to the

Sanpu, into which it lalls below Janglachc5 Irom Tadum to a

place called Hahmg theic wore no signs o cultivation, and tho

population was very scanty , but from llalung onwards there weie

clumps of willow trees and cultivated patches Rakmg is just

below the Ka-la pass, over a spur Lrom tho range between tho rivers

Baka-Sanpu and Sanpu, which separates the Tsang province from

those of Western or Little Tibet

On the 22nd of October the party crossed the Sanpu by a ferry,

190 miles below Tadum5 and arrived at the town of Janglachc^

where there is a strongly "built fort on the top of a hill, a lino

monastery, and a number ol shops kept by Nepalese T'lora

JanglacM to the town of Shigatz goods and men aie transported

on the nver, which is wide and navigable, in hoats covered with

hides Here they were -joined "by the second part of the Kashmm
merchant's carayan, consisting of: 108 laden yaks, and on the 29th

they reached Slngatz6^11>800 feet above the sea At a place called

1 " Calcutta Review," January 1877, INo cxxvu v p 144

2 The Pundit calls it Digaicha rfere he took a numbci of ob&oi vufcions foi latitude
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Phuncholmg, between Janglachc and Shigatz6, the nvei is spanned

by an iron chain bridge

On the 1st of November 1865, the Pundit ^ent from Shigat/6

to Teshn Lumbo, to do homage to the Teshu Lama 01 Pancheii

Rimboch^1 a "boy eleven years old, who was seated on a high

throne covered with rich silk The Pundit reports that theie

are 3,300 monks m the monastery of Teshu Lumbo, and that the

town of Shigatz6 has a population of 9,000, exclusive of the monks,

but including a garrison of 100 Chinese soldiers, and 400 Tibetan

militia A market is daily held on the space between Shigatz6 and

Teshu Lumbo, and good crops are raised in the neighbourhood

At Shigatz< the caravan was ]0iiied by the Kabhmni merchant

himself, and setting out again on the 22nd of December, they

passed thiough Paindm/ and leached Giansu* on the 25th, a distance

of 46 miles 4

Giansu was visited by Bogle and Tuincr, and Mi Manning
lesided there for some time The Pundit dcscubes it as a citv

about the size of Shigatz6, with a fort on a low lull in the centio

of the town, and a large gilded temple It is luled by a X)epon?

assisted by two Jongpens, and lias a gamson of 50 Chinese soMuis

and 200 Tibetan, militia The suirounding plain produces whc at,

barley, ladishes, peas, and ghee, while rice is imported fiom Bhutan

"Woollen cloths aie manufactured m the town, and also small bells

with which horses aie adorned m Tibot

From Giansu the Pundit followed the route taken by Mi Manning
to the Palti 01 Yamdok cho lake, crossing a spui of the CentiaJ

Cham by the pass of Ehoro4a, 17,000 feet above the soa lie

clcscubes the lake as 45 miles in circumfeienco, two to three miles

bioad, with a hilly island in the centie, the watei veiy deep and

good to drink, though the lake has no outlet He found the lake

to be 13,700 feet above the sea

On the 4th of Januaiy 1866, the Pundit left the shoies of this

famous ring shaped lake, crossed the Khamba la mountain separating
the provinces of U and Tsang, and leached the left bank of the

Sanpu, at the village of Khamba barchi, where it is 11,400 feet above

1 lie calls him the "
Panjan Emgbo Che "

2
Penajong

3 Gyangze
41 According to the Pundit 39 accoidmg to Turnei
5 The Chechep Depen of Edgar
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the sea level Here the party took a boat, and rowed down, the

stieam to Ckustil jong Crossing the nvcr at Clinsul, they followed

Mi Manning's route up the ralley of the Ki oka, and amved at

Lhasa on the 10th

The Pundit describes the Lhasa valley as fall of laige and

populous monastenes He visited tjaat of Sara (Sera of Hue),

three miles from the city., wlieie thcie are 5,600 monks, and the

famous monasteij of Galdan, founded hy Tsong-khapa, which is

three quarteis of a mile in eiieumfeienco, and peopled by 3,300

monks The city of Lhasa has a circumiaeiLce of 2\ miles, and

in the centie stands a lai go temple containing images richly mlaid

with gold and precious stones and sunoundcd "by bazaais with

shops kept toy Tibetan, Kashmm, Ladalo, and Nepalose merchants,

many'of whom are Muhammadanb Chinese tiadesmen are also

numerous The pla/m of Lhasa is aT)out 12 miles long "by 7 broad,

and is surrounded Tby mountains Aiound the town are the

monasteries ot Muru, lUmoclid, Chumuling, Taokyakag, K<m-

tyaling, and the palace-rnonasteiy of Potala, the lesidence of the

Dalai Lama,, 01 Gur (Q-ewan) Rnabocli<i, called ilso the Lama

Guru It is a mile and a half in cncumCeren.ee, and stands on an

eminence 300 feet aboTe the plain IFour miles "west of it is the

Debang monastei y, -with 7,700 monks., and to the south, on the

othei side of the Ki chu, is the Ohochulmg monasteiy
a

The Pundit went with the Kashmui merchant (Lopchak), to

pay his respects to the Dalai Lama, "who "was a Ian and handsome

boy about 13 yeaxs old, seated on a throne sn. foot high, \vith the

Gesub Rimboch<V 01 Eogent Mimstei, on his light hand The

Pundit relates the popular belief to be that the Dalai Lama will

transmigrate 13 times, and that he is now in his 13th transmi

gration But he is only in the 12th according to the list of

Desgodins Below the Eegent there axo foux ministeis, called

i According to anothoi authority, the principal Gowpas or monabtoiies xound I h%i

with the numtoei s of monks in oacb, ai e as follows

,n monastery
- 3,500

Lia

Depong
Gentu

Grume

Kontyalmg rnonasteiy

lankyaling

Chochulmg ,,

Chunmlmg

Chenamg6
- 1>OQP

20
>
400

Chemchung
- 200

. khan of Hue, n p 156 The Pundit calls him Gyalpo Ktwio Gyago
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Khalons,
1 who conduct all puhlic business , and the Amba, or

Chinese political agent, has special, but apparently undefined, powers
As a rule, he does not interfere in the internal affairs of Tibet
The Pundit also heard that 36 miles east of Lhasa, on the north
shore of the Sanpu, there is a town called Sdwe, where the Tibetan

treasury is kept , that 40 miles farther east there is a town, on the
south bank, called Shotang, as large as Shigatz6 ,

that the river

flows thence eastward for 120 miles, and then turns due south
The hills round Lhasa are barren, except for one thorny bush

called &a
9 but there are trees of two kinds in the gardens, though

not indigenous, called chmgrna and jawar The crops of the Lhasa
plains consist of barley, wheat, peas, mustard, radishes, cariots,

onions, potatoes,
2
beans, and other garden produce There are^cows,

sheep, goats, yaks, ponies, asses, and pigs , and fowls, pigeons, and
ducks are plentiful The manufactures at Lhasa are chiefly woollen
cloths and felt

The population of Lhasa, according to a census taken in 1854,
was 15,000, and owing to the number of celibates there is a largo
preponderance of women , 9,000 women to 6,000 men The gammon
consists of 500 Chinese soldiers, and 1,000 Tibetans, armed with
flint guns, and seven small pieces of ordnance
The Pundifc left Lhasa on the 21st of April 1866, and, returning

by the same route, reached Tadum on the 1st of June Journeying
up the Sanpu valley, he crossed the Manam la pass, and returned
to India, reporting himself to Colonel Montgomene at the head-

quarters of the Great Trigonometrical Survey
a

In May 1867, the same Pundit who was at Lhasa, A, with a
third man who had been trained in the interval, C, as B had proved
to be somewhat wanting in nerve, set out to explore the gold mrnos
of Thok jalung, on the lofty plateau in rear of the great Northern
Range After a most trying journey, these hardy and persevering
exploiers crossed the Ghomorong-la pass, 18,760 feet above the sod,
and after a long march through snow, reached the chief gold field,

4

on a large desolate plain, 16,330 feet above the sea, where the

camp of the Tibetan gold diggers was pitched The master of the

1
Kaskaks, of the Pundit

2
Probably due to the benevolent foiethought of Warren Hastings, and introduced

thiough Bhutan
8 See " General Report on the Operations <tf the Great Trigonometrical Survey of

India during 1866-67,
'

by Colonel J T Walker, R E ,
F R S , ix pp i to atax

4 In 32 24! 26^ N , SPW 38" E
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gold diggings was a aatrve of Lhasa* a/ shrewd and well informed

man The Pundit describes tlxe method of working the gold3 and

the hafats of the diggers The explorers left Thok-jahmg in

August, and returned to head quarters in Novemher 1867 1

Some very important journeys were made hy an explorer whom
Colonel Montgomery calls No 9, and whose results he reported

upon in 1872 No 9 went up tlie valley of the Tambur, m Eastern

Nepal, in the footsteps of Dr Hooker, as far as the WallaiicMn

pass, which No 9 calls Tipta la ,
and then succeeded in gaining

permission to enter Tibet "by his successful medical treatment of

the wife of a chief official, at Tashirak, a large standing camp on a

feeder of the Arun3 15,000 feet aboye the sea He then crossed a

mountain spur by the Ni-la pass, and entered the district oi Tmla-

jong' Advancing southward, lie first carao to patches of cultivation

at a place called Lamadong, on the banks of the Khantougin,

another tributary of the Anm Crossing over another spur, bf the

pass of Tmki-la, he reached the banks of the Chomto-dong lake, 20

miles long by 16 miles wide, and 14,700 feet above the sea He

then, crossed the Central Eange by the Laguhmg la pass, 16,200

feet above the sea, with glacier ice close down to it, which forms

the "boundary between Sddom and Tibet The explorer journeyed

thence to Shigatz6, aad duly paid his respects to the Teshu

Lama
No 9 returned "by the Baku monastery of the Bed Cap sect,

crossed the Central Chain "by the Dong-la pass, on the 3id of

October 1871, and proceeded by Sakar jong, Tmgn, and Nilam to

the gorg^ of the Bhotia Kosi into Nepal Nilam, or Kuti, is the

last Tibetan town rn this direction, and the pass thence into Nepal,

according to the account giren by No 9, is one of the most

dangerous in the whole Himalayan range
2

In 1868-69 an explorer, known as the Mirza, was employed to

undertake a journey beyond the Hindu Kush He had had a partial

English education, his father having been a Turk of Mash had en

gaged in trade, aad his mothex a native of Persia, where the Mirza

wa& bom He had spent a good deal of his life in Kabul, and

could speak Persian and Turkish After much delay he reached

1 * General Report on the Operations of tie Great Trigonometrical Sumy of India,

1867-68,' fcyLiemt ColonelJ T Walker, B 13 ,
F R b , pp i tox

2 Gkmeial Report on the Operations of the Great 1 ngonometncal Survey of India

dimng 1871-72," by Ma]0i T G Montgoniene BB ,
FE fl
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Kabul, ind succeeded m staitmg thence foi Badalshan m Octobei

1868 Crossing the Hindu Kush "by the oidmaiy lonte to Bamian,
he made his way into Badakshan, following the com so of the

Kokcha iivei The Mirza reached the Oxus at Ishkasim, and,,

marching up the stream nearly due east, he arrived at the Punja
fort, in Wakhan Up to this point he followed in the footsteps of

Lieutenant "Wood, so that his woik could he tested, and his positions
of the chief places /differ but little from those of Wood l Fiom
Punja onwards the Mirza's route diveiged fiom that of Wood, who
took the northern branch of the Oxus, while the Mnza followed the
southern bianch On January 14th, 1869, the lattei staitcdfiom

Punja, and suffered severely from cold in crossing the Pamn Steppe,
snow falling every day After the fouith day the party icached
the wtter paiting between Wakhan and Eastern Tuikistan, whoie
the livers weie all frozen The source of this southern branch of

the Oxus was found to be a small frozen lake called Pamn-kul
13,300 feet above the sea 2 After foui inoic long marches the
Mnza found himself at Tashkurgan, the capital of Smkui, 10,986
feet above the sea, the stieam he had followed down being a

tributary of the Yaikand He was now in the tcintory of tho
Atahk G-hazi, and was sent with an eseort to Kashgar, whcie ho
arrived on Ecbruaiy 3rd, 1869 Obseivations for latitude weie
taken at the eluef places on the iouto, by meridian altitudes of tho
sun and stars, and a route survey was made by taking bearings with
a prismatic compass, and measuring distances by pacing The
Miiza's work placed Kashgai in 39 29' K" and 76 12' W lie
returned by Yaikand and the Karakomm pass, after executing a
icute buivey of 2,179 miles, fixing the height of 28 points by
boiling point obbeivations, and taking 48 latitude observations at
14 places

8

In 3 870 Colonel Montgomene sent an explorei into the tuangnlai
space lying between the Indus and its groat Kabul tubutary, whieli
is bounded on the north by the Hindu Kush and Mustagh ranges

1 The position of Punja, accoi cling to Wood, is 37 2' N"
,
and 72 41' E and accords

to the Mnza 37 5' N and 72 39' E
rt

2
13,200 accoidmg to Captain Jiotter

s SeeG I S Survey Repoit lor 1809-70 In 1871 the Mimi was sent on
a second jouiney, with his son m law as an assistant Ho had traversed tho load
fiom Herat to Maimana, and was proceeding northwaids when ho and his companion
were muiderod dtinng the night while asleep, by their guides The Miwa was a most
zealous, faithful, and intelligent explorer



JOURNEY TO XAKE TEN&RI NOH 157

The man selected was a Havildai of one of the Pathan companies

of: sappers, who was regularly trained for the work, and then started

iom Peshawur, ciossmg from Yusufzai into Swat, and thence into

Baj-aur Prom Bajaur he made his way into Dir, on the Puirjkora

n-vei, and onwards through a part of Kafin&tan to Chitial 3?iom

this point he ciossed by the lofty and difficult pass of Nuksan

to Fai/abad in Badakshan The Havildai icturned to Ohitral by
the Doia pass, aitei completing the survey of the head wateis of

the Kokcha iivei, a large tubutaiy of the Oxus
,
and made his way

thence to Peshawur He was constantly in great penl fiom robbers,

nnd it was much to his credit that he was iblo to pass through so

dangeious a country without a mishap of any kind He took

latitudes at five points, determined heights at Loiu, and made a

loute suivey of 286 miles, mostly ovoi new gzound

In 1871, Color) el Montgomene oigamzocl a paity to oxploie some

portion of the unknown region noith of tho Tibetan watci shed of

the Uppei Biahmaputra, 01 Sanpu, led by a young semi-Tibetan,

who is neithei distinguished by name 01 number, so we will call

him D lie had with him four assistants fiom tho bordei districts

Ciossmg the Mauam la, they ariived at Shigat/,6 on the 24th of

Novernbei, wheie D prepared foi a journey acioss tho gieat

Noithern Cham to the unvisited lake of Tongn-noi, which was

only known fiom the Lama'b Suivoy of 171C Sheep weic the

only animals that could stand the journey, as the road was too

stony f01 yaks and the climate too cold foi donkeys D Ihoiefoio

pui chased fifty sheep to cany the baggage, and setting out on 1ho

(>th of December, the party crossed the Sanjm, and tiavelled up
the valley of the Shiang chu, in the footsteps of Mr Bogk The

villages the exploiers passed thiough weio Potmg, on the Tsanpti,

Chu, Dongdot la, and Chom, and on tho 14th they leaehecl Nam-

ling, the Chamnamring of Mi Bogle, whore theie sire a monastery
with five hundred monks, a foit, and about two hundred houses

suiiouncletl by gaidens, with an 11011 bridge over the rivei This

route is fiequCnted by tiaders in salt anJ borax

following up the valley they next came to Kholam, and then to

Gonkiang, wheie there is a monasteiy On the 20th they halted

at anothei monasteiy, called Rabdan Ohulmg Gonpa, the lesidence

of a high Lama, called the Shaptung IkmbocbX, who was said to

be about one hunched yeais old, and who had built the monastery

eighty yeais befoic Beyond this point tlio cold became veiy

intense, arid at the village of Qunje the oxploiers were told that
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white bears, called t^k-dumba, abound, which commit great havoc
amongst the cattle They next came to some very remarkable hot
springs and geysers in the mountains, and on the 8th of Januaiy
1872, they crossed the Khalamba la pass over the great Northern
Jiange, m a heavy snowstorm, which is 17,200 feet above the seaOn the other side they came to an encampment ofDokpa shepherds,and a little farther on the first view was obtained of the gieat
lengri-nor lake, caUed on the spot Jang Namcho' Chidmo, and
they crossed the large river Ghaika chu, flowing into it from the
west They reached the monastery, on the banks of the lake
called

Doikia-lugu-dong,* whence there is a magnificent view of
the wide expanse of water D resolved to execute a complete
survey of the lake, making this monasteiy his head quartcis , but
there weie constant heavy falls of snow, which impeded his woikThe principal peak in this part of the Northern Range is called
Nmjtnthwffla, 25,000 feet high, and the lamas say it is a <*od
smrounded by three hundred and sixty smallei snowy peaks as^its
servants The range was traced for 160 miles, running in a north-
easterly direction

The lake is quite frozen over in November, though the water is
too salt to be used for drinking The level is 16,200 feet above the
sea It is 60 miles long by from 16 to 25 miles broad, and has

* rtl1 there 1S anotller ^ller lake,

On their return, D and his companions were attacked by robbersand stripped of nearly all they posseted, with
difficulty making

ATT rr ^ ^ Slde f th lake> and acros^ Central
Uhain, by the Damniargan-la pass, to Lhasa On the 2nd ofMarch the weary travellers arrived at the Jangtalung monasterywhere th.re are a thousand monks

, and on the" 9th they rcSdLhasa whence, after a long and difficult return journey, they" the head quaiters of tho Great

Another explorer, whose journey is described m the same reportmade his way through the upper part of Western Ne^alTom
1
Nam, sky and cko, lake

J
Dor, a rock, lugu, a sheep , and dong, face
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Kumann, across the Kali and Karnali, to Mnktmath, and then, fcy

Mantang, over the Photu-la pass of the Central Cham, 15,080 feet

above lie sea, to Tadum, in Tibet l

The training and despatch of these native explorers bare added

very materially to our knowledge, not only of the geography,
but also of tlie condition of the people, and the state of trade in

Nepal and Tibet Colonel Walker and Colonel Montgoinerie hare
rendered most important service m having conceived and ably
carried out so useful a project, and the Pundits themselves deserve

the highest praise lor their painstaking accuracy, perseverance, and

gallant adventurous spirit

The Havildar, -who made tie remarkable journey into Badakshan
in 18*70, was employed in 1872 to make a route survey from Kabul
to Bokhara He left Peshawar on the 19th of September 1873,
with, two companions, and as far as Jalalabad lie was accompanied
by the Mullah, who was to explore tlie Kunar valley The Havildar

travelled as a merchant, -with about 300/ worth of muslins and
cloths He left K&bul on the 3rd of November, and crossed into

Badakshan by the Sar-ulang pass, about 12,000 feet above tie sea,

and on the 19th he arrived at Eaizabad, the modern capital of

Badakshan ,
where he passed the winter On the 19th of April

1874 lie set out from Eaisiabad with a stock of oliwrm (an intoxi-

cating drug from the hemp fLowcx) for sale
, and reached the left

"bank of the Oxus, where he crossed the river on a raft made of

inflated skins, the stream being 600 paces wide and the current very
swift The Oras here separates the dominions of the Amir of

Bokhara from those of tlie Amir of Afghanistan, and from this

point upwards it is generally known as tlie Puirjali Next day the

Hanldar arrived at Kolab, a city* of 600 houses, where he remained
until the 25th of May* He then travelled along the right bank of

the river into Darwaz, and arrived at Bjla Yaz Okalam, the frontiei

Tillage of that little 8tate 3 on the dtli of July He was told thata

from this point, one long day's journey would hare "brought him
into Shighnan, but lie was recalled hy the ruler of Darwaz, and
detained at its chief town of Wana for three -weeks He was then
told that he would not "be allowed to continue his journey but must

i Also m tlie Beport of 1873-74 following the above p x
,
with map The Hima-

layas have not yet been crossed at a/njr pomt "between tlie Mufctaath pass and
Kumaiaia, and except m one instance, the peaks, m this interval, have not been
measured
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i etuin to Kolib He went back to IWabid, and went thence, by
BalLh and Bamian, back to Kabul, reaching Peshawar on the
llth of January 1875
The Mullah, who accompanied the Havildar as fax as Jalalabad,

was a natiye of Peshawur, and a brother of the sapper who wab
muidered in Swat in 1869 He is a well-educated man, skilled in

Aiabic, and in his capacity of Mullah can tiavel unquestioned about
Swat The Mullah left Jalalabad on the 28th of Septembei 1873,
crossed the Kabul river, and proceeded up the valley of the Kunax,
of which he has given a very valuable desciiption He i cached
Ohitial on the 31st of Octobei, passing the winter theie On the
22nd of Maich he set out for the Baioghil pass, which is believed to

be the lowest depiession in the chain that sepaiaies India and

Afghanistan fiom noithein Asia This pass foinis the water paitmg
between the Sarhadd and Ohitial rivers, and the Mullah dossed it

and icached Saihadd in Wakhan on the 8th of Mciy 1874 He then

pioceedecl over the Little Pamii to Tashkurghan and Yaikand, and
so by the Kaiakoium pass to Leh He merely made a loute

suivoy with compass, without attempting observations for latitude 01

height above the sea, as detection would have been a most seiious
matter

The journeys of the Havildar and the Mullah weie complements
of the work achieved by Captain Henry Tiotter, E E , ol the Great

Trigonometrical Survey, who was selected to accompany the mission
of Sn Douglas Porsyth to Kashgar, as geographer Two of the
Pundits accompanied him, and he was well supplied with necessaiy
instruments Captain Trotter's first useful piece of geogiaphieal
woik during this service was a boat expedition on the Pangong lake
in October 1873, when he obtained some soundings He has given
detailed descnptions of the routes between Ladak and Tuikistan,
and very interesting accounts of exclusions in the neighbourhood ol

Kashgai, as far as the Artysh distucts He then proceeded on his

important journey, by way ot Tashkurghan, to the Pamir Steppe ,

where he obtained a complete set of astronomical observations, and
was thus enabled to fix the principal positions along the line of
march with considerable accuracy

Captain Trottei staited from Kashgar on the 17th Maich 1874,
accompanied by Dr Stoliczka, the geologist, passed thioiighTash'
kurghan, and reached Punjab in Wakhan Here he despatched his
assistant, Abdul Subhan, to exploie the course of the Oxus from
tins point in the direction of Kulab He followed the river for 63
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miles to Ishkashim, thence turning northwards he continued his

journey along the liver bank for nearly a hundied miles, passing

through the districts of G-haian, Shighnan, and Hoslian, countries

which have hitheito heen known to us haidly ever by name lie

describes the famous ruby mines, and gives many paiticulars lespect

ing the countries of Shighnan and Boshan The Munshi Abdul

Subhan succeeded in reaching a point vciy near to that at which

the Ilavildar, coming fiom another cliiection, was obliged to turn

back Captain Tiotter left Punjab, on the 26th of Apul 1876, and

maichecl up the noithein bianch on the Gieat Pamir, icaching tb.0

west end o Wood s Victona Lake, the souxcc of the Oxus Captain

Tiottei's valuable lepoit has thiown a flood ol light on the geography

ol the Pamn, and ol .Eastern Tmkistan It is giatifymg to find that

his determination of the position of the Victoua Lake is piactically

identical with that ol Lieutenant Wood lie has also succeeded in

connecting the Indian suiveys with those of llussm In 1872

Colonel Schainhoist, attached to Hie st^ll ot Baion Kaulbais, the

Russian Envoy, fixed the position oL Kashgar, and that ol Captain

Tiotter dillered one mile in longitude, while the latitudes wcie

practically identical
l

The reductions of the astionomical obsei rations and the compu-
tations of heights were all made in the office of the Superintendent

of the Great Tiigonometiical Survey, and among other icsults a

series oi most valuable maps has been piepaied
'

Poi Captain

Tiotter has not only woikccl out Ins own observations, but has also

reduced those of the Ilavildai and Mullah, as well as those ol the

Pundit, whose very lomarkablo journey across Tibet lanams to be

recorded 3 These native explorers did good service m the field, but

they were quite unable to utilise their "work, and loi the icsultmg

narratives and maps geographeis are indebted to Oaptam Tioltoi, as

they wore ior the results of former journeys by native explorers, to

Colonel Montgomery

1 37 24' N 7<> 0' P
2 fcox Captam liottoxS account oi hib own \\oik sco "llcpoil ol a Mission to Yar

kuud in 1 873, under the Command ol bii I D 1 orsylh, K b I
, C B

"
(Calcutta^

1875), chaptei vn " Nariativc of Oeogt aphical Lxploi aUon ]>y Captain Trotter, E E ,"

pp 223 to 29o
3 "Bepoit on the Ixans Himalayan Explorations "by LmployCs of th GieatTngono

nietrical Suivoy during 1873-74-75/ drawn tip fiom the ongmal records by Captain

Henry Trotter, E L J>

(CaicutU, 1876), pp 91 IJm Bepoit, illustrated by maps,

contains the nariatives of the journeys oi the llavildar, the Mullah, and the Pundit

Nam Sing

(1*441) L
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The journey performed between July 1874 and Maich 1675 by

the Pundit Nam Sing, of the Great Trigonometrical Survey Depart-

ment, is the most important, as regards geographical discoveiy, that

has been made by any native explorer For the first time the vast

lacustrine plateau of Tibet has been traversed by an educated

traveller, who was able to take observations and describe what lie

saw, and thus a great increase has been made to our scanty know-

ledge of Tibet

In 1873 the Pundit Nam Sing accompanied the mission of Sir

Douglas Forsyth to Yarkand, and in July 1874, under instructions

from Captain Trotter, he set out from Leh on his final and most

important journey, to cross the vast lacustrine plateau of Tibet to

Lhasa, and thence to make his way down into Assam

Nam Sing reached Tankse, neai the frontier, on the 21st ol July,

and entered Tibet,, at Ohagra, as a Lama professing to be going on

a pilgrimage to a temple near Rudok At fust he followed the

Chang-chenmo road to Yarkand, crossing the Marscmikla at a

height of 18,420 feet above the sea, and then turned to the east by
a route over the Kin-la, which is still higher than the Marsemik,

leaching Noh, a small village of the Rudok distnet The piogress

was Jow, as all baggage is carried by sheep, 20 to 25 Ibs each,

which are never fed, and live on the pasturage by the loadside

Yet, out of the twenty six which originally started from Tanksc,

four arrived at Lhasa, having carried their loads over a distaneo ol

a thousand roiles

The region travelled over from Tankse to Noh is the northern

portion of Nan, or "Western Tibet At this westein cornei of tho

plateau the road to IQiotan rises to 15,500 feet in 40 miles, and

then descends rather abruptly to the plains of Eastern Tuxkistan

Seven miles east of Noh is the eastern termination of the Pangong
series of lakes, which is a hundred miles long The Pundit dotci-

mmed this eastern limit for the first time
,,
and it is remarkable

that the Pangong consists of sweet drinkable water at tho cast

extremity, while the west end is very brackish The Pangong is

the most westerly of the system of inland lakes to which the drain-

age of the vast river plateau of Tibet converges for a distance of

800 miles

From Noh the load eastward over the plateau passes along a wide

grassy valley, with occasional shepherd's huts, and large herds of

wild asses, antelopes 3 and gigantic sheep (Ovw ammon) Large
sheets of water were frequently met with, generally salt, but ocoa-
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sionally fed by fresh-water streams The plateau is at an elevation
of from 13,700 to 15,000 feet above the sea This western portion
is inhabited by Kampas5 the tribe which emigrated from eastern
Tibet about a quarter of a century ago The Pundit describes them
as fine bioad shouldered men, well armed, and dressed in sheep skin

coats, felt hats, and leather boots with curved pointed toes They
are great sportsmen, and both men and women are constantly in the
saddle Then black tents are made of yaks' hair

, they manufac-
ture a very coarse kind oi woollen cloth, and live on meat, butter,
cheese, milk, and a little flour to thicken their soup
On the 17th of September, the Pundit reached the gold-fields of

Thok Daurakpa, which are not so important as those ol Thok-

Jalung, which he visited in 1867 There arc also two smaller

diggings, called Tang-jong, and Sarka-Shyar, further oast, the
whole under the superintendence of an officer from Lhasa, with the
title of Sarpon The whole yield of gold, about 8,000 a year, is

sent to G-artokh, whence it finds its^way to sea

Continuing his journey over the plateau, the Pundit traversed
elevated plains for many marches, covered with velvet turl, and
ire quented by countless herds oJ antelopes To the bouth were the

snowy peaks of the northern Himalayan langc (Oangdis n), which
the Pundit tiaccd foi a distance ol 180 miles The highest, called

Taigotyap, is 25,000 leot above the sea Oui traveller was m-
iomictl that to the south oi the range thexe was a rivoi called Ilota-

Sangpo, which ultimately turned north into the Kyaimg Lake At
the loot oi the northern slope of Taigot yap theie is a lake called

Daiigra-yum, and on its banks is the district of Nakchang Ombo,
surrounded by snowy mountains Hero there arc several villages ol

stone houses, and barley is extensively cultivated It is remarkable

that, although this district of Ombo is at nearly as great an eleva-

tion as the rest of the plateau, it is the only place where there is

any cultivation from Ohabuk Zinga, at a distance of 85 marches on
one side, to Lhasa, a distance of 39 marches on the othoi The ele-

vation of Ombo is 15,240 feet The inhabitants have a tradition

that many centuries ago a great and powciful Gyalpo or kmo*
lived at Ombo and reigned over the whole of the Hor countiy
He was overcome by the Gyalpo of Ljaasa

Thence to the groat Lake of Tengn-nor or Namehu the country
is 15,000 to 16,000 feet above the sea , the drainage being from the
mountains separating the plateau from the valley ofthe Brahmaputia
to the north, into a vast system ol inland lakes discovered by the

L 2
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Pundit All these lakes arc new to geogiaphers, with the exception

of Tengn nor The largest is the Dangra yum cho, which is 45

miles long hy 25 broad, and the ELyarmg cho is 40 miles by 8 to 12

These lakes are well stocked with fish, and frequented hy myriads

of wild fowl

The Pundit passed along the northern shore of Tengri-nor, and

thence followed the tiack of the foimer Pundit of 1872 to Lhasa,

which city he reached on the 18th of November 1 Nam Sing, owing
to well-grounded fear of detection, only remained two days at Lhasa

on this occasion, and went thence to the ancient monastery of

Sama-y6 gonpa where the images of the temple aie of puio gold,

and which contains a large Buddhistic libiaiy This is probably
the S&we mentioned in his formei account lie continued his

journey for two days down the course of the Biahmaputia, and

crossed it at the lowest known point on its appei couibc, wheio it

is 500 yards wide and 20 feet deep, with a veiy sluggi&li cuuent

He ainved at i large town called Chetang on the right bank, wlioic

theie aietwo monasteries and 700 lamas, and here he made oat that

the Brahmaputra continued its eastward course foi 30 miles, and

then turned south east

At Ohetang the route ascended the valley ol the Yclung, i ti i

butary of the Brahmaputra, on its light bank, which Hows through
a nch and fertile valley where there are fiuit tices and laigo

patches of wheat and barley Aftei 36 miles the Dalatang plain

is reached, a grassy expanse stietching for 15 miles to the Katkang-
laf a pass over the central chain of the Himalaya, 16,210 icot above

the sea Seventy miles to the south, ovei a lofty legion, biought
the traveller to the Kya kya pass, leading down into the Tawang

valley, on the southein slopes of the southern chain Hue, at

Ohona-jong, in the Ohukhang valley, theie is a great exchange

mait, wheie the Tibetan mei chants meet those fiom Assam The

maiket, at its height, contains several hundred shops The Pundit

was detained in Tawang f01 some months, and eventually reached

Od&lgm in Assam on the 1st, and Calcutta on the llth ol Maich

1875

This really magnificent exploring achievement has yielded rich

and valuable geographical results The distance from the Pangong
Lake, by Lhasa, to Od&lgm, is 1,319 miles of previously unknown

i His latitude of Lhasi was 29 39' 23' N In 1866 he made it 29 89' 11" N
,
the

mean o the two obseivations being 29 39' 20" N
, longitude 91 5' BO" E
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country, except for a very short distance traversed by the Pundit

of 1872 ,

a
1,200 miles were entuely unknown, and the whole

extent was tiaveised ^itli beaimgs and facings, 276 astronomical

observations were taken for latitude, and 4.97 for elevation above

the sea The eastein extiemity oi the Pangong Lake was settled,

a system of numerous lakes and nveis was discovered, the existence

of the vast snowy range of the noithcin Himalaya (Gangdis 11)

was cleaily demonstrated, several peaks were fixed, 30 miles of the

Biabmaputra was discovcied, and the Tawang loute fiom Tibet to

India was surveyed
On his icturn the Pundit Nam Sing ictneel from the public sci

vice on a well earned pension He has displayed qualities which

place him high in the rank of geographical cxploieis, combining

cxtraoidmaiy hardihood, endurance, and piseverance, with piu-

dence and skilful diplomacy , while his obseivations aie remarkable

for accuracy and piccision It is not often that such splendid Cer-

vices have been perfoimed foi geogiaphy by the efforts of one man,

and the gicatest scientific traveller that India has pxoducecl ^as

not to be allowed to retire fiom the soivicc without some special

recognition by gcogiaphcrs of the value of his achievements

lie icceivccl from the Government of India the giant oi a village

111 addition to his pension, and in 1877 he was awarded one ol the

loyal gold medals by the Council of the Geographical Society, loi

hio distinguished seivices as an explorei and a suivoyor

1 hee pato
o 1 59
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XI

FOURTH PERIOD OP THE TOPOGRAPHICAL SURVEYS

(186177 )

COLONEL THTJILLIER AS SUBV&YOR GENERAL

COLONEL THTJILLIEU succeeded Sir Andrew Waugh as Surveyor
General of India, on the 13th of Maich 1861 Henry E Landor
Thuillier entered the Bengal Artillery in 1832, and joined the

surveying service in 1836 He had been Sir Andrew's Deputy
in charge of the office at Calcutta since 1847, and during those
fifteen years the general usefulness of the surveying operations
had been increased a hundredfold Thuilhci's energy and talent

for organization had been devoted alike to improving the system of

surveying in the field, and making its results more readily accessible
to the public In all this he was well suppoited by his chief In
one of his early reports Colonel Thuillier "records his sense o the
" valuable and hearty support always rendered by Sir Andiew
"
Waugh's method of conducting the great triangulation to meet

" the necessities and requiremements of the Revenue Survey, and of
"

his forethought and great consideration for the important objects"
of the extension of the geographical knowledge of India

"

The revival of the Eevenue and Topographical Surveys may be
dated from the appointment of Colonel Thmlher, at the end of the
first Punjab war in 1847 Since that date they have been conducted
with ever increasing efficiency, and with annually improving
arrangements foi extending the spheie of their usefulness The
previous history ofthe surveys will have shown that the great triangu-
lation has, as a rule, been prosecuted by a distinct staff, and separate
from the operations of filling in details for the maps Men tiamed
for the strictly scientific work of the great triangulation are not
always adapted for the detail surveys, or mce versd, while the two
classes of operations must be conducted on distinct principles The
Eevenue and Topographical Surveys must be undertaken with
reference to the public requirements, while the triangulation is

regularly proceeded with on a fixed plan But it has always been
Colonel Thmllier's care to followm the track of the different tngono
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metrical series, and thus hare the advantage of fixed stations on

which to base his detail surveys

The Topographical Surveys, usually on the scale of one inch to

the mile, are simply intended for Native States or non regulation

British districts of a wild rugged chaiacter and small value, as

regards revenue, where only a military map on a smaller scale is

required They are carefully connected with the great tiiangulation ,

by breaking up the large triangles into minor triangulations with

sides sufficiently short to give bases for plane table sketching The

chain is not generally used by the Topogiaphical Surveyor, because

it is politically obnoxious to independent tribes, and is looked upon
as the sure harbinger of loss of territory The number of points

used by the surveyor with the plane table in delineating the ground

is the criterion of the value of his survey ,

l and lines arc run across

the ground, either with chain or perambulator, to test the accuracy

of the work, by traverse

The Topogiaphical Surveys, when Colonel Thuilher took chaige,

in 1861, consisted of foui parties in Central India, the Nizam's

Temtory, Ganjam, and Ohota Nagpur, comprising a total area of

43,316 square miles When this was completed there still remained

319,338 square miles to be done in the Native States, and 21,134

in the wild hills of Eastern Bengal In 1862 a fifth party was

organi/ed to survey Rcwah
In 1864, after 18 ycais of uninterrupted and arduous service m

charge of the Surveyor General's Office at Calcutta, Colonel Thuilher

went home fox 20 months on sick leave, Colonel "Walker officiating

for him as Surveyor General and Superintendent ol the Topo-

graphical Surveys, and Colonel Gastrell as Superintendent of the

Revenue Survey

During the two seasons, 1864-66, Captain Melville was surveying

in Central India Mi Mulhcran was dt woik in the upper Godavan

district, in the midst of heavy iorest a&d tangled undeiwood lie

fell a victim to his o^ n unceasing exertions in the survey of flu

1 Ihe work is divided into sections, 15 minutes in latitude and longitude contaming

270 squaie miles The suiveyor Mis in the details xotind the trigonometrical points

already projccted on his plane t xble, and at each ti igonometneal station lie draws a sc 1 1 CH

of rays to neighhouiing objects, tlu positions of which aie determined by intersection

The points ol intersection are then, visited, ind a similar process IB gone thiough

Ihe position o each detnl need not bo more than / of 8n inch in erroi on the

mips, but theie is often great dilhcmlty when tne pomtB are concealed from each other

by jungle
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Numul jungles,, a most pestilential tract on tbo Wurda incl

Godavari riveis , and added one more to the long list of 70ilous

md devoted surveyors who have laid clown then lives in the

service of their country

Colonel Saxton continued his severe woik in Ganjam and Onssa,

legions of a uniformly deadly and malarious natuie, whore the

majority of the officers who were associated Tvith him had peiished

The survey in Chota Nagpur was conducted by Captain Deprec, and

that in Eewah and Bandalkhaiid was under Captain Murray

Godwin Austen, the topogiapher of the lofty region of the Pangong

lake, had accompanied Mr Eden's Bhotan mission, and had seived

with the Duar field force lie next headed a sixth topogiaplncal

party, to survey the forest covered and pestilential Gaioox, the

Ehasia and Jayanta hills, Naugong, and North Cachai

The Pegu Survey was distinct fiom these, and is on a scale of lour

miles to the inch The suivey was commenced m about 185 Ji , "but

when Captain Eit7ioy took chaige, in 1800, he ic^ccted tlu woik

executed "by his piedecessors, and commenced de nova, which gave

use to considerable delay In 1865, Captain Edgoome, the Pmicipal

of the Madras College of Civil Engineeung, took ehaigo ol the

Pegu Survey Ho completed the field work, consti acted M 01

district maps on a one inch scale, besides the quaitei-inch googia-

phical map, and prepared a mcmou eontammg much -valuable

statistical information

Colonel Thuillier icturned to India, and resumed chaigc on the

12th of December 1866 , but he was again in England iiom the

10th of May 1868 to the 7th of January 1869, when his duties

weie shared by Colonel Walker, Colonel Gastrcll, and Captain

Montgomeric On the latter occasion Colonel Thuillicr was on duty,

maturing anangements foi the transfci of the engraving oi the

sheets of the Indian Atlas Irom London to his own office at Calcutta

Duimg the seasons of 1867-68 and 1868-69 there wore seven

parties of [topographical surveyors in the field in llajputana, the

Contial Piovmces, and the wild legion on the N E fiontiei The

(cxmtry undei suivcy embraced every vanety of ground, Iroun the

<uid and sandy tiacks of Bikami to the mountains of Khawa and

Jajanta, which aie deluged with a lamfall of 600 inches in the

year Tho suiveyois penetrated into the wildest and most secluded

snots In the Central Provinces they came upon a tract utterly

devastated by a tigress which had killed 50 people, and driven the

inhabitants from 13 villages In many parts they traversed
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icgions hitherto not only unmapped but unknown Their system of

work is suited to native states , their operations with the thedoohto

and plane table, and no chain, excite little jealousy, and they usually
succeed in establishing fuendly lelations with the wildest hill

tribes

Colonel Jolmstone, of the Punjab Prontiei Survey3 accompanied
the Ilazaia Field Eorce in Octobei 1868 and following months, with

his staff of suivoyors, and completed a sketch map ol 400 square miles

of hitheito unexplored and unknown country duung the expedition,,

resuming his legulai duties on its icturn The woik was amongst

glacieis and mountains of perpetual snow Johnstonc fixed stations

on peaks that had hitherto becnpionounce(l impracticable, and made
an impoitant geogiaphical dibcovciy icspcctmg the true course of

the Indus, betvi eon Astoi and the Black Mountain

Six paities weic at woik duiing 1868-69 m the Lower Piovmccs,

chiefly in Kuch Bahai 5 and in the Kamiup and Lakhimpur disliicts

ol Assam In Lakhimpm Lieutenant Baiion had most severe

work, cutting his -v\ay thiough dense jungles with imported labom,
and his health has suittied much by it His seivices hare been

specially recognised in a despatch liom the Sceretaiy oi States

During 1871-72 seven Topogiaphual Suivey paitics made sys-

tematic progicss m tolling up the blank countiy in the lespcctivc

divisions, so as to piovidt foi each sheet of the Indian Atlas m due

oidei As the suiveys piogiess, the giound to be taken up becomes

more insalubrious and difficult of access The lust paily, undei

Lieutenant Iloldieh, was at woik m Gwalioi and Tonk in 1872, an

unusually difficult country, where scarcity of water and constantly

lecurrmg famines have reduced the population, and whcic cities

aie now hamlets standing in the midst of luins In 1873 Lieutenant

Holdieh was surveying a wild country in the valley of the Chumbral,
and m 1874* the same party, under Captain Stiahan, v^ as at work to

the eastwaid oJt Nimaeh Mr Scanlan, tlio assistant suivoyoi ol

the party, has wiittcn several very interesting: rtpoits on the anti-

quities, pioductionb mdustiiesj and secnciy ol Iho icgion in which
lu served In 187 r

> the work of the lust paity was extended to the

city of Udaipui, and in 3876 imtlui pio^icss \\as made in OK
smie legion, with Nmiach m the eentie The liist pait^y wall ilso

complete laigc-scale plans of the fortiess oi Qwalioi, and ol the

c antonments of Morai and Niraach
r
j he second party is commanded by Mi Girdlcbtonc, who has also

done good service in the Indian navy, and subsequently as a maxine
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surveyor la 1872 he was at work in the north east corner of

Khandesh, and in parts of Hollar's temtoiy In 1873 he continued

his work in the Narbada valley, and his management was marked

hy great success and energy In 1874 he was engaged along the

great range of the Vmdhyas in portions of Nimar and Malwa, and

wrote a most interesting report on the ruins of Mand6 As soon as

the Satpura hill tracts and native states on either side of the Nai-

bada are surveyed on the one-inch scale, the whole strength of the

second party will he brought to bear on the two inch scale survey of

the revenue paying districts of Khandesh

The third paity, under Colonel Saxton, was employed, m 1872, in

a very wild and mountainous countiy in the Bustar and Jaipur

State, the latter in the Yizagapatam Agency, woiking southwaicl from

the parallel at Vizianagram In 1873 Captain Holdich took charge

of this party and earned on the suivcy ovci thebioken, rugged hills

which continue the mountain system of the Eastern GMts, extending

acioss the G-odavari nver, a densely foicstclad tract, and almobt

uninhabited In 1874-75, starting from Damagudiam on the

G-odavau, Captain Holdich pioceoded along the valley to Sironcha,

and then into Ohanda, a district of the Central Pievinces Ho has

given, in his report of 1876, a most interesting account of this

almost inaccessible icgion, and of the wild Gonds who inhabit it

Owing to the ordeis foi the reduction of the department, thib paity,

which was doing such efficient seivicc, is to be broken up
The fourth party, undoi Major Deprec, was piosecutmg a survey

in the Eewah State and Bil/ispur district in 1872, including the

high plateau, fiom which rises, at Amarkantak, the Narbada, tho

Mahanadi, and the Son The highest part of this plateau is

3,860 feet above the sea , where the valleys are baie of loiebt and

covered with long giass, and the inhabitants are wild G-onds, who

live m w retched mud huts In 1873 the Amaikantak plateau was

very carefully mapped in 1874, and in the following year tho suivey

was continued through the Ecwah State In 1876 the opciations

lay in the western portion of the Mandla, and the northern pait oi

the Bil&spur district in the Central Provinces, and the Suivcyoi

General recorded his appreciation of the efficient state m which it

is maintained undei Colonel Dcproc's encigetic and able manage-
ment Since the paity bioke ground m 1870 it has completed

14,929 square miles of topography over very difficult ground
There remains about 1,200 square miles to be completed Owmg to

the stringent orders to reduce the department, this admirable
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organized party will be absorbed to No 7 party, and thus an

excellent and well trained native establishment will be lost through

a policy which is as short sighted m i financial point of view as it

is injurious to the public service

The fifth party, under Captain Riddell, was engaged in the survey

of Bhopal and Mdlwa, m the valley of the Narbada and its tribu-

taries during 1872 and 1873, and in the Vmdhya hills, and a plan of

the city and fort of Bhopal was made on a scale of 12 inches to the

mile In 1874 and 1875 good progress was made , but m 1870 the

work was retaidcd owing to the extremely difficult forest clad iiatuio

of the ground in the Ymdhya range north of the Narbada Oaptam
Wilmer and Lieutenant Gore, in 1876, rendered very efficient

service to Captain Eiddell, the leader of the party In 1877

Captain Riddcll was transferred to head-quarters, as an Assistant

Stirveyor General in charge of the mathematical instrument work-

shop
In 1871, the sixth party, under Oaptam Skahan, was at woik

along the eastein flank of the Aravdh range in E/ajputana, but m
the following year the piessmg demands of the Bengal Government

necessitated its removal to the hill tracts of xlssam and Munrpur
One division, under Captain Badgley, undertook the work m
Tipperah and the Cachar and Lushai hills, Mi Cook was in

northern Chittagong, and Lieutenant Woodthorpe in the Garo hills

The object of the Bengal Government was the demarcation and

survey of the portion ol the ISTagi hills, contiguous with the

Munipur native state boundary, and the exploration of the extreme

frontier along the Patkoi range a& far eastward as could bo icached

In 1871, the party was employed with the expeditionaiy force m
the Lushai and North Chittagong hills Majoi Macdonald with

Captain Tanner, Mr Clifford Barrett, and Mr Gordon Cooko,

accompanied the southern column from Chittagong This party

succeeded in establishing a series of 27 secondary triangles ema

nating from a base of the Eastern Fiontiei Scuos of the Great

Trigonometrical Survey, and 76 minor tiiangles It established

40 well defined points, and its work covcis an area of 2,800 square

miles of country, never before laid down, or even attempted to be

painted The mountain ranges and water system wore sketched

in from the Kurnafuli nvei to the valley of the Koladm in the

extreme east Unfortunately, although the two columns of the

Lushai expedition approached each other very closely, a junction

was not actually formed It is hoped that improved iclations
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with tK lull tubes will heieafter enable the department to fill up

this and other gaps -which still disfigure the map of India The

noithein column, staitmg from Cachai, was accompanied by Captain

Badgley in chaige of the surveying party, assisted by Lieut Wood-

thoipc, Mi E V Leach, Mi Ogle Mr Bobert, and Mi McOay
The tuangulation of this party emanates from a side of the Oachai

Secondary Series of the Gieat Trigonometrical Survey, and extends

f01 25 miles, in a S E direction, into the Lushai country Thence a

route survey of 191 miles formed, with, the triangulation, a connected

basis for the delineation of 4,800 miles of entirely new topography

The paity was within 40 miles of Majoi Macdonald's party which

accompanied the southern column The officeis of both paitics

have given very interesting descriptions of this new country, and

of the manners and customs of the "Wild tubes which inhabit it

Lieut "Wooclthoipe published a narrative of the proceedings of the

left column of the Lushai expedition
l His opening chapters con-

tain a summary of the events which led to the expedition, and sonic

paiticulais lespectmg the physical and intellectual chaiacteristics o

the Lushais, then villages, customs, and wasteful method of cultiva-

tion by jungle clearances The rest of the work consists ol a narra-

tive of the march, with vauous incidents and adventures, and

accounts of the skumibhcs with the hill men The book is illus-

trated by two sketches and a map, showing only the loute of the

left column, and not covering sufficient giound to give a notion oi

the geneial plan of the campaign Captain Tannei also wrote an

account of the work of the right column, containing graphic do*-

captions of scenery, and interesting ethnological details A now

oeneral map of the entire frontiei, showing all these iccent additions,

is in couise of pieparation In 1873 the woik was under the superin-

tendence of Captain Godwin Austen, and the lepoits of the offiecis

compiling this party, threw much light on pieviously unexplored

and unknown legions, and are extremely interesting In 1874-75

tluce detachments of No 6 Party were formed with the objects of

continuing the exploration of the eastern Naga hills, of completing

the central portion of those hills, and of filling up the blank

(western) part of the Manipui Native State All the^c ob]ects were

attained, i considerable poition of the countiy visited and mapped

being entirely unknown All the detachments had many and great

1 " The Lu&hai Expedition, 1871-1872," by E G Woo Ithoipe, Lieutenant Eoyal

Engineers \Jiurst and BUckett, 1873 )
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pnvations to undergo fiom bad and insufficient food, fevei, ind

exposuie in low pestiferous valleys and the snow-covered eastein

Nagas
In 1875 Major Godwin Austen accompanied the Duma mihtaiy

expedition, against the tribes on the northern frontier of Assam

Naiampui, on the Dikmng Nullah, was reached on the 2nd De

comber 1874, and from a base on the banks of the Brahmaputra a

short seiics oi tnangles was extended northward into the Duffla

hills Chung to the bnci period during which the military weie

in. the countiy, the survey party weie unable to lemarn beyond two

and j, hali months The out-turn of work amounted to 1,705 square

miles oi cntuoly new topography, on the scales of two and four

inches to the mile A map on the lattei ho ile, showing the lesults

of tho season s work in the Duffla hills, has been compiled by Major

Godwin Austen, and is a valuable addition to oui geogiaphical

knowledge of the legion beyond the northern frontiei of Assam

Lieut Ilaiman, RE , lendeicd assistance by surveying the couiso

of the llanga nvei , and Mi Listei, of the Royal Botanical

Gaidons Calcutta, was assiduous in making a collection of plants,

seeds aud diiod botanical specimens] The Surveyoi .General

exmcsscs a hope that these explorations
on the Noithem Assam

Irontiei will be continued, and is of opinion that with tact and

precaution all difficulties in the way of visiting and exploring the

naiiowstiip of lullb between the Assam valley and Tibet maybe

ovoieome

Meanwhile, Captain Badglcy and Lieut Woodthorpe were em

ployed in tho eastern Nagas, south of the Sibsagai distiict

Captain Badgley was enabled to cairy his tuangulation tiom a

side of the Assam Valley Series of the Great Trigonometiical

Suivcy, to work into the hills immediately to the south and

cxst, with a view to obtain a good basis for the topography, and to

establish a connexion with the woik executed by Captain Samuells

ot the Revenue Survey during a previous season in the South

Laklumpur hills east of the Dihmg river This he succee>ded.m

doing, and had secured 792 square miles of tuangulation and 6o7

square miles of topogiaphy up to February 2nd, 1875, when the

Ity was suddenly' attacked by Nagas from tbe villages of Sanna

and Nmn, assisted by others from the village of Noka, who enteied

the camp very caily in the morning under the pretence of
finishing

uppSf and'tieaeheiously murdered Lieut Holcombe, Political

ofcer, and 80 natives, besides severely wounding, in the space of a
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few minutes, Captain Badgley and 51 men, of whom some died
afterwaids It was entirely duo to Captain Badgley's fortitude and

presence of mind under very trying circumstances, and while

suffering from serious flesh wounds received in personal combat
with several Nagas, two of whom he killed, that the remnant of the

party, carrying the dying and the wounded, were extricated from
these hills and brought safely to the station of Jaipur, where
medical aid was obtained on the 7th of February Captain Badgley,
though unable to take any further part in the field, recovered

sufficiently to resume bis duties at Shillong by the time the paity
went there for the recess

The detachment under Lieut Woodthorpe entered the Naga hills,

south of Golaghat, and proceeded into the interior, accompanied by
Captain Butler, Political Agent They had barely begun work when
they weie attacked by natives fiom the large Naga village o
Wokha These, hcwevei, they defeated, and by this stroke an
excellent moial effect was produced on the simoundmg Naga
villageis, most of whom then sen! in friendly deputations Alter

this, work was continued in a north easterly direction along the

outer ranges of the Naga hills, so as to join Captain Badgley's work,
and complete what remained lurthei south up to the Patkoi range
Owing, however, to the di^astci which had befallen Captain Badgley'b
paity, survey work was closed on this side, and Lieut Woodthoipe
and Mr HoCay joined the punitive expedition against the Eastein

Nagas , and, besides accomplishing a fan amount of topogiaphy, a,

good junction was established with Captain SamuelFs work on
the east, and the whole length of the outer and middle ranges
south of district Sibsagar and part of Lakhimpur, 01 about 150
miles in length by 25 to 30 miles in bieadth, was surveyed The
area surveyed by the detachment was 1,507 square miles on J-mch
and 1,075 square miles on the i inch scales The season's total
out turn amounts to 792 square miles of tuahgulation and 3,289

square miles of topography, or, omitting overlaps and maigins, 2,164
square miles of actually new area surveyed
A very interesting account of the Naga hills and the inhabitants

is given in the narratives by Captain Badgley and Lieut Wood-
thorpe, *which are inserted in the appendices to Colonel Thuillier's

report

In 1875-76 Captain Badgley undeitook the boundary surveys
between the Gdro and KMsia hill districts and the plains of Assam,
on a scale of two inches to the mile

, while Lieut Woodthorpe
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continued the cxploiation of tlio eastern Nagas south of Sibsdgar,

and established a good junction with the work of the previous

season In 1877 the boundaries between the KMsia hill and the

Kamrup distuct, and between the Khdsia and Garo hills were taken

in hand, and Lieut Woodthorpe has explored as much of the

country as he could reach, to the east and south of Saduja, work-

ing in concert with Lieut Harman of the Great Trigonometrical

Survey
The seventh party was under Captain Strahan in 1872-73,

and was at work in Bajpfttana, executing a topographical survey of

the States of Marwar and Shahpura, and the southern portion of

Mairwara In 1874 the party extended its tiiangulation through,

poitions of Ajroir, Jodhpur, and Jaipur, a region consisting of

plains studded with sand hills In 1876 the woik was entirely

in the Jodhpur or Marwar State, and the party was under Lieut

Leach During 1875, before taking the field, the party completed

a suivej of the environs of Simla on the east side, f01 the use of

the Water Supply Committee The lest of the Bajputana Suivey,

being mostly over a desert, will be on a reduced scale of two milos

to the inch

In 1874 the Government of India ordered that immediate steps

should be taken to commence a professional topographical survey ol

the Mysor State, estimated to contain 27,004i square miles Ai-

rangemcnts were at once made with the object of starting the

necessary skeleton triangulation as a basis for the topogiaphy

Two small parties were orgam/cd undci Captain. George Strahan3

HE, and Captain J E McCullagh, to be paid for out ol the

revenues of Mysor, and were deputed to Bangalore fully equipped

The scale of 1 mile to the inch has been adopted fox this survey,

being the same as that of othei Native States Captain & Stiahaix

has taken the JSTundydrug and Ashtagram divisions , and made

good progress in the first season, but he was much retarded in 1876

and 1877 by the famine which prevailed in Mysoi The Nagax
division of Mysor was allotted to Captain MacCullagh, who was

also sadly hindeied in his work by the distress o the country

A large office establishment is required foi the reduction, compi~

lation, ai)d publication of such a mass of geographical materials ,

and in its efficient management the great talent for oigamzation

which distinguishes Colonel Thuilher has peihaps been most con-

spicuously displayed Certainly it is in the system by whieh. lie

yeai by year extends and increases the general usefulness of til
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surveys, by making then results rapidly and easily accessible, that
his seiyices hare borne most fruit

In the Surveyor General's Office at, Calcutta theie is a drawing
and compiling, A lithographic, and a photographic bianch The
publishing bianch may be said to have been completely foimed by
Colonel Thuilliei Originally there was only one small lithographic
piess, but during the teim of Colonel Thuillier's tenure of office
the establishment has been gradually increased, until now the

printing bianch has 20 presses continually at work, besides thiee
small type presses for departmental forms In addition to the map
punting, all lands of woik arc executed, as the difierent Govern-
ment depaitmonts indent on the Suiveyor Geneial's Office to punt
any diagiams, sketches, 01 illustiatioiis that they may ic<iuue to

accompany leports It is woithy ol icmaik that the first postage
stamps

^ever
used in India weio lithographed at the Suivoyoi

General's Office Until within the last few yeais all the maps of
the Indian Suivey (with the exception of the Atlas sheets) wcic
put on to stone by hand drawing on transfei papei, a veiy labouous
piocess, and verv liable to ciror, paiticulaily when executed by
natives who cannot read English, and who simply copy what they
do not undeistand The climate of Calcutta also rnihtatcs voiymuch against the successful transfer from papei to stone Lattcily
natives, who have acquired a small knowledge of English, have
been easily attainable, and appientices have been carefully tiamcd
to write on stone, and thus better and moie certain icsults arc
obtained

The greatest advance of all was the introduction of photo zinco-
graphy into the office The credit of having first introduced tho
piocess into India is due to Mr Hennessey of the Gieat Tii-ono-
motncal Suivey, and the fust photo zmcogiaph was executed by
himself in the office of the Superintendent at Dehia Dun 13efoieMr Hennessey's return to India m 1865 maps had been copied by
photography both in the office at Calcutta and in that at Dchia
Dun Colonel Thuilher had two Serjeants employed m his office,who were sent out, after receiving instruction in photo zincography
at the Oidnance Survey office at Southampton, but their attemptswere not very satisfactory Photo zmcogiaphy cannot be said to
have been fairly introduced into Calcutta until 1866, when suivoy
officers, -who had been trained in the process undei Mr Hennessey
were available to take charge of this bianch Since that year pro'
gress has been steadily made, the establishment has been enlarged
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and the out turn of woik, already enormous, is yearly increasing
It must be iemem"bered tliat the great demand in India is not foi

highly finished, but for lough aecuiate maps, published as soon aftei

survey as possible By means of photo zmcography the results of

the surveys are immediately made available for geneial use Cap-
tain Melville and Lieutenant Waterhousc ably superintended this

department,
1 and during the yeai 1868-69 as many as 44,092

copies of maps weie struck off In the same yeai 97,647 were

lithographed , so that the total out turn amounted to 141,739

maps The demand, both fioni official
'

and geneial sources, is

in piopoition to the supply, and these bianch.es aie not only self-

paying but lemuneiative The value of the woik tuined out by the
litho and photo /incogiapluc blanches veiy considciably exceeds the

cost oJt the woiktng expenses In 1875 as many as 1,856 original

subjects weie icpioducocl by photography, and transfonocl to zinc

01 stone, and 142,371 copies oi maps and plans were stiuck off, and
in 1876 the number of copies pioclucccl was 156,969 Tins groat
increase was chieily duo to the eadastial suivcy plans of the North-
West Piovinces Tliuc is also much work oi all kinds clone by the

lithographic bianch, including coloiu and tint puntings lor cholera,

foiest, and geological maps
In 1869 the cngiavmg of most ol the itmaming sheets of the

Indian Atlas was transferred to Calcutta, Colonel Thuillicr having
engaged a stall ol cngiavcis while lie was in. England, with Mi
Coaid, an experienced engraver, as supeiintendcat of this bi inch

In 1870 the first quaitcr sheets of the Indian Atlas cngiavecl in India

(No 87 S W Lucknow, and "No 125 8 JE Svlhct) wcio issued The

stylo of the work was all that could bo desired, and lollcctofl gtcat
credit on Mi Coard and his staff Mr Coaicl devoted much atlon

tion to the tiaining of native apprentices in the ait of coppei
engiaving, and with imieli success The piogiess ol the engraving
has since been very satisfactoiy , and in 1876 no less titan 123 plates
were 111 the luinds of the engravers, compusmg shoe ts ol the Atlas

and miscellaneous maps The great dilliculty is to obtain eompo
tent hill eteheis, but native apprentices at this woil aie steadily

improving under the able tuition of Mi Coard The European
staft of engraveis is 10 in number, undei whom theie are 25 native

1 See "Report on the Cartographic Applications of Photography, aad notes on the

European and Indian feuiveys,
'

by Lieutenant J Waterhouso, E A (Calcutta, 1870 )
2
21,848 maps supplied

(13441 ) M
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apprentices, many of whom are already able to complete outlines

and letterings in a creditable manner

The Surveyor General also issues valuable maps which are com-

piled and executed at the head-quarter s office Among these is a

useful and valuable map of India on a scale of 64 miles to the inch

in two sheets engraved on copper and transferred to stone, which

was completed in 1877, and which will also be utilised for the

geological map of India Colonel Thuillier is also preparing a

general map of India in six sheets, on a scale of 32 miles to the

inch engraved on copper, with which good progress is being made ,

and a new edition of a hand map of India on a sc^le of 128 miles to

an inch, with the hills etched on coppei, is issued periodically

Among othei maps are one of Bengal, BaL^ir, and Orissa, and another

of Assam on a scale of 1C miles to the inch , a new map of Sind ,

another of Ouclh complete with lulls, one ol Baluchistan, divi-

sion il maps, ind a complete bciies of piovmcial mips to illustuite

Aitchison's tioata.es The depaitment, during 1875-76, issued 25,294*

maps for official purposes, 2,870 were sent home to the Gcogiaplueal

Depaitment of the India Office, and 5,278 weie supplied to the public
The topogiaphical Surveys under Colonel Thuillier's supenntend-

ence have veiy matenally helped towaids the completion of oui

knowledge of the phvsical geography of vast tiacts of India, the

work being chiefly over mountainous and forest-clad regions, or ovci

sandy deserts, frequently in parts never before visited byEuiopeans
Colonel Thuillier truly says, that for frontier expeditions and wild

tract of country, the Indian Topographical Survey method of sui-

veymg by theodolite and plane table based on the great and mmoi

triangulations cannot be excelled foi geneial accuiaey, rapiditv, nid

cheapness*, if the agency employed is "well tiaincd and tiusUvoithy
The cost of the Topogiaphieal Surveys foi one yeai (1875-76) \v is

3S,633 , or 21 pei squaie mile These suiveys, on a seale of one

inch to a mile, are urgently regimcd for engineering, militaiy,

administrative, and geographical purposes, and there is at least ten

years' work remaining for seven complete paities

There is also a vast field for future work in India, m the North

We^t Provinces, in Madras, and in Bombay , besides that of parties

still progressing in Central India and Assam Yet year by year
a good out turn of work is produced , the system [is admirable,

and ere many decades have passed the whole structure of accurate

tnangulation will be clothed with useful and reliable topographical
detail
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The history of Colonel Thuillier's work is to be found in his own
annual reports from 1854-55 to 1875-76 inclusive 1

Colonel Thuillier retired from the office of Surveyor General at

the end of the ycai 1877

1 Sec also " Selections fiom the Records of the Government of India (Home Depart
ment),

' No JLXXIV (1869 )

2
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THE REVENUE SURVEYS OE INDIA

THE Revenue Surreys of India aie cme of the bases on winch, the

whole fiscal administration of the country rests By their means

the wealth, of the various provinces is asceitamed, as well as then

food producing capabilities, and their power to bear taxation The

surveys furnish the infoimatioii comprised m agricultural statistics,

without which the statesman is dcpnved of the knowledge enabling

him to improve the condition of the people, to mciease then means

of subsistence, to avert famines, to add to the wealth of the countiy,

and to adjust taxation

Revenue Surveys have, unfortunately, been conducted on diffcient

principles in various parts of India The id^al suivey, "\\lule

furnishing complete information for settlement puiposes, should be

executed thioughout on accuiate principles, and supply mateiials

foi compiling maps foi geneial use Such a system has always

been advocated by Colonel Thuillier
,
but in the Madias Piesidency

alone has any approach to a compliance with all the demands been

effected The Madras Revenue Survey must theiefoie be considered

as, on the whole, the best in India The Bombay Suivey is admi-

rable, and perhaps the best foi fiscal puiposes , but it is of less use,

so lai as the supply of matemls foi geneial maps is conceinecl [a

the Noith West Piovmces the suivcys loi the first settlement -\\cie

veiy loughly executed, but thcie has &mce beci a gieat irnpiove-

ment In the Punpb, although theie is a piolessional suivey ior

the boundaries of villages and topogiaphical icatuics, a less accurate

native system is in lorce for field mcasuicmonts, which also unne-

cessanly goes over woik done by the professional suivcyoi

Since the appointment of Colonel Thuilliei in 184*7 the Revenue

Suivcys under his charge have been thoioughly well done, and

there aie excellent suiveys of the Punjab, Oudh, Smd, the Lowei

Provinces, and of all the distucts included in the operations of his

parties But unfortunately the suiveys of the North West Piovmces

were executed befoie his time It will be lemembered that, at the
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conference of suiveyois held at Allahabad in 1834,
1
it was resolved

to sacrifice cvciything to cheapness and rapidity of execution

The consequences of this resolution have been most disastious

The surveys of the North "West Provinces weic made at a galloping
late each season, owing to the pressuie of the revenue officers, who
wanted to complete the settlement The lesult was, that the maps
weie the merest and most maccuiate skeletons, while topographical
details were altogethei omitted The suiveys were conJfined to the

actual definition of village "boundaries, and the work on opposite
sides of a river was never even connected As geographical material

they are perfectly useless These wsre the matenals from which

the geographical maps on a scale of four miles to the inch were

lithographed at Allahabad, after having been ieduced by native

diaftsmen They have no trigonometrical points, and no basis of

my kind
, yet from these maps the sheets of the Indian Atlas have

been filled up
Most of the original village plans, bound up in folio volumes,

weie destroyed in the mutinies, but those of twelve districts were

saved, and deposited in the Surveyoi Generals Office at Calcutta

When the time arrived for a second settlement of the Noith West

Piovmces the local Government pioposed to dispense with a propox

suivey, because they thought that the Ihmra or measurement of

fields by a native amm was so accurate that nothing more was

icquired , and that if anything further was wanted for geographical

puiposcs, a baie suivey like that made in the native states would

suffice Thus we were threatened with a repetition ol the lamentable

and short sighted mistake that was made 30 years ago

In reality the Jchusra measuicments, howevei caiolully made,

having no basis or fixed points, must necessarily have an over

accumulating 01101 In the Revenue Survey the maximum error

allowed is half an acie pci cent
,
and that is considcied bad woik ,

while the Mit^a eiioi, when uneheckc d, is from 3 to 7 per cent

The icgulai suiveyb check the gioss village aieas, and Jurnish

leliable village maps on a scalo ol foui inches, and distant and

peigmmah maps of one inch to the mile Is is most suipnsmg that

such a pioposal as to dispense "\\ith aceuiate suueyb should have

been made m these days, when it is well known that it would V
iidiculous to 111tempt to use the old revenue skeleton maps of the

Noith West Piovmees as a basis on ^hieh to woik foi

any engine cims; pxoject, 01 indeed ioi any UM ul pxnpobc

1 bee pages 97 and 98
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The year 1871-72 inaugurated the system of cadastral fiLeldL surveys
on accurate principles

1
They were commenced in the districts of

Mattra and Muradabad5 in the North "West Provinces Tlie -work
is most intricate, and Colonel G-astrell, the Supenntendoira/b of the
Revenue Suiveys (Upper Circle), reported that great credit; was due
to Colonel Anderson and Major Vanrenen, who commenced, ttie opera-
tions in the Mattra and Muiadabad districts, for the conapleteness
of the work in every respect More permanent survey nxaorks were
needed to make this cadastral survey complete and ojBELcient in

every respect There were masonry marks erected. ^t triple

1 In a letter from the Secretary to the Government ofthe North West Provinces to the
Secretary to the Government of India (No 2272 A ,

Dec 23, 1872) attention is invited
to a passage at page 28 of my " Abstract of the Reports of the Surveyors, &c / for
1870-71), which is said to contain erroneous statements "not in accordance with
facts

"

The remarks in question are

1 That the first Eevenue Survey of the Noith West Province? was executed by
professional surveyors

2 That this vital principle has since been set aside

3 That the return to the old and more accurate system is quite in accox dance with
the views of Mr Thomason

There is nothing in the Secretary^ letter which contradicts the two iiirst of these
remarks, the correctness of which can scarcely Tbe disputed The first survey was
undoubtedly executed by professional surveyors, although it is true that, owing to the
extraordmaiy haste with which the work was pushed forward (3,QOQ square miles
each season), the topography was omitted, and the resulting maps were all but useless
for any purpose but the settlement They were used for the Atlas of Tnaia, but the
sheets which were constructed from such materials are incorrect and lequxre revision
The second remaxk, that the vital principle of making the Surveys toy professional

agency has been set aside, is strictly accurate, although a coirect syfatom lias recently
been adopted in Mattra, Murdabad, Agra, and Huxmipur
The third remark is based on several passages in Mr Thomason & directions for

settlement officers In paragraph 30 he says, The scientific uivey is of great value
as a check upon the Ameens/ although he adds that the giving of -topographical
information is a secondaiy consideiation He nlso refeis to the Scientific Survey at

paragraphs 25 and 27, and to the pimciple laid down by him of simultaneous proce
dure between the professional survey and khusreh These passages ;px-ove that an
accmate system was in accoidance with the views of Mr Thomason, and **, reference to
paragraph 30 of Mr Thomason's

directions, as well as to paragiaph 29, will show that
the lemark at page 28 of the "Abstract for 1870-71 is quite in accordance with facts

W
o
S

on
16 ^ referred to bJ ^lonel Thuilher, m a letter dated

229, paragraph 9
Mr Thomason did not put so high a value upon a correct suivey, aaacl upon the

importance of combining settlement work with the preparation of maps for general
administrative purposes as is done at the present day Thirty years io such maps
were not so urgently needed m every department of the government Bt he consi
dered the Scientific Survey to be of great value as a check, and its orations are,
therefore, quite m accordance with his views
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junctions of villages, which wore used as theodolite stations, and

plotted down on the village maps But these alone are not sufficient

to enable additions to be made to maps hereafter, without un

necessary labour and expense, and it was proposed to have the

nearest survey station, right or left of the triple junctiop., perma

nently marked, so as to give a good and reliable base line, from

which any new measurement can at once be laid off The Cadas-

tral Surveys are on a scale of 16 inches to a mile
,
and Colonel

Thuilher anticipates the very best results from these operations,

both financially and professionally, as regaids systematic and

accuiate measurement, with permanent recordings of the maps of

"
fields

" and ascertainment of true areas "Eventually," he con

tinues,
" I believe they will prove not only invaluable as a coirect

"
permanent record of the landed tenures for all purposes of revenue

"
assessment, but an immense saving of expense will be effected

" in the end, by doing away with the constant necessity for partial
" remcasurements for nrigation, canals, lailways, roads, and other

"
purposes, which are now perpetually being made in an irregular,

"
unsatisfactory, and expensive manner, for emergent engineering

"
objects

"
Besides Mattra and Muidaabad, Revenue Surveys on

" accurate principles, on the scale of 16 inches to the mile, weie
6C commenced in Agra and Hamirpui

So that in 1873 theie weie four cadastral surveys at work in the

North-West Piovincc s, in MuiAdabad, Mattra, Agra, and Hamirpur
The size of the fields is very small, avciagmg 094 of an acic,

and the enormous number of 1,269,882 fields were surveyed and

computed in aioa by the foui pax ties during one year Colonel

Gastrell introduced sovcial pi ocesscs by which tho labour oC mapping

was reduced to a minimum, and Government will bo supplied with

copies of the cadastral field maps for from 3\ to 4$ annas per

imperial sheet, containing 1,250 acres Tho cost per acre, which

averaged five annas m 1871-72, has been brought down to three

annas one pie The woilung of the cadastral system has been placed

on a thoroughly duiablc and satisfactory basis, and the immense

advantage of accuiato cadastral surveys is not confined to the

questions relating to the settlement of tho land revenue They arc

also useful foi lailway puiposcs Tho officers m charge ol tlio

cadastral suivcys ot MurMabad and Mattra supplied working ground

plans for the extension of the BoMLand railways towards Bam
Khet and Nairn Tal This is a groat saving in. time and expense of

special survey, enabling llic encjmcoi* to maik out their lines at
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once, and the civil officers to settle compensation due to propnetois

foi land to be taken up foi tlie lailways
The cadastral survey of Mur&dabad was commenced tindei Majoi

Vamenen in Novembei 1872, tlie area compiling 731 villages,

376,191 acres and 348,523 fields The field suivey of every village

was carefully checked by lines run across each, and a certain per-

centage of villages was further tested by the Deputy Superintendent
himself The work is connected with the stations of the Great

Trigonometrical Survey
In 1876 the Mur&dabad Survey was in charge of Captain Barron

During 1875-76 he surveyed (on a, scale of 16 inches to the mile)

385 villages and 160,269 fields coveung an aiea of 329 8 square
miles , and laid down 19,987 government rnaiks, including masonry

platforms at the tuple junctions of villages The Muiddabad Survey
was completed in 1877 ,

and the paity commenced the Badaon dis-

trict Colonel Andeison, in chaigo of the Mattia and Banda Sui-

veys, completed 732 squaie miles in 1875-76 ,
and Mi E T S

Johnson completed the survey of the Agra clistuct The Hamupui
distuct was also completed in 1876

The first revenue survey of the Punjab was organized soon aftci

the annexation of the country, and was conducted by the settlement

officers with the aid of native village officeis The hudbust is the

outline sketch of the village boundaries The Pdtvpan, who in the

Punjab took the place of the HindustaniAmm, was in 1852 supplied
with instruments with a view to his making a native liudbnst map,
which was to be nearly equal to that of the professional suiveyors

l

Mr Barnes thus describes these instruments The first and principal
instrument was a horizontal board screwed to a shaft, shod with an

lion point The board was about 18 inches square, and ovei it was
stretched a piece of papei, on which the village outlines wcic

delineated To this boaicl was fixed a guMamwnaJi, or lough com-

pass, used by the Muhammadans to denote the west, which would
cost one rupee in the bay^irs The suiface of the board was

adjusted by this guiblanwmaJi , and the entire periphery of the board

was graduated like the caul of a compass This boaicl and the

quiblanumah, together with an lion luler, foimed the stuveymg
equipment of the P&lwari The lulei T\as giaduated, each division

3 epiesentmg 10 km ? urns, or 50 feet, and it was fitted with a per

1 "Selections,' Punjab, Vol i, p 128 Lettei from George C Baraeb, Lsq ,

13th Decembei 1852
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pendicular sight at each end, through which the position of an

object was obseived
l

The Patwari began worl at a h ihudda? or triple junction pillar,

by adjusting his boaicl by the compass,
" at some assumed and con-

"
venieiit poition oi the paper

"
lie then " takes the bearing of the

" next pillar, through the peipendipulai sights attached to the rulei,
" and measuimg the distance with the*chain, reduces the measure-
"

inent accoidmg to the giaduated scale on the same ruler, and
" diaws a straight line to ooiicspond, both m distance and bearing,
cc on the papci In this mannei ho goes lound the area of the
" whole village, coirectmg his measurements and angles by the
"

scale and compass Moieovei, liom each InUudda ho takes the
"

bearing and diaws a line in the direction of the village site, and
" wheiever these various lines intellect eaclx other, the village
"

site is duly tnaiked upon the sketch The total cost of the
cc instruments is 1 lupce 12 annas

"
J

Such was the Patwari system of surveying in the Punjdb Tlieio

was no actual obscivation oi boaimgs, as all directions were laid off

by the ralei The compass boaimgs wcic not coirectecllorvaiiation,

while the lion mleis must have made a failhu large coricctioii neces

saiy, which was not applied The compasses must really have been

utterly useless Moieovoi, no ic and of the distances appears to have

been entcied, so that it was impossible to check the woik, by plotting

the tiue bearings and distances independently An erioi of 8 to 10

pei cent was allowed Ixfoic any icvision was 01 tiered
4 Such a

suivcy would iurnish but a veiy lough and umehable measuie

mcnt foi fiscal pmposes
A piofessional survey, woikmq; independently of the Patwans,

lized the boundaries of villages and inseited inteiior details, thus

furnishing a paitial eheck, but did not measure the fields

Smce the revised settlements weio taken up in the Punjab m 1863,

a gieat advance is icpoitod to havo been made in tlie native system

of conducting a eadastral suivey oi fields, and moio aeeurato le-

sults have been attained, both m the measuiementfe and in the

maps The qwblainwtahi no longer used, but simply the plane

table Triangulatiori is olic n adopted to loim the skeleton map, and

"Selections," Punjab, Vol i
, p 1 99-180

Wlicrc the boundftncs of ihuc villages unite

"
Selections,

*

Punjab, Vol i
, p 130

Ibid, p 139 Lettu lioiu Mi !<oiplo to Mr Barnes, beptember 25th, 1852
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within it small sections of country are marked off, and field "by field

measurement earned on, the work being tested as it proceeds The

positions of the chief physical features aie fixed by running lines to

the boundary, so as to form triangles, with which the fields are

plotted Dimensions of the fields are put on the map round each

field, and are again checked by the chain and plane table These

are certainly great improvements The assessment is based upon
the aggregate areas, after checking each village with the results of

the professional survey
The arguments for continuing the native suivey in the Punjab,

side by side with the professional survey, instead of combining them
in one accurate system, are, that "

all the local aspects must be
"

brought to book, as well as the piofessional woik, that the survey
" must be based on a careful understanding of local requirements,
"

tenures, and modes of dividing land, and that physical featuies
" must not only serve to indicate what is seen with the eye, but also
" what the settlement officer knows to be wanted for administiativo
"

purposes
"

These considerations only show the necessity for the revenue and

survey officers being in perfect accoid and working together, but*

this being the case they supply no argument for a professional

survey side by side with a native and less accuiate system II, lor

example, the village boundaries are accurately laid down by pio-
fessional suiveyois, there can be no good reason foi the same woik

being also done less accurately "by natives It is admitted that if

professional officers supervised the field surveys they would make
them more perfect, and that those surveys are not now as correct as

they might be It must, therefore, also be admitted that a system

by which the suivey and revenue officeis woik together, and which

is conducted on coriect punciples in eveiy detail, in the field measure-

ments as well as in the village botmdaiies, with a complete series of

tests, is superior to a mixed native and professional svstem Revi-

sion was not enforced m the Punjab Patwans system until the erior

had leached to 8 or 10 per cent , now, an eiroi of 5 per cent is

allowed

The professional surveyors, in the Punjab, fix the boundaries of

villages, and mseil topographical details

The suivey of the Peshawar Distnct was commenced m 1863-64,
and was lesumed by Colonel Johnstone in 1870 Some work was

done beyond the British frontier, the ELohat pass was exp]ored, and
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errors were discovered in tlie old inaps5 notably one m the course oi

the Kabul river Colonel Johnstone got on very well with the wild

robber tribes, and he tells rather a c;ood story of one of them who
chanced to sec his ciest, the "flym spur" The Afridi <i$ked

its meaning, and was told that, in former days, men in Scotland

weie as lawless as the Afiidis, and that when the laidei was

empty, a dish was put before the chief, containing only a spui

with a pair of feathcis fastened to it, being a signal to him

and his followeis to boot and spin, and be off to raid the cattle

over the border, and that the "flying spui
"

then became the

badge worn by the clan The hearts of the fioiiticr Afridis wirmc d

to the Colonel, when they found he was the descendant of the

British Ahidi

In 1875 Colonel II C Johnstone was in chaigc of a party in tho

Dera Ismail Khan district and Bamm, whoio, as a rule, the settle-

ment maps (thakbusk) agreed well with tho piofcssionally siuvcycd

boundaries Captain Wilkms was at "work in Ihc DC Ihi, E/ohtak, and

Gurgaon districts, and Captain D Andrew, completed the

survey of the native state oC Bhawalpur, which covers an area of

17,285 square miles, 5,082 being cultivable, and 12,203 descit

The Revenue Surveys, under the Government of India, arc

divided into the Upper and Lowci Ciicles The Uppoi Circle

comprises the Putrjdb, the North "West Provinces, Oudh and Smd
The Lowei Circle includes Bahai, Bengal, Qrissa, Assam, and

British Btumah
In the Lower Circle the cadastral suivey of tho Shababad clistnct

in Bahar, m connexion with the western Sono Iingation "Woils,

was placed under Colonel Oakos in 1875, who was leLcvecl by

Majoi Sconce in 187G (It is on a scale oi 32 inches, the fields

aveiagmg only 273 of an acre) Major Sconce hacl previously

conducted the Midnapur survey, and has written a very interesting

report on tho rivers and embankments of that distiict lie was

relieved by Mr Kelly in March 1876, who was succeeded bj

Mr "W* Lane in the following year The party, under Mi Johnson,

having completed the Agra district, was diverted to Bengal to

undertake a caclastial survey of the district of Patna and Gaya, to

meet the requirements of ihe Irrigation Depaitment with icference

to the Eastern Sone "Works The total area is 680 square miles, and

1
Capfcam Andiow pioparcd i ylatistiuil ami geographical i eporl on tho Bliawalpur

btalo
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Hie soilo 32 inches to a mile In 1876 revenue parties weie also

employed 011 the cadastral survey of the Government estates of

Khuidwah m the Puri district, and of Dhanwar in, Hazaiibagh, 011

the survey of waste land grants and rent free lands in the distucts

of Darrang ind Kamrup in Assam, and on that of the Oudh and

Nepal boundary, hesides two parties employed in the Bombay
Presidency on topographical work in the Deccan

Thus there weie 17 revenue survey parties employed in 1876

undei the Government of India They completed 11,175 squaie
miles of country, 599 on a scale of 32, 1,713 o:n a scale of 16,

5,245 on a scale of 4 ,
and 3,618 on a scale of 2 miles to an inch

In addition to this, much preliminary woik was clone in preparation
for detail surveys in 1876-77, but, owing to ordeis from the

Supreme Government, the iiumhei of paitics has been reduced to

11 G-ood progress has been made by Colonel "Vanienen, who
succeeded Colonel Gastiell as Superintendent of IRevenue Surveys
in 1875, in the publication of the cadastial maps 1,901 sheets have

been published of the cadastial surveys in the ISforth-~West Pio-

virces, and 12,061 lemam to be published

The subject of a Revenue Suivey of the Madras ^Presidency, with

a new assessment of the land, had engaged tho attention of the

local Government lor upwaids of ton ycais, but it -was not until the

end of the yeai 1855 thit they submitted the final result of their

delibeiations to the Court o Directors and the Government of India

for appioval At that time no legular suivey had ever been made,

and in many districts the land leveiiue demand was "based meiely on

the unchecked statements of tho cuinums The object of the

suivey was to coriect the measurements of supoiJGLoial areas, and to

cnsuie a fair and just assessment on each close nptlon of land, by a

classification of the diffeiont fields in each village

But the Board of Kevenue at Madras wcic at first disinclined or

it least mclilfcicnt to the gcogiaphical aspect ot tlic question, and

obiectcd to the suivey being conducted m c onnexion with Colonel

Lambton's tuangulation They ui^ed that tlioy only leqnired field

maps for fiscal purposes ,
and that goodosical opeiations would cause

tvlra expense and delay, which the y strongly deprecated Major

Thuilliei, on the othei hand, in a lottoi dated May 6th, 1857, lepre-

sented that no general survey of the Madias Picsiclency ought to be

commenced without full and ample precautions "being taken foi

making the materials subservient to the general purposes of geo-

graphy At the same time he showed that the "utmost facilities
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existed foi connecting the Revenue Smvey operations with the

trigonometrical points of Colonel Lambton

Fortunately, Colonel Thuilher's opinion prevailed , the Couit of

Directors approved of the arrangements on December 17th, 1856, and

on August 18th, 1857, Captara Priestley, of the 74th Highlanders,

was appointed Superintendent of the Madras Revenue Suivey This

officei had entered the service in 1838, and became a captain in

1853 He had already acquired considerable experience, and had

been conducting an experimental suivey in South Arcot since 1854

The area to bo surveyed was assumed at 60,000 squaie miles or

38 million acios, <ind it was originally expected that the survey

v ould cobt lib 38,40,000, and be completed in li years The survey

ib condueted ou an English and not on an mac cm it( native method,

such as the Lhusra oi Bengal ,
and it is designed to show all the

puncipal vauations in the smfaee oi the soil, such as hills, pmgles,

woods, channels, tanks, topes, houses, cultivated and cultivable

land, whcthei <wy<rt (imgated) 01 pcwJa^ (unurigated), and the

aiea ot each held The village maps aio on a scale oi 10 inches

to the mile, the taluk mapb one inch to the mile, and it was

intended that, fiom thco matemlb, distuci mapb should have

been compiled on a scale oJ hali an inch to the mile The woik is

connected with the Gieat Tugonomotrieal Suivey by the following

me thod The iiist operation is the identification oi tho Cheat Tngo-

nometucal Suivey stations Eiom one oi these tho tiavoiso work

commences, and runs along a village 01 taluk boundary until it

uacheb a convenient point to connect it with anothei tngono

mctncal station These tiavei&cs ombiaco ciiemtb of iiomBOto

100 squaie mileb The bearing oi station linos is aseciUmedat

mteivals by astionomieal obsuvations, and the tiaveises aic cor

uctod by comparison with tho sides of tho Great Tngonomotueal

Survey tuangles, tho eirors being proportionately distubutod
Thus

coneetod, tho woik oi the Madras llovonuc Survey adapts itself

(\aetly to Lambton's tuangulation At eveiy tu junction point

the boundaues of village s aie maiked by masonry pillais, two iect

squaio and thioo feet high

Captain Piiestlcy commenced woik with an establishment con-

sitin" oi 18 suiveyois and deputy suiveyors, 30 survey amins, 30

o-omastahs, 20 diaftsmen and computers, 77 peons and moasurois,

and 19 station maikeis, at an annual cost oi Us 31,338 Mr Newill

was appointed biipeuntendent of tho new assessment, and the two

officeis woiked in concert In ,1857 two taluks, one in South



190 MADRAS REVENUE SURVEY

Arcot and tiie otner in TnchiDiipalli, were surveyed I^a 1353 the
siavey was commenced in the Bdjmahendn district, m 1.85 Masu-
hpatam was taken tip ,

and in 1860 there were parties i^ ]sj-euor
Tnchin&paUi, and Salem

In 1859 a survey was undertaken of the important coff^o~growing
distuct of "Wynaad, under Lieutenant Hessey, who hadbeon, -woikmg
with Captain Priestley since 1855, and had, "by his untiring exertions
contributed much to the success of the experimental survey J^ South
Aicot The main object of the Wynaad Survey was to clofine the
boundaries of the coffee estates, and Lieutenant Hessey "bogan it in
the Nellurnaad TJmshum neat Manantawaddy, the pnncrpal station
The district had been surveyed as a part of Malabar "by Captain
Ward in 1826,

1 who fixed 16 stations from those of X^aml)ton3

s

Tuangulation ,
but the sites of villages and pagodas aie said, to have

been veiy loosely laid down in Ward's survey Hessey ooDoaraenced
Ttoik in I860, forming a system of secondary tnangulation fiom
"Waids points, and filling in the detail by the plane table.

A lithogiaphic pi ess, with a suitable staff, was osta/klislied at

Madias, undei Mr Paczensky, for the publication of tlio "taluk and

village maps, and duimg 1859 the number printed was H_4<53 com-

pusing 4,495 copies The work of the Madras BOYCXTULO Survey,
which has been conducted under tho supeimtendence of Colonel

Priestley from the first, is still progressing
In 1851 and 1852 the Nilgin and Kundah hills were sonrveyed,

under the superintendence of Colonel Ouchterlony Tho :o3_a;p is in

16 sheets, on a scale of 1,000 feet to an inch, and is accoro.jpa/med by
a geographical and statistical memoir 8

Up to the end of 1873-74 the levenue survey of * elglit dis-

* imneveUi Nelloi tncts had been completed and tho sujrvey of

Puchinapalli Km mil feight was in progress The completed area

amounted to square miles 38,29O sixtveyed
and plotted in fields on the scale of 5 ctains

m the

BaUAn districts undei suivoy was sq^uare ncxiXes 8,818
Malabar Ganjam There were &]^ ^^^ ^j^ ^QG of partly

1 See page 76
2 For an account of the Madias Eevenue fetavey, see the volummu

published in the Selections from the Eecoids of the Madias Governme-fc? 3^ Lni
(1858) and No LXXIY (1863)

3 Published in the " Madias Jourml of Literature and Science,
* XV- P 1

piesented to Pailiiment
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completed work m tlieso oiglit districts The extent of country

topographically surveyed and mapped reached square miles 51,996

in 1874

Deducting 360 squaie miles of special surveys, the cost of the

Nil nn mils 51,636 square miles of completed work, including

Sbeiveioy do the items only on which the original estimate was

Srintat.on.nthc
basca3

wa8Rs 5,32^06 or (532,440Z l*)*^
Neliambur Valley pci acre Including the various items which have

Macli ib lown lom time to fcime ^e(m debited to survey by

changes in the mode of prepaimg accounts, the cost came to

Es M86,120 (648,6120, or 4&d per aero

The excess of assessable area brought to light by the smvey ranges

from 2 to 23 per cent , the average being about 12 per cent Of

the 38,290 squaie miles, deducting 25 pei cent (an cxtiemcly

libc lal maigin) fox waste and unpiofitablc land, there remain 28,700

square miles which have been hitheito counted as only 25,600 foi

assessment puiposos Taking the average assessment of the Presi-

dency at Us 1-14-0 or 3s Od! pci aero, the addition of square miles

3,100 01 1,984,000 acies to the taxable aiea would xepiescnt an

annual gain to the State ol Us 37,20,000 01 372,000? , supposing

that it were taxed at the existing average rate

The average size of survey fields ib about two acies, and the

appxcmmato number measincd and plotted in the eight completed

districts is 7,000,000

The reduction of the results of the Madras Survey to maps of con-

venient si2C has made some piogress But the truth is that Colonel

Pnestloy and his staff have as much to do as they can possibly got

thiough, and thoio is no mac hincry loi utih/ing their woik loi geo

^laplucai puiposos Thoie can now be no doubt that the abolition of

tin office ol Deputj Survcyoi Geiioial at Madras, in 1834, was a groat

mistake The beautiful old Mihtaiy Institute Maps of the eaily

pait ol the centuiy lemam m manuscript Thev were used foi the

sheets of the Indian Atlas, but have nevei been published on then

own most useful scale of an inch to a mile Since those maps weie

drawn, geographical mteiests have somewhat languished m the

Madias Piosidency Yet a good deal lias been done at various

times Colonel Seott, the Quartermaster General ol the Madias

army, compiled an excellent map of the Residency on two sheets,

on a scale of 24 miles to the inch, in 1863 Large maps of the

Presidency on a scale ol 8 miles to the inch, showing all the woiks

of imgation, Imishod and in progress, have been compiled for the

Secretaiy of State, from mformation buppked by the superrntendrng
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engmeeis, in I860, 63, 64, and 69 In 1862 a map showing the

extent of cotton cultivation, on a scale of 24 miles to the inch,

^ as published to illustrate the official cotton hand-book Maps of

tlie taluks have also been compiled from the old surveys on a scale

of two miles to an inch, and published, but they are meagre, and
contain few of the names given on the original maps A map of

the Tanjoi iirigation channels, of the Denkamkota range, showing
tlie Salem foiests, some road maps, and a few others, have also been

engraved But much remains to be done

Eiom the commencement of operations to 1874 the Madras Sui\ ey
was connected with 264 Great Tugonometiical Survey statibns

The average enoi pei mile shown by the test of comparing the

distance obtained by the Madias Survey of a side of the G- T S

Tuangulation with the G- T S lecoicls is 7 61 feet

Photo-lithography has been employed foi ieduction and icpro-
duction of maps since the beginning of 1873

Colonel Piiesiley has deposited a most inteiesting series of docu-

ments with the G-eogiaphical Department of the India Office, to

illustiato all the diffeient stages of the Madias Revenue Suivey
work Eoi this purpose one village is taken, that of Vellappakkam,
in the Ponnen taluk of the Ohmgalpat distiict, and the whole of

its suivey and demaication lecords aie given in icgular Older, fiom
the original field books to the lithographed copy of the village map
Then follow a specimen of a taluk map, of a topogiaphical map,
the demarcation and survey lules, and other documents They are

deposited in a sepaiate case, so that anyone can obtain a clear idea

of the system by one 01 two hours study
l

i
Tillage Map Kecoids

Land Registei

Boundaiy and Khxndam Cncmt
1 leld Book

Minor Circuit Field Book

A,meen s Sketches

Ameen s Field Book

Boundary Traverse

Khandam Travel ses

Minor Circuit Traverses

Aaea Lists

M inuscript Map showing process of

plotting fields

Taluk Maps
Maps of Madias lown

Specimen Plane I able Squat e

lopogiaphical Maps
Demai cation Bnles

Survey "Rules

Computation Pipers
Extract from Mam and Tillage Tiaverses foi Distances between Gt T Stations

Comparative Statement of Distances befrvs eon G- I and Bevenue Surveys

Average cost of buivey measuiements pei squaie mile

There is also an excellent Index Map ot the Madi is Kevenue Survey, showing the

aieas completed, the aieas in progiess; the inteimedute spaces toj^ogiaphically suivejed,

and those not ^ et taken up
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The Surrey Department in the Madras Presidency was only

brought to its present strength in 1865-66 It is composed of 3,377

persons, made up of 24 officers, half military, half civilians, 30 uppei

subordinates, 1,805 surveyors, clerks, and draughtsmen, and 1,518

seivants (^ e ,
chain and offsetmen, &c &c

)

In 1875-6 out of 125,886 square miles in the Madras Piesidency

40,407 had been completed as village maps on the 16 inch scale,

and 3,655 were in progress Of tlie Zemindariy and hilly tracts

17,393 square miles had been completed on scales of 4, 2, and

1 inch, and 1,480 were in progress , besides 3,000 topographically

surveyed by a party from Bengal The total suiveyed was thus

65,935 square miles, leaving 15,553 &quaic miles oi the Eevenuc,

and 44,398 of the Topographical Suivcy to be completed As regards

publication, 13,420 village maps, 75 taluk maps, and 7 district

maps are already available The total expenditure in Madias, on

surveys, was 71,8242

Colonel Priestley, who had conducted the Madias Revenue Suivey

since it was commenced in 1857, retiied in July 1876 He was

succeeded by Ins assistant, Ma] or "W II llessoy, who went home

on sick leave in February 1877, when Majoi Da Couicy Scott,

E E
,
who had formeily been on the Ordnance Survey of England,

took acting charge ol the Dopaitment
The Bombay Revenue Suivey is, perhaps, the best and most

porioct for revenue purposes, and it has undoubtedly conferred

enormous benefits on the people But it is not so usclul ioi gcneial

purposes of mapping and geography, as the village maps aio mcio

rough plans, and can with difficulty be made use of in the compih
tion of maps on convenient scales The careful elaboration of the

original design of the Bombay system is duo to Sir George Wuagato,

and his labouis, extending from 1836 until ho iccoivecl the well

Gained recognition of his great services in I860, resulted in the

admirable system of administiation which has proved so efficacious

in promoting the revival oi agriculture in the Residency The

operations of the Survey form the basis of the revenue adminibtr i

tion The system is ryotwat, and the first object was to dctcimmo

the sim of the fields, ctnd thus to form the unit 01 basis o the Sui?ev,

on which the cess should be placed The smallest amount of stock

with which cultivation can be earned on is one pair of bullocks, the

mmwmm area to be measured separately and to be constituted d

"mmber" as it is called, was therefore fixed at what two bullocks

could plough The maxmnm area to be measured and constituted

(13441 )
N
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a separate
" number " must not exceed the means of the generality

of ryots to cultivate, so that it may easily be made the subject of

sale or transfer The maximum area, was fixed at what foui bullocks

can plough Thus the Suivey
c numbers

"
were fixed at what one

pair of bullocks could plough up to double that size This vaues

from 20 to 40 acres for dry crops to from 4 to 8 acres foi rice

cultivation

The first operation is for the settlement officer to settle disputes,

and finally fix the village boundaries, which aie marked by stone

pillars A seiies of detached earthen mounds aie laised to demar

cate the limits ot " numbers" and these plots of land aie defined

on the map by continuous black lines In oidei to facilitate the

settlement of disputes, topographical features and permanent marks

are noted, such as watersheds, nullahs, loads, temples, tanks, wells,

fiuit trees, and boundary pillars

The field opeiations of the village suiveys aie conducted by a

European assistant and 20 native measurers The European makes

no original suivey himself, his duty being to supervise and test the

work, which he does by going over 10 per cent of it, the errors

allowed being 1 per cent for survey numbers of above 6 acres, 2

per cent when they are undei 6 acres, and 3 per cent for small

garden or ncc numbeis The instruments of the native measurer

consist of a chain 33 feet long, in 16 links, a square chain being

called a goonta, 40 of which go to an acre The areas are calcu-

lated in acres and goontas He also has a pair of compasses, and a

diagonal scale showing chains and links (called avnas) A base

line is measured fiom the boundary on one side of a village to the

opposite one, and all the hrst numbers are measuied along this base

The plotting of the map on the base line is effected by the principle

of the tuangle, each number being broken up into internal triangles

and trapezoids by chaining, and the scale is 8 or 16 inches to the

mile, according to the a^ erage si/e of the survey numbers All the

work in the field is finally entered and abstiacted in a fan field book

As soon as the surveying woik is finished, the registeis and docu-

ments embodying the results aie sent to the classing branch, in

which the lelative value of the soil and water in each number has

to be determined, with a view to fixing the assessment

The classing is a very complicated and elaborate system, and

shows with what extreme care the true value of each field is ascer-

tained Numerous considerations are brought into account, which are

classed undei three heads, namely, the distance from the village site,



THE BOMBAY KEYENTJE SUEVEY 195

natural pioductive capability, and the nature of tlie water supply
As regards productive capability, not only are the soils divided into

black, brown, and giavelly, but the depth of the soils is also taken
into consideration, and the land is thus divided into nine classes, from

puie black deep soil to the poorest and thinnest gravelly soil More
over, the land is also latecl with refeience to eight othu considera

tions called faults l Thus the elements for settling the value of a

Survey numbei are, 1, convenience of position, 2, colour of soil,

3, depth of soil , 4, faults , 5, watci supply, which again is divided

into six classes 2 When the classing is completed the amount of

the assessment is fixed, and il is another very complicated question
to decide what can safely be taken by the State and still leave a

sufficient surplus for the ryot, to lender him capable of impiovmg
his cncumstances and extending his cultivation This is done by

examining the averages of former settlements, but many other con

siderations come into the account, and the final result was generally
a considerable reduction A new eia of prosperity and progiess was

inauguiated by this admiiablc Suivey, which, so far as the admmis
trative results are concerned, is the best in India But the import
ance oL making the Suivey available foi general use m the

compilation of maps was lost sight of, and the topographical sui

veyors in Gujr&t have found great difficulty in making use of the

revenue village maps
A " Revenue Survey and Assessment Atlas of the Khandesh

Oollcctorate
" was published at Bombay in 1876, and it is much

to be desired that a similar Atlas should be prepare d for the othci

Collcctorates of the Presidency The Khandesh Atlas consists oC

1 The faulty which are noted by certain signs m the classor's field bool
, aio

1 Mixture of minute noduk s of lime stone

2 Mixtuic of sand

8 Sloping surface

4 Want of cohesion in tho soil

5 Mixture impelvious to water

6 Liability to be swept ovci by lunning watoi

7 Surf ice spi mgs causing e\ce cs of w ilc r

8 Large limestone nodules

2 The classes of water aie

1st From a good tank or i vei, with supply until Apul
2d Similar to the above, but land rnoj c elevated

3d Dependent partly on rains

4th Still moie elevated land imgated fiom i canal

5th The same as the 4th, but on which no altei <rop can be iaised

6th Dependent wholly on rain

N 2
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>eneial map of the Collectoiate showing each talixk, accompanied

by statistical tables giving the details of the surveyed aroa, of the

settlement, of cultivation, of occupation and population, and of

houses, wells, live stock, and agricultural implements Ttien follow

maps of each taluk with similar tables

The Smvey and Settlement of the Haidarabad Assigned Districts

was commenced in I860, and has been conducted on tlxe Bombay

system of measuring and classing The whole survey is now

completed with the exception of the classifications of tlae soil in

29 villages, and the assessment of 712 The Boooibay system has

a^so been adopted for the Mysor Eevenue Survey

It will have been seen that the work of surveyors axid that of

settlement officers are very closely connected Tite first operation

of all bimgs the settlement officer on the scene to arrange disputes

and fix the village boundaries Then the surveyors step in and

nieasuie the ground, and afterwards the settlement ofELceis again

take up the woik and classify and assess the fields or -villages, as

the case may be Hence it is essential that there sliould be complete

agieement between the revenue and surveying oflloers, a/xid that the

lattei should thoroughly undeistand the requirements of the settle-

ment and all the details that should be recorded fox fiscal purposes

But theie is no leason whv this understanding should not exist, and

why the excellent revenue system of classing and assessing, such as

pievails in Bombay, should not co exist with a suurvey on. rigorously

exact principles, turning out village maps which wotildform materials

for those geographical and general purposes, attention to which is

also important and, indeed, essential to efficient adLminisiiration

Colonel Laughton has now completed the survey of ttte town and

island of Bombay It was commenced on tho 1st of Ootober 1865,

and completed on tlit 23rd oJt November 1872, at a cost of 31,306/

towaids which the municipality contributed 5,000^ y but allowing for

the snie of maps, the actual outlay will only be 2O,000- The area

surveyed is 22 square miles, 149 acres

The fiist regular survey of Bombay, for defining not only the

boundanes of the Company's property, but also those of -tie holdings

of the inhabitants <ind for specifying the nature of the -tenures, was

undeitaken m 1811, and completed in 1827, under Capfcaon Tate and

Colonel Dickinson l The fort and old town were on a scale of 40 feet

to an inch, and the remainder of the island partly on 1OO and partly

on 300 feet to an inch The cost was 16,300 Tlie giefiffc changes m.

3 See page 82
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the featuies of landed property since 1827, and the additions to the

aiea of the island by reclamations of forcshoies, necessitated new

maps , and another survey of the island, in much greater detail,

was consequently found to "be urgently required The scales sane

turned were 100 feet to an inch for the fields and open country, ind

40 feet to an inch for the fort and native town Captain Nasmytli,

of the great Trigonometrical Survey of India, triangulated the

island, and fixed a series of points as a basis for chain measuiements ,

and Colonel Laughton undertook the detailed work of suivcyrng

each sepaiate property The corners of properties weio fixed bv

cast-iron marks The outlines of high watoi maik at spring tides

and high-water mark at ordinary or neap tides have been carefully

laid down all round the island Levels have been taken at every

300 feet along the principal roads, and all the hills have been

carefully and accurately contoured to every 10 feet All Ihe 172

sheets are of one universal size (3 feet by 2 loot), and everything is

plotted up to the marginal lines, which aie actually projected

parallel to the lines of meridian and latitude Besides those sheets,

which arc on a very large scale, there is a reduced map of the island

in two sheets, which are extiemely useful It is on a scale of 4iO(>

feet to an inch, and the sheek are 6| loot long by 6 feet broad

The Government of Bombay have ordered measuies to bo taken

for the maintenance of the boundary marks, and a law will bo

enacted to ensure a recognition of the record that has been made oi

the several properties Much credit is due to Colonel Laughton

lor the accuracy and skill with which, this difficult and important

survey has been executed
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XIII

SUPPLY OF INSTRUMENTS EOH THE INDIAN
SURVEYS

THE superiority of modern surveys lests mainly on the perfection
to which the manufactuie of instruments has attained Observers

111 the old day* were as caieful and thoughtful,, but this availed them
little without the needful appliances What could the most learned

Hindu astronomei achieve with such instiuments as Sii Robeit
Barker found on that teriace at Benares in 1777 ? Quadrants with
a 20 foot radius, and the aic caived on a stone wall, so that to take

an angle a Brahman must have been slung in a bowline knot, and
hoisted up and down with guys Rough approximations would
be all that an observer with such an mstiument could hope foi

l

"When Englishmen became the ruleis in India, the instiuments

they brought with them were ceitamlyimpiovements on the wonder-
ful structures in the observatoiies at Delhi and Benares , but at

first the difference was not so veiy great Reuben Burrow,
2 in

starting upon a Government survey, had to borrow his tools anyhow,
and complained that among them he got a wretched quadrant from

Captain Ritchie 3 It was probably such an instrument as Bruce took
with him to Abyssinia, which it required four men to cany

Colonel Lambton wasm constant difficulties with his instiuments,
for, though he was eventually piovided with the best that the aitists

of that period could piocluce, he had no means of getting repairs
done, and no trusty coadjutoi in England to refei to, until Captain
Kater went home It will be lemembeiecl how, when the guy
earned away, and the gieat theodolite was -violently bumped against
the tower of the pagoda at Tanjoi, Lambton shut himself up in a
tent for weeks, and repaned the damage with his own hands When,
in the evening of his days, difficulties aiose lespectmg the measuring

1 "An account of the Bramm's Observatoiy at Benaies,
'

by Sir Robert Barker
(May 1777) Philosophical Transactions, vol Ixix

, pt 2 See also "Benares,
Ancient and Modem,

3

by FitzEdward Hall
2 See page 56 3 See pa^e 4
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chains/ he felt the want of a proper system for the supply and

testing of installments In those clays it was the custom of the

service, until the fiist Buiruese wai, foi officers to supply then own

instruments Colonel Hodgson, when he was surveying, had instru-

ments and hooks of his own to the value of Rs 13,000, and nothing

belonging to Government As Suiveyoi General he considered this

to be a bettei system than the supply by contiact, and declared that

the instruments sent out for the Revenue Suivey of 1821, by contiact,

were not such as a good observer would consent to use

Everest saw these evils, and piovided a lemedy Ho personally

supeuntended eveiy detail in the construction of his instruments

while he was in England, watching then piogress day aftoi day,

and examining them at eveiy stage When he letumcd to India

with them in 1830, he took an accomplished makei, Mi Barrow,

out with him, and established a mathematical instrument maim

factory at Calcutta Yet even these precautions were insufficient,

and when Colonel Eveiest began to obseive with the laxgo astro

nomical aide he found that it was top heavy from faults in the

construction, and unreliable Again the Superintendent ol the

Survey was thiown upon his own resouiees, and, with the aid of Syud

Holism, invented and applied the remedy with his own hands 2

Mr Bariow was established at the head of a useful lactory at

Calcutta, where instruments of all kinds could be repaiiecl, and much

good woik done Indeed the second great theodolite, known as

Barrow's theodolite , which has measured the angles of several of tho

Tugonometrical Seneb, was made at the mathematical instrument

manufactory, under Colonel Everest's dueclion The graduation

of the cucle was performed by Mi Baixow, and the instalment was

built out of old musket barrels, and parts of Colonel Lambton's

trusty old theodolite that was damaged by a blow against the pagoda

at Tanjor Lambton's old /eiiith sector is laid up in ordinary at

Calcutta "When Mr Barrow retired lie was succeeded by Syud

Mohsin, a native of Aicot, possessed of gieat mechanical talent

Colonel Everest, like most men of genius, had a soit ol intuitive

perception in selecting the right man, and at once singled out Syud

Mohsin as an able mechanician He "was light Tins native of

i The first base^weic measuied with, wooden IOC!B* Colonel Boy, after a caicful

series of expenmtnts on the dilatation of vauons "bodies, adopted gliss tubes 20 leot

long Then tho 100 foot steel chains came into use ,
and finally the compensation

bars
* Seepageta

89
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India,, though he could not read English, would have taken a leading

place oven among European instrument makers When he died

his place was taken hy a mechanician from Mr Cooke's establish-

ment at York, and the factory continues to turn out plenty of useful

work

But all important instruments, and all that require nicety and

accuracy in their construction, must still be made in Europe , and,

moreover, they must have the benefit of scientific supervision of the

highest ordei if they are to prove efficient in such a service as the

Indian Survey It was obvious that the Superintendent of the Survey

could only occasionally be in England, at intervals of several years,

while the supervision of instruments was a constant requirement

In 1862 the supply of a complete new set of instruments was

sanctioned foi the G-reat Tiigonometncal Suivey, and in the following

year the importance of having all instruments for India subjected

to special scientific examination became apparent

It would be impossible to find half a dozen men in England who

combine the experience of India, knowledge of ihe highest branches

of mechanical science, fertility of resource, and inventive gcmus,

which are required in the officer to ^hom the superintendence of

the manufactory of instruments for the Indian Surveys can be

properly entrusted Most fortunately the services of Colonel Strange

were secured, an officer who possessed all these qualifications

Colonel Stiange was a member of the G-reat Trigonometrical Survey

from 1847 to 1860 It will be remembered that he conducted the

Western Longitudinal Series, superintended the measurement of the

Karachi base, and for a short time was in charge of the Coast

Series
x He thus had had considerable piactical experience in trigo

nometrical surveying, while his mechanical genius, and knowledge

of mathematical, gcodetical, and astronomical instruments, was not

surpassed by any man in England
In 1862 the Secretary of State for India entiusted Colonel Strange

with the task of designing and superintending the construction of a

set of geodetical and astronomical instruments of the first order,

for the Great Trigonometrical Survey , and in 1863 he was appointed

to examine and test all instruments ordered for India

A set of instruments vas lequired for the efficient discharge of

his duties, and a special observatory for testing was an absolute

necessity The provision of these requisites was sanctioned in 1864

1 See pages 108 and 114
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and 1865, and tlie obseivatory was erected at tlie warehouse of the

Store Department of tlie India Office inBelvidere Road (Lambeth.) ,

where Colonel Strange' s office was established

The site of the observatory at Lambeth is on the banks of the

Thames, close to a railway, and is exposed to much vibratory motion ,

while it is essential to secure rest and complete isolation for the

proper examination of astronomical and geodetical instruments

Colonel Strange found it necessary to pierce right through the

London clay, and established a basis on the underlying gravel, in

order to ensure stability for his instruments during the process of

testing

Eoi this purpose twelve screw piles were wormed into the gravel,

which hero lies 24 feet below the surface of the London clay Broad

heads of cast iron wore keyed upon the top of the piles ,
and stone

slabs were laid on the pile heads, the space beneath being filled in

for a depth of three feet with concrete cement A circular platform

of brick work was built on the flag stones A sohd column of

masonry was then erected in the centre, and two semicircular

segments ol wall were raised round the circumference In ordei to

secure complete isolation between the observer and the instruments

resting on the piled foundation, the wooden flooring, between the

central column and the circular wall, lies upon beams which are

supported -from beyond the brick work built over the piles The

observer thus walks on the floor, without shaking, or affecting in any

way, the instruments on the wall or column The floor is reached

by a flight of stairs

This arrangement is on the principle designed by Sn George

Everest for the towers oi observation in India, a central column for

the instrument, with complete isolation for the observer

^or the examination of graduated circles for taking horizontal

angles, the instrument is placed on the central column Pour colh*

mators are fixed on different parts of the circular wall These are

horizontal telescopes containing marks for observation In one there

are diagonally crossing spider threads, in another honzontally and

vertically crossing threads, in a third an artificial star or speck of

light The angular intervals between the collimators are 30, 60,

120, and 150 , an arrangement which admits of twelve different

angles being taken, bv vaiying the sets of collimators The positions

of the collimators themselves also admit of alteration The angles

between them must have exactly the same values, whichevei part

of the circle is employed This forms a severe and searching test
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Thete are contuvances in the roof of the observatory for enabling

observations of celestial bodies to be taken , and vertical cncles are

tested, when necessary, by observing stais as they pass the mendian

There are two clocks, built into the circular wall, one for mean,

the other for sidereal time, the mean time clock being connected by
electric wires with Greenwich

The methods for testing spirit levels and telescopes to small

surveying instiuments are equally complete and searching These

operations are performed in the observatory

In another room, in the body of the building, are the standard

barometei and thermometer They have been compaied at the

obseivatories at Kew and Greenwich, and it is an important fact that

the two compansons do not exactly agree So that there is no fixed

standard in England to which observations can be referred, a

deficiency which Colonel Strange brought to the notice of the

Royal Societj ,
but no steps have yet been taken to lemedy this

defect in physical science Colonel Strange, theiefoie, gave the eiror

on both 01 evciy instrument that passed, and was Sent out to India

Every kind of meteorological instrument is tested and examined

There is a most ingenious contrivance for comparing the aneroids

They are placed in a reservoir connected with the receiver of an

an pump in such a way that the channel of communication is

crossed by a cliaphiagm of porous porcelain When the receiver of

the au pump is exhausted to a certain degree, the exhaustion of

the leseivoir containing the aneroids goes on very gradually through
the porcelain Thus the action of the instrument is exactly the

same as it would be in the pocket of a man slowly ascending a

mountain At eveiy half inch of change the aneroid is compared
with an accurate mercurial barometer 1

As many as 7,000 instruments of more than a hundred different

kinds are examined yearly, and the number is largely on the increase 2

The system, ably and thoroughly worked out by its talented founder

and inventoi, is a complete success

1 See an aiticle by Dr Mann, in the Quarterly Journal of Science, entitled

" The Lambeth Observator} ," which gives ati excellent popular account of Colonel

Strange s opeiations The irticle is also pnuted in Scientific Opinion in the numbeis

for July 2 1st and 28th, and August 4th, 1869

2 It is curious to compare the leturnof instiuments in sloie in the office of the

Surveyor General and in use in the suiveys, which was driven up by Colonel Hodgson

in 1828, with Colonel Strange s Ketura, showing Jic number of instruments ordered

in 1868 and 1869
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The following system was adopted "by Colonel Strange All

pattern instruments were abolished, for he considered patterns to he

an obstacle to improvement, and no two hatches of important instru

ments weie sent out by him which weie identical in constmction

But the abolition of patterns added enormously to his labour, and

kept the inventive faculty constantly on the sketch A sufficient

amount of competition, both in price and quality, was ensured by

employing at least two makeis for each separate class of instruments

At the same time competition in pnco was abolished This was

formerly the chief, if not the only competition iclied on, and the

consequence was that the prices became such as no ically good
conscientious maker could compete with The supply thus fell

into fifth rate hands The selection of makers was made chiefly

with reference to two points, character and general manufactuiing

power in the first place, and secondly special 1 nowledge of paiticular

branches of the piofession Thus makers of meteorological instil-

ments weie seldom distinguished f01 the excellence of then suiveying
instruments All instruments weio subjected to rigoious inspection,

Colonel Strange's decision on them being accepted, m eveiy contract,

as final

Colonel Stiange's most abseibing work was the designing and

superintendence of the construction of the ejiand new set of instru-

ments foi the Trigonometrical Survey They consist of a great

theodolite with a thice-foot hon/ontal circle, and two zenith sectors,

byTioughtonandSimms, two five foot tiansit instiuments, and two

smaller ones by Cooke of Yoik
,
two 12 inch veitical circles by

Eepsold of Ilambuigh, two galvanic chronographs foi logtstermg
transit observations, by MM Secretan and llaidy of Pans, and

thiee astronomical clocks by Erodsham The five-foot transit in-

struments have very powerful telescopes of five inches cleai aperture,

with a hollow axis oi aluminium bronze, cast in one piece They
are provided with four levels foi rendering the axis hoii/ontal, and

there are peculiar methods foi adjusting the axis vertically and

azimuthally, the ob]ect sought being to exclude shake, obviate

strain, and cause the expansions to take place from the centre out-

wards These adjustments are exceedingly delicate in their action,

and very stable l These instiuments have since ainved in India

1 "On a tian*<it mstmmcnt and ^onilh sectoi,to be used on the Gi eat JDtigono

metncal Survey o India, for tlio determination, respectively, of longitude and latitude,"

by Lieutenant Colonel A btrange, FES Proceedings of the JRoyal Society, No 90

1S67
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On October 15th, 1866, Colonel Strange submitted a report, and

on March 3rd, 1873, lie sent in another interesting report, based

on the results of 10 years
5

experience of the working of his system

When Colonel Strange was hrst appointed there was no one land

of instrument supplied to India which was not faulty, either in

respect of form, pimciple, workmanship, or material, and frequently

in all these respects Parallel rulers were not parallel, protractors

indicated angles enormously m, error, scales and level staves were

incorrectly graduated, spirit levels were imperfect, barometers had

enormous eiiors, and the moie elaborate instruments, such as theo-

dolites and levels, stood in need of thorough reform in every detail

The great improvement effected by Colonel Strange has been

attained by thiee measures, the abolition of patterns, the abolition

of tenders, and a system of thorough inspection

The pattern system is an encouragement to the trade to stand

still, and the lesult is the perpetuation of foims which have long

been condemned and superseded by the advance of knowledge But

there is no finality in science In no branch of human knowledge

is there more rapid and extensive change At the same time, a

system of supply without patterns entails invention and skilful

superintendence, and could not have been adopted unless the scr

vices of such an officer as Colonel Strange had been available, who

to unsurpassed knowledge of the use and construction of scientific

instruments, added a practical acquaintance with Indian survey-

ing acquired by many years of arduous service in the field In

December 1867, Mr Thomas Gushing, an accomplished mechanic,

trained under the eye of Mr Thomas Cooke, of York, was appointed

as Colonel Strange's assistant Under the colonel's instructions he

became qualified to inspect, adjust, and observe with every descrip-

tion of scientific instrument and apparatus furnished to the Indian

services

The system of employing makers of repute was substituted by
Colonel Strange for that of tenders, but he gave orders to more

than one for each class of instiument This plan stimulated efiort,

and afforded the means of checking any augmentation of prices

Makers were called upon to give estimates, not tenders, for each class

of instruments

The instruments were subjected to rigorous inspection, and to actual

trial before payment was made This idised their price , but at the

same time it greatly increased their accuracy In 1865 there were

4148 instruments inspected, which cost 10,6092 In 1872 the
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Theodolites - - 145

Levelling instruments - 1 52

Thcimometuis 730

Baiometcrs - - 25

Anci oids - - 20

Insts Mathl cases - 406

Chronometers 45

number inspected was 18,000, and the cost 20,845Z The number of

different kinds oi instruments oideied through Colonel Strange was

about 150 , several had to be individually carefully examined and

tested, and some requned to be taken to pieces The followmg was

tho average annual number of the most impoitant kinds

Micro&copeb 17

Pentagraphs-
- 19

Salinometers - 34

Hydrometers
- 17

Telescopes
- - 48

Levelling staves - 212

Pusmatic compa&ses
- 103

Colonel Strange remarked that the only just mode of viewing the

cost of inspection, which he calculated at 3 57 per cent of the cost

of the instruments,
1 was by looking on it as a per centagc of the cost

of tho departments using the instruments , and on this point he

offered tho following calculation

" My office is not kept up for its own sake, but for the sake of

"
maintaining tho efficiency ol certain departments, such as the

" Public Works, the Surveys, and, to a certain extent, the Medical

" and Educational Departments It is as an integral part of these

"
departments that tho cost of instruments, including their mspec

"
tion, is rendeied necessary and is to be justified

"
Viewing it in this way, I take the expenditure of late years on

" Public Woiks m India as between seven and eight millions

"
(8,000,0002 ) per annum

Tho number of instruments which would be supplied if no

"
m&poction existed would probably bo the same as that supplied

" at present with inspection , but one effect of efficient supci-

" mtendcnce must bo, and has been, to raise the price of mstru

" moats I held out no other expectation on being appointed, as

I conceived one of the mam objects in appointing me was to put

a stop to the supply of low priced bad instruments by inferior

" makcis It is difficult to arrive exactly at the amount of this

increase, which has aftceted difraent kinds of instruments very

"
unequally, but I am quite sure that if I take it at 10 per cent on

" the whole I shall be considerably ovei estimating it

~i Avcra"7y^ly~cost oi mstiumonts foi the last five years, 16,3437 The cost of

msDcction

b
is 584/ bang 350Z for the talaiy of Colonel Stiange, 170Z for that of

Mi Gushing, and GU foi the Observatory attendant, being 357 per cent on the

colt oi the n&Unmenls A commission agent would charge 5 poi cent foi merely

buymg luth mstiumcutB, without cvcu pxetendmg to submit them to any efficient
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"
Taking the average cost of instruments for the last five years,

" as befoie, at 16,343? , then 10 per cent of this will he
" We have then

Increased cost of instruments consequent on inspection 1

Colonel Strange s salary
- - - 350Z

' Mr Gushing s - 170Z
<

Observatory attendant - 64Z

Total 2218?

66

Compaung this with S,000,000/ we find that the supeiintending,
"

impioving, and inspecting of themstiument supply adds at present
"

sixpence halfpenny per 100Z
,
or about -^th of 1 pei cent to the

<s cost of the depaitmcnts to whose efficiency such supeuntenclence,
"
improvement, and inspection contributes I need make no

cc remaiks on this result
"

Colonel Strange died on the 9th of Maich 187G, and was sue

ceeded in the duty of testing mstiuments by his assistant Mi Gushing,
whom he had himself tiamed for the work

Captain Waterhouse is the Superintendent of the Mathematical

Instrument Department in India In 1874-75 the number of

instruments manufactured there was 3,999, lepaired 2,391, and

examined 2,067
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XIV

THE GEOLOGICAL STJEYEY OF INDIA

A Geological Survey of India, regulaily oigani/ed and woikmg

systematically,
nas now icacked the twenty second yeir of its

existence Ever since cultivated Englishmen have been at

woik in India, m the surveying, militaiy, clencal, or medical

seivices, theio have been keen observers of everything woith

observing ,
and the Indian locks and minerals, viewed sometimes

from a piactical and at otheis fiom a puiely scientific point ot

view, have had then due share of attention Thus theie have

been many geological reports on various Indian distucts in the

years preceding the legular establishment of the Stuvoy, but it

will onlv be possible to enumerate those that aie best known

It will be romembeicd that when Sir George Evciest first joined

Colonel Lambton in 1818, he had with him, as a colleague, Dr Yoysey,

who was surgeon and geologist to the Survey This was piobably

the first official appointment of a geologist m India,
1 when the science

was in its infancy, and Doctor Voysey's papers refer to the Wernerian

and Huttoman systems lie was sent by Colonel Lambton to

reconnoiti e the country in advance, as far as Agra lie accompanied

Everest in his severe work on the Godavari, and was one of the

earliest writers on the rocks oi tho Deccan lie explored the Nalla

Malla mountains between Cummum and Cuddapa and Amiabad

north of the Eastna, and wrote an interesting account ot the

diamond mines in Southern India Ho also wrote papers on the

building stones of Agra, and on petrified shells in the Tapti valley
'

This able and zealous officei died of fever on his way to Calcutta

in 1823

1 A Mr Laidlaw was appointed as mineralogist and geologist to tlic Survey in

Krnnaun under Captain Webb (see page 81) in Tune 1817, Imt Ins allowances weio

stopped m 1818 Despatch Jiom Tord Hastings, leb 15th 1821 Laidlaw was a

very able man, and is said to luue been badly treated

2 See "Asiatic Reseaiehes," xvm , p 187, and xv,p 429 and p 120 Dr Voy

Reys Private Journal during 1819 was published in tho "Journal of tk Asiatic

Society of Bengal,' -ax
, p 201 See also Gleanings m Science," 11

, p 27 (Calcutta

1830) Di Voysey's 1st and 2ndRcpoitson tlie geology of Ilaidarabad aie in the

" Journal of the Asiatic bcoiety, vol n
, pp 298 and 392 Dr J II Caitei speaks of

the sagacity, ability, and truthfulness which characten/e Dr Voysey s obsuvations
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Dr Voysey was followed by various other observers, who reported

upon the rocks and minerals in different parts of India Captain

Dangerfield wrote a notice of the geology of Malwa, the result of

careful observation, previous to 1823 / and Captain Eranklm,
while executing the topographical survey of Bandalkhand in 1828,
also reparted on its geology

2 Colonel Sleeman discovered fossils

near Jabalpur in 1830,
3 Dr Spilsburv made further collections/

and the geological investigations of Sir Andrew Waugh and Major
Eenny Tailyour have already been mentioned Lieutenant Euuus
wrote upon the rocks of the country between Hoshangabad and

Nagpur in 1834,
5 and in 1842 Dr Adam described the rocks of

Bandalkhand, north of Spilsbury's work 6 The Rev S Hislop also

wrote various papers on the geology of the Nagpur country/ and
in 1831 the E/ev 31 Everest recorded his geological obseivations

between Calcutta and Ghazipur He also criticised Captain
Franklin's work in a paper entitled " The Sandstones of India" 8

James Prinsep wrote papers, in his Journal, on the fossil bones

found in the Jamna and N^rbada valleys
9 In 1854 Captain

Nicolls made large and valuable collections of fossils from the mtor-

trappean lacustrine limestone deposits at Sagar, and from the

Narbada valley , and Lieutenant Keatmge collected fossil ammo-
nites and bivalves of what was supposed to be the Crctacean age, at

Bagh, near the Narbada

There are some geological notices on the rocks of the Eewah
table land, and other parts of India, m the valuable work of M
Jacquemont

10

1 Published m 1823 m Sn John Malcolm's " Central InthV n p 320
2
Pipers in the "Journal of the Abiatic Society of Bengal/ ind in the " Jiansac

tions o the Geological Society
J

3 " Journal of the Asiatic Society of Bengal," i p 456
4 Ibid ,

11 p 549, and xm pt 11 p 765
6 Ibid ,

in p 71, and xi p 20
6 Ibid

,
vol xi p 392

7 There is an account ot the inter tiappean freshwatei and estuarme formations of

the peninsula of India, by Mr Hislop, in the "
Quarteily Journal of the Geological

Society," xvi p 154 , and Professor Owen described the fossil cranium of a labyrintho
clont ipptile, obtained by Mr Hislop from the sandstone of Mangoh, 60 miles south of

Nagpui, m the "
Quarterly Touinal of the Geological Society," xi pt i p 37

8 "
Gleanings in Science, 111 p 129 and 207

9 " Journal of the Asiatic Society of Bengal,
'
in p 396

10
Voyage dans les Indes Onentales '
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Attention was early turned to the coal beaimg rocks of Bengal
and the Narbada valley Coal was known to exist in the Ddniodai

valley so long ago as 1774, and was actually worked in 1777 Mr
Jones described the coal fields and opened mines in 1815,

1 and in

1830 there weie several collieries in the BAmganj country Mi

Hislop wrote a paper on the age of the coal strata in Western

Bengal, and a descuption of the coal fields in the D&modar valley

by Mr Homfray was published in 1842 But the Eaniganj coal

field was first carefully examined and repoited on by Mr "Williams

in 1845, who was appointed Geological Surveyor to the East India

Company
3 Mr Wilhcims died of jungle fevci at Hazaribagh in

1849 The eaihest explorer of the Narbatla coal legion was Colonel

Ouseley, who tried a quantity of the coal in 1838 *

In 1833 Mr Calder wrote a general review of the geology of

India, which lorms a soit of introduction to various geological

papers in the 18th volume of
" Asiatic Researches/' by FranUm,

Voysey, JBCaidic, Jones, and Ooulthard

The most interesting geological woik in India, befoie the com-

mencement ot the survey, was undoubtedly the examination, of the

Sawalakh hills by Di Palconcr and Sir Pioby Cautley, and the

famous discovery of their wonderful fossil fauna

Di Falconer took ohaige of the government gardens at Saharan-

pur m 1832, and at once began to investigate the geology of the

Sawalakh hills This is a ridge lunmng paiallel to the gieat chain

oi the Himalaya, and consisting of rocks of very late formation In

strictness the Sawalakhs aic the range oi hills using from the

plains between the Ganges and Jamna, but the term is often applied

to the outermost ridge along the whole length of the Himalaya
r

Herbert had examined and reported on the Sawalakh locks when

engaged on the suivey ,

6 but Captain "Webb is said to have been

the first to prove the existence of fossil bones Yet they wcie

i "Description ol the NW Coal Distuct, sti etching along the uvet Damoodah "

Asiatic Researches, xvm p 163

a " JQUI nal of the Asiatic Society of Bengal," vol xi pt n p 723

* " A Geological Hepoit on the Damooclih Valley/ by D II Williams, Fsq ,
late

Geological Suivey01 in the Savicc of the East India Company (London, 1850 )

The work was reprinted in Calcutta

* Jouinal of the Asiatic Society of Bengal," iv p 648

6 Rennell applied the name to the hills fiom Ilardwar to the Sutlej
"
Memoirs,"

P 233
e Jouinal of the Asiatic Society," TO! 20 (App )

(13441 )
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known to Firoz III as long ago as 1360 Eenshta tells us that

this monarch, while cutting through a hill with 50,000 workmen, to

lead the waters of the Sursati into the Seliona, came upon bones of

giants three yards long
Dr Falconer was led to expect the discovery from the nature of

the rocks, and he had noted the ahoye passage in Fenshta At that

time three officers, who have since linked their names mdissolubly

with the history of Indian irrigation, Sir Prohy Oautley, Sir William

Baker, and Sir Henry Durand, were at work on those Jamna canals,

the heads of which are close to Dr Falconer's abode at Saharaxrpur ,

and he had them as fellow labourers in the same field of research

Falconer and Oautley both found fossil bones in 1831, and Cautley

energetically followed up the search by blasting operations in the

Kalawala pass of the Sawalakh These discoveries were not fortui-

tous, but were results led up to by previous special study In 1834

Baker and Durand discovered the great ossifeious deposit near the

valley of the Markunda, below Nahun Two days alter they got

their first specimens, Falconer was on the spot, and collected 300

specimens of fossil bones within six hours

Thus was a sub tropical mammalian fossil fauna brought to light,

which was unexampled in richness and extent in any othei region

then known The history of the discoveiy is recorded in vauous

papers published in scientific journals, and the whole was to have

been embodied by Dr Falconer in a great work entitled
" Fauna

Antiqua Sevalensis
" It was commenced, and 1,123 specimens were

figured, but Dr Falconer was not spared to complete it He died

in 1865, and all his papers bearing on this subject have been ably

edited and published by Dr Murchison a Dr Eoyle, m his great

work OB the Himalayas, both figures and describes the Sawalakh

fossils
2

1 "
Palasontological Memoiis and Notes," by Hugh Falconer, 2 vols 1868

His fiist account of the Sawalakh is in the "Journal of the Asiatic Society of

Bengal,
'

i p 96 (1832) Cautley's first memoir is in the " Asiatic Researches,"

vol xvi In vol xix of the "Asiatic Keseai dies' are seven papers by Falcone*,

Cautley, and Durand On the fossil camel atp llo, fossil tigei, p 135, fossil bear,

p 193 See also Baker's papeis m the " Jomnal of the Asiatic Society," iy p 506, 694,

706 , v p 729 There is also a paper by Cautley in the "
Geological Transactions

(2nd Series)
" v p 276 (1836) Cautley s paper on a fossil giraffe in the Sewalik is

in the " Journal of the Asiatic Society," VIL pt 11 p 658, and Falconer's on the

quadrumana of the Sewalik, ibid vi pt i p 354
2 "Illustrations of the botany and other branches of the natural history of the

Himalaya mountains," by 3 Forbes Eoyle (London, 1839 2 vols )
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These important discoyenes have thrown light upon the state ol

India in the most remote ages On their authority we may con-

ceive an ancient sea to have occupied the valleys of the Indus

and Ganges, washing the bases of the Himalaya on one side, and

the Vmdhya of the Deccan on the other, and receiving all the silt

bearing rivers from both In course of time the sea was filled up,

and the alluvial valleys teemed with the animals whose bones are

now imbcddied in the Sawalakh Similar remains exist ito Smdh

They weie also iound by Mr Crawfurd on the banks of the Irawadi

in 1826,
1

by Dr Spilsbury in the ISTarbada valley, and by Captarn

Eulljames on the island ol Perim in the gull of Cambay
2 These

points indicate the vast area over which the Sawalakh animals of that

remote tertiary age roamed There were mastodons, elephants, five

species ol hippopotami, rhinoceroses, giiaffcs, horses, pigs, camels,

stags, antelopes, hysenas, dogs, and cats, monkeys, ostiiches, and

huge cranes There are also the sivatherium, a bull the si^e of an

elephant with four horns and a roman nose , and the colossachelys

atlas, a gigantic tortoise 6 feet high and 22 feot long

The upheaval of a narrow belt of the plains oi India, at the foot

of the Himalayas, into hills 3,500 feet high, seems to mark the time

when the present epoch commenced in India, as these hills form the

grave and monument of an earlier and distinct Jtauna

The investigation of the Sawalakhs was followed by Colonel

Richard Strachey's examination of the lofty ranges on their rear,
3

and by reports on tho fossils oi the Spiti Yalley by Dr Gerard4 and

Captain Hutton 5

Captain Heniy Strachey also explored Western

Tibet, including the remarkable alluvial plain of Gug<S, which the

i See the account of the rocks and animal remains collected by MX Crawfuid in

1826-27, on the banks of the Irawadi, by Dr Buckland, in "Ciawfuid's Embassy,"

11
, App p 143, and in the "Transactions of the Geological Society

" Th collection

consisted of bones of masttfdons rhinoceioses, hippotamuses, tapirs, oxen, doer, and

laud toitoises

Baron Hugel had a largo collection of fossils from. Ponxn Capiam Fulljames

repoited on them in the "Bengal Asiatic Society's Journal, i p 233 See also

Notes on the Island of Penm, in the Gulf of Cambay, by Lieut Ethersey,' Bombay

(rtographzcal Society's Journal, vol 11 Dr Falconer described the Perim fossils

in the "
Quarterly Journal of the Geological Society," i p 356

8
Quarterly Journal of the Geological Society," vu p 292

* u Asiatic Eesearches/' xvin pt n p 238

* Journal of the Asiatic Society of Bonsai
"
(1841,) p 198

2
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Sutlej has excavated to the depth of a full vertical mile ,* and Dr

Thomson, in his journey through Ladak to the Karakorum pass in

1848, made very careful geological notes
2

The peninsula of India has been examined and reported upon by

several ardent geologists Colpnel Sykes has written upon the trap

formation of the Deccan,
3 and Dr Malcolmson's paper on fossils of

the eastern portion of the great basaltic region had for its object an

endeavour to arrive at a conclusion respecting the age of the basalt

which is spread over 200,000 square miles on the plateau of the

Indian peninsula The fossils were collected in 1832, on the Sichel

hills, which extend from the junction of the Wurda and Godavari

towards Aurangabad
*

But perhaps the most eminent of the Indian geological observeis

of those days was Captain Newbold, the Assistant Resident it

Kainal, an officer who had entered the army m 1827 He made

seveial careful sections across the peninsula, and icported upon the

whole legion south of a line drawn from Ganjam to Bombay No

foimation has attracted more attention than the lateute, a rock

pecuhai to India, which was first noticed and named by Di

Buchanan, m his work on Malabar Captain Newbold dcsuibcd

it very fully as a reddish brown tubulai and cellular clay, moie or

less indurated, and often impregnated with iron The air exposed

surface of laterite is hard and glazed, but a few inches below

the surface it becomes softei, and is cut oat in blocks with

a spade, hardening after exposure to the atmospheie It is used

largely for building and for lepairmg roads, and, among other

edifices, the arcaded Inquisition at Goa is built of laterite The

lateute foimation covers the western coast almost continuously from

Bombay to Cape Oomorin, and generally from the sea to the foot of

i "Physical Geogiaphy of Weslern Tibet,' in the R. G S Journal, vol xxiu

1 Henry Strachey is a Gold Medallist of the Royal Geographical Society

i "Western Himalaya and Tibet A journey during the }eiis 1847-48,' by

Thomas Thomson, MD (1852 )

s Colonel Sykes on the Geology of a poition of the Dukhun" (4to London,

1836 ) Re printed from the " Transactions of the Geological Society," vol iv

(Second Seues )

4 Tiansactions of the Geological Society,' v p 537 Dr Malcolmson, who was

Secretary to the Bombay Branch of the Asiatic Society, died at Dhuha in the Tapti

valley, while engaged in the pursuit of his favomite science, m Fcbiuaiy 1844 See

a notice of him in. "the Bombay Times " of April 30th, 1844
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the ghiuts It is also found m detached beds m miny othei pails

of India It is of late origin Some writers derive it from the

weathering of tiap rocks, "but the latente beds are sometimes

conglomeiitic, cover indiscriminately all lands of formations, and

rest undisturbed alike on the traps and on the cretaceous lime

stones of Pondicheiry, while they are never invaded by trap

dykes
a

General Cullen, an officer of high scientific attainments, who was

for many years resident in Travancor, found beds of lignite in the

latente near Kollam (Quilon)

The r6gui or black cotton soil was also carefully studied by Cap-

tain Newbold/ and he formed a theory respecting the ongin of those

nodules of lime so well known in India by the name of kunkui,

which are met with as irregular overlying bods, or filling up chinks

and fissures of rocks of every age He rcfcired their origin to the

action of springs charged with carbonic acid, bringing up lime in

solution, and either depositing it as the temperature lowered, 01

parting with the carbonic acid 3

In 1840 Captain Newbold visited the fossihferous limestones of

South Arcot and Tuchindpalli, which were afterwards caiefully

examined by Mr C Turton Kayo and Mr Brooke Ounlxffe of the

Madras Civil Service These gentlemen collected 178 fossils from

the cretaceous formation near Pondichcrry, described by Sir Philip

Egerton and Professor Edward Forbes 4

Captain John Warren, the assistant oi Colonel Lambton, had

examined the petrified drift ^ood at Trivikera neai Pondicherry m

i See also a papei on latente l>y Dr Colt, in the "Madias Journal of Literature

and Seu nee," in p 100, and anothti by Dr Claik, vm p 334

"

Paper xead befoto the Royal Society, Match 22nd, 18*8

3
Captain Nc^ bold & papois will bo found m the " transactions of the Geological

Society,' in the " Touiual of the Royal Asiatic Society,' vol vn
,
and m" Notes,

chiefly Geological, in foui pax Is, in the " Journal ol UK Asiatic Society ol Bengal
'

llic papoia in the " Jouinal of the Asiatic Society no, on the Mmeial Ilesonices o(

Indn mci&htnumbois 1 hoy contain ucoimlB of the gold tracts, and of themnus

of lead, mangincbc, mines fear
m Is, diamonds, &c See alno ilu "Calcutta BCMCW,

'

ix p 314 He also mote papcn on the ^colo^y ol H'jpl, and on the petrified

forest neu C no ("Quuloily Journal ol tlu Geologic tl Society, iv pp 324-49)

Captain ]Ncwl)old was an accoinphshc d nntiqxuuy and Pcibian Hcholar, as well as a

geologist He died it M ihaluilashwxu on Tunt 2nd, 18 ;0

* ""Madias Journal of 1 itci itme and Scuucc,' No 28, xn p 37 '
JLianfaKtione

o the Geological Society/' MI p 97 Mr Kayo died m Octobei 1816



214 GEOLOGISTS BEFORE THE SURVEY

1808,
1
which, Captain Newbold tells usa closely lesembles tlie petri-

fied wood in the desert near Cairo

In the Western Presidency, Captain Giant examined the important

plant bearing formation in Kach 2 Dr Christie gave an account

of the geology in the Southern Mahratta country in 1836,
8 and

Lieutenant Aytoun reported upon the geology of parts of Belgaum
4

Colonel Meadows Taylor has desciibed the geology of the district of

Shorapore in the Deccan, where the several formations of that region

unite with those of the Carnatic, accompanied by evidence of much

local disturbance His observations connect the work of Captain

Newbold at Karnal with that of Dr Christie and Lieut Aytouu
in the Southern Mahratta countiy

5 Dr Fleming described the

nummulitic limestone m the Suliman range, above the Deiajat
6

In Sindh, Sir Bartle Frere has written upon the geology/ and ilso

contributed a most admirable paper on the Desert and the Ran oi

Kach The same legion was described by Alexander Burnes and

Mac Murdo ,
and Sir Charles Lyell has given an interesting account

of the Allah Bund, and of the effects of the earthquake of 1819,

in his "Principles of Geology
" Dr Eobert Thompson,

8 Dr Buist,
9

and Dr H J Carter,
10 have written upon the geology of the Island

of Bombay
The nummulitie limestone formation in western India has

attracted much attention, and has been carefully studied In 1844

Dr Malcolmson, just before his death, discovered a numnaulitic bed

in the Eajpipla hills, crossing the Nerbudda valley , and Major

IPulljames, in 1852, reported upon the same formation More

recently, in 1861, Mr Alexander Rogers, the Collectoi of Surat,

who is an accomplished and enthusiastic geologist, discovered num
mulitic limestone at Turkeysur, between Surat and Broach Thus

1 " Asiatic Besearch.es," xi p i

2 "Transactions of the Geological Society (2nd Series)/* v p 289
s " Madras Journal of Literature and Science,

'
iv p 452

4 " Journal of tlie Bombay Geographical Society," xi p 20
5 See the "Transactions of the Royal Geological Society of Ireland

"

6
Quarterly Journal of the Geological Society,* ix p 346

* Ibid
,
ix p 349

8 In 1836 " Madras Journal of Literature and Science,
' v p 129

9 " Journal of the Bombay Geogiaphical Society," x p 167
10 " Bombay Branch of the Asiatic Society/' iv p 161 Dr Carter made a final

geological examination of Carnrja, Eleplianta, Trombay, Salsette, and the other islands

round Bombay See " Journal of the Bombay Branch,
' Nor 1860
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the existence of the nunimulitic formation in tlio Eajpipla hills,

which form the westernmost termination of the Satpura range, was

fully established
*

Dr Carter, then ID the Indian Navy, was the most distinguished

of the Pioneers of Indian geology While servmg with Captain

Sanders in the " Pahnurus," he examined the rocks of the Arahian

coast/ and he afterwards reported upon the geology of the Islands

of Bombay and Salsette But his most valuable work consisted in

the collection and classification of all the geological labours of his

predecessois, to which is added a reprint of his Summary of the

Geology of India between the Ganges, Indus, and Cape Comorin

This work was undertaken at the instance of Lord Elphmstone
3

The plan is first to introduce the reader to the geology of the great

trappean region of Western India, and then to carry him round its

outskirts, m order that he may become acquainted with the geological

formations of India generally His attention is then directed to

the geology of Kach, afterwards to that of Smdh, and lastly to that

of the Arabian coast For this purpose almost all the geological

papers on India that had then been written were reprinted m extenso

In 1853 Mr Groenough carefully compiled his geological map ot

India, showing the state of our knowledge at that date / copies of

which were transmitted to the Local Governments, and ehcited

several reports from officers interested in the sub3ect
5_

fossils of India was published i* France in 1853

groupe nummulitique del'Inde, precede dun

ot JuloB Hamo
' 4to 32 plates Pans, 1853

!SSlX on Weston In(lia, moling Kacn, S.dn, and the South east

bcience,"i NS,p 90
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Such weie tlie piuicipal labours in the field of Indian geologists

pievious to the establishment of the official survey They were

lesults obtained by independent mquireis, and, such as "were re-

corded when geology was m its infancy, aie now to some extent

out of date There was of couise a great want of concentration in

these labours, and the value of many observations was lost owing to

the absence of an intelligible nomenclituie Much has lequired

revision, but at the same time the labours of those Indian geologists

who were fiist in the field are valuable and important

Dr McClelland, who held the office of Geological Surveyor for

two years after the death of Mr Williams, wrote a Report on the

Geological Survey of India foi +he Session 1848-49, and described

the coal strata of the Bajmahal hills
l He also mapped the Kur

haban field

The work of Dr Oldharn, the late Supenntendent of the Geo

logical Survey of India, extends ovei a period of upwaids of 25 ycais

Before commencing his service in India he had been on the Iiibh

Survey, and Professoi of Geology at Timity College, Dublin He
arrived in India in March 18 51, and found, that the establishment of

the Geological Survey then consisted of one peon and one wiiter,

with no European assistant, and no prepaiation of any field work

The few existing records weic kept in a box in a small loom in the

Surveyor Geneial's Office Dr Oldham obtained sanction foi the

employment of Mr J G Medlicott, who had served with him for

several years on the Suivej of Iieland, as assistant
,
and in 1852

Mr St George was added The only idea the Government then

had of the duties of a geological suivcyoi ^as that he should go
about from place to place, and leport upon real or fancied discovoiies

of minerals The difficulty of the position was incieased by the

small confidence that could be placed in much that had picviously
been done The beds lepiesented by the foimcr Coal Committee to

be the veiy lowest of the carboniferous period are in reality eocene

or miocene lesting upon nummulitic limestone, and the coal

measures of the Bajmahal hills, which had been stated to be newer
than or to rest upon the tiap flows of that district, aie in reality

1 Dr McClelkncl was secretary to a committee for the investigation of the coal

lesources of India See the Report printed at Calcutta m 1841 There is also a

work on the Geology of the Province of Kuniaon, by John McClelland (8vo Cal-

cutta, 1835 )
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exactly the opposite Dr Oldham worked steadily on, in the face of

many difficulties at the outset, to obtain a definite geological horizon

from which to work up 01 down, and so obtain a true basis for

future operations This was, howevei, impiacticable while he was

expected to go first to the eastern boundary of Bengal, then to the

southern extreme of Tenassemn, and next towaids Bombay
Loid Canning leally took an enlightened interest in geology, and

on his amral Dr Olclhara was able for the fiist time to commence a

rcgulii suivey of the country Loid Canning ordered that, unless

under veiy special circumstances, the geological suryeyois were to

confine their labouis to those paits of the country which had already

been mapped, and steadily to pioceed, as far as the maps existed,

ovci the country from east to west Before Loid Canning's arrival

Dr Oldham had, in 1851, pioceedecl to CMi&purrji, with a view

to examining the iron oies in the Khasia hills He made a collec-

tion of fossils, chiefly from the nummulitio limestone of the Kliasia

hills, establishing the occuncnce of rocks of the uppei cretaceous

age in Eastern Bengal
l In 1852-53 he examined the geological

features of the Eajmahal lulls ,

2 and Mi Theobald, one of his as-

sistants, made a detailed repoit upon the Punjab Sail Range in

1853 a In 1855 Di Oldham accompanied Sir Arlhui Phayro's

mission to Ava and wrote a mcmoii 011 tho geological features of

the banks of tho Irawaeli, and oi the country iioith ot Aniarapura
4

In 1856 Lord Canning placed the Geological Suivey upon a proper

footing Dx Qldham's staff was mci cased, ilu labouis ol the sur-

vey were systematized, and the icpoits weu ordered to be published

in "a uniform series Tho operations have been dnoctod to those

districts where the Revenue and Topographical Survey ois have com-

pleted their maps, and where the most valuable prac tical or scientific

1 " On the Geological Stiucturo ofput of the IQiasia lulls, with ob nations on the

"
meteorology and ethnology of that distiict,

'

by Thomas Oldham, A M , &c (4to

Calcutta, 18o4, with geological maps) See also the "
Quaitcrly Journal of the Goo

logical Society," xix p 524 Geological Memoirs,
'

i p 94 Colonel Ilannay and

Captain Dalton icported upon the economic geology of Uppoi Assam at about the

saint time " Journal of tho Asiatic bocu ty of B< n$,al,
' vu p 625, \xn p 511, TO

p 230 See also then icpoiton aunfuous deposits in Assam "Mcmous," i p 90

Dr Hookei descnbed the structuic o the Khasia hills, nuich as JDi Oldtaiu did aftci

wauls This chstuct is tho Cossyah hills of other authors

2 Journal of the Asiatic bociety of Bengal;' xxm p 268
,
and xxv p 249

* Ibid Nos 3, 4, 5, of 1853 In 1848 T)r A Homing, o the 7th N I, had also

wntten a paper on the Salt Range Ibid ,
tvn pt 2, p 500

^ Yule's Mission to Ava," App A , p 309
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results were to be obtained But the geologists have been constantly

hindered in their work by the want of maps, and indeed this has

been one of their chief difficulties The superintendent and his staff

have also been frequently detached from their regular work to report

upon some special point for the Government, which though useful

service is sometimes performed in the interval) has delayed the

progress of the survey

The best way to convey a tolerably clear idea of the geological

work that has been done will perhaps be to take the history of the

progress of the survey in each district, instead of reviewing the

whole of the operations year by year , and, with this object, it will

be as well to begin with the coal yielding region

The coal fields of India lie in a region bounded by the Ganges on

the north, and extending beyond the Godavari on the south , while

from the east to west they stretch from Assam to the Narbada

valley Mr Hughes has calculated the area over which the coal

rocks may be presumed to extend at 35,000 square miles Neaily

all the coals come from one geological formation called " Ddmodai "

from the name of the river, in the valley of which the principal coal

seams occur It is the same as that of the Australian beds, and

differs very little fiom the carboniferous group of beds in Euiopc

But the coal is veiy different both in quality and appearance Its

most chaiactenstic distinction is its excessive lamination, and it

contains from 10 to 30 pei cent of ash, while the proportion of

fixed carbon rarely exceeds 60 per cent , and averages 52 per cent

In average English coal the ash is 27 per cent , and fixed carbon 68

per cent Indian coal is only capable o doing one-half to three-

quarters of the woik performed by the same amount of English

coal Mr Blanford divides the coal fields of India into four groups ,

1st, those of the Eajxnahal hills and D unodai valley , 2nd, those in

Eewah, Siig&jah, Chota, N<%pur, Talchir, 3rd, the coal of the

Narbada valley and Satpura hills ,
and 4th, the new fields in the

valleys of the Warda and Godavari

On the Rajmahal hills there are small coal basins in every large

valley traversing the range, with seams 3 to 12 feet thick But

Eanigan] is far the most important of the Indian coal fields, and

neaily the whole of the coal mined in India is obtained from it

The others aie JherrJa, 10 miles west of the Ramganj coal bcaung
tract, wheie theie are numerous seams of gieat thickness which have

not yet been worked The Bokaio field is a long strip of coal bearing

rocks commencing within a mile of the Jherria field, and extending f01
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40 -miles Rangarh is a small field to the south, of the Bokaro field

Karampura consists of two basins of coal bearing rooks lying west of

Rangarh, and due south of Hazanba^h All these are in the valley

of the Damodar, and form a belt of coal bearing rocks extending 150

miles, and occupying 1,500 square miles of country Where the

Damodar formations attain their greatest thickness they consist of

two groups, the upper one 5,000 and the lower 2,000 feet thick,

each containing several seams of coal, but to the westward the

upper group thins out and disappears, while the lower one gradually

diminishes in thickness

The Karhabari coal field, in the valley of the Barakur, a tubu

tary of the Damodar, is to the north-west ol the Eamganj colheues,

and covers an area of 18 square miles Mr Ilughes has calculated

that there w a sufficient supply at Karhabari to supply 250,000

tons a year for 800 years The colliuics belong to the East Indra

Railway, and a branch line 28 miles long has been made to them

There are two very small fields containing valuable coal near

Doogaih in the Santhal Parganas, and a, third at Itkuri to the west

of Karhabari

The second group consists of a number of basins scattered thinly

over an immense tract oL the wildest country in India, the Palaman

holds in Ohota Nagpur, the South Rowah field, and seams in the

Upper Son vallcj, and at Talehir on the Biamani river

The third group js included in the Naibada valley and Satpuia

lulls, whore the Mopam collieries belong to the Narbada Coal and

Iron Company
l Here the average thickness of the coal seam is

25 toot, and though thtre aio numerous laults and dykes, it is

believed that a largo quantity exists

The fourth group hos on the edge oi the great sandstone tract

which occupies the valley of the Godavan, and its tributaries the

Warda and Pranhita Outside these four groups of oval fields are

those in the Khasia hills, and at the extreme end of the Assam

vsllov

In 1856-57 Cattack was examined by three of the staff, Messis

W T andU E Blanford and Mr J G Medhcott, from the Chilka

lake to Midnapur, and Mi Blanfoid rcportedipon the latoriteof

*ome<l ahuli I860 Iho

of the mum lie of the G I P Bwhrcy, * ^ 8 u* of
,

hnoms opcucdto the Company Bcolhcry, and the demand for coal .snow

th the supply Iho qtwddy oa the Co^any's ground
u esta^ted at

214,500 ton 8
'
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Oi.'si
1 Tl'c Blanfoids disooveied and named tko important

Talchir gioup of locks underlying the coal teds The separation

of the Talchir from the coal bearing rocks is applicable m all

districts Dmmg the two following yeais Mi "W T Blanford was

zealously investigating the Eamgan] coal field,
2 while Mr Medli-

cott was engaged in the survey of the Karakpur hills and on the

examination of the Karhabari coal district The existence of a laige

supply
rof coal west of the river Barakur was established, and

Di Oldham had himself explored the Cossyah hills in former years
*

Mr Blanfoid completed field maps of the Eamgan], works which

are as useful to the practical worker as the geologist, and he also

brought together returns of the coal raised from the several open

works and pits
In 1859-60 there were 370,206 tons of coals

raised At the close of 1861 Mi Blanford was transfeired to

Burmah
The examination of the coal country was continued in 1863 by

Mr Hughes and Mr Wilson, at Jherria* and Karhabaii la the

following year Mr Medlicott was on detached duty in Assam,
5 and

came to satisfactory conclusions lespectmg the value of coal in that

district In 1865 Mr Hughes continued his work in the coal

region, exploring the Hazaribagh and Bokaro6 fields , and in 1866

Mr Blanford made his first examination of the Chanda coal field,

and indicated the localities where borings should be made The

Palamow coal fields could not be proceeded with for want of maps

In 1868 Mr Medlicott traversed a wide tract of country to investi

oate the extent and lelations of the several series of sandstones

associated with coal m Bengal, as compared with those in Central

India , and proceeded, in the lollowmg year, to the Narbada valley,

to woik out the coal bearing rocks m that area, which had been

fiist visited 12 yeais before, when theie were no maps
7 In 1869

1 See"Memont,, vol i ,

" On tlio Coil and Iron of Talcheer in C itt icl
' " Stiucturo

and Editions of the lalchir Coal Inelds,
'

"Geology of Midnaporo and Oiissa
'

" Latent* of Orissn
' These labouis arc reviewed in the "

Quarterly Journal of the

Geological Society," xiu p cvm The coal and iron of lalcheei had previously

been written upon by Captain Kittoe "Journal of the Asiatic feociety of Bengal"

vin p 137
2 " Memoiifa,

' vol in ,

" On the Ruugar,] coal field

3 Memoir", vol i
,

"
Geology of the Khasia hills

'

* "Memoirs, -col v, "On the Then la coalfield," by T Hughes

5 "Memoirs," vol iv , "On the coil of Assam," by II B Medhcolt

e "Memoirs, ^ol vi , pt 2,
" On the Bokaro coal field

" G T W Hughes
7 "On the Mohpam coal faeld m the Narbada valley," by H B Medhcott "Ee

coids,"m pt 3, (1870)
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two geologists were sent to revise the maps of Bhagalpur ana

Birblium, the earliest coal legion examined by the survey

These Indian coal fields are situated m the drainage hasms of

the riveis D&modar, Son, Mahanadi, Godavan, and Narbada The

oldest and best known, namely, the Ranigan], Jhema, Bokaro,

Kamghur, and Kaiampura fields are in the D^modar drainage basin l

The Itkuii and Karhahaii fields are in Ohbta ]STagpui province,

on the Baiakui, the chief effluent of the D&modar, from which

liver it is sejpaxatcd, in the upper part of its course, by the lofty

Parasnath lull and the wide plateau of Hazanbagh The whole of

these may be considered to have been deposited in one gieat

cstuaiy In the Son valley are the Palam.au, Smgrauli, and South

llcwah coal fields, the Talchir and Belaspur fields are in that of the

IMahanadi, and the Ohanda in the Godavari

The conclusions duivccl liom the suivcy arc, that the locks

associated with coal arc separated into several distinct gioups

The lowest is the Talchir gioup, fiist established by the brothers

Jil miord, and not containing coal The Damodar seiies contains

most of the coal beds of Bengal and Central India It was sepa

i at eel Irom the overlying locks by Dr Oldham Theie are also the

JUjmahal gioup, and the tcitiary scries of the Khasia hills The

data ioi this classification of the coal bearing rocks consist of the

icmains oi plants

In the eastern coal fields theie are five well marked sub divis ons

1 The Talchir bods, the lowest, in which no coal is known ,

so called by the Blanfoids, from the district in Cattack

whoro they wore first examined

2 The Barakur bods, formcily called Lower Ddmodar

3 Iionslono shales

4 llamganj bodb

5 Panchct beds, or xippei series IPirst separated as a distinct

sub division, and so-named by Mr Blanford They are of

the triassic epoch, and contain bones of labyrmthodont uncl

dicynodont amphibia Panchct is the name of a remaik-

able hill, and the title of a rajah

To the ^ estward these become three

1 Talclnr

2 Barakur

3 Panchct ___
"jiliient ot the Hugh, rising m tlio piovmce of Chota N igpux , and flowing

through the Boncuxah, Burdwan, and Hugh districts of the Lower Provinces of

Bengal
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Dr Oldham's general conclusions, respecting these coal series,

are that the drainage basins of India were marked out and existed

at the enormously distant period when the deposition of the great

plant bearing formations commenced All the successive beds

represent an enormous lapse of time, and seem to be fresh water or

estuarme deposits lie also concludes that the present limits of the

coal measures coincide with the original limits of deposition, and

are not the results of faulting or even mainly of denudation,
1 The

D&modar system is believed to represent the Permian period of

Euiopean geology, together with a portion of the upper carboni-

ferous epoch
Since 1870 the coal bearing stata, in all parts of India, have been

actively exploied In 1871 Mr Medlicott was examining the

Puchmari hills and the Mohpan coal fields in the south part of the

Earbada valley, where he had a seveie attack of fever
,
and in

1872 he was engaged upon the Satpuia coal fields, and again in 1875

Mi Mallett at the same time explored the Kota coal field extend

ing into Eewah and Chota Nagpur, and in 1876 he examined

the coal fields of
w
the Naga hills and Upper Assam In 1872,

Mi Blanford mapped the coal bearing i?ocks of the Godavan series,

and borings weie carried on under Mi Vanstavern, the Executive

Engineer But the beds in that district are thm and irregular, and

the area small Mr Blanford fuither extended his investigations

into the sandstone area to the east of the Nizam's dominions, and

south towards Ellor, which appears to belong to true coal bearing
rocks

The Chanda coal was first discovered by Major Lucie Smith,

the Deputv Oommissxonei of the Central Provinces in 1866 Mr
Blanford visited the localities in 1869 and recommended borings
Mr Maik Fryar, a mining engineer, was sent to Chanda to exploie
the beds regularly m 1869, and two skilled boiers with the necessary
tools were sent out from England
Mr Hughes was at woik in 1871 at the Waida coal fields, and

two pits weie sunk to the coal at Warora and Pisgaon Mi Whyto

made similar lesearches in the adjacent part of the Nizam's

dominions, proving the existence ol coal 50 Jteet thick at Sastu

During 1875 Mr Hughes was working up the geological maps of

1 See Dr Oldham's papers
" On the Geological Relations and Probable Geological

Age ofthe Several Systems of Rocks la Central India and Bengal/
"
(Memoirs," vol 11

,

p 299), and "Additional Eemarks '

la ("Heinous/ vol ui,p 198)
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the Chanda country, with especial view to the coal fields of the

Warda valley In 1871 Mr King took up the Godavari valley

work in continuation of Mr Blanford's survey, and discovered the

most southern Indian coal deposit at Singareni In 1876 Mr King
made a traverse up the Godavari valley, to hnng his work into

connexion with that oi Mr Hughes in the Warda and Pranhita

valleys

Dr Oldham has, from time to time, prepared returns of the amount

of coal raised In June 1859 ho furnished one of the Baniganj

fields; in 1861 returns were given in Mr Blanford's Report,
1 and

in Juno 1861 the first general statement of the out-turn of Indian

coal was given by Dr Oldham In March 1867 he prepared a

Eeport on the coal resources of India, for the Secretary of State,

with results from 1861 to 1866, and in June 1869 he sent ma
Retain for 186,8, with statistics of the methods of working the coal,

and statements tabulated foi each yeai from 1858 to 1868

In 1868 the number ol tons of coal extracted throughout India

was 497,000, of which 493,000 came from Ranigan] In 1872-73

the out-turn was 322,433 only

Iron producing minerals are widely scattered over India, and

consist, 1st, of magnetic and speculai iron ores and red hematite

in beds and veins , 2nd, of clay non ores from the coal bearing

strata, and, 3rd, of surface deposits derived from the waste of

metamorphic and sedimentary strata, and from laterite The

latter formation contains fiom 20 to 30 per cent of iron Some of

the most remarkable deposits of magnetic iron ores are in the Salem

districts of the Madras Presidency, whore they occur in immense

beds At Lohara, in the Chanda district, there are two localities

where hematite abounds, and m the Narbada valley there are large

quantities of hematite ore The clay iron ores of the Damodar

coal fields yield 39 per cent of iron, and the Kumaun iron ores

form an argillaceous
band containing laige quantities of red

hematite Iron has been manufactured m India from time im-

memoral in a lude primitive way, but all attempts to manufacture

iron, made by the English, have hitherto utterly failed

In 1825 Mi Heath of the Madras Civil Service formed a Com

pany, aided by a Government advance, to establish iron works at

Porto Novo, near Cuddabar, *at Palemputi, near Salem, and at

1 Memoirs," 111 p 179
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Beypui, where the iion was obtained from the latente But, in

spite of Government aid, there was nothing but failuie attubuted

to the distance of the works from the source of supply, to scarcity

of chaicoal, and to othei causes Company succeeded Company,
and at last there was an utter collapse In 1857 Mr Sowerby, an

engineer, repoited on the iron oies in Kumaun, but the Company
which attempted to work them was a failure, and operation ceased

in 1863 l The Government erected works at Burwai in the Nai

bada valley undei the auspices of Colonel Keatmge, and a Swedish

metalluigist named Mitander took charge, but in 1864 the works

were suddenly closed In 1872 Mi Bauerman was sent out to

report the possibility of manufacturing iron profitably in India,

and his conclusion was that the Ramganj coal field was the most

piomismg place foi a tual, an opinion which is concuiied 111 by the

officers ot the Geological Survey Indeed, Mi Baueirnan has

simply restated the case as it has all along been expiessed by the

membeis of the suivcy
The next investigation is that respecting the alluvial deposits of

the Ganges valley, TV Inch was commenced in the first yeai of the

survey In 1859 the portion from the Bhagrati northwards to the

foot of the hills was examined and mapped In 1860 Mr Theo-

bald was fixing the boundaries and extent of recent alluvial deposits

fiom Bardw&ii to Monghir In 1861 the investigation was con-

tinued over the plains south of the Ganges to Patna and Shahabad ,

and in 1862 the examination was completed
The geological survey of the important formations in Central

India was also a great object
2 In 1855 Mr J G Medlicott

passed from Jabalpur westward down the Narbada valley , while

his brothei ciossed the Bewail country and the river Son to the

Singrauli coal field Both considered that the sandstone rocks of

Hewah and Bandalkhand should be entirely sepaiatecl from the

sandstones associated with coals m Bengal and in the Narbada

valley Dr Oldham visited the same country in 1856, and gave

the name of VIKDHYAN to the entire group, because it is best seen

in the scarped mountains of that name on the noithern side of the

Narbada valley
8 It includes the diamond yielding rocks of Central

1 On the Iron Ores o Kamaim See "
Geological Records/' vol TO (1874)

2 Mr J G Medlicott compiled the "Cotton Handbook" for Bengal in 1862, for

tlie Government
3 "Memous,' vol 11 , p 1, "On tlie Vmdhyan Eocks and then Associates in

Bandalkhand
' "

Geological Structure o the Central Foition of the Neeibudda
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India, and is one of tlie most remarkable and inteiesting seiios in

the countiy Hithoito no fossils liave "been found in it Its age

cannot therefore be deteimined, but the Vindhyan rocks aie oldei

than the carbomfeious sencs in India In 1863 Mr Mallet was

engaged in tracing out the divisions and bonndnes of this forma

tion in Rewali, while Mi Ilackctt woiked out the limits of the

trappean rocks in Sagai, and Mj. II B Modhcott was closing up
the gaps in the geological mapping between Central India and the

Son valley In 1864 Mi Mallet revised the boundaries of the

Vindhyan. rocks north oi the Naibada valley, coveimg 2,200 square

miles of giound, -while Mr Ilackctt examined the Gwahoi countiy

3) uiing this yeai Di Oldham himsell examined the locks on the

south bank of the Ganges, from Gaya to ncai Bhagalpur In 1807

Mr Medlicott undeitook the investigation of a wild and diJQicull

countiy from, llaniganj and Ila/anbagh in the Damudai basin to the

basin of the Mahanadi lie came again upon the old Vindhyan

rocks, chiefly limestone, winch covci 12,000 bquaio miles, abutting

against crystalline loeks to the noith, and passing under theDeecan

traps to the south and west In 1869 Mi "Willson w as at woik m
Jliansi, to connect with Mi Ilackctt in Gwahoi,

1 and MCi Mallet

was in the Son valley He exploicd a lemaikablc senes of tiappcan

dykes and quarts leefs in the noith of Hewall, and m 1874 ex

tended his work into BandallJiand, continuing it in 1875 In 1875

Mi Uackett was at fust engaged in llajputana, and afterwards in

Ulwai

A complete and connected history of the Vindhyan formations

has been drawn up by Mi Mallet and still moie xcccntly

Mr Blanford has re examined part of the Vindhyan scues, but he

could find no fossils to determine their age, which thcicioio btill

remains unsettled

Mr H B Medkeott, then Professor of Geology in the Ituriki

College, commenced the examination of the Sawalakhs, and uppei

District,' p 95 "
Icitiaiy and Alluvial Deposits of the NaibuU Valley,

'

p J7C
)

" Ihe Vmdhyan SciicV \ol vu
> pt 1 Dr Oldham pi oposcd the name VIKUIHAN

m a paper in the " Journal ol the Asiatic Society of Bengal,' xxv p 249 bee also

his paper on. the "Geological Relations of the Rock Systems of Ccntial India and

Bengal
_"

Memoirs," 11
, p 299 JLhae is a useful li&t of all p&peis i elating to the

Narbada valley, publisned previously to tho date of Vol n of the "
Geologic *xl

Memoirs," at page 387
"
Records," vol n

, pt 2,
" Sketch of the Metamoiphic Bocks of Bengal

"

1 Records," vol m , pt 2,
"
Geology of Gwahoi and Vicinity

"
t

(13 HI) P
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and outer Himalaya, m 1859, during the intervals of time that his

collegiate duties permitted of his taking the field His studies were

more directed to the orographical relations of tliese tolls than to

their fossils In the following years he continued his examination

to near Kangra , and the results of his labours are embodied in a

valuable memoir These are the hills in which Dr falconer dis-

covered numerous mammalian remains They are oi xmocene and

post miocene age Numnauhtic rocks occur north of the Sawalakhs,

and appear to form a large proportion of the ranges in the Piurjab

Eepreseiitatives of these tertiary rocks extend to the east, are found

at the base of the hills in Sikkim, and stretch far up the Assam

valley Dr Hooker also found nummuhtes in Tibet, north of

Sikkim, at 16,000 feet above the sea One important consequence
of Mr Medlicott's survey of this region was the discovery of a good
water supply at AmMla He reported that water bearing beds must

exist there, and the trial confirmed his expectations
z Mr Medli-

cott also reported upon the reh efflorescence which has given rise to

so much anxiety, and on the waters of the rivers and canals in the

NW Provinces 2 In 1875 Mr Medhcott, in conjunction with

Messrs Theobald and Lydekker5 commenced a revision of the

tertiary locks of the Punjab and North-West Provinces, with the

main object of seeing whether the marked stratigraphical separation

of two distinct groups of rocks in the N~ahun country was accom-

panied by a distinction further west m their fossils

In 1862 Messrs Theobald and Mallet were sent in. the footsteps

of Colonel Eichard Strachey, to collect fossils, and trace out the

succession of sedimentary beds on the noithorn slopes of the western

Himalaya and in the Chim and Spiti valleys, up to aii elevation of

18,000 feet They were found to be identical with known species

from Europe occurring in the same association Triassic and oolitic

beds are especially abundant about Spiti In 1864 Mr Mallet,

in company with Dr Ferdinand Stohc/ka, who was formerly in the

Austrian Geological Survey, and a colleague of Dr Hochstetter,

were depatched to the Himalaya to -work out their structure, and

revise the fossil fauna Undoubted representatives weie proved to

occur of the European Sihuian, carboniferous, triassic, has, ^urassic,

and cretaceous periods, and, out of 200 varieties collected, only 32

1 "
Memoirs," vol 111 , On the Southern Portions of the Himalayan

2 " Journal o the Asiatic Society/' xx
, p 326
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are new a In 1865, Dr Stohczka extended his investigations m
the Himalaya as far as Leh, hut in 1867 he went home with

Mr Oldham
The great mass of the Himalayan ranges consists of metamorphic

rocks, in places highly granitoid, in others slatey or schistose

The operations of the Survey were extended to the Madras Presi

dency in 1857 The party was in charge of Mr H F Blanford,

and consisted of Mi Oldham, Mr King, and Mr Geoghegan

The latter gentleman died suddenly of sun stroke early in 1858,

and was succeeded by Mr B Bruce Poote They were instructed

first to examine the important group of cretaceous rocks in South

Arcot and Trichmapalli, the fossils of which had heen collected m
former years by Kaye and Cunhffe, and thence to work northward

In the first year Mr Blanford reported upon the geology of the

Nilgm hills
2 The survey of the highly interesting cretaceous

formations was completed in 1861,' and in the same year King

and Poote examined the iron deposits of Salem Mr H I1 Blanford

then retired from the Suivey
4

The other members of the partv, m 1862, commenced an exami-

nation of the hill range which separates Ouddapa and Karnal

from Nellor, a very difficult and almost roadless country In 1863

Mr King traced the boundaries of these Ouddapa rocks, chiefly

quait/ites and slates, into Ballari and Karndl Mr Eoote was

engaged during the same year in examining locks near Madras 5

He met with beds oi marine fossils intercalated with others holding

abundance of vegetable remains of the same species as have been

found in the Eajmahal hills and in Kach This discovery of the

wide extension of the Eajmahal series is a fact of high interest

i Memoirs," vol v
,

" Sections across N W Himalaya from Sutlej to Indus On

the gypsum of Spiti'
" Summary t>f Geological Observations m S Ladak, Western

Tibet. &c ," by I Stohczka

* "Memoirs," vol i
, p 211,

" Ihe Nilehm Hills
" Di Bou/u wrote papers on the

tfeolorpoftheNilgmbandKundahs,
on that of the country belwc on the Nil^im and

Madrti and on the geology of the Noithem C.uws, m the Mminis Jouimiloi

Ltteiatuie and Science,' in 1835-36, yols m audv

a "Mcmous," vol iv, "On the (JioUccous Rocks ol tlio South Arc ot and Trie hi

nopoly Districts," by II i Blanford "On the btiucturc oi the Districts of Trichi

napalh and Salem
" " On the Occurrence of Ciystallme Limestone in the vicinity of

Triohinapalh,
'

by W King Madras Journal, iv N S
, p 271

* He wrote papers on the occurrence of crystalline limestone in Coimbatoi, and on

the geological age of the Sandstones at JCnvican, near Poridicherry, in the "Madias

Journal of Literatuie and Science, 111 N S , p 60, uud iv IS S , p 47

s "Kecoids,
' vol 111

, pt 1,
" Nottn of the Geology of the Noighbouihood of Madm "

P 2
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The Cuddapa foimations appear to represent an older portion of

the great Vindhyan series The diamond beds of Southern India

occur in these formations, and they show very favourable traces of

lead, copper, and iron The mam object of the geologists was to

work out the true succession and extent of these lemarkable and

interesting series of quartzite, slate, schist, and limestone beds m

Cuddapa, Nellor, and Kaindl In 1866 Mr Poote was working

along then eastern and Mr Oldham up their western boundaries,

while Mr King was in the centre They completed the area in

Cuddapa and Karnal during 1868, when the Superintendent took

<m opportunity of testing the accuiacy of then mapping, and in

1869 Mi Poote began to work acioss the Raichui Doab towaids

the Bombay Piesidency Mr King has drawn up a geneial lepoit

on the entire series
l Duimg the hot weathei in each yeai the

gentlemen of the Madras Survey weie usefully employed in

ariangmg and cataloguing the fossils and mmeials of tho Madias

Centnl Museum, f01 Captain Mitchell, the cuiator, and Mi Old-

ham, followed by Messis King and Poote, have deliveiecl a seutb of

lectures on geology at the Madras Engmeemig College Mi Old

ham went home on leave m 1868, and died fiom the effects of

disease contracted m India in Apul 1869 An able and talented

geologist, and a painstaking conscientious public seivant, was thus

lost to his country Mr King, in subsequent years, explored the

Timgabadra valley up to the boundary oi the gieat aiea ol Doccan

tiap rocks as far as Julberga His main object was to cany out

an investigation of the several rocks which occur between the vast

thickness of the tiappean rocks above, and the even moie widely

spread base of underlying gneiss and metamoiphic locks below m
the valley of the Bhmn, overlying the gneiss Mi Bmco Poote

examined similai rocks to the south-westwaid, m the iippei pait

of the Krishna valley , carrying on the boundaiy line between the

Deccan trap rocks and the unclcrlymg beds He found the fossilised

remains of a rhinoceros in the ? egw or black cotton soil
,
and

reported on the Dambal gold field in Dharwar in 1874, and on the

geology of the Southern Mahratta country in 1875

The Geological Survey of British Buima was commenced in

1860, under Mr "W T Blanford
?
with the Henzada distuct m

Pegu, where there are petroleum wells and salt springs This

district was selected because it w&s the only one of which there

1 "
Records," vol u , pt 1,

" On the KMdapa and Kamdl formations
"
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were reliable maps, and the future direction of geological reseaichcs

had to depend on the publication of the results of the Topographical

Suivey Mr Blanford was transteired to Bombay in the following

yeai, and Mi Theobald took charge in Burma ,
indeed ho was

single handed He was at work in the Yoma range and on the

west coast, but was much hampered in his operations by the want

ol trustwoithy maps The gieat Yoma range is composed of

slightly alteied sandstones and shales of unknown age, but expected

to be in part at least cretaceous Upon them, in Pegu, rest

nummulitic rocks Some peculiar seipentmes are associated with

the Yoma locks In 1864 Mr Theobald took advantage of the

publication of a sheet of the Survey by Captain Pitzroy to complete

the geological examination of the country contained in it, including

Rangoon ,
and in the two following years he and Mi Mdcn were

at work in the giound covered by the second sheet, east of the

Irawadi and north of Piome In 1864-65 Mr Feddcn accompanied

an expedition through the Shan provinces of the kingdom of

Burma to the Salwin river, and constructed a map of the route.

In 1867 Mr Theobald went home, after a continuous service oi

18 years But in 1868 he was again at work m the Prome district

of Pegu, the east part of which he completed , taking up the

western banks of the Irawadi, where there is a formation of

mummulitic iocks,m 1869 1 Mr Theobald completed the geological

survey of Pegu in 1873, having been at work since 1864

Mr Blanfoid took chaige of the party in the Bombay Presidency,

with Mi Wilkinson and Mr Wynne as his a&sistants, m 1803 Ho

commenced at Suiat, and on the shoics ol the gul_of
Cambay,

with the view of connecting his A* oik with that oi Medlicott in

the Narbada valley, and thus completing a band oi geological

survey acioss India fiom sea to sea, on that paiallel In the follow

ing season the lino iiom sea to sea, containing some ol the most

important ioimations in India, was completed The lull ranges

north of Guiicit aie partly metamoiphic and partly tiap, and not

far from the coast nurnmulitic locks aie found icsling on the trap

Mi Wilkinson also examined the Western Ghats in the loots of

Mahabaleswai, Batnagiu, <md Sawant Wati , <xnd Mi Wynne

^ol 11, pt 4, "On tho Beds contammg bihoified Wood m Eastern

Piome"

vol 111 , pt 1,
" On the Alluvi d Deports of the Ir wudi '

"
vol ni , pt 3,

" Note on Petioleum in Bunriah
"
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investigated the geology of the island of Bombay, and showed how

erroneous the previous conclusions respecting its structure had

been in some respects
1

In 1863 Mr Blanford was detached to report upon a supposed

discovery of coal near Kotri, in Sindh, for the Bombay Government *

He found it to be lignite and of no commercial value, but on his

return he took the opportunity of visiting the interesting formations

in Each 8 In 1865 the northern declivities of the Narbada valley

were reached, and a tract of 5,000 square miles was examined,

chiefly trap witht bottom rooks of granite or gneiss In 1866

Mr Blanford was at work in the upper Tapti and the Purna and

Wurda valleys/ and reported upon the Chanda coal fields He
was usefully employed in Abyssinia, and in completing the pub-

lication of his results, during the greater part of the two following

years, and in 1870 he returned to his old work in the Central

Provinces, with Mr Hughes and Mr Fedden as assistants He
has since reported on the coal and lead ores in Chatisgarh

5

Mr Blanford is an accomplished naturalist, as well as an able and

experienced geologist, and during the period that h was employed
on detached duty in Abyssinia lie did work of the highest scientific

value In 1872 Mr Blanford was employed in Persia, examining
the geology and natural history, and accompanying Major St John

on a journey to Makran The valuable results of his work are

embodied in the two official volumes on Eastern Persia, and ho

returned to India, after being occupied for some months in preparing

his portion of the work for the press in England,m December 1873 6

He then proceeded to Sindh, with Mr Eedden, and by the end of

1875 these two geologists had completed a sketch of the geology

of the province In 1876 Mr Blanford traversed the great desert

1 "
Memoirs," \ol v ,

" On the Geology of Bombay
"

2 Ibid ,
vol vi , pt 1

,

" On the Geology of the neighbourhood of Lynyan and

Runneecote in Sind
"

s Ibid ,
vol vn , pt 2,

" On the Geology of a Portion of Cutch "

* Ibid
,
vol vi , pt 2, The Traps of Western and Central India," by W T

Blanford

pt m ,

" The Taptee and Lower Nerbudda valleys
"

s Records," vol 11 , pt 1, The Valley of the Poorna River
"

vol 11
, pt 4,

" Lead in Raipur District
"

vol m , pt 2, Ibid

6 Eastern Persia," vol 11 The Zoology and Geology, by W T Blanford, F R S ,

with numerous coloured illustrations, pp 516 (Maomillan 1876)
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to Jasalmir and Jodhpar, wMc Mr Pedden njade an excellent

collection of fossils
l

After Mr Blanford's yisit to Kach in 1863, Mr Wynne was sent

to make a fuller and more exhaustive examination of the rocks in

that district Theie was an important question as to tlie relation of

certain beds of fresh water origin containing imperfect layers of

coal and plant remains, with others which yielded marine fossils of

undoubted ]urassic age in Kach Mr Blanford decided that the

two groups were intercalated and not superimposed, and thus fixed

the age of the plant beds lie also ascertained the extension of

the Deccan trap rocks into Kach Mr "Wynne reported that the

]urassic rocks occupied a large portion of the northern half of the

province, and also formed the hilly parts of the islands in the E/ann

His complete report and map have not yet appeared
*

In 1870 Mr Wynne proceeded to the Punjab, to take up the

geology of that important province, and reported upon the geology

of Mount Tilla
3 He completed the eastern portion of the Salt

Eange m 1870, and was at work on the western part in 1871, which

he also completed In 1873, accompanied by Dr Warth, he sur-

veyed the Trans Indus Salt Range ,
and Dr Waagen examined

the relations and mode of occurrence of fossils in the Salt Eange

In 1874 Dr Stoliczka, the Palaeontologist of the Geological Survey

accompanied tixe mission of Sir Douglas Porsyth to Kashgar , and

he died on the 9th of Tuno on the road from Yarkand to Lch,

when returning to India His death was caused by too groat

physical exertion at an extreme elevation and in a rarefied atmo

sphere lie was buried at Leh on tho 23rd Perdmand Stolic/Jka

had established for himself a sound imputation as naturalist and

geologist in connexion with the Imperial Geological Survey of

Austria He came to India in December 1862 and conducted tho

Palwontologw Ind^ca The whole of the four volumes m winch

the cretaceous fauna of Southern India is described are his work

He also devoted two summeis to an examination of the fossils olth

Himalaya, and in that time he laid tho foundation ol all future work

1 See Mr Blanfoid's paper on the "
Geology of Sintl

" Records 1876, Feb p 8

2 Memoirs," vol n,pt 8, "Piehminary Notes on the Geology of Cxitch
"

See

also a "Beport on the Geological action on the south count o Kattiwar and m the Bunn

oi Cutch," by William Soweiby, C !L Bombay G S format, xviu , p 96

"Note on the Pettoleum Locality noai Eawal Pindi, by A B Wynne",

KccoidV vol in , pt 3, p 73 Geology of Mount filV by A B Wynne Ibid
,

pi i
|)

83
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in those legions A suitable monument is to be elected ova his

graye at Loh, and a memoiial tablet in the Calcutta Museum, to

which he bequeathed all his puvato collections A iccoid of the

refeults of Di StolicAa's scientific investigations as natuiilist to the

Kashgai mission will be published by the Government of India Di

Stohczka was succeeded, as Palaeontologist, by Di Waagen, who
had previously written valuable papcrb 011 the juiassic fauna ol

Each, and on the fossils, of the Salt Range , but he was obliged to

retire from ill health in 1876 Meanwhile Mi Lydekkei and Di

Peistrnantel had been appointed to the Suivey in 1875

Dining the examination of Indian rocks, geologists have not

failed to discovei traces of a lace of men belonging to that stone

age, the history of which has been so caiefully examined in Europe

by Sir John Lubbock and other -\vnteis In 186d Messis King and

Foote discovered chiselled stone implements spread widely ovci the

country west and north oi the town of Madias, all of the rudoi

type, and made ol semi viticous quaiUites fiom the Ouddapa rockb

In 1864 Mr Ball found a chipped implement in the Jheria coal

field, and Mi Theobald found othcis in Buima A chipped stone

weapon of hard, close grained quaitzite v^as iound neai Nimach

by Mr Medlicott, and in 1868 the Madias implements weie tiaced

up to the "banks of the Kiishna Moie lecent'ohseivations have
shown that these implements occm ovei a much laiger extent ofc

country to the north of theEaislma nvci, and close to the southern

edge of the legion examined by JVIi Blanlord on the Godavto
The superintendence and contiol of all the geological operations

have devolved upon Di Oldham, the Superintendent of the Survey,
besides the dnection of the museum and the publications He has,
in addition to his ordinary duties, been constantly called upon to

make special lepoits to the Government on such points as the

propuety ot sinking Aitcsian wells in particular localities, on the
stmctuie of rock to be cut through for engineering purposes, on
the selection of lines of raihoad with refeience to the position of

coal fields, and on propei sites for bauaeks lie must have
travelled over many thousands of miles, sometimes to confirm the

importance of useful discoveries, at otheis to expose mares' nests

A brief sketch of the extent and objects of these journeys will

convey some idea of Di Oldham' s labours

In 1860, Mr Oldham went to Kumaun to report upon the iron

worKS, which lie considered to be essentially a practical and not a

geological question In 1862 he went to England to seek for assis-
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tants, and brought five out with him In 1863 he was engaged on

the investigation of the modes of deposit of lignite in the Salt Range,

in the northern part of the Punjab The Salt Eange contains an

extensive series of caihoniferous, tnassic, oolitic, and teitiaiy rocks

In 1867 he was again in England for a few months In 1868 he

went to examine some alleged coal bearing locks near the Krishna, hut

found that nothing of the kind existed in that region Later in the

year he ^ent to Attock, to examine the locks on the Indus through

which the tunnel drift is carried He saw nothing to prevent its

being enlaiged into a legular road way, so fai as the nature of the

rock is concerned Afteiwards lie examined the Gurgaon and

Dhuimsaladibtiictsm tho Noith-Wost Provinces, with legard to the

possibility o utilizing the kaolin clap , and in 1869 he visited the

scenes of the eaithquake in Cachai and Silhet lie has since

prepaiod a list of earthquakes that have occmred in India 1 In

this yeai he was also engaged in important work at the Cbanda

coal field

A small museum of economic geology "vi as established at Calcutta

in 1840, undu the diiection of Captain Puldington,
2 who was

curatoi foi some years befoie his death, and made many usefxxl

analyses His caieful experiments to asceitam the quantity of silt

in the Hugh at diffeicnt seasons ^eic especially valuable In. 1856

the museum was placed in connexion with the Geological Suivey,

and undei the supeuntciidence ofc Di Oldham As early as 1859 it

contained 1,000 specimens of fosnlb, minerals, rocks, and ores

The various members of the Suivey of com so conlubulcd , so that

there are good series oC cetaceous fossils fiom Madras, of fossil

plants from the Rajmahal hills, of tcrtiaiy fossils from the Spiti

valley, of minerals obtained by Mi Blanforcl on the Bhoie Ghat,

of fossils from the Salt Range and th jurassic beds of Kach, and

fiom other places But the gieat boast of the museum is its col

lection of meteoric stones It contains specimens from 24/7 ialls,

and in this branch its collection ranks among the first m the world

A veiy complete geological library has also been gradually iormcd

The museum is of great practical use, as its ofiiceisaie constantly

i Colonel Band Smith had pieviously compiled a memoir on Indian Eaithquaies, m

thiee parts Journal of the Asiatic Society of Bengal, vols xu,p 257 and 1227,

and xm , p 964
* Piddmgton's Memorandum on the establishment of the Geological Museum is

punted in " Thmlher's Manual of Suiveying Appendix, p aaaui
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applied to for information, and to supply assays and analyses for

companies and private individuals, as well as for the Government

The publications of the Geological Survey, under the direction of

Dr Oldham, consist of "
Memoirs/

5 "
Becords," and the " Palseon

tologia Indica
"

The "Memoirs," which have now reached to the twelfth volume,

are the detailed and matured results of the survey of each district,

written by the geologist who has conducted it The volumes are

fully illustrated with maps, sections, and sketches

The "
Palseontologia Indica,

9 *

is a superb series, containing figures

and descriptions of the organic remains piocured during the progress

of the Survey The volumes already issued contain the cephalopoda
and gasteropoda of the cretaceous rocks of Southern India, the fossil

flora of the Ea^mahal series, the vertebrate fossils of the ]?anchct

rocks and the fossils of Each The Panchet fossils are described by
Professor Huxley They are bones of fossil reptiles, hitherto only
known in South Africa

The " Records" were commenced in 1868, and are published

quarterly in rather small type and on thin paper, for ready trans-

mission by post They contain the Superintendent's annual reports,

brief abstracts of the labours of members of the Survey in the field

during the quarter, and othei papers of general interest 1

There is a vast field still spread before the Geological Survey of

India , a great work yet to be achieved, though much certainly has

already been done They must be animated by a noble devotion to

the cause of science these Indian geologists, for theirs is neither a

safe nor an easy task Out of the two dozen or so that have entered

the Survey since it commenced, 84 per cent have been struck down

by death or incapacitating disease The rest work on zealously <md

bravely, reflecting honour on English administration by the results

of their labours, extending the sum of human knowledge, and doing
much practically useful work 2

In spite of all difficulties of climate, inaccessibility of districts,

and slowness of means of travel, they have examined an aica about

five times as large as Great Britain

1 We have ten of Dr Oldham's Annual Reports, 1858 to 1868 in separate covers,

and the rest to 1875, bound up in the " Eecords "

2 There is a short notice of tlie operations of the Geological Survey of India, by
H Woodward, Esq ,

in the
"
Quarterly Journal of Science/' for Got 1870

? No

p 458



EESIGNAHON OP DB OLDHAM 235

In February 1876 Dr Oldliam resigned his appointment
as

Superintendent of the GteeatrSngeBoa^wal Survey, which he had

held since 1851, owing to ill health For a quarter of a century

this distinguished geologist has presided over the lahours oi the

geological surveyor He created the survey, and its present

advanced position is due to his great ability, learning, and un

wearied exertions He was succeeded by Mr H B Medhcott
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XV
THE ARCn^OLOGIOAL SURVEY OE INDIA

A STJEYEY of tlie archaeological remains throughout India, which

arc as important as legaids art, as they aie indispensable to the

study of history, has only of late years been considered to be a work
which comes within the province of the Government to undertake*

This is the more to be legretted because the loss of time is irreparable

All investigations connected with physical science are almost inde-

pendent of delay, and can be made as well in one yeai as in anothci,

but archaeological leniams aie liable to deterioration, and delay
causes absolute loss Paintings fade from walls, sculptuied edifices

are destioyed by the vigorous giowth of tiees, and by ruthless

modern builders in want of material, coins and iiascuptions aio

mislaid or effaced, and all the woiks of man suffei more or less imdci

the hand of time In connexion with geogiaphy, the study oi

archaeology forms a most important bianch , for, through the iden-

tification of ancient sites, the physical changes that have taken

place m a country aie determined

Yet it was not possible that a suivey of this nature could have
been entered upon with any useful resultbefoic the English occupa-
tion, or even until long after oui power was established More

descuptions of rums and other lemains are of httle use unless the

observer has mastered their history and tiue significance, and this

was impossible until the study of the languages and literature of

India was well advanced Thus the earliest accounts of Indian

aichgeological lemains were only useful in exciting an interest m
the subject, and in stimulating latei enquirers to labour at those

studies which alone could qualify them, and others of later genera-
tions who benefited by their woik, for the task of investigating the

mystenes of Indian chionology and art

Glowing descriptions ol the architectural monuments of India
are not wanting among the writings of early travelleis

The Hindu capital of Bijay magar is described m the works of

Varthema,
1 Nicolo di Oonti, Abdu

J

i-Ei/zak, Nikitm,
2

Barbosa^ and

Hukluyt Society s Translation, p 125
2 The narratives of Conti, Abdu i lli^ak, ind Nikitm will be found m the Hakluyt

Society's volume, entitled " India m the 15th century"
3
Hakluyt Society s volume, entitled " The Coasts of East Africa and Mala,bat

J>

p 85
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Ctesai Frederick,
1

tlie beauties of Bijapui weie noticed by

met,' and Rnch, Thevenot, Bermer, and otheis, who visited tin

court of the Mogul, did not fail to recount the wondexs of Agra and

Delhi The. cave temples of Western India also received attention

fioni early travellers Thevenotf and Anquetil du Pcrion cxploied

the caves of Elloi a , Lmschoten, Boon/ Anquetil, and Salt desciibcd

Salsette, Salt was at Karli with Loid Valentia, and the famous

cdve oi Elephanta was visited and described by Niebulu, Fryei,

Hamilton, Anquetil, Lord Valentia, and otheis
B

The perusal of some of those authors had filled tho mind of Su

William Jones with a keen interest m the litciatuie and antiquities

of the East, and his aruval at Calcutta is tho epoch fiom which

any attempt at the systematic investigation of Indian antiquities

dates The Asiatic Society at Calcutta was instituted on tho 22nd

oi Januaiy W**, and a centre was thus Coimed to which individual I / f

mquireis might forward the lesults of thai labours, and from which

they might deuve assistance and advice In the absence oi an

exhaustive survey under the diiection of the Government, such an

institution as the Asiatic Society was invaluable Wauen Hastings

wis obliged to decline the post of President, which ho was so

admuably fitted to occupy, iiom want of leisuie to perform the

duties, and Su William Jones presided ovoi the proceedings of the

society fiom its iii.t institution until his death A branch of the

Asiatic Society was formed at Bombay by bn James Mackintosh

in 1804 The Madras Liteiaiy Society, undei the auspices of on

John Newbold, tho Chief Justice, was established in 1818

Tho lesults of the early laboms of En-ghsh antiquaries in India aie

recorded in tho twenty volumes of the Asiatic Bcscaichos from 1788

to 1836 in the three volumes of the Transactions of the Litcraiy

Society of Bombay, 1819-21, and an tho opemng numbers of the

Journal of tho Madras Literary Society, which was commenced in

1827

1
Viaggio d! M Cewe Fednci nell' India Clientele (Vcnotia 1587), p 32

2 Iii Pinkerton

s Travels, Pait III , Chap 45 (Eng Trans )

* Govei nor of Bombay
5 Sec the Arcteologla, va , p 323 Lmachotonmenfaoned the cave of Elephanla

ml5Y9 Dr Fryei descnbes th, Salsette cam m hu teaveb pubhAed m 1698

JOvmgton, 16W Dtoultoi m lus Voyage, I, chap xt , p 338, AaquetU /end

Avesta, I , pp 234, 249, 419, 394
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The earliest labourers m the fruitful and important field of Indian

aichaeology were Sir William, Jones, Charles Wilkins,
1

Henry
Colebrooke/ Erancis Glactwm,

8 William Chambers, and Colin

Mackenzie,
4 followed by Buchanan Hamilton5 and Horace Wilson 6

These learned and accomplished scholars were zealously assisted and

furnished with material foi their researches by numerous younger

explorers who forwaided to them the results of their investigations

in all parts of India

The description and delineation of architectural remains weie of

great importance, but the deciphering of inscriptions on pillars,

metal plates, or coins was most essential to the student of Indian

history, for by that means alone could dates be obtained, without

which history would have no coheience The learning and sagacity

and the indefatigable industry that have been brought to beai upon

1 Charles Wilkins went to Bengal, in the Civil Seiviee, in 1770 After studying
Sanscrit foi scvei al years, he translated the Bhigivat Gita, to which Warren Hastings

pxefixed a leained dissertation The Court of Directors published this work in 1785

Wilkins prepaied the first types for Jbengali and Persian that were ever used in India

He returned home m 1786, and in 1795 he published his ti xnslation of Sacontala

He became Librarian of the East India House in 1800, in 1808 he published his

Sanscrit Grammai, and he took an active pait in the promotion of the Oriental

Translation Fund He was knighted by William IV, and died m Baker Street on

May 13th, 1836, aged 86
2
Henry T Colebrooke, son of Sn George Colebiooke, Bart, the Chairman of the

East India Company, was born m London in 1765 He went out to India as a wi itci

1782, and in 1794 undertook the translation of a digest of Hindu Law, compiled under

the direction of Sir William Jones In 1803 he was at work on a Sanscrit grammar,
and published the first volume m 1805, "but abandoned the rest, owing to the publica
tion of the grammar by Wilkins Oolebrooke became a member of Council at Calcutta

m 1805, leturned home in 1815, and died m 1837 His works are the "Digest of

Hindoo law w
(4 vols , folio, 1798), the first volume of a Sanscrit grammar (1805),

lexicon (1808), Sanscrit algebra (1817), and numeious essays in the Asiatic Researches,
Tt ansactwns of the Royal Asiatic Society

p

,

5 &c
3 Translator of the Ayin Akbari
4 See page 73
5 Di Buchanan is well known for his explorations in Nepal, Mysor, and Malabar,

and Burmah, and for his survey of Bengal
6 Horace H Wilson went out to India as assistant surgeon in 1808, and was attached

to the Calcutta mint In 1813 he published Calidasa s
" Cloud Messenger

' and m
1819 the fiist edition of his Sanscut dictionary appeared In 1826 his "Hindu
Theatre" was published In 1812 he became Secretary to the Asiatic Society at

Calcutta , and, after his return to England, he was elected Professor of Sanscrit at

Chrford IE 1833, and Librarian to the East India Company on the death of Sir Charles

Wilkins in 1836 The last years of his life were devoted to the translation of the

Big Yeda He died on May 23id, 1860, and his numerous works on Sanscrit literature

and kindred subjects have been republished since his death
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the deciphering of inscriptions m India have nevei been suipassed,

and have perhaps produced
the most valuable results of archdeological

leseaich in that country The importance of this bianch of the

investigation was felt from the very fiist Colonel Polier descubed

the famous Buddhist pillar with its inscriptions, Inown as the Fiiuz

Lat,
1 and a papei was contributed to the "

Asiatic Heseaiches" on

the same subject by Oolebioolve
3 Blunt 3 and Ewer 4 described the

Katab Mmar pillar at Delhi, and Ilarmgton and Buchanan contri-

buted papers describing the remains at Budh G-aya
5 Charles "Wil-

kins wrote six papers on the meaning of various inscriptions that

had been forwarded to him,
6 and Colebiooke wrote an essay on

inscriptions generally, especially on. those found on ancient monu-

ments 7 Several were also tianslatcd by Captain Fell from Hissar

and Benares, containing genealogies of Indian dynasties
8

, and

Lieutenant Puce tianslatcd a San&cnt inscription on a stone found

in Bandalkhand 9 "Wilson contubuted translations of three copper

plates found in Chatisgaih
10 and of many San^cnt inscriptions at

Abu, which throw much light on the history of the Jam temples

from 1189 to 1752 n In the last volume of the Researches there

are tian4ations of vanous msciiptions found in the rums of Brjay-

anagar by Mr Eavenshaw, with obscivations by "Wilson They

consist of genealogies of the kings and giants of land 12

In the total absence of authentic mateiials lor fixing dates in

Indian written histories, very great importance attaches to all

genuine monuments and inscriptions on stone 01 metal The prin-

cipal discovery resulting from researches of this nattue was made

by Sir William Jones, and announced in his anniversary address

i Asiatic Eeseaiches" *
> I

a
9

VH , p 175

3 iv p 313

4 xiv 9 p 480

5
?> 1? p 276

Dr Bnclnnanilamilton THMWIWU of t/u Royal Asiatic S^^,n ? p 40

6 Onacoppei pkto lonnd at MonRlm,i,p 123 on -i stone pillai
neai Buddal,

i,p 131 OH Budh Gaya ? i,p 284, on an msuiplioii ncai Gaya, 11
, p 157 on

Islamabad, n
, p 383 ,

and anothu on Budh Gay i,
i , p 276

7 ix , p 398
s xv , p 387
a xv , p 437
10 xv , p 499
n xv

, p 284
12 xx , p 1
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delivered on the 28th of Febiuaiy 1793 l
It had been a question

wheic the city of Pahbothra was situated, which was visited by the
Gieek ambassacloi Megasthenes Sir William discoreied in a
Sanscut hook that Unayabalm 01 "the golden armed/

3

which the
Gioeks changed into Erannaboas/ was only another name foi the
nvei Son This discovciy led to anothei of great moment, foi

King Chandiagupta actually fixed the seat of his empire at Patali-

putia at the mouth of the Son (the Palibothia of Strabo), and was
no other than the very Sandracottus who concluded a tieaty with
Seleucus Nicator Tlrus Sii William Jones fixed the first great
landmaik in the ancient histoiy of India lie reseived his pioots
foi a future essay, but hib intciestmg labours weie cut shoit bv a

prematuio death

Detailed dobuiptions of nuns and other aichitectural remains weie
also contubiitecl to the "

Asiatic llcseaiclics
" William Ohambeis

visited the laraous nuns ou the Coromaiidel coast known ab the

Seven Pagodas or Mavahpuiam in 1772, and again m 1776, and
described tlicm,

J and another more detailed account of the

Mavalipnram sculptxuos was fuinished by Mi Goldmghara, the

astionomei at Madias,
4 who also wrote an account of the cave of

Elephanta Sii Malot contributed a papei on the Mlora caves

in 1794 with diawings by Lieutenant Manby 5
5 and Colin Mac-

Ixoiui described the pagoda ol Pcrwuttton in a wild tract near the

south bank of the Krishna, and wrote an account of tlie Jains 7 A
full descuptioia. of the giand Muhaminadan lums at Bijapur was
written by Captain Sydenham in 1811, who also made a careful

survey
8

They had been previously described by Major Moor in

1794, and When Sii James Mackintosh visited them in 1808 lie

called Brjapui the cc

Palmyra of the Deccaii
"

The antiquaries on the Bombay side ot India emulated the ex-

ample of their bietlnen at Calcutta Mi Salt, Lord Valentia's

1 "Asiatic Eescai dies,' IV,D 11

2 Strabo XV , c i and u , 1, 9
3 "Asiatic &eseaictoks," i, p 123

^ iv , p 69

Ti,p889
iv, p 303

7 vu,p 175
8

,
\iu

, p 433
9
Ma] 01 Mooi s "Nau alive ol the Operations of Captain Little's Detachment,

p 310
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*

secretary, wrote an account of the cayes m Salsette in 1806, illus

trated by drawings and copies of sculptures
l Mr Erskine drew

up his exhaustive essay on tlie cave of Eleplianta,
2 the whole con-

ception and plan of wlncli lie truly describes as extremely grand
and magnificent His account, which is correct and minute

without being tedious, and is by fai the best description of the

cave that has been published, is illustrated by plans and copies of

sculpture
3 It was written in November 1813 * In 1819 and 1820

Colonel Sykes wrote accounts of the ruined city of Bijapur and of

the Elloia cayes 5

In Madras the leading antiquary of the earlier period was Colin

Mackcn/ie, whose labours have already been noticed 6 His vast

collections of sassanums or inscriptions on stone and copper, of

manuscupts and coins, have alone enabled the early history of

Southern India and its dynasties to be understood and wiitten 7

To Mackenzie's researches we owe Wilson's history of the great

Pandyan dynasty of Macluia,
8 and Dowson'b paper On the Chera

dynasty
Q

1 " Transactions of the Literaiy Society of Bombay," i
, p 41 The Eev T

Stevenson afterwards wrote a paper
" On the Kocl Inscriptions of the Island of

Salsette Journal of Bombay Branch of Asiatic Society, iv
, p 132

2 " Transactions of the Literary Society of Bombay, i
, p 198

3 See also " An Account of the Cave ol Ttilcphanta,
'

by Mr G-oldingham Asiatic

Researches, iv
, p 407

" On the Three faced feiva at Eicphantn," by Colonel bykcs Jownal of the Royal
Asiatic Society > v, p 81

"The Theory of the Great Blephanta Cave," by Dr Stove nson Journal of

Bombay Branch of Astatic Society, iv
, p 261

4 William Eiskme canie out to India w th Su James Mackintosh in 1804, and was

for many years a magistrate at Bombay He returned to England m 1823 When the

Literary Society of Bombay was instituted in 1804 he became its Secretary Besides

his paper on the Cavo of Blephanta, he wrote an essay on the sacrod books of th

Parsees in 1819, and his valuable tianslation* of the Memons of Babei was published

m 1823
5 " liansicuons of the Liteiary Society of Bombay' m, pp 55, 265

See p 73
7 " Mackenzie Collection of Oriental Manuscupts," by II II Wilson 2 vols

(Calcutta, 1828)
" 1st Report on the Mackenzie MSS ," by Kev Wru laylor Madras Journal of

Literature and Science, vol vw
, p 1 2d, 3d, 4th, and 5th Eepoits in vols vni

and ix

^ " Jouinal of the Eoyal Asiatic Society,
' m

, p 193
9 vm,p 1

(13441) Q
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A coned estimate of the beauty and magnificence of Indian

architectural art, and of the interest which attaches to it, was fur-

nished to our fathers "by Thomas Darnell, an artist who passed the

greater part of the last decade of the last century in traversing all

parts of India, and executing water-colour drawings of the highest

merit, of all the principal monuments and edifices His labours

were given to the world in six large folio volumes, containing

120 coloured views engraved by himself and his nephew between

1797 and 1809 Here will be found most accurate drawings of the

temples and palaces at Madura and Tanjore, and of the ruins at

MavaliJ)uram ?
to represent the architecture of Southern India ,

the

Taj Mahal, Akbar's tomb, and mosques at Juanpur and Delhi, as

specimens of Muhammadan art ,
and the rock hewn temples at

Salsette and Elephanta This woik also contains an elaborate

series of views of the caves at Ellora, drawn by Mr "Wales, but

engraved by the Darnells, as well as numerous geneial views They

are drawn with such care and accuracy that they bear the test of

comparison with recent photographs

Such were the advances that were made in the investigation of

Indian antiquities during what may be considered as the first period

of the study of the subject The second period is that in which,

James Prmsep took the lead a man whose equal has rarely been

found in acute reasoning and unflagging industry, backed by an

enthusiastic love of research He added to rare gifts of intellect

an amiable and generous disposition, giving all credit to his fellow

labourers and reserving none for himself, so that men worked as

much to please James Prmsep as for Ihe sake of Indian archeology

The son of an East India agent and nephew of Mr Auriol, Warren

Hastings' secretary, James Prmsep was one out of seven brothers

who obtained employment in India He was born in 1700, and

was appointed assistant assay master at the Calcutta mint in 1819,

serving under Horace Wilson In 1820 be became assay master at

Benares, where he executed a series of accurate drawings of streets

and buddings whicli were published by the Asiatic Society, and in

1825 his
" Views and Illustrations of Benai?fes

"
appeared In 1830

Prmsep returned to Calcutta, where he joined heartily with Major

Herbert m his project of publishing a periodical called "
Gleanings

m Science/' of which he became editor and proprietor in 1831,

when Herbert accepted the post of astronomer at I/acknow He

succeeded Wilson as assay master of the Calcutta mint in 1832,
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and became secretary to the Asiatic Society, altering the title of

his "
Gleanings

"
to that of cc The Journal of the Asiatic Society of

Bengal/' the first number of which appeared on March 7th, 1832 It

has been published monthly eyer since For the remaining 10 years

of his life James Prinsep devoted his energies to the solution of a

most difficult problem, and his maivellous success has thrown new

light on ancient Indian history, while it has immortalized his name

among oriental scholars

The Buddhist remains were known to be the most important and

the most ancient in India, but the numerous inscriptions connected

with them were still unreadable puz/les The msciiptions on the

pillars at Delhi and Allahabad had been copied and published, but

they had baffled the scholaiship of Jonos and Colebrooke to do

cipher In the years 1835 and 1836, notices of James Prmsop's

success in deciphering the inscriptions weie published In 1834

Lieutenant Burt had wiitten a description, with drawings, of the

Buddhist stone pillar at Allahabad,
1 which was said by the Hindus

to be the club with which the hero Bhima ground his bhang There

are four inscriptions engraven upon it in diffcient characters Of

these the first is the same as that on the Delhi pillai, and the second

is the same as the Gaya inscription, the key to which was supplied

by Wilkms's translation
a The name of Ohandragupta, the king

whoso identity with Sandracottus had been established by Sir

William Jones, occurs on the second inscription Bat the clue was

first obtained when, in June 1837, Prinsep received copies made by

Captain E Smith, of sentences out on the pillars round the famous

Sanchi tope or mound, near Bhilsa, in Central India s Each sen

tence ended with the same two letters, and it occurred to Prinsep,

by a sort of inspiration, that these two letters represented the verb

" to give," or "
a gift

"
It was thus that he finally obtained a clue

to the alphabet, and the language turned out to resemble the Pali

of Ceylon lie applied this alphabet to the msciiptions on the Uts

or pillars at Delhi and Allahabad, and the groat discovery was

completed They all proved to be the same seucs o( edicts by the

famous Buddhist King* Asoka 4 The name on the pillais was

1 "Asiatic [Researches," HI, p 106

2 i,p279
a J A S B " m

, p 488 , YI
, pt i

, p 451

4 p 257 Restoiation of No 2 inscription on the AlUliabad

Lat, l)y Dr Mill

Q 2
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Pryadasi, which Mr Turaoui, the Pali scholar,
1 identified with that

of Asoka

Among the most rndefatigable of Prmsep's coadjutors was Lieu-

tenant Kittoe, who investigated the ruins in Orissa, and discovered

an important seiies of msciiptions on a rock at Dhauli, in Oattack

He was also employed hy Government to make excavations at

Sarnath, near Benares 2 At about the time that Kittoe found the

Dhauli inscription, a copv of the rock inscription at Girnai, in

Gujrdt, was made "by Captain Lang, and sent to Punsep in 1837

by Mr Wathen, and a third series was discovered at Kapur di

Giri, near Peshawai, m the far north of India Prmsep studied the

fiist two of these rock inscriptions with the utmost caie 3 Those

discovered "by Kittoe at Dhauli, in Oattack, proved to be identical

with those received from Gunai, in Gujrdl, being a series of msciip

tions by King Asoka The names of Antiochus the Great,
4

oE

Antigonus, and of one of the Ptolemies
5 occur and fix their date

while the prohibition of the sacrifice of animals eithci for food 01

ceremonies, the order that medical aid shall be supplied for animals

" J A S B "
vi , p 1 Bestoration and translation of the inscription on the

Bhitari Lat in Gha/eepore, by Dr Mill

vi , p 451 Note on fac similes of inscription from Sanely taken

by Capt E Smith

111 , p 488 Copy of the inscription on the iron pillai at Delhi

vi, pt 2,p 566 Interpretation of the inscriptions on the Fu o/e

Shah and Allahabad Lats

vii , p 219, Edicts on Girnai and Dhauli rocks

YII
, pt i , p 434 Edicts on the Dhauli rock

p 456 More denams, sent from the Sanchi Tope by

Capt Burt, and translated by Pnnsep
1 See an account of these investigations in the mtioduction. to Tmuoui's Muha

winso '

2 Lieut Markham Kittoe wiote many papeis m the Journal of the Asiatic Society

of Bengal
" Journal of his ton- m Otissa" (vii , pt 2, p 679),

tf A )omney

through the forests of Oufcsa" (vm, pis 1 and 2)
" On the vihatas and chaityas

round Gyah' (kvi , pt 1,272), "On Sculptured images on the temple of Grauaes

wara m Cuttack' (xvi , pt 2, p 660)
" On pillais found m the Ganges" (ym ,

p 681),
" Notes on the places visited by F A Ilian

"
(xvi , p 958) "Inscriptions

at Juanpoie (xix , p 454) On antiquarian reseuches (xvn , p 536) ,

" The temple

of Durga at Badieswar (vii , p 828) These contributions lange fiom 1888 to 1850

He was Curator and Libranan to the Asiatic Society at Calcutta until 1888, when he

was appointed to survey the road to Bombay He died soon after retuimrig to

England in 1853
3 J A S B " vm

, pt 1, p 156

4
99

vn , pt 1, p 156

5 p 334
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as well as men, that for the planting of trees and digging of wells

by the roadsides, and the publication of piecepts, prove that the

royal lawgiver was a follower of the creed of Bhudda

Important reseaiches were success fully conducted in the north of

India during the time of James Prmsep's editorship^,
\vhich engaged

his attention Generals Ventura and Oomt, officers in the service

of Rangit Sing, opened a tope at Mamkyala, in 1830, and others

between Jhelum and the Indus in 1833 and 1834 They found

a gold box containing coins and relics," while Masson, Homg-

berger, and Geraid examined some equally interesting topes near

Jalalabad
1

Captain William Brown, of the Eevcnue Survey, also

gave an account of the ancient temple and famous ship model at

EEissar, in Prmsep's Journal *

The copy of the Girnar inscription was not quite satisfactory, and

through Prmsep's influence, Lieutenant Postans was employed by

the Bombay Government to take exact fac similes But James

Prinsep had worn himself out by intense and continuous study

He was obliged to return home in a hopeless condition, and died on

April 22nd, 1840 J Meanwhile, Lieutenant Postans took infinite

pains to secure exactitude in his fac similes of the Girnar inscription,

winch were sent to Calcutta They arrived too late The guiding

spirit of these investigations the heart and soul of Indian archaeo-

logical research had already passed away Prinsep sailed for

England ]ust before the results of the labours of Lieutenant Postans

airived The manuscripts and cloth copies were thrown carelessly

aside, and rotted in a godown at Calcutta
*

Prmsep's genius discovoied the first positive dates m oaily Indian

histoiy, and opened to European scholars a mine of knowledge

i Asiatic Reseaichcs,' vol TVII J A b B "
ui , p 313 "Eemarks on the

Relic in the Mamkyala topo by Pnnsop,
' m

, p 436 and p 556 Masson on Cabul

Coins" v,p 537
* "T A fe B, vol -vn.pfc 1, ]> 429 ,.-,> ,

* The soon first volumes of the " Touinal of the Asutic Society of Bengal were

edited by Punsep, 1832-38 See a notice of him, wuttcn by his brothu, at the

be<mmm< of "I^ays on Indian Antiquities, by the late Tunes Pi nwep, edited by

I'lhamw (2xola Muriay, 1858> In tlu woik 1'imsep s essays weie repimtcd,

owing to an increased demand for the eaily copies oi the "Journal of the Asutic

bocutyofBengil, m which they fir't appealed

* Jouinal of the Bombay Bianch of the Asiatic boutty,' i
, p 257 Iho Gunar

inscnption wab >gnm copied by Lo Grand Jacob md the Duubh ZBnd scholai

Westeigaaid ,
and a, bccond copy wis bent to Piofcbsoi
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which has been ablv followed up by Ins disciples His conclusions

were closely criticised, and were more fully established by the

ordeal Horace Wilson1
expressed doubts of the correctness of

Prinsep's identification of the Pryadarsi of the inscriptions with the

great Eang AsoLa 9 but he has been completely answeied by
General Cunningham,

2 and the soundness of Prmsep's interpreta-

tions are no longer impugned The history of these discoveries, and

a veiy complete and interesting notice of Asoka, his religion and

government, was published by Sir Erskine Perry
8

The third and last period of Indian archaeological research, extend-

ing from the death of Prmsep m 184tO to tho present year, has been

one of great activity, the zeal and scholarship of Prinsep having been

inherited by numerous successors Cunningham and Maisey in the

north, Meadows Taylor and Wilson in Bombay, Walter Elliot in

Madras, have taken the lead, and they have had many follower^ 5

while photography has lately increased the means of illustrating and

elucidating their researches JJut it is to Fergusson that European

inquirers are most indebted for having brought a knowledge of

Indian architecture within their reach, and for having systematized
and rendered clear the chronology and history of eastern art, while

he has explained and illustrated its rare beauty and excellence A
brief notice of his labours will be a fitting prelude to the enume
ration of the various archaeological researches of the last thirty

years

Mr James Pergusson, having, as far as he was able, qualified
himself for the task of thoroughly investigating the architecture and

antiquities of India, left England in 1829, with the intention of

availing himself of any opportunities of pursuing his inquiries that

might be offered him, and which his professional engagements would
admit of During his residence in Jessor, from 1829 to 1833, he

repeatedly visited Dacca, Rajghur, and the few other places in

the Ganges Delta which contain any remains of architectural art

In 1834 he went to Benares, and thence visited Agra and Delhi,

1 "Bock Inscriptions of Kapur di Gin, Dhauli, and Girnar/byH H Wilson
Journal of the Royal Asiatic Society, xii

, p 236
2 "Biulsa Topes," p 100
3 " Journal of the Bombay Blanch of the Asiatic Society," nr , p 149 Sir Erskme's

notice is chiefly based on Lassen's " Indische Alterthumskunde "
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returning by way of Dig and Jaipur, Canou-j, Lucknow, and

Jaunpur, and visiting all the cities on the Ganges as Eai as Gour

and Murshidahad In 1836 he was present at the festival of Jug-

gernath at Pun, and visited all the places of interest m Cattack

In 1839 he again visited most of the cities in the Gangetic valley,

including Agra and Delhi, and went on as fai as the Sutlej He

also passed four months in wandeung through Central India,

visiting most of the principal cities of Bajputana, as far west as Abu,

ind thence making his way to Bombay, by Ajunta, Ellora, and

Karli no examined those caves, as well as those of Salsette and

Elephanta, before leaving Bombay on his return to England in 1839

Mr Fergusson had occasion to revisit India in 1842, and he took the

opportunity of making a coast voyage irom Bombay to Goa, Canna-

nore, and Calicut, thence crossing the peninsula by way of Tanjor,

Tnchinapalli, Chellumbarum, Conjevsram, and the rock out temples

at Sadras He thus made himself acquainted with the architecture

of Southern India During all these journeys Mr Fergusson kept

a careful record of what he saw, and made drawings of everything

of interest The next object was to give the results of his investi-

gations to the world, and in 1843 ho road a paper before the Royal

Asiatic Society on the Eock cut Temples of India,"
1 which may

bo considered as having placed the theory of the age and uses of

those monuments on a basis of certainty, which has never since been

called in question This paper was followed, in 1847, by a folio

volume of plates entitled
"
Picturesque Illustrations of Ancient

Architecture in India," with an introductory historical essay and full

descriptions of the plates Ho intended to have continued the work

by publishing similar volumes on Buddhist, Jama, andMuhammadan

architecture, but the expense was so great and the encouragement

so small that the idea was abandoned Since that time various

papers by Mr Tergusson on the architecture of India have appeared

in the transactions of learned Societies, and chapters on all its

branches are given in his handbook, and with greater fulness and

detail in his
"
History of Architecture

" The great project* to which

all these steps weie merely preliminary, was the completion of an

illustrated history of Indian architectural art

i Printed in vol Tin of the Journal of the Royal Asiatic Society," and afterwards

published separately 1845, with a folio volume of plates
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The luminous classification, of Indian architecture by Mr Fer-

gusson furnishes the means of reviewing the researches of the
last 30 years m a more systematic way than was possible in the
case of earlier labours, in days when the distinctions of time and
lace were only very imperfectly understood The subject is now
divided under the following heads

1 Prehistoric aichseology of India

2 Buddhist monuments (The Aryans who composed the
Vedas built no permanent edifices

)

3 Dravidian architecture of Southern India

4 Bengali architecture

6 Rajput or Chalukya architecture

7 Jama architecture

8 Saracenic architecture, which Mr Eergus^on divides into

eight styles, as developed at diffoicnt times and in various

paits of India

9 The collection and deciphering of coins, and inscriptions on
metal or stone plates is a distinct and veiy important
branch of research, through which the ancient history ol

India has been elucidated

1 Prehwtonc jRemams

The prehistoric lemains in India consist of caiins, cromlechs,
and Other cognate remains of unknown age, and constructed by an
unknown people They are probably scattered widely, but have
hitherto only been examined in a few localities In 1820 Mr
Babington described the Kodey Kulls or Pandu Kulies of Malabar,

1

which consist of several stones set upon ends with then points
meeting, on which a large mushroom shaped stone is fixed Un-
derneath are found urns containing fragments of human bones
mixed with charcoal and fine sand The next notice of prehistoric
remains was by Captain Haikness, who published an account of
some cairns he found in the Nilgms in 1832 He was followed by
Captain Congieve, who wrote a detailed account of the cromlechs

"
Transactions of the Liteiary Society of Bombay,' vol 111
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and cairns of tlie Nilgiris / and 12 years afterwaids tlie Rey J T

Kearns, an S P Gr missionary, published an interesting paper on

the cairns, containing urns, which occur in the Tenkasi taluk of

Tmnevelly
'

Captain Newbold discovered some ancient sepulchres,

consisting of slabs of granite forming foui sides and a top, sur-

lounded by cucles of stones, in a secluded valley of North Arcot,

thiee miles fioni Chettui 8

Captain Congreve described a remark

able cioxnlech neai Pullicondah, in the Oarnatic 4 Colonel

Meadows Tayloi has devoted much attention to the prehistoric

archseology ol India, and has himself made important discoveries

in the Shorapui piovince oi the Deccan, just above the junction

of the Bhima and Krishna rivers The Shorapur remains consist of

cairns, ciomlechs, and kistvaens of sandstone slabs placed upright

on their sides, and covered with a slab monolith which projects over

them They aie scatteied over the province m gioups Laige

gioups of cairns also occui near Haidarabad in the Deccan, in the

Baichui, Doab, in Belliry, and in the Central Provinces, where

excavations have recently been made by the Archaeological Society

at Nagpur Sir Baltic l\cie also described some cairns and ciom-

lechs in Baluchistan 7 On the Khasia Hills, Colonel Yule found

megahthic monuments bcattcicd on every wayside They consist oi

rows of pillars some 27 foot high, ciomlechs or laigc flat stones

resting on foui rough pillais, and tombs (oxmctl of four laige slabs

on their edges, rooled ovei by a fifth placed horizontally
8 The

whole subject was recently discussed by Colonel Meadows Tayloi

in a paper read before the Ethnological Society,
9 and he has also

i
"Antiquities of the Neilgheriy Jlills, by Captain II Congievo (1847) Journal

of literature and Science of Madras, xiv, p 77 "Eemaiks on Diuidic Antiquities

of Southern India," by Majoi II Congieve, NS, vol vi, p 205 Ike recent

work on Nilgm antiquities by Mi Bracks is noticed iuithcr on
"

Ibid ,
N & ,

v
, p 27

* "Journal of the Eoyal Asiatic Society," x , p 90

4 "Madras Journal,
3 xm

, pt 11
, p 47

^ "Ancient Eemains at tlie Yillago of Jiwarji, near Faio/abad, on tlie Bhima," by

Colonel Meadows Taylor Journal of the Bombay Bianckof the Asiatic Society, 111,

p 179 "Ciomlechs and Cuins in Soiapoie,' by Colonel Meadows layloi, Ibid

av p 380 See also the " Iiansactious oi the Eoyal lush Academy" (186:>), YO!

\X1V

Transactions of Hie Royal lush Academy (1867)
7 " Journal of the Bombay Branch of the Asiatic Society," v ? p 349

s J A S E,"vol xm,pt 11, p 612 See also Hooker's Journal

9 "On Piehistoric Archeology of India,* by Colonel Meadows Taylor Journal

oj the Ethnological Society, i
,
No 2, p 157
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drawn attention to its importance in an official memorandum 1

Quite recently, Mr Boswell lias leported upon the kistvaens and
rude stone circles in tlie Kistna district

2

Itema^ns

A wide interval lies between the cromlechs and cairns and the

Buddhist remains that come next in order, for the Aryans who com-

posed the Yedic literature and poured out soma juice to tlieir gods
in their own houses, built nothing that has endured to our time

"We, therefore, come at once from the period of unknown antiquity
when the cromlechs were built, to the centuries immediately pre-

ceding and following the Christian era, when Buddhism flourished

in India From B c 250 for five centunes all monuments in India

are Buddhist Fergusson calls this eailiest style
" a wooden art,

painfully struggling into lithic foims
"

Gateways and railings of

masonry wero imitated fiom the earliest forms carved out of timber

The Buddhist remains consist of rock inscription^
8
lats or pillars

4

with inscriptions, topes or stugas, rock-hewn temples, and viharas

or monastenes The inscriptions on the rocks and pillars had already
leceived full attention from James Prinsep and his predecessors
The topes have been examined by General Cunningham, Colonel

Maisey, Six "Walter Elliot, and others

The most important group of topes,
5 or vast mounds for the re-

ception of relics, is near Bhilsa in the Bhopal State of Central India

There are about 30, but that known as the Sanchi Tope is the

largest, and indeed the finest in Central India, the dome being 42 foet

high and faced with masonry It is suriounded by a stone fence

consisting of uprights with three honzontal cioss pieces, and is

appi cached by four masonry gateways covered with sculpture The
Sanohi Tope was first injudiciously dug into by Sir H Haddock in

1819 Captain E Smith sent copies of the sentences carved on

1 "
Report on the Illustration of the Archaic Aichitecture of India,

'

Appendix E
2 Boswells "Report on the Aichseology of the Kistna District
8 The lock inscuptions are at Girnar in Guzeiat, atDhauh near Cuttack, at Kapardi

Gin near Peshwur, ace! a fouith copied by General Cunningham at Debra Dhoon
* The lats -ire, 1, that of Feroze Shah at Delhi 2, another of iron near Delhi

3, that in the fort at Allahabad 4, 5, 6, ne,ar the Gunduck in Tnhoot , and ^ was used
as a roller on the Benares road by aa engineer officer

5 An Afghan word, meaning a sokd mound of masonry It is the same as the Pali

thupo, and Sanscrit stupa, a mound of tumuluis
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the pillars to James Prmsep in 1837, and Captain W Murray made

a series of drawings
1 In January 1851 the Bhilso Topes were

minutely examined and opened "by Major Alexander Cunningham,
an enthusiastic scholar and antiquary, and a friend of James Prmsep,

with whom was associated Lieutenant F Maisey, who had previously

been employed in describing the antiquities at Kalmjar
2 Colonel

Maisey executed a beautiful series of drawings m 1854, and a series

of photogiaphs of tho Sanchi Tope was taken by Lieutenant Water-

house General Cunningham published a full description of the

Blulsa Topes, "with an interesting sketch of the rise and pro

gress of Buddhism, in the same year ,

3 and Mr Fergusson's superb

work on " Tice and Sexpcnt Worship," illustrated by Lieu

tenant Waterhouse's photogiaphs and by lithographs of Colonel

Maisey's drawings of tho Sanchi Tope, appeared in 1868 4 A
brief account of the Bhilsa Topes will also be found in the "

History

of Architecture
" 5

The Amrarati Tope is another magnificent Buddhist monument

It is in the Q-untui district near the mouth of the Kistna, and

elaborate di awings weic made of it, and of its minutely carved

stones in the last century, by Colin Mackcn/ae He first visited

the spot in 1797, and in 1816 ho caused careful plans and maps,

and 80 drawings of sculptures, to be made by his assistants, which

arc unsurpassed for accuiacy and beauty of finish
6 Sir Walter

Elliot, who was Commissioner in G-uotur in 1840, excavated a

portion of tho monument, and sent 160 fragments of sculpture to

i "J A 8 B,"vi,pt i, p 451

a Ibid , pi i
,
voi xvu

, p 171 and "
Keport to the Government of the 1ST W Pro

vinces, 1847
'*

ICalmjai is mentioned in the Vedas

^ The Bhilha Topes 01 Buddhist monuments of Central India comprising a brief

sketch of the rise, piogresa, and decline of Buddhism," by Brevet Majoi Alexandei

Cunningham (Bengal Engineers) Illnskated with 33 plates London, 1854

* J roo and bu pent Worship
'
or illiwta aliens of mythology and ait in India in

the first and fourth contunes aftci Christ, fiom the sculptuies of the Buddhist Topes

at Sanchi and Amwatt, prepaud undei the authority of the Secietary of State for

India m Council, with intioductoiy essays and descriptions of the plates," by James

lorgusBon, Esq ,
F R S (London, India Museum, 1868 )

Fetffuflsons "History of Aichitecture," n, p 463

Asiatic Res<nrch(S,' ix,p 272 Throe copies of Colin Mackenzie's drawings

were made, one for the libiary of tho Court of Directors, one for the Asiatic Society

of Bengal, ind a thud for Madras Specimens of sculptuie weie also sent to the

India House See "Description of the Amravati Tope m Guntoor,' by James

Fergusson Journal of the Royal Asiatic Society, N s
,
m , p 132
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Madras,
1 which were for^v aided to the India House in 1856

Some of these sculptures were exhibited in the museum at Fyfe

House, and the others, on account of want of space, were placed

in store, where they remained until they were brought to the

notice of Mi Pergusson, at whose desiie photogiaphs were taken

of the entire senes The whole of these remarkable sculptures

have recently been arranged in the inner couit of the India Office ,

and 52 photographs of them, with descriptions by Mr JPergusson

and a map, are published m " Tree and Serpent "Worship
"'

The examination of the Jalalabad Topes by Masson, and of

those in the Punjab by Ventura and Court, took place in Pnnsep's

tune, and has already been alluded to Theie is anothei group
of Buddhist rums near Benares, called Samath, the principal

of which is a tower 100 feet high It was opened in 1835 by
General Cunningham, who made the excavations, as well as a

set of drawings of the elaborate ornament of the great towei,

entirely at his own expense Subsequently, some furthei excava-

tions were made at Sarnath, at Government expense, under the

superintendence of Captain Kittoe, in 1852 After his departuio

they were continued by Mr Edward Thomas 3 and Profcssoi

Hall

The cave temples have been visited and noticed by numerous

travellers from the time of Thevcnot, and described in detail by
Mr Peigusson^m his

" Illustrations of the Eock cut Temples of

India
" Di Wilson, of Bombay, has also written two memoirs on

the lock cut temples At the suggestion of Mr Pergusson in 1850,

the Asiatic Society had repievented to the Court of Directors the

pi opnety of taking steps for the preservation of the cave temples
and other ancient monuments,

5 and Dr Wilson then prepared a

1 " Selections from the Records of the Madras Government," 2d series, No xxxix
,

p 195
2 See also

"
History of Architecture/' n

, p 471
3 "Notes on the excavations at Sarnath ' J A S B (18o4), p 469
4 Ubi mp See also the "History of Architecture," 11, p 479 In 1863 Mr

Fergusson edited a small volume of 78 photograph** of the caves of Ajunta and EDora,

by Major Grill, which, though containing little that is new, are inteiestmg as confirming
the accuracy of the lithogiaphs published by Mr Fergusson 18 5 ears before

5 Karh cave was descubed by Lord Ynlentia, and facsimiles of inscriptions were
taken by Dr Stevenson and Dr Wilson

Ajunta caves were fiist mentioned m Mi Erskine s papei a shoit account ot thorn

was read before the Royal Asiatic Societ), by Lieut J L Alexander, in 1829 (Trans
E A #,m, p 62) Mi Ralph albo described them in the J" A S It

, v p 557
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clesciiptive list of all the lock temples in Western Indu 1 Theie ire

900, of which, nine tenths are in the Bombay Presidency Dr James

Bird published descriptive accounts of the sculptures in the cayes,
2

Westeigaard give a brief account of some minor caves near Karli,
3

Sir Baitle Frere described those at Karadh and at Wai/ and

Colonel Sykes wrote a papei on inscriptions from Buddh caves ncai

Joonui 5 The Court of Directors, through the efforts of Colonel

SyLes, employed Major Gill to copy the paintings in the caves, and

he was engaged upon this woik for twenty years Eventually a

series of oil paintings was tiansmitted to the India House The

paintings weio exhibited in the Ciystal Palace at Sydenham, wheie

they wue all burnt in Dcccmbei 1867, except four, which had been

f01gotten to bo sent, and which are now at the India Office

Unfortunately some application that had been made to the ongmals
m the caves, to bring them out more eleaily lor copying, has 1113uicd

them irremediably, and they aie now lapidly fading away
6

The raths 01 rock hewn edifices at Mavalipuiam, neax Sadias, on

the Coromandel eoast, which weie dcscubcd in the last century by
Chambeis and Goltlmgham, and are commonly known as tho

seven pagodas, are classed by Mr Peigusson as foims o Budd-

hist aiehitccture adopted by tho Hindu 7 He eonsiders thorn to

be close copies of a Buddhist storied vehara or monasteiy The

most complete descriptions of these monuments were wuttea by

Fa( similes, transcripts, and translations of the inscriptions weie made by Di Bhau

I) i)(
c m 1863 See " Journal of the Bombay Branch of the Asiatic SOCK ty, vn ,]>'>$

Mloia caves were first dosciibttl by bn C Mallet in tho "Asiatic JLtesoauhcq

Diawmgs weie taken by Mi Wales, and Colonel Sykes wioto a papoi on them in

vol ui of the
" liansactions of the Bombay Literaly Society

'

Aurungabad cavos wero first deseiibed by Dr Bud Junogad and Gmiar caves

were visited by Di Wilson

i "Momous on tho cavo temples, and monasteries oi Western India," by Dr Wilson*

Journal of the Bombay Brant h of the Asiatic^ tfodtty, in
, p 86 iv ? p 340

* Historical researches on the ongm and pxmeiples of the Bouddha and Jam

lahgions, illustrated by descriptive accounts of sculptures in the caves ol Western

India,
'

b} lames Bird Ibid
,
u

, p 71

' Ibid ,
i

, p 483
4 Ibid ,

in
, p 36, and p 108

< Tounxal of the Eoyal Asiatic Sociefcy," iv
? p 287

At Mi lergusson's suggestion, the plans, photogiaphs, and drawing^ of A] unto

and othei temples wcie pmchascd Irom Major Gill by the Government m 1868,, 61

negative s, 36 pencil cliawmgs, and books containing gioimd plans and sketches

7
llistoiy of Architecture," 11, p 502
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Dr JBabmgton, who gives drawings and copies of inscriptions/

and by Sir Walter Elliot ,

2 and they are also described by Bishop

Heber in his journal
s The Madras Government have recently

punted all these papers together, in a small octavo volume, edited

by Captain Carr, with a map drawn undei instructions from

Colonel Priestley
4

3 Drav^d^an Architecture

The Dravidian styler of architecture extends over all India south

of the river Kistna, except Mysor, and had its origin in the three

ancient kingdoms of Pandya, Cliola, and Ohera The Dravidian

temples are of vast extent and magnificent dtsign They consist of

the wmanw or shrine, the mantagas 01 poiches leading to it, the

gopuras 01 lofty gate pyramids in the quadiangular sunoundmg
walls, and the pillaied halls or chooltries In 1830 a learned native

of Tan] or, named Ham Haj, wrote an essay on the architecture of

Southern India His project was to collect treatises on architecture

in the native languages, collate them, and pioduce an exposition

such as should enable a European reader to form an opinion on the

system The holy Rishi Aghastya, who biought the fiist Brahman

colony into Southern India, is said to have written a treatise on

architecture, and otheis were also composed in ancient times, which

collectively were called Silpa Sastia, but few traces of them i^ina/in

One, called M&nasdra, on the building of sacred edifices, and eight

others, are extant Prom these sources Earn Baz described the

mouldings of pedestals, thQ bases, pillars, shape of the padma or

lotus, and other architectural details But his descriptions and

illustrations are more applicable to the modern system oi temple

building, and are of no great archaeological value 5

1 " Transactions of the Royal Asiatic bociety,
'
11

, p 258
2 " Madias Journal o Literature and Science," ^iii

, pt ,
i

, p 46
,
and pt 11

, p 36

"A guide to the sculptures and excavations at Mamallaipur, generally known as the
" seven pagodas, |^y Lieut John Braddock , archaeological notes by Eev "W M Taylor,
" and a supplementary account of the remains at Salvan Cuppam, by Walter Elhot *'

3 in
, p 216

4
"Descriptive and historical papers relating to the seven pagodas, on tie Coro

mandel Coast, by G W Chambers, J Goldmgham, B G Babington, Bev G W
Mahon, Lieut J Braddock, Kev W Taylor, Sir Waltei Elliot, and C G-ubfems, Esq
Edited by Captain M "W C&ir Madra^, 1869, 8vo

5 Earn Eaz was a native judge at Bangalore He was born in about 090, and die<l

in 1833 His work was published by the Oriental Translation Fund ft
"Essay on the

Aicnitecture of the Hindus, by Ram Baz (48 pMes London 1834 )
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The only complete account of the Diavichan temples will be

found in Mr iPergusson's
"
History of Architecture/

51 and they are

hest illustrated in Darnell's great volumes of engravings Descrip
tions will be found of some of the Southern Indian temples in the

manuscript memoiis of the early Topographical Surveys, and there

are scattered notices elsewheie 2 Mr Pergubson considers the style
to be well deserving of more attention than has hitherto been

bestowed upon it, and that the buildings to which it gave rise,

often combine grandeur of iorm with great beauty of detail

Of late years the Madras Government have, from time to time,

sho^ n an interest in the piestivation and illustiation of architec

tuial monuments In Loid Ilams's time, and at the instance of

Six Walter Elliot, Captain Tnpc, of the 51st Regiment, was ap

pointed to execute a scries ol photogiaphs , but he only held the

office for thico 01 foui years, and it was abolished by Sir Charles

Trovelyan During that time he took photographs of most of the

edifices in the southern hall of Mysoi, and the whole of the in

scnptionb on the gieat temple of Tanpr But unluckily the

photographs were not well fixed, and have since faded sadly In

1857 the Madias Government oidexecl distuct engineer officers to

ropoit upon the ancient aiclnteetuial icmains in their several

distucts This oidei was issued, iirespcctive of the tastes and

knowledge of the subject of those who weie expected to attend to

it, and it naturally boie little fiuit Mi leaser, the engineer

at Coimbatoic, took gicat pains with hib report, and sent in a de

seription of temples, tumuli, eiomleehb, and othci monuments

Captam Harmgton ropoitetl upon an inscuption on a lock in

Ganjam, Captain Mullms upon an ancient inscription on a tank in

Ncllor, Captain Emory sent in annual reports on the architectural

lomams in Cuddapah, Captain Pxendergast dcscubed the old fort at

Areot, and Lieutenant Diewei leported upon the luins at GUI-

seppah
J Dr Hunter, the Superintendent of the Government

Industiial Schools at Madras, has trained pupils in jpliotogiaphy,

and scuds them out to take photogiaphs ot the most interesting

i 11
, pp 558-584*

^ See an account of the temple of Bamisweiam with a plan, by Lieut Christopher,

I N ,
in the " Jomnal of the Bomba) Gcogiaphical Society," vol VH

A description of the temple and other edifices at Madura mil be found in " Travels

in Peru and India,
'

by Clements E Markham, p 415

* Madras Journal of Literature and Science," N 8 vol vi (1861)
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remains in yanous parts of the Presidency The Goyernment

liaye also lecently employed Captain Lyon to execute a series

of photogiaphs designed to illustrate the ancient architecture of

Southern India/ hut there is a great want of accurate plans and

descuptions

4 Bengah Arcfotecture

Dravidian temples are at once recognized by their pyramidal

foim, distinction of storeys, and separation into compartments by

pilasters The Bengali or northern temples, on the contrary, haye

no tiace of division into storeys, no pilasteis, and a curvilinear out

line, with a polygonal base The best examples are found at

Bolaneswar, in Onssa, and lound the temple of Jagarnath, and

thence acioss India as far as Dhaiwai The style first appears in

the 6tli or 7th centuiy, but Mi ^Pergusson looks upon its origin as

mysteiious and unaccountable, and as one of the art problems that

await solution He is inclined to date back its invention to a period
anterior to Buddhism

5 Chalukya Architecture

This style is that of Gajrat, Mysor, and Eajputana, and oiigi

nated with the Rajpoots, the Scythian hordes which entered India

during the first two or three centuries after Christ The most

magrgificent remains are at Halabid, and Bellur, in Mysor, and

there are others in various parts of Mysor and Dharwar The

Halabid temple, which was built at the same time as Lincoln and

Salisbury cathedials, is perhaps the finest example of minute and

elaborate carving made subservient to unity and grandeur of general
effect that is to be found in India Mr ]?ergusson considers it to be

among the most marvellous exhibitions of patient human laboui the

world ever pioduced
a

1 " Notes to accompany a series of photographs designed to illustrate the ancient

architecture of Southern India, taken for the Go\ernment and described Iby Chptam

Lyon Edited by James Fergusson, F R b (London, Marion & Co , 22 & 23, Soho

Square, 1870 )
2 Architectuie in Dharwar and Mysore, photographed by the late Br Pigou,

A C B Neill, Esq ,
and Colonel Briggs, B A ,

with a memoir by Colonel Meadows

Tayloi, and architectuial notes by James Fergusson
'

(Murray, 1866, folio
)

This superb work contains 52 plates illustrative o* Chalukya architecture, including
the Hullabeed and Bellooi temples, and the ruined city of Brjayanuggur

See also the "History of Architecture," n p 609
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6 Jmnu At chitecture

The temples of tlie Jams are nearly as numeious and quite as

elaborate as those of any othei sect in India The most extensive

gioup is that on the sacred lull of Satmngya, near Pahtana, where

the temples exist liteially in hundieds, some of gieat heauty and

magnificence They have heen well described by Mr Burgess, and

photogiaphed by Messrs Sylvcs and Dyer of Bombay,
1 and also by

Captain Lyon Mi Burgess has also ilhistiated the Jam temples

at Gii nar, which form the gioup next in impoitance mGirjr&t
2

In the same neighbourhood aie the wonderful white marble temples

on Mount Abu, and furthei on that of Sadii,
3 one of the most

elaborate and extensive temples of the clas& in India, built by a

Eana of Tldaipur, in about the middle of the fifteenth century

Jam temples are also found all along the westem coast as far as

Belgaum, and theie is an important establishment of this *ect at

Beligola,
4 in the Mysor countiy Jam temples are also found on

Mount Parisnath and other places in Bengal, and throughout the

Central Provinces No temple, in its present form, is earlier than

AD 1000, while many hundreds weie built within the present

century In elaborateness of detail, and in elegance of form, they,

in some respects, surpass even the thirteenth century buildings of

the Chalukyas
5

1 "Satrungya, photographed by Sykos and Dyer, with explanatory text by

J M Burgess" (Folio Bombay, 1869)
2 "Somnath, Girnar, and Junaghad, photographed by Sykes and Dyer, with

descriptive lettei press by I M Bin gem "(I oho Bombay, 1869)

See also the Account of the remains of the temple at Somnath, by Alexander

Burnes (1834) Journ R A 9, v
, p 104

3 See " Tod s Kajasthan
"

4 Architecture of Dharwar, Mysore, <&c
"

5 For accounts of Jama Temple, ee "Colonel Tods Travels in Western India

Also his Annals and Antiquities of Rajast'han,
or the Central and Western Eajput

States" (2 vols 4to London, 1829) It contains a plate of a Jama temple at

Ajmir, and others There is aho an account of the Jains in "The Cities of

Guiaiashtra, their topography and history,
'

by Henry Geoige Bnggs (Bombay 4to

1847) Colin Mackenzie s account of the Jams is in the Asiatic Researches, vn,

p 176 Dr Bird s, on the oiigm and principles of their lehgion, in the Journal of the

Bombay Branch, A S > u , p 71 Account of the remains of the temple of Patan

Somnath,' by A Burnes (1834) -Journal of the Royal As^at^c So**y,v, P 104

Lieut Postans^rote accounts o the Tama temples at Badrasir and Ba^ranagmm

Kach -J A S B ,
vn

, p 431 See also the History of Architecture, u
, p 620

and the "Asiatic Reseat clies,
'
vol xvi , p 284

(13441 ) E
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7 S/aracemc Arch^tectwre

The beautiful mosques and tombs of the Muhammadans, which

are scattered over nearly all paits of India except the extreme

south, were the fiist monuments to attract the attention of travellers,

and are those which haye been most thoroughly examined The

various styles bear the impress of the localities in which they were

originated 3 combining the general features of Islamism with many
special details peculiar to native art According to Mi Pergusson's

division the earliest Muhammadan style is that of the Patans at

Delhi, which possesses a certain stern severity It includes the

Kutub Minar, a careful plan of which has been made by Mr Per-

gusson, and the tombs of Altumsh and Togluk The dates of the

Patan monuments range from 1196 to 1235, and much of their

detail is copied from the old Jama edifices The tomb of Altumsh

is mentioned as a remarkable example of Hindu art applied to

Muhammadan purposes
l At Gour, where the Patans established

their Bengal capital, the buildings are peculiar for their scgmental
foim of roof and cornice, representing the bamboo roofs of huts

in Lower Bengal The large mosques and tombs at Jaunpur
(AD 1397-1478), fine illustrations of which maybe seen in the

volumes of Darnell, are noticeable instances of the use of Hindu
forms At Ahmedabad the mosques and tombs are in the Jama

style in every detail The Jama Masjid at Ahmedabad is one of

the most beautiful mosques in the east Its 15 domes are supported

by 260 pillars, and perforated stone screens of exquisite beauty
exclude the glare of the sun A series of photographs of the

Ahmedabad edifices by Colonel Briggs has recently been published
in a magnificent volume, to which Premchund Eamchund, a Jama
of Grirjrdt, contributed 1,0002

2 The style of architecture at Bija

pur forms an exception to the usual influence of Hindu art on

Muhammadan buildings In that wonderful city everything is

pervaded by Muslim ideas From the time of Tavermer, many
observers have recorded the wonders of Bijaptir After the visits

of Moore and Sydenham, Colonel Sykes contributed notes lespecting
the principal remains of the ruined city,

3 and Dr Bird wrote a paper

1 "Asiatic Researches," iv
, p 313

2 " Architecture of Ahmedabad, photographed by Colonel Briggs Historical

sketch, by Theodore C Hope, Bombay Civil Service Architectural Notes, by James
Fergusson

'

(4to, Murray, 1866) 120 photographic plates See also "Forbes^
Oriental Memoirs,

'
111

, ch xxx
3 " Transactions of the Literaiy Society of Bombay," in

, p 55
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on the rums o Bijapur and its Persian inscriptions
l In 1866 a

work on Brjaptir, containing 46 photographs and four woodcuts,

with memoirs by Colonel Meadows Taylor and Mr Pcrgusson, was

published bv Muriay, chiefly at the expense of a wealthy native of

India named Kursondas Madhowdas 2 The Mogul aichitecture,

represented in the tomb of Akbar, and above all in the Taj Mahal,

that great triumph of art, has been thoroughly examined and

illustrated, and the monuments of that period will now, there is

reason to hope, be well and carefully preserved

The extensive ruins at Brahminabad, in Smd, do not come unclei

the head of any of the architectural styles, but they are too interest-

ing to be omitted in this enumeration Tho great city, entirely built

of baked bricks, and nearly four miles in circumference, was the

capital of a Hindu dynasty from about the seventh to the eleventh

century It was entirely destroyed by an eaithqualo, and nothing

but one tower is intact We are indebted to Mr Bellasis for a

detailed account of these rums, and he discovered beautiful

engravings on cornelian and agate,, and other relics among the

debris a

8 Corns and Inscriptions

The collection and deciphering of coins and plates is an im-

portant branch of Indian archaeological research, because, by the

study of such relics alone can the chronology and sequence of the

ancient dynasties be ascertained It has been seen that much was

done in this line in tho time of the Asiatic "Researches , and the

scattered numismatic memoirs of James PrinsepMiavo been col*

looted and reprinted Mr Wathen discovered and icportcci upon

ton inscriptions on stone
v and copper in tho Deocan,

8
and, besides

the great collection of sasanums made by Colin Maokon/ic, which

have already been mentioned, Sir Walter J311iot has done great

1 Journal o the Bombay Bianch of the Asiatic Society/' i
, p 367

2 Architects! e at Becjapoie, from diawmgs by Captain, ITuit and A Gumming,

CB and photographs by Colonel Bnggs and Ma3oi Loch Memoir by Colonel

Meadows Tayloi, and Architectural Notes by Tames tergusson" (Folio Mm ray

1 Q/? \

3 An Account of tho Ancient and Burned City of Biahmmabad, in Smd," by

A F Bellasis Bombay Brandt, RAS,v,$ 413 (1856 )

* Essays on Indian Antiquities," by the late James Pimsop (2 vols ,
1858 )

" Ten inscriptions on stone and copper found on tho west cout of India, md

translated by W H Wathen, with remarks by II II Wilson "Journal of the Royal

Asiatic Society, n 5 p 378

R, 2
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service to Indian historical knowledge by his labours in tins branch

of inquiry He obtained copies of 595 inscriptions, collected in

Dharwar, Sunda, and North Mysor Most of them are engraved on

blocks of basalt, otheis aie carved on pillais of temples, and a few

consist of deeds on sheets of copper The monumental stones aie

invariably in Oanarese , the others aie in Sanscrit, with Oanarcse

words intermixed They all recoid grants of land 01 money, or

transfers of rights to temples, and i elate to foui dynasties reigning
over the Deccan, the oldest being the Chalukya dynasty of Raj-

puts
1 Sir Walter Elliot also contributed two impoitant papers

on the corns of Southern India, with descuptions and plates A
large collection was foimed by Colin Mackenzie, and deposited in

the India Museum , and there are scattered notices of other cabinets

which have enabled Sir Waltoi to furnish a lucid review of the

subject
2 He points out that the only trustworthy data, from which

a knowledge of the earlier southern dynasties and kingdoms can be

obtained, are the contemporary records offered by deeds inscribed

on stone and copper, and by coins In the noith of India, numis-
matics have found zealous students in James Prinsep, Wilson,

Cunningham, and Edward Thomas In his paper on the coins of

the G-hazni Kings, collected in Afghanistan by Mr Masson, and
now in the India Office Museum, Mr Thomas throws doubt on the

assertion that Mahmud was the first Sovereign who used the title

of Sultan, and shows that one of his successors, Modud (AD 1041),

adopted the Siva bull or nand^ as a device Mr Thomas, by means
of coins, has also illustrated the history of the Sassamans, tlie

epoch of the Sah Kings of Gujr&t, the chronology of the Bactnan

Kings, of the Gupta dynasty, of the Patan Sultans of Hindustan,
and of the Parthian Arsacidae 3 General Cunningham has contri-

1 First published in the " Jouinal of the Royal Asiatic Society," iv, p 1 , (1836),
but the paper was inconectly printed, and was le published more accuiately in the
" Madras Jouinal/' vn , p 190

2 " Numismatic Gleanings, being descnptions of the Coins of Southein India," by
Sir Walter Elliot Madras Jownal, m , p 220

Wilson wrote a papei on the Collection of Colm Mackenzie in the "Asiatic
Eesearches, vol xvn Moore figured 23 specimens of coins of Southern Tndia, which
were bought by Major Price at the prize sole of Tippu's Treasury, in his "Hindu
Pantheon, and a series of Mysoi coins in his Narrative of Little s detachment,"
p 455 See also Punseps notice of Southern Indian coins in the "Journal of the
.Asiatic Society of Bengal,

*

vol vi
, plate xx

3 In the "Journals of the Asiatic Society," for 1848, 1849, 1852, J859, 1862, and
1866, there are 16 papers by Mr Thomas on eastern coins, bound up a& "Tracts on
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Irated papers on Bactrian and Indo Scythian coins, and on the

corns of the Indian Buddhist Satiaps
l The few pre Mnhammadan

written histories are so confused as regards dates and the succes-

sion of Kings that nothing reliable could he established without

the aid of coins and deeds ,
and even as regards the lecords of

Fenshta and other Muhammadan authors, coins are of essential use

as corroborative evidence Tims there can be no doubt of the great

importance of this branch of the investigation

In 1874 Mi Thomas undertook, with the co operation oi the most

learned oriental numismatists, to edit a new issue of Maisden's
" Numisrnata Onentalia

"2 Each authoi will give a history of the

dynasty whose corns arc the subject of xeview, a critical list of

legal succession, a notice legaiding values of current coins, and a

resum6 of the sites and designations of mint cities The first Part

of the series, by Mi Thomas himself, is a very interesting essay on

ancient Indian weights, and the oiigm of a currency m India It

was published in 1874 The section on the coins of the Saljukis,

Urtuki Turkumans, and Atabegs was undertaken by Mr Stanley

Lane Poole, and the Urtuki poition -was published in 1876 ]?oui

other parts aie completed, namely the coins of Oevlon by Mr Bhys

Davids, those of the TuMm Dynasty of Egypt by Mi Rogers of

Cairo, those of the Parthians by Mr Percy G-aidner, and the coinage

of Lydia and Persia from the earliest times to the fall of the Achae-

Onental Literature," by Fdward Ihomab, Bengal, C S Mi Ihomas lias also wiitten

on Cufie and Sassaman corns m the " "Journal of the B A S ,
vol xx

, pp 337 and 525

* "Journal of the Asiatic Society oi Bengal, ix , pp 531, 867, xiv, p 130, \i
,

p 130, xxiii
, p 679

25 "International Edition of the Nunusmata Qrientaha," edited by JPuwaul Ihomas,

Jbsq,FE& (Tiubnei )

pai t I Ancient Indian Weights," by Etlwaid Ihomas, FES (Tuibnor,

1874), pp 74, quaito, with map of tho India of Mann

Pat t II "Coins of the Urtuki Tuikum^ns,
1

by Stanley Lane Poole

(Irubuei, 187b), pp 44, qu uto, with Plates

Par till Iho Coinage of Lydia and Peisia fiom tlu I-aihest limes to the

tali of the Dynuty oi tho Achaomaiulx, byRiclurd V Iliad, Assistant

Kcepci of Coins, Bntish Mubcum ( Jiabnu 1877), pp 55, 3 Plates

P<xit IV " Ih( Coins of tho ruluni Dynasty by Mwaid Ihomas Eogers

(Pmbnei 1877), pp 21, 1 Plate

part \r
" The Paithian Coinage, by Percy Gatdno , M A (JLiubner 1877),

pp 60, 8 Plates

Part VI " On the Ancient Coins and Measuies of Ceylon, with a discussion

of the Ceylon date of the Buddha s death," by I W Ehys Davids, late of

the Ceylon Civil Seivice (Tiubner 1877), pp 68, 1 Plate



262 1HE NUMISMATA QBIENTA.LIA

menidse by Mi Barclay V Head Sir Walter Elliot has undertaken

the coins of Southern India,, Sir Aithur Phayre those of Arakan and

Pegu, General Cunningham those of the Indo Scythians, Dr II

Blochmann of Calcutta those of the Bengal Sultans, M E de Saulcy

the early Arabico-Byzantme adaptations. Professor Grcgoncf those

of the Eusso Tatar Dynasties, Don Pascual de Gayangos those of

the Khalifas of Spam, Dr Julius Eutmg those of the Phoenicians,

Mr E W Madden those of the Jews, Mr Eegmald Poole those of

the Ikhshldis, M Sauvaire those of the Eatmntes of Egypt, and

Mi Thomas himself the Sassamans of Persia

Eegarded as an introduction to the study of Eastern history this

woik will be invaluable Each section is undertaken by the most

learned man in Europe on the particular subject to which it is de

Toted, and his knowledge of numismatics is brought to bear on the

elucidation of history, and especially of chronology, by the unening

guidance of coins As triangulation furnishes the accuiate frame-

work by which geographical description leceives precision, and is

made useful, so the landmarks fixed by the study of coins and in

scriptions are the essential guides to a correct knowledge of history

In future the student of Indian history will no more be able to

dispense with the information contained in the " Numismata Orien-

talia" than the geographer cat) pursue his researches without the

aid of the surreys Messrs Tiubner and Co have undeitaken this

costly publication entirely at then own expense, and it is to be

hoped that the work will receive that patronage and encouragement
which is undoubtedly its due

The above enumeration of the various branches into which Indian

archaeological research is now systematically divided will give an
idea of the extent and scope of the subject, and, while showing
how much has already been done, will also prove how much
remains to be achieved The great need has always been a propei

organization, which could only be partially attempted bjr the

Societies at the Presidencies, whose admirable efforts and encou-

raging assistance to individual enquiries, though most important,
could not possibly bring the needful power and means to bear

An efficient archaeological survey can only be carried on, with any
prospect of satisfactory completeness, through the agency of the

Government

General Cunningham, the old friend of James Prinsep, whose
zeal and sagacity as an antiquary he emulates, published his views
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on archaeological investigation in 1848 1 But it was not until 1860

that the Government of India instituted an Archaeological Surrey,

with the object of pieservmg ancient monuments, rendering them

easy of access, obtaining correct copies of inscriptions and pieces

of sculpture, and thus facilitating the studies of future antiquaries

and historians General Cunningham was the officer selected by

Lord Canning to conduct the operations of this survey, and certainly

no better choice could have been made As a scholar, an antiquary,

and a numismatist, Cunningham was in the foremost rank , and he

had already done important service in the examination of the

Sarnath and Bhilsa topes, and in other kindred work

The year 1861-62 was the first of General Cunningham's opera-

tions as archaeological surveyor They extended ovei the countiy

between Gaya and Gorakpur, on both sides of the Ganges, em-

bracing the principal ruins in the ancient kingdom of Magadha,

the centre of Indian Buddhism during the period of its ascendancy

Two Chinese pilgrims, named Pa Hian (A D 399-414) and Hwen

Thsang (AD 629-42), whose travels have been translated by

Mr Beal and M Stanislas Julien,
2 visited India when Buddhism

was in the ascendant, and described many cities and temples

It has thus been one very important and interesting object among

Indian antiquaries to identify the spots mentioned by these ancient

pilgrims General Cunningham has observed
3 that as Pliny, in

his eastern geography, follows the route of Alexander, so an in

quirci into Indian archaeology should tread in the footsteps of

the Chinese pilgrims, Ilwcn Thsang and Fa Hian Dunng his

labours in 1861-62, General Cunningham succeeded in identifying

a number of Buddhistic ruins of viharas and stupas with buildings

that are minutely described in the writings of the ancient pil-

grims At Buddha Gaya especially, several objects enumerated

by Hwen Tbsang wore recognized from then? exact conespondcnce

with his descriptions Cunningham carefully examined 24 rums

1 "Pioposed Archaeological Investigation," by A Cunningham Journal oj tkc

Asiatic Society oj Bengal, rm pt i , p 335

2 Tkc first translation of ia Hum's pilgrimage was published by Abel Runusat m
1836 and entitled Fo koue ki The English translation is by the Eev & Beal, late

chaplain of II MS "
Sybille" (Trubnu, 1869) In 1853, M Stanislas Tuhen

published his
" Histoire de la Vie de Iliouen Thsang et de ses Toyages dans 1'Indc,

traduite du Chmois ,

" which was followed in 1857 by his " Meraouea sui lu) contra*

occidentals par Hiouen Thsang "(2 vols Pm is )

3 J A S B ,

' XTU pt i
, p 535



264 CUNNINGHAM'S STJUVEY

during his first season, including the caves in the Barabar hills,

excavated by King Asoka Much had been gone ovei, in eaily

days, by Dr Buchanan Hamilton, but Cunningham made a more

careful and accurate examination of the diffeient mins, took

impressions of inscuptions, and recommended that some of the

more important pieces of sculpture should be photographed His

first report concludes with a full account of the great Buddhist

tower at Sarnath, near Benares, which had been one of the

objects of his earlier research, twenty-six yeais before The

operations of 1861-62 bore fruit in some valuable deductions

Thus, judging from the style of an inscription at Gaya, on which

the date is given as the year 1816 of the nirvana of Buddha,
General Cunningham assigns the yeai B c 477 as the period of

that event, a calculation which has been adopted by Max Muller,

though a century latei than the Ceylon eia By a similai cal-

culation, the dates of the foundation of Eajagnha, the capital of

Magadha, and of Nalanda, once the most famous seat of Buddhistic

learning in all India, are fixed Interesting accounts aie given,
in the Report, of the lums which he identifies as the sites of these

ancient cities

In the season of 1862-63 the surveyor's torn was extended

through Fathigaih, Kanouj, Eurki, Khallsi, and Mattra, to

Delhi He examined the imns of Sankissa, the spot on which
Buddha alighted when he descended fiom heaven At Khallsi he

made an impression of that famous inscription of King Asoka,

containing the names of five Grecian Kings, and pionounced the

fifth name, which had not before been made out, to be that ot

Alexander II of Epirus At Mattia and Delhi he copied several

inscriptions, and made numerous diawings and measuiements At
Delhi he examined two human statues lately found inside the

area of the palace walls, and the remains of two statues of ele-

phants in black stone He thinks it probable that these are the

statues mentioned in Babei s Memoirs as standing outside the gate
of Gwalior, whence they are believed to have been removed by
Aurangzeb They aie now elected in the Delhi Garden, as unique

specimens of Indian portrait sculpture of life size General Cun-

ningham made a complete examination of the ruins in the

vicinity of Delhi After a careful investigation he came to the
conclusion that not a single stone remains of Indraprastha, the

capital of the Pandus, the most ancient city near the site of
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modem Delhi l He described, in the Repoit for this season, the

architectural remains attributable to Hindi and to vaiious epochs

of Muhammadan ascendancy He made a caieful impiession of the

veiy impoitant pillai msciiption of Asoki, already published by

James Prinsep, and the coricctions ho has supplied show the

]ustice of Bumouf s opinion, that " a new collation of the pillar

inscuptions would be of the greatest value
'

In 1863-64 the surveyor exploicd the lums in the Punjab, ana

woiked at the identification of the cities and peoples descubed in

the expedition of Alexandei the Great Commencing fiom the

west bank of the Indus, he woiked downwards, on the tiack of

Alexander and the Chinese pilgrims, examining every site men-

tioned eithei by the Grecian writers or by Ilwen Thsang His

accounts of Taxila, Manikyala, and of the scene of Alexanders

battle with Porus on the Jhelum, are especially interesting He

also explored, during this season, the famous region watered by the

Saraswati, including Sirhind and Thancsar

In the season of 1864-65 General Cunningham continued his

labours, exploied and desciibed the ancient cities between the

Tamna and Naibada, and dicw up an interesting account of the

Dhamntr caves
'

lie had now carefully examined and described

the rums and inscuptions in nine of the ancient kingdoms of Hin-

dostan 3 But in 1866 Lord Lawience abolished the appointment

ot Archaeological Suiveyor, and foi a season these useful and im-

portant labours weie stopped At the same time then value was

appreciated by the Sccretaiy of State lor India, who considered

that they fully justified the anticipations which woie onteitamed

i The date of the occupation of Indraprastha by Yudimlhua, the eldest oi the

Pandas, is fixed in the latter hall of the 16th century B o , fiom certain portions of

the planets recorded in the Mahabhaiata

-a Also described by Fergusbon m his " Bock hewn iemples ot India
'

3 Namely, Magadha (Bchar), Mithila (Tnhout), Ayodhya (Gudh), Panchala (Rolnl

khand), Antarbeda (the Doab), Kurul shetia (Thanesar), MadiaDcsa, bmdlm Saunva

(Punjab), and Madhya desa (Cential India)

See "
Reports of the opeiations ol the Arclutologu al Suivcyoi to the Goveinmont

of India during the seasons 1861-62, 1862-63, 1863-64, 1861-65 ' There are copies

in the India Office, and in the hbiaucs ol the Society oi Antiquanos and ol the Eoyal

Asiatic Society These Reports weie le published in two volumes at Simla in 1871

Archaeological Survey of India Four Reports made dm ing the years 1862 to 1865

by Alexander Cunningham, OS I, Major General, RE, Director General of the

Aitheological Survey of India, &c (Simla, 1871 )
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by Lord Canning when he first conceived the idea of the survey,

and that similar operations should he set on loot in other parts of

India The Secretary of State also expressed an opinion that the

preservation of the historical monuments of India, and their accurate

description hy competent observers, were objects well deserving the

attention of the Government * General Cunningham's survey has

borne rich fruit since his return to England, in his learned work on

the ancient geography of India, in which he discusses the routes

taken by Alexander the Great and by the Buddhist pilgrim, Ilwen

Thsang, and identifies the places mentioned by the Grecian and

Chinese writers His chief discoveries have been Aornos, the rock

fort captured by the Macedonian king , Taxila, the ancient capital

of 1STW Punjab, Bair&t, the capital of Matsya, south of Delhi,

Sankisa, near Kanouj, the spot where Buddha descended from

heaven , and Nalanda, the most famous Buddhist monastery in all

India 3

In 1868 Lieutenant H H Cole was appointed to conduct an

archaeological survey in the North West Provinces and the Punjab
He was occupied until November in examining the principal ancient

temples of Kashmir, with a photographer, and afterwards surveyed
the ancient buildings in the neighbourhood of Mattra, accompanied

by the Eev Mr Simpson, who took 58 photographs In May 1869

Lieutenant Cole left Bombay for England, to make arrangements
for casting one of the great stone gateways of the Sanchi tope
Three sappers were trained m the most recent methods of making
elastic moulds with gelatine, and in October 1869 Lieutenant Cole

returned to India with these men and the necessary matenals It

took 60 carts to convey the 28 tons of material from Jabalp&r to

Sanchi, which was reachedm January 1870 Theie were 737 square
feet of carved work on the gateway, to be cast in 112 pieces The
work was completed in February, and the pieces composing the

"parent" cast were carefully packed and sent to England to be

fitted together, in order that copies of the gateway might be re-

produced for the museums at Kensington, Dublin, and Edinburgh
Detailed drawings were made of the other gateways

1
Despatch, (Public Woiks) June 24ft, 1864, No 28

June 16th, 1866
?
'No 29

2 " The Ancient G-eogi aphy of India i The Buddhist period, including the

campaigns of Alexander, and the travels of Hwen Thsang
"

By Alexandei Cun

mnghani, Major General, E E (Trubner 1871 13 maps )
^
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It was decided to publish two volumes illustrative of the Archaeo-

logical Survey conducted by Lieutenant Cole The first contains

the photogiaphs of the Kashminan temples, with descuptions

The second contains photographs of the buildings round Mattra,

with descriptive notes Lieutenant Cole considered that the prin-

cipal anus to be kept in view m collecting illustrations should he to

show the faith and state of civilization of the natives who occupied

any particular period or locality, as represented in their sculptured

architecture, to offer a means of elucidating the true position of

architecture in India by widening the base of observation, to

instruct native builders and arti/ans in different Indian styles, and

to furnish the means of selecting appropriate forms out of which to

design municipal and other buildings for native purposes
l

In 1869 Dr Forbes Watson of the India Office drew up a valuable

report on the various means of illustrating the archaic architecture

of India, by means of photographs, drawings, plans, and sections,

models, moulds, and casts In the appendices attached to the

report there is a memorandum byMr Pergusson on the architectural

objects in India, oi which it is desirable to obtain photographs,

with some account oi the work of this kind that has already been

done , and two others on objects ior casts,
2 and on the conservancy

and representation oi ancient monuments He considers that plans

and descriptions, accompanied by photographs and drawings, would

convoy more rntormation than castings, and at the same time aid

the selection of objects that should be cast, and ho urges that an

officer should be appointed m each Presidency, to devote his whole

time to archaeology

In August 1867 the G-overnment of India had forwarded a circular

to the Local Governments, expressing their sense of the desirability

of conserving ancient architectural structures or their remains,

and other works of art in India, and of organizing a system for

photogiaphrng them Lists were called for, of all such remains

i Archaeological Survey oi India," Lieut II II Cole's Eeport for the year

jecom that casts should be takea of various sculptures m the Calcutta,

Madras, ^d Lahore museums, of those m the Udyagm caves near Cattack, of objects

at the black pagoda, o the xad once suiroundmg the bo tree at Budh Gaya, of frag

ments of the Buddlnst ml at Mattra, of the carved details on the old Patan tombs

and mosques, of the Somnath gates m the Agra aisenal, of the pillars and brackets of

Akbar's tomb sculptures at Mephanta, the double elephant capitals at Karh, and sculp

turesatHalafoid
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and woiks of art in Bengal, Oudh, tlie Keith "West Provinces, the

Punjab, the Cential Provinces, Haidarabad, Bombay3 Madras,,

Burniali, and Mysoi The proposal m the circular was that photo-

graphs should be executed by amateuis, and that some assistance

should be given by Government, through the purchase of a certain

number, if they weie really good This ciicular met with some

response, and a considerable numbci of photographs weie leceived

by tlie Government during the two following years
l The Govern-

ment of India also proposed to expend a* sum of 52,000 Us a year
for the employment of parties in Bombay, Madras, Bengal, the
North-West Provinces, and the Punjab, to make complete sets of

models of one or morelaige buildings, with accurate plans, photo-

graphs, and descriptions, and the Principals of the schools of

art at the presidency towns were to tiam men in the art of

modelling

The interest shown by the G-overnment of India in the preserva-
tion and illustration of ancient monuments was veiy encouraging,
as it thus became clear that the importance of the suoject was fully

appreciated But it was necessary that the researches should be
conducted in a more systematic manner, and on some definite plan 9

and in July 1870 it was lesolved that a central establishment should

be formed to collect tho lesults of formei lesearches, to train a
school of archaeologists capable of conducting local enquiries, and
to direct, assist, and systematize the various efforts and enquiries

made by local bodies and private persons, as well as by the Govern-

ment The tliiection of this establishment was offeied to General

Cunningham India was so fortunate as again to secure the services

of that eminent scholar and archaeologist, and he left England, to

1
Photogiaphs weie foiwnided, of the pilace at Sambilpur, tlie black pagoda,

the caves in Cattack, Taganath, and others A set of photogiaphs were furnished of

ancient buildings in Mysoi, and Captain L}on was employed to complete a seiies in

the Madras Piesidency Reports and photographs weie al'-o foent from Kajputana,

the Central Provinces, (wheie a separate cliaptei ou archeology is given m the

Administiation Eepoits,) the IlaicUiabad Assigned Distucts (wheie a Committee ^as

formed at each stntion to piepaic ai chaological repoits,) Nepal, and Sikkim la

Bombay Mi Sykes was employed to take photoglyphs of the caves and temples round

Nasik, and his negatnes \\eie puichised by Government JDheie wa^ also a giant

of Bs 10,714 at Bombay, which was entiusted to Mi Teiry, the acting superintendent

of Sir Janibetjee Jcjeebhoy's school of art This sum was employed by Mr Peiry m
moulding, sketching, measuring, and photographing the temple of Ambernath near

Bombay, with a staff of aitists, moulders, and draftsmen He produced a set of casts

from the moulds, and sent in liis Report in July 1869
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resume those useful and interesting labouis which, had already

occupied so many years of his life, in December 1 870

So long ago as m 1848, General Cunningham had pointed out the

necessity for confiding the selection of objects foi pieservation to

an instructed aichseologist, with i knowledge of ancient Indian

history, and that without such a guide the labouis of the best diafts

men and photographers would he thrown away TJndoi such tiained

supervision, however, much important and valuable woilc has been

done , and a glance at the appendices by Mi Fu^usson and General

Cunningham at the ond of Di Forbes Watson's repoit will give

some idea of the amount of work that remains to be done before

the archaeological survey of India approaches completion There

weio portions of the Central Provinces which are uch in ancient and

most interesting remains, but which were unexplored Much also

awaited investigation in Gujrat and Each, from Sadri to Somnath

At a place called Ajmirghur there is a sacied tank whence flow the

sources of the rivers Son, Narbada, and Mahanadi, and the spot

is suriounded by temples This region lequired examination , and

Mr Eergusson thought it possible that heio the pioblem of the origin

of that Bengali style of architecture which had hitherto puzzled

him might bo solved The districts round tho delta of the Krishna,

including the beautiful and ancient temples of Shuchellum, are full

oL antiquities of great interest, utterly unknown to Europeans , and

the sculptuies at Amravati, in the Kushna district, had not yet all

beenphotogiaphod in situ
* The rock inscuption in Ganjarn, which

is another version of the Asoka edict, icquired photographing

Tho buildings about Kalyan and Deoghur, the central region of

the Chalukya style of architecture, were also unexamined, as well

as the Saracenic monuments of the Bahmam and Golconda dy

nasties m the Deccan ,
and a good survey of Vegi, tho capital of a

Buddh dynasty befoie the foundation of the Eastern Chalukya

kingdom, was another desideiatum

In 1871 Geneial Cunningham commenced woik with the aid o

two assistants, Mi J D Beglax and Mr A C L Carlleyle begin

nmg with a survey of tho two gieat capitals of the Mongol Empire,

Delhi and Agra Mi Cailleylo undertook the survey of Agra, and

"
Mr Fergusson, m Tune 1868, suggested that the photo^aphers engaged

mobseiv

UMT tto ochpso of he sun, as Boon as they had clone thcu wotk, shotJd be insiructed

8
phS4S the sculpts nt AmravU, the caves and temple, at DachapaUi m the

SSd diJtad, and the cavern, m E1101 But nothmg was clone then Smoe that

time Mr Sewcll has been at work at Amiavati Seep 272
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Mr Beglar that of Delhi, and both surveys were completedm October

1871 In 1872 Mr Carlleyle was sent to Hajputana, and Mr Beglai
to Bandalkhand, G-eneral Cunmrigham himself visiting Mattura,
Buddha Gaya, Grour, and othei points of interest The reports of

explorations at Delhi, Agra, and in the Doab, comprise the third

volume of the reports, being those for 1871-72 1 This volume also

contains a detailed account of General Cunningham's plan for

executing the survey, with the memorandum of instiuctions to his

assistants The fourth volume consists of the detailed reports on
Delhi by Mr Beglar, and on Agia by Mr Carlleyle

2 The fifth

volume contains an account of General Cunningham's tour in the

Punjab during the cold season of 1872-73 3 The chief results during
this tour were the acquisition of a new copy of the rock inscription
of Asoka at Shahbazgaihi, and of an extensive collection of

Buddhist sculptures of the Indo Scythian period

In 1872-73 General Cunningham and Mr Beglar explored the

gieatei part of the Central Provinces, the General taking the

western, and Mr Beglar the eastern half The most interesting

discovery was at Bharahut, nine miles to the south-east of the

Sutna railway station, and 120 miles south-west of Allahabad Here
is the site of an old city, and of a large brick stu$a, 68 feet in

diametei The colonnade of the Bharahut stwpa is of the same

age and style as that of the great Sanchi stn$a,, near Bhilsa, but at

Bharahut every pillar and every railing is sculptured with an inscrip-

tion on almost every stone T'rom the characters of the inscriptions

the erection of the railing is assigned to the age of Asoka, or about

B c 250 A full description of these important discoveries will be

found in the "Abstract of the Reports of the Surveys for 1872-73 "*

In order to carry into effect the proposals made by the Secretary
of State for India in a despatch of the llth October 1871, with a

view to the production of a complete survey of the Rock Cut

Temples of "Western India, the Government of Bombay3 in July
1873, submitted a scheme for the survey of the archaeological

remains in Western India, suggesting the employment of Mr J

Burgess to conduct the survey The Government of India, in

sanctioning this scheme, however, introduced a clause limiting th6

Published at Calcutta m 1873

Published at Calcutta m 1874

Published at Calcutta m 1875

Pages 34 to 40 See also the Geographical Magazine
" for August 1874, p 200
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area of research to the Bombay Presidency, and restricting the

expenditure to such an amount as to allow only Es 3,000 foi

establishment, photography, scaffolding, &c per annum Mi

Burgess returned to Bombay in January 1874, and, with one School

of Art student and an assistant, he started on the 24th January foi

Vmgorla en 1 oute foi Bolg^m, where he began work on the 2nd of

Pebiuary He completed the season's work in the field on the 16th of

April at Aiwalli, and his
'

Eepoit oC the Operations of the Archaeo-

logical Suivey of the Bombay Presidency lor 1874
" was published

in London in the same yeai by Messrs Allen The opeiations were

confined to the Bolg2bm and Kaladgi districts, and the work which

records them is a handsome quarto containing 37 plates and 19

photogiaphs, out of 54 photographs that were taken

During 1874-75 Mr Burgess was engaged in the examination of

antiquities in Ahmedabad, Katiawar, and Kach, and made a com-

plete set of impressions of the great Asoka inscription at Girn&i,

which is now lodged in the India Office Library The work in the

field occupied him from October 1874 to April 1875, and is recorded

in a quarto volume published m 1876 "Report on the An-

"
tiquities of Kathiawad and Kachh, being the result of the second

" season's operations of the Archaeological Survey of "Western India,

cs
1874-75," by James Burgess, with numerous photographs The

section on the S&h and Gupta coins is by Mr E Thomas

Since 1872 Mr Burgess has edited a valuable periodical at

Bombay, called the "Indian Antiquary," which is published

monthly It is devoted to oriental research, and contains articles

on the archaeology, histoiy, liteiature, languages, philosophy,

ichgjon, and folk lore of different paits of India The " Indian

Antiquary
" has published several ancient inscriptions, and, chiefly

with a view to securing the continuance of this useful work, it is

subsidized by the Government

In March 1870, Mr Boswell, the collector ofthe Krishna district,

had submitted a very interesting report on the archsBological

remains in his district to the Madras Government l It included

descriptions of natural caves, enlarged by man and used as dwelling-

places, of cromlechs and stone circles, of Buddhist topes and

temples, and of more recent edifices His account of the cave near

i " Letter from J A C Boswell, Esq , Officiating Collector of the Kistnah district,

to the Acting Secretary to the Board of Revenue Madras Dated, Masuhpatam,

31st March 1870
"
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Bez^ada almost ceitainly identifies that place with the capital city
visited by Hwen Thsang, while the luins at Amiavati, with their

exquisite sciilptiues, aie those of a cluster of religious "buildings
Mr Boswell anticipated that impoitant lesults "would follow the

prosecution of fuithei reseaiches, especially at Amiavati , and the

Madras G-oveminent gave orders that steps should "be taken foi the

preservation and piotection of all sculptuies and other aicheoo-

lo^ical remains They also expressed their readiness to aid the

efforts of any archaeologist of eminence, who might be disposed lo

institute fmther inquiries in the Knshna district, by eveiy means
in their power The death of Mr Boswell temporarily chocked

these reseaioh.es

But in consequence of lepresentations made by the President of

the Onental Congiess of 1874, the Secretary of State addiesscd the

Madras Government 011 the subject of appointing an Aichseological

Surveyoi for Southern India, in the same way as has been done in

the othei piesidencies It was pointed out that, with a few

exceptions, the antiquities of Southern India, though equally

important, have not attiacted the same attention that had been

bestowed by the Asiatic societies of Bengal and Bombay on the

archaeology of Hindustan before the oiganization of the present

Survey The difficulties attending an Archaeological Survey in the
south arc gieatei than those that opeiate in the noith and west, oil

account of the greatei variety of chaiacters used in inscriptions and
ancient documents, which are not easy to decipher , and on account

of the mixtuie of Sanscut with foims of local vernaculars now little

understood Theie is only one man living who possesses all the

qualifications lequiied for an aichseological surveyor of Southern
India Mi A C Buinell, District and Sessions Judge at Tanjore,

combines, with a lare knowledge of the literary and religious

histoiy of Southein India, not only <i thoiough familiarity with

Sanscut and the modern Dravidian vernaculars, but also a unique
acquaintance with South Indian palccogiaphy, a science which he
has been the first to elaborate in a woik recently published The

appointment of this gentleman to the post referred to has been

suggested to tlie Government

Towaids the end of 1875, Mi E Sewell, of the Madras Civil

Seivice, obtained a small grant from the Government in order to

cairy on excavations mainly for the discovery of the remaining
marbles of the great Buddhist Stupa, at Amiavati, near the Krishna

nvei, and the opening out of a half concealed rock cut temple at
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Undavilli, near Bezwada Tho temple turned out to be a magmfi
cent one of four storeys Mr Sewell also discovered about 90 new
and splendidly preserved sculptured maibles at Amrayati5 with, the

piomise of plenty more as the excavations proceed , and procuied

copies of 900 ancient inscriptions on stones, in and about the

Krishna district "No better commencement could be made for

systematic archaeological work in the Madras Piesidency than by

employing Mi Sewell to complete the Amravati tope excavations,

and to translate the very numerous inscriptions

The first volume of Babu B4jcndraldla Mitra's "Antiquities of

Orissa" has appeared m the shape of a large quarto, illustrated by
36 lithographed plates It contains the results of the author's

labours while engaged on the archaeological mission to Bhuvanes 5
-

vara in 1868-9
,

an undertaking sanctioned by the Government of

India mainly at the suggestion of the Royal Society of Aits in

London., who recommended the grant of a large sum of money for

the purpose of obtaining casts of some of the more important

sculptures of ancient India The second volume deals with the

antiquities of the different localities

A work on the primitive tribes and monuments of: the Nilgms,

by the late Mr J W Breoks5 Commissioner of the Nilgms, ha$

recently been published by Government x Mr Brooks* researches

wore undertaken in 1871, principally at the instance of the Tiusteos

of the Indian Museum, Calcutta, wlio urged upon Government

the desirability of making a collection of the arms, ornaments,

drosses^ household utensils, and agricultural implements ,
and all

other products of the manufacturing skill of those aboriginal tubes,

whose ancient and distinctive customs arc now fast disappearing
The work referred to contains the results of Mr Breoks' labours to

attain this object It forms a handsome volume in quarto, and is

profusely illustrated by photographs
8

In 1876 Mr Pergusson published his "
History of Indian and

Eastern Architecture,'
* which nominally forms the third volume of

the new edition of his "
History of Architecture

" 5 But in reality it

1 See ilso page 249
2 "An account of tlie pumitive tubes and monuments of the Nilagms," by the late

James Wilkinson Ereeks of the Madras Civil Service, edited by has widow, (India

Museum, 1873), with map and 82 plates
s "History of Indian and Eastern Alchitectitre,'* by Tamos Feigusson, DCL,

FUSj&c, forming the thud volume of tho new odilaon of the "
History of Archi

tectuie" (Murray, 1876), pp 756, <md 394 illustiahons

(13441 ) S
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is a new work Por in the former edition the Indian chapters
extended only to about 300 pages with 200 illustrations Now
moie than half the oiigmal text has been cancelled, so that at

least 600 pages of the present work aie original mattei, and 200

illustrations have been added Theie aie now veiy lew buildings
in India of any impoitance which haye not been photogiaphcd,
and Mi Eergusson found his collection of photographs, for pur

poses of comparison, to be simply invaluable l " Por detecting
" similarities or distinguishing diffeiences between specimens
cf situated at distances from one another , photographs are almost
"

equal to actual personal inspection, and when sufficiently numc
"

rous, afford a picture of Indian art of the utmost importance to

"
anyone attempting to describe it

" The work is divided into

nine books on Buddhist architecture, Jama architecture, the archi

tecture in the Himalayas, the Dravidian style, the Chalukyan style,

the northern or Indo Aryan style, the Indian Saracenic architoc

tuie, the aichitectuie of furthei India, and of China In the

preparation of this work Mr Pergusson had before him the five

volumes of General Cunningham's Aichseological Reports, and the

results of Mr Burgess's researches among the western caves and

the structural temples of the Bombay Presidency
Mr Fergusson will now proceed with the preparation, for the

India Office, of a complete history of the cave temples of India, in

which important work he will have the assistance of Mr Burgess

1 Mr Fergusson has a collection of more than 3,000 photographs of Indian buildings
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XVI

METEOROLOGICAL OBSERVATIONS

THE practical importance of meteorological observations is so

great as to have ensured tlieir rcgistiation m India, at a very large
number of stations, and over a long period of time They affect

the operations of the seaman and of the husbandman, and are a

vital element in the calculations of health officers, of administra-

tors, and of engineers
l Their usefulness, therefore, has always been

fully recognized, but it -was long before any attempt was made to

introduce an organised system of registiation, all work connected
with the generalization and utilization of the ever accumulating
materials was left to the zeal and industry of volunteers , and even

now, though excellent measures have recently been adopted, there

is moie to be done before a meteorological department in India

can be considered as established on a perfectly satisfactory footing
Medical officers at stations and hospitals have been expected to

keep meteorological journals fiom a very early penod, and nume-
rous volunteers have registered observations, but, owing to the

want of a central department, and to other causes, much of the

earlier material is lost, and much that is preserved is of but mode
rate value

In the Bengal Presidency the earliest series I have met with is

the
^meteorological journal of Colonel Pearse 2

kept at Calcutta

between March 1st, 1785, and February 28th, 1788 It includes

observations of the barometer, thermometer, hygrometer, direction

1 "It can scarcely be nccessaiy to insist on tlie practical importance of this science

to the agriculturalist, to the navigatoi, and indeed to every branch of human affairs, or

to dilate on the benefits which must accrue to mankind in gcneial from any successful

attempts to subject to reasonable and well grounded piediction the irregular and seem

ingly capricious course of the seasons and the winds 01 on the advantages, pmely
scientific, which must arise from a systematic development of laws, exemplified on the

great scale in the periodical changes of the atmospheio, depending, as they do, on the

agency of all the most influential elements, and embiacmg in then scope every branch

of physical science
" Sir John Herschel

2 See page 55

S 2
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and force of wind, and rainfall, taken generally at about 7am
and 2 15 p m * A similar diary was kept at Calcutta by Mr Henry

Traill, from February 1st, 1784 to December 31st, 1785 2 The

hygrometers of those days were of very primitive construction

Mr Traill used a bit of fine sponge suspended in a scale on the end

of a steel yard, with a semicircular scale at the top , and Captain

Eater's ingenious device for ascertaining the amount of moisture in

the atmosphere has already been described 3

James Prmsep took a careful series of meteorological obsoiva

tions at Benares for two years, and published his general results lor

1823, including the mean daily range of the barometer for each

month, the monthly means and extremes of the thermometer, the

hygrometnc entries, the rainfall, direction of the wind, and weather 4

General Thomas Hardwicke kept a meteorological register at Dam
Dam from 1816 to 1823 It contains daily and monthly means ol

seven daily observations of the thermometei , barometrical obser-

vations taken daily at sunrise, noon, and evening, with monthly

means , a register of the hygrometer , an enumeration of days of

ram, and prevailing winds 5

When Sir John Herschel was at the Cape he sent a circular to

India, suggesting that horary observations should be taken for M
hours together at the time of the equinoxes and solstices

6 Several

observers complied with the great astronomer's directions, in various

parts of India Mr Barrow, the mathematical instrument maker

at Calcutta, took observations of the barometer and thermometer

every hour, on the 21st and 22nd of December 1835, and on the

21st and 22nd of March 1836 ,

7 and Colonel Colvm, assisted by
Lieutenants Bakei and Durand, registered horary readings at

Dadapur, on a day in September 1835, and on another in March

1836

Numerous observations were made, from time to time, by travel-

lers and lesidents, while the registers of medical officers wore con

1 " Asiatic Researches,' i
, p 442

2 " Asiatic Researches," 11 , p 420
8 See note at page 63
4 Asiatic Researches," xv

, App p vn
6 Journal of the Royal Asiatic Society," i

, App
6 Sir John Heischel recommenced 3 and 9am and 3 and 9pm as the most

important hours for observation and that hourly observations for 24 hours should b

taken on the 21st of March, June, September, and December Thes are called " term

observations
5

* "J A S B,' v,p 51 andp 243
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tmiially accumulating In. 1798 Dr Iluntei recorded observations

on the rainfall and climate at Ujain
1 In 1835 the Eer K/

Everest wrote an essay on the revolution of the seasons, and on the

correspondence between atmospheric phenomena and the changes

of the moon, 2 and the same observer also published a valuable

paper on the rain and drought of eight seasons in India, from 1831

to 1838, giving the rainfalls at Calcutta, Madras, Bombay, and

Delhi 8 Among travellers General Cunningham, in his work on

Ladak, gives a series of meteorological observations taken in the

Spiti valley, Kashmir, Ladak, and other parts of the Himalayan

legion ,* Dr Hooker, in his journal, furnishes a series of observa-

tions registered in Darjilmg, Khasia, and Cachar, the Bahar hills,

the valley of the Son, Mir/apur, and the Kaimor hills, which in-

clude minima, maxima, and means of the thermometer, the wet and

dry bulb, and solar and terrestrial radiation ,

5 and Colonel Richard

Strachey made some hourly observations of the barometer in August

1849, at 18,400, 16,000, and 11,500 feet above the sea, m the moun-

tains of Tibet A notice of the climate of Kumaun and Gurhwal

will be found in Mr Henry Strachey's paper
7 Dr Eoyle took a

series of observations at Saharunpur from 1826 to 1830, and wrote

an account of the meteorology oC the plains and mountains of NW
India,

8 and Drs Hooker and Thomson have given a sketch of the

meteorology of India, m the Preliminary Essay to their Flora

Indica 9 It would be a hopeless task to attempt a complete enume-

ration of all the observations of this kind, or of those kept by
medical officers and others at fixed stations , but the enquirer will

find abstracts of a great number of registers m the volumes of tlio

journal of the Asiatic Society of Bengal
10

1 " Asiatic Researches," vi
, p 53

2 J A S B " iv , p 257 , vi
, pt i p 308

3 J A b B/vm,pt i p 313

* Cunningham's
" Ladak On climate pp 171-190, and tables, p 449

* Hooker's Journal," 11 , p 357 Appendix A, on Meteorology

6 E G S J ," XDJI , p 64 Colonel Strachc y observ itions at great heights tend

to show that the atmospheric pressme IB subject to tho same &ort of fluctuations on too

libetan table land as prevail in the lower regions elsewhere

7 R G S J,"xxi,p 72

s Illustrations of Himalayan botany/' i
, p 3dac

p 82 at B^nor, u
, p 206 ,

* v
, P

v
, p 824, aud xn , p 768 , at Trio* v , p 822 , bocotra, *

, P 821 , Ba^*v
, p.

296, Daring, vz, Pt i, p 308 , Rangoon, vol nu . Agr> nu , Baukura, ^
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Prom time to time endeavours have been made to classify and
utilise the ever accumulating meteorological observations of medical

officers in India In 1852 Dr Lambe drew up an abstract of the

registers of 126 stations in Bengal and the NW Provinces for the

vear 1851, giving the monthly mean temperatures and rainfalls
*

The Messrs Schlagmtweit, who weie in India from 1854 to 1858,

published the meteorological volume of their woik in 1866 2 The

meteoiological registers received by the Medical Board at Calcutta

were handed over to them in 1857, comprising a series of 38 folio

volumes in manuscript The observations thus obtained were taken

at no less than 250 stations They consist of entnes for tempeia-
ture and rainfall, and sometimes lor readings of the wet and dry
bulb thermometers, and in the sun's rays The results from this

great mass of material are a senes of tables of monthly means of

temperatuie, with maxima and minima in some instances for two
and sometimes foi three years

8

A regulai series of meteorological observations has been kept
at the Surveyor General's Office at Calcutta from 1829 until the

present year, and monthly and yearly abstracts of them have been

published, first in the u
Gleanings in Science/' and since 1832 in.

the " Journal of the Asiatic Society of Bengal
" At first the hours

of observation were sunrise, 10 a m , noon, and sunset , but after-

wards they were altered to sunrise, 9 50 am, 240pm, 4pm ?

and sunset/ and since 1856 the observations have been taken every
hour Observations of maxima and minima temperatures first

appearedm 1848 The abstracts were also published in the " Calcutta

Chmsuia, n Gazipm, 11 Lucl now, xxm , Masami, iv Cherrapunji, i Mozui

fuipur 11 Nagpore, 11
, p 239 Singapore, n , Nushirabad, 11

, p 128, and v

Dadapnr, v Ambala, iv Sir John Malcolm legisteied the barometer and thermo

meter iive times a day at Mundleysir in July, and at Mhow m January 1821 Central

Jfadia
9 u.,p 350 See also a meteoiological register at Slnllong and Cherrapunji for

August I860, and a register of temperature at Kampfci and Muhtur hills for May 1860,m
the "

Keport on the Sanitary Establishments for Em opean Troops in India, (No in
,

Calcutta, 1862) Abstiact of meteorological observations made at Futtehgur by John
C Pyle in 1850 See " Btitisk Association xx, p 40

1 " J A S B
,

'
YO! xxi

, p 383 and British Association Reports, xxi , p 52

2 "
Meteorology of India

, an analysis of the physical conditions of India," vol iv
,

(1866)
3 A list of works on the subject of Indian meteorology will be found in this volume

of the Messrs Schlagintweit s work
4 Observations at sunnse, noon, and sunset involve computations for determining

diurnal barometric oscillations
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Journal of Natural History ,

" but as the registers were bulky,
little used if given in detail, and useless if too much, abridged, Dr
McClelland, the editoi, discontinued their publication, and gaye
instead the general results to be deduced from these records for the

year 1843-44. in a series of tables These tables show the monthly
means, maxima, and minima of the thermometer and barometer, the

monthly rainfall, dnection of wind and weather l In 1848 Colonel

Thuillier prepared a tabulai statement of the number of rainy

clays, and the quantity oi rain which fell in Calcutta, foi every
month fiom the year 1829 to 1847 2

Since 1868 the abstracts o the results of the hourly meteoio

logical observations taken at the Suiveyor G-eneial s Office at Cal

cutta have been published separately in monthly parts They give

daily means of the hourly observations of the barometei and ther

mometer, for means, maxima, and minima , daily and hourly means

of the wet bulb, dry bulb, dew point, dry bulb above dew point,

mean elastic force of vapour, mean weight of vapoui required for

complete saturation, mean degree of humidity, and the maximum
solar radiation, lainfall, direction of wind and weather Two tables

have also been published showing the mean monthly and the mean

hourly variations of tcmpeiature and humidity for fifteen years,

from 1855 to 1869, as determined m the Surveyor General's Office

at Calcutta ^Facsimiles of the indications given by the anemo-

meter at the time of the cyclones of May 16th and June 9th, 1869,

showing the direction and pressure of the wind per square foot,

have also been published

A valuable series of meteorological observations was taken at

Simla, under the direction of Major Boileau, between 1841 and

1846 They consisted of registeis of tempeiature, of maxima and

minima, of readings of the dry and wet bulb theimometers, from

which were deducted the dew point, tension, and temperature, dew

points by Darnell's hygrometei, solar and tonestiial radiation, wind

and quantity of ram The observations were made houily foi six

days in the week 3 Dr Lloyd, of Dublin, lepoited that the Sunk

i "Reduction ot the meteorological icgister kept at tlie Suiveyor General's Office at

Calcutta for the yeai 1st NOT 1843 to 31st Oct 1844," by J McClelland
" Calcutta

Journal of Natural History,
' v p 533

a J A S B, \ol xvn pt i,p 312

3 All the Simla observations had been punted, and were packed at Agia, ready tor

transmission to England, when the mutiny bioke out, and they wcie burnt The

manuscript monthly abstracts of the observations from September 1841 to the end of
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observatory, under Majoi Boilcau's superintendence, was in all

respects admirably organized , and pointed out tlie great value of an
extended and complete series of observations made at an altitude of

8,000 feet l

A complete series of meteorological observations lias "been regis-

tered at the astronomical observatory at Madras since 1796 by
the astronomers who have successively been in charge The
earliest I have seen are for 1819 2 The hours of observation

were then at sunrise, noon, 2 pm 5 sunset, and 9pm, and
the entries were the readings of the thermometer ram gauge,
wind and weather The series from 1822 to 1843, taken by Mr
Groldingham and Mr Taylor, successive astronomers, was published
in a foho volume with plates

3 .From 1837 the hours of observation

were 10 a m , 4pm, and 10 p m A further series of observations

by Mr Taylor, Major Worster, and Major Jacob, from 1841 to

1850, has also been published
4

Hourly observations were taken

from March 1841 to February 28th, 1861, when the series was

1845 are pieservcd, and aie BOW in the hands of the Royal Society, but the mass of

tlio original obseivations was lost in the fire The Simla observations were among the

most extensive iiid carefully made records ever taken, and then loss is a great calamity
is icgaids science, as well as a source of deep disappointment to General Boileau That
officei also published a useful volume of Ubles " A collection of tables astronomical,

mcteoiological, and magnetic il also for determining the altitudes of mountains," by
Lieut Colonel J T JBoileau, computed at the office of II E I Co s magnetic

observatory at Simla (TJmballa, 1850) See also J A S B
, xin, p 135

In 1874 the first volume of the series of meteorological observations, taken it Simla

by Major General Boilcau, F R S ,
between 1841 and 1845, was published by order of

the Secretary of State foi India The houxly and daily means of all the instruments

obseived ire given in a separate volume Copies of the woik have been, placed in the

hands of the pimcipal observers in India
1 c

Reports of the Bntibh Association, xiv
? p 3

2 There aie the following manuscripts in the Gcogiaphical Depaitment of the India

Office

"Meteoiologiail Journal kept at the Madras Obseivatory for 1819 "

Ct
Meteorological Journal kept at the Madras Observatory for 1824 >9

"
Meteorological Join rial kept at the Madras Observatory in 1830 3

3 Theie are punted meteorological observations taken at Madras in 1841, 1842

1843, 1844, and 1845

Sec also "
Meteorological register kept at the observatoiy at Madias for the years

1822-1843 by John Golclmgham and Thomas G-lanville Taylor" (Plates Folio

Madras, 1844)
4
"Meteoiological observations made at the Honourable East India Company's

Observatory at Madras,, by the late T G Taylor, Esq 9
F E S

, Captain Worster,,

M A 3 and Captain Jicobj Astronomers, 1841-50 "

The meteorological abstiacts fiom the Madras Obseivatoiy have fceejn published m
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consideied complete, and discontinued as no longer necessary

Since 1861 observations hare been registered thrice daily, and

published weekly m the " Fort St George Gazette," hut they have

not heen collected m a separate volume A new anemometer was

erected at the Madias Observatory in June 1864 Rain returns

have been kept at 350 stations, more or less regularly, since 1852,

under the control of the Revenue Board They will furnish an

interesting rain map of the Madras Presidency, showing the com-

parative influences oi elevation above the sea-level, and proximity

to the coast
1

In 1846 the Court of Directors gave orders that a series of

meteorological observations should be taken at a considerable height

above the level of the sea, on the Nilgiri hills, and sent out a set

of instruments for the purpose Mr Taylor, the Madras astro

nomor, considered that no set of observations could really be con

sidered valuable unless they were made on the summit of the peak

ol Dodabetta, 8,640 icct above the sea, and within the influence of

"both monsoons A bungalow was accordingly erected, and on the

12th of January 1847 the instruments were fixed, under the charge

of John do Cruz, an assistant of the Madras Observatory The

mstiumcnts were an Osier's anemometer, a standard barometer,

theimomotcrs, and ram gauges, and the hours of observation were

at 940 am , and 3 40 pm ,
the supposed hours of maxima and

minima At this gioat elevation, as in Colonel Sykes's Deccan

obsoivations, to be noticed presently, there is not a single day

throughout the year in which the pressure at 3 40 p m is higher

than that at 9 40 am On the 21st and 22nd of each month horary

observations wore taken for 24 consecutive hours 2 Work was

commenced in Tobruary 1847, and was continued until about 1858,

when the Dodabetta Station was abolished by Sir Charles Trevelyan

Observations for tempoiature, rainfall, and directions of wmd at

TJtakamund and Kotergin on the Nilgins, will be found m

or of lAteratuie and Suence of Madras" unce 1833 Theie was a long

luataH m the publication of the jomnal from 1840 to 1847 , but in the latta year the

monthly meteorological abstracts le appeared, and have been continuously published

over since Ihoy me signed by Mr Norman Robeit Pogson, the present astronomer

at Madras, smco 1861

1 "Proceedings of the Astronomical Society," vol xxm, p 178

2 "Meteoiological observations made at the meteorological bungalow on Dodabetta

Peak, 8,640 feet above the sea, in 1847-48, under the directions of T G- Taylor, Esq ,

V B S " Sec also Colonel bykes's papa, PM Trans 1850 , pt 11 (xv )
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Ouclrterlony's report of the survey made in 1847, where there are

also some remarks on the climate x

The foundation of the observatory at Trivandrum was due to the

great interest taken both by the late Rajah of Travancor and by
General Eraser, the Resident at his court, in the sciences of

astionomy and meteoiology Mr John Caldecott received the

appointment of astronomer, and the building was erected, in 1836,

on a hill 190 feet above the sea 2 Mr Caldecott died in Decembei

1849, and, during an interregnum of two years, Mr Gr Spershneidcr

registered the observations The Trivandrum observations will

be found in several numbers of the " Madras Journal of Literature

and Science," and the means of Mi Caldecott's hourly observations,

between 1837 and 1842, weie published by Professor Dove 3

General Cullen also had observations taken to ascertain the rainfall,

from 1842 to 1846, at Cochin, Kollam, Alepy, Cape Comorm, and
other points on the Tiavancor coast 4 But the best and most

extensive observations in Travancor were made by Mi John Allan

Broun, who formerly had charge of Sir Thomas Brisbane's obser-

vatory at Makerstown in Scotland, and airived at Trivandrum, as

astronomer to the Rajah of Travancor, in January 1852 Ho
continued the series of meteorological observations at Trivandium,

and, aftei two years consumed in the undertaking, he established a

bianch observatoiy on the summit of the peak of Agustia-mulla,

6,200 feet above the sea In reaching this lofty site, paths had to

1
"Geographical and Statistical Memoir of tlie Neilgheiry Hills" Presented to

Parliament, and also printed in the " Madias Journal," xv, p 1 There is a seiies of

meteoiological observations taken on the Nilgm Hills by J Glen, from 1829 to

1836, in the " Journal of the Physical and Medical Society of Bombay
J See also

" Tiavels m Peru oaid India, by Clements R Maikham,' pp 3o9 and 382, and tables

in Mclvoi s Annual Reports on Chmchona cultivation

See a sketch and plan of the building in the " Madras Journal of Literature and

Science,
'

vol vi
, p 56 and p 339 Mi Caldecott also published

<f A notice accompany
ing a series of meteorological observations made at JCnvandrum '

Report, Biitish

Association, (pt 2 1840), p 28 " Observations on the temperature of the earth m
India

'

Proceedings of the Edinburgh Royal Society, i
, p 432 (1845), and " Ob-

seivdtions on the oidmaiy tanperatme of the ground at Trivandrum from May 1842
to Dec 1845 Transactions of the Edinbuigh Royal Society, xvi, p 379 and

Proceedings, n
, p 29

3 " British Association Reports, ix
, p 28

4 Geneial Cullen also published a senes of barometrical levelhngs in the Madras

Presidency
"
Reports of the British Association,

J

xv , p 22
, xvi

, p 42 and xvn
,

p 39



AGUSTIA OBSERVATORY 283

be cut through jungles infested by wild elephants, and theie weie

delays owing to labourers running away, from fear and cold l

The Agustia-mulla Observatory was at last completed in March

1855 , and from its platform the whole south of the Indian penin

sula is seen, from Cape Comonn to Cochin on one side, and to

Adam's Bridge on the other, an almost unequalled view Mr

Broun has given a most interesting account of the observatory, and

of the difficulties oveicomcin its constiaction, in his Report of 1857

The assistants at this lofty observatory were arianged into three

sets o four men each, according to their castes, the first set being

Syrian Christians, the second Brahinans and Sudias, and the third

Roman Catholics, relieving each other every three months The

observations were commenced on July 1st, 1855 , but during Mi

Broun's absence in England in 1860 the observatory was allots ed to

fall to pieces On his return in 1 863 he had it rebuilt, and a second

series of observations was taken, which extended over ten months

Mr Broun also caused a series of hourly observations to be taken

in different yeais, simultaneously with those at Trivandrum and

Agustia, at stations near the lattei, and at 5000 feet lower level,

one east and one west This series had special reference to questions

connected with the atmospheric pressure, temperature, humidity,

and evaporation In 1 859 a similar series of hourly observations

was taken at five different stations using about 1,200 feet one above

tho other, in connexion with the same meteorological questions In

all these series the best instruments were used Base lines wore

measured by Mi Broun on both sides ol the Agustia peak,

in oider to ascertain trigonomctiically the exact height ol Ihc

observatory, and the lower stations "When tho Travancor Govern

ment decided on aoohshmg the observatories in 1865, Mr Broun

obtained leave for the continuation of a limited series to be made by
the two oldest and best of his native obscrveis, and a Syrian

Christian, his principal assistant, continued in charge, and forwarded

monthly reports and abstracts of meteorological observations to

Mr Broun, in Euiope
Sir John HerbcheFs suggestion, that homy observations should

be taken for 24 houis together on foni fixed days of each year,

received due attention from the Madras observers Such observa

1
Report on the " Observatories of His Highness the Rajah of Travancore," by John

Allan Broun, FRfe, Director (Tnvandrum, 1857) Reprinted, in quarto, by

Messrs King, 1874 "Reports of the British Association/' xxiv, p 25 , ajtvii , p BO
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tions were registered, both at the Madras and Trivanditim Obser-

vatories, on December 20th and 22nd5 1836, in January 1838 at

both places, and also byDr Gilchrist at Hunsur m Jane and

September 1838, in April 1839, and again in 1840 1 Dr Monat,

also, at Bangalor, took horary observations., in conformity with Sir

John Herschel'^ circnlai, on the 21st and 22nd of March. 1836

His previous meteorological observations extended over the years

1834 and 1835 2

Eegisters of observations have been published, which, were taken

in the hill regions of Wynaad and Coorg Captain Mmchin ob-

served at Manantawaddi in "Wynaad during the year 1832, and gives

the monthly mean temperature at daylight, noon, the mean and

greatest heat, and the numbei of days of iam 3 In Coorg the

register was kept at Mercara by Dr Baikie, who published his notes

on the climate, with a table giving the monthly means of the

barometer, thermometer, and hygrometer, obseived at 6 am,
10 a m ,

and 5pm*
A diagram showing the meteorological condition of Sikandrabad

for the year 1864 was lithographed and published at Madras m.

1866 It gives the amount of ozone, atmospheric pressure, ramfall,

temperature of the air in sun and shade, the amount of humidity,

and prevailing winds The work is valuable, and does great credit

to the industry and zeal of its authoi, Dr W Arnold Smith *

In the Bombay Presidency a regular register of the thermometer

was kept for 26 years, fiom about 1816, by Mr Benjamin and

Mr George Norton, of the Company's service , "but the leading

meteorologist of India, who first classified and drew sound deduc-

tions from his work, was Colonel Sykcs This accomplished observer

kept a register in the Deccan and at Bombay from 1825 to 1830,

and gave his results to the world m an elaborate paper which was

read before the Royal Society m 1835

Colonel Sykes points out that tho great features m his baro-

metrical indications are the diurnal and nocturnal tides, embracing

1 Madras Journal of Literature and Science," v
, p 214, mi , p 144 ,

vm , p 397,

ix
, p 454
2 J A S B/> YO! v,p 296

3 " Madras Journal," i
, p 38

4 Ibid m , p 338
6 There are several copies of this diagram m the Geographical Department ot the

India Office , . .

"Philosophical Transactions," No * (1835), p 161 "On atmospheric tide

the meteorology of the Deccan," by Lieut Colonel W H Sykes, F B S
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two maxima and two mmima in the 24 hours, the former between

9 and 10 a m and 10 and 11 p m , and the latter between 4 and

5pm and 4 and Sam In many thousand observations there

was not a solitary instance in which the barometer was not higher

at 9 to 10 am than at sunrise, and lower at 4 to 5 p m than at

9 to 10 am His hygrometrie observations, and those for tho

direction of tho wind, were veiy complete and satisfactory The

great feature as legaids wind m the Deccan is its extreme raieness

from the north 01 south Whirlwinds are common in the hot

months , columns of dust m the form of tiumpets, chasing over the

tieoless plains, and carrying sand, straw, clothes, and baskets to a

height of 200 foot in the vortex of heated an Tho deductions

derived from the observations by Colonel Sykes weio important and

numerous In the first place, they removed the doubts, previously

entertained by "Humboldt, as to the suspension of the atmospheric

tides during the monsoon in "Western India , next, Colonel Sykes

proved the existence of four atmospheric tides in the 24 hours, two

diurnal and two nocturnal, and each consisting of a maximum and

minimum tide , as well as tho occurrence of the tides withm tho

same limit hours as in America and Europe He discovered that

the greatest mean diurnal oscillations took place in the coldest

months, and the smallest tides m tho damp months of the monsoon

m the Doccan ,
that the diurnal and nocturnal occurrence of tho

tide s was regular, without a single case of intervention , and that

the diuinal and annual oscillations were trifling, compared with

those of extra tropical chmateb He found that the annual range

oi the thermometer was less than m Europe, but that the diurnal

range was much greater Ho also described tho remarkable circulai

and white rainbows in the Doccan, the pecularities ol the winds,

the frequency of calms, tho quantity of electricity in. the atmosphere

under certain circumstances, and tho singular opacity of the atmo

sphere in hot weather The tables which accompany this important

paper show the oscillations of the barometer, tho barometric obser

vations at Poona, Bombay, and Mahabaloshwur, tho hygrometric

observations, the register of the ombrometer, and the prevailing

winds

Tho Bombay Observatory at Colaba was first established under

Mr Curnm in 1823, but tho records previous to 1840 are scanty

and imperfect In the end of the latter year a set of instruments,

originally intended for Aden, wore transferred to Bombay, and
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Mr Arthui B Orlebai, wlio was Elphmstone Professor of Astronomy
and Mathematics, toolv charge of the observatoiy, at the lequest of
Colonel Sykes His senes extends over the year 1841-42, and on.

the 15th of Inly 1842 Dr George Buist assumed charge of the
Colaha observatory

l The lesults of Di Blast's meteorological
observations from 1842 to 1844 were published monthly in the
" Journal of the Bombay Bianch of the Asiatic Society

" He had
three native assistants, and horary leadings were registered of the

baiorneter, thermometei, wet and dry bulb, and direction of the wind 2

Di Buist had devoted much attention to meteorological subjects
He collected a vast amount of data, and the newspapei he edited

at Bombay is full of information respecting phenomena connected
with the weather Dr Buist published the results of a comparison.
of the observations of nine different baiometers read every half hour
for 24 successive hours,

3 a catalogue of lemarkable hail storms
from 1822 to I860, in India / and a notice of remarkable meteors 5

He put theimometers for recording solar and tenestnal radiation

into use at the Colaba Observatory, and constructed a diagram of

houily barometric cuives at Bombay, comparing them with those

at Madras and Trivandrum Di Buist endeavoured to make the

study of meteorology interesting , and in his very pleasantly
wiitten paper on the climate of "Western India, he complained that
"

picturesque and descriptive nieteoiology had almost altogether
been buried under minute instrumental details

" 6

Dr Buist furnished General Sabme with observations taken in

1843, consisting of the mean temperature, mean barometric pressure,

mean tension of the atmosphere, and mean gaseous pressure at

1 Dr Buist published an account of "the Observatories of India" m the Times of
India, June 15th, 1850

2
"Meteoiological Observations, Bombay, 1842," Dr Geoige Buist, LL D , 1843

" Journal of the Bombay Branch of the Asiatic Society/ i
, pp 49-90, 145-200,

255-354

"Piovisional Report on the Meteorological Observations at Bombay for 1844 *

(Cupar, 1845 )
" Journal of the Bombay Branch,

'
i , p 287, and printed separately

" Journal of the Bombay Geographical Society,' ix
, p 184 and p 1

3 "Journal of the Bombay Bianch,
'

i, p 207 and printed separately
4 " Journal of the Bombay Geographical Society,

*

ix
, p 104, and xn

, p 1, and
" British Asbociation Keports," xx

, p 31, and xxiv , p 35

5 Ibid ix , p 197
6 Sketch of the Climate of Western India," by Di Buist Reports of the

Association, xx , p 29
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every second hour These data formed the subject of a papei

read "before the British Association by General Sahme in 1845,
1

and assisted in the explanation of the clruinal variation of barometric

pressure General Sabine had already noticed, fiom obseivations

taken at Toronto, that the aqueous and gaseous constituents ol

harometnc pressure, when presented sepaiately, exhibited, in their

variations, a striking accordance with vanations of temperature

The data supplied by Dr Buist tended to confirm these deductions,

which suggest an extension in height and consequent overflow of

the column of air in the highci regions of the atmosphere, over

the place of obscivation in the day time, whoii the surface of the

eaith is gaining heat by ladiation, and a contraction when the

temperature is diminishing
Dr James Murray was actively engaged in metooiologicaf studios

in the Dcccan during the time that Dr Buist was at work in

Bombay He registered a series of observations at Sataia from

18-M to 1847, consisting of means, maxima, and minima, and daily

ranges for each month ,
and had pieviously completed a series at

Mahabalcshwur, extending from 1829 to 1843,
2 which had been

commenced by Drs Walkei and Morchead

Professor Orlebar resumed the charge of the Colaba Obseivatory

in 1844, and superintended the registration of hourly readings in

1845 3 He piepared a series of hygrometric tables, based on those

of Major Boilcau 4 In 1846 the Colaba Observatory was handed

ovei to Captain Montriou,
5 of the Indian Navy, who had the obser-

vations registered every two horns His elements wero atmospheric

1 " Bntish Association Reports," xiv
, p 73 Reprinted in the " Midi as Journal oi

JUterature and Science," xm , p 106
2 See bis " Observations on the climate of the Mahabaleshwur hills

" Journal of the

Medical and Physical Society of Bombay, i
, p 79 (1888) , and

" Notes on the meteo

rolo^y of the Sattara Territory foi 1848 "< Journal of the Bombay Geographical

Society, vol rx
, p 13 (1850 )

See also his paper entitled
" Practical observations on the natme and effects of the

hill climates of India, in which he gives the mean temperature at Simla, Utaka

mund, Darjilmg, Kotagui, Landur, Mahabaleshwui, &c Transactions of the Medical

and Physical ^ocitty of Bombay, vol vn
, p 3 (1844)

3 "
Meteorological Observations, Bombay, 1845 J> Aithur B Orlebar (Bombay

1846 4to)
C On magnetic and meteorological observations at Bombay," by A B

Oilebar Reports Bnt J^,p xvi , p 28
4 " Jouinal of the Bombay Bianch," 11

, p 309
5 "Observations made at the Bombay Observaloiy for 1847" C W Montnou,

Commander
;
IN" P vrt n ,

mete orological (Bombay, 1851 4to )
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piessure, temperature of the free air, of the stiatum of an in con-

tact with the ground, of the ground six feet below the surface, of

the wet and dry bulbs, the force and direction of the wind, rainfall,

evaporation and clouds He also gives tables of means Captain
Montnou was succeeded by Lieutenant l^ergusson, of the Indian

Navy, who held the appointment until 186V In his time the

instruments were in an open shed like building at Colaba, fitted

with screens to regulate the absence of glare and sunshine The
observations were horary, and he published summaries of results,

with diagrams of diurnal changes of the meteorological elements,
and of variations of temperature

3
Lieutenant Pergusson was

succeeded by Mr Morland, and Mr Chambers has continued the
series down to the present year

In 1852 five complete sets of new and verified instruments were
sent out from England, and placed at Belgaum, Poona, Bombay,
Disa, and Kai^chi, and the Court of Directors hoped that the
zeal of the medical officers at these stations would ensure the duo

registration of observations, without entailing any public expendi-
ture But the arrangement would not work, and in 1856 two
European soldiers, previously instructed at the Colaba Observatory,
were told off for service at each station, on a salary of Es 25 a,

month There have been two daily registrations, at 9 30 a m and
3 30 p m , of barometric pressure, temperature of air and evapora-
tion, direction and pressure of the wind, and dew point, and one
daily observation of maxima and minima of thermometer m the
sun and on the grass, and of the air and evaporation, of the rainfall
and of ozone

In 1850 Colonel Sykes contubuted another valuable paper, cm-
bodying the results of the further progress that had been made m
India up to that date It is entitled "A discussion of the meteoro-
"

logical observations taken m India at various heights, embracing" those at Dodabetta on the Mlgm hills at 8,640 feet above the sea
" 8

The paper contains many important generalizations, and the addi-
tional information gives occasion for a further examination of the

1
"Meteorological Observations "

Bombay, 1853, Lieut EFT Fergu&son IN
Also 1857 (Bombay, folio, 2 vols 1855,) and 1859-64

'

2 A Eeport on the subject of the rainfall in the Deccan, and on the climatic
disturbance apparent during 1861 and 1862, was published m 1863 See "feombav
Selections, No 78, N S

3
"Philosophical Transactions" (1850), pt n xv
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phenomena of horaiy oscillations, and the times of ebb and flow oJL

atmospheiic tides at an increased number of observing stations, somo
of them, like Dodabettd, at great elevations above the sea Among*
other deductions, Colonel Sykes points out that climate is not
absolutely dependent on latitude, "but is affected by numerous local
circumstances Thus the three hill stations of Mahabalesliwur,

Mercara, and TJttray Mullay in Travancor are exactly the same
height above the sea,

1
but widely separated as regards latitude.

The mean ternperatuies of Mahabaleshwur and Mercara are almost;

identical, while TJttray Mullay, which is much nearer the equator*
is 3 35' lowei It is within the influence of both monsoons.
Colonel Sykes points out great anomalies in the hours of tlio

occurrence of maxima and minima of temperature at Madras^,
and remaiks upon the range of temperature at Calcutta, Sataia,.,

Mahabaleshwur, and Dodabetta The Dodabetta temperature, a"fc

8,64i2 feet, compared with that of Mahabaleshwur, at 4,500 feet,,

has a decidedly diminished daily, hourly, and annual range Tho
probable souiccs of error in the degree of humidity in the an, as
repiesented by the wet bulb observations in India, are discussed,

at some length, and Colonel Sykes recommends caution in gene-
ralizations from a limited number of local observations lor tlio

determination of the dew point He then gives a most valuablo

compaiativc summary of the amount of rainfall m various lati-

tudes, and at dillercnt heights above the sea
, showing that, on tho

ghats, the elevation of gieatest fall is 4,500 feet above the sea ;

and that there ib an extraordinary difference between points on tlxo

western rim of the ghats and others a few miles further east A.1>

Mahabaleshwur the fall in 1849 was 338 inches, and at Pauclx-

gunny, only 11 miles to the eastward, 88 inches The phenomena
of wind, fogs, and electricity are also discussed Colonel Sykes*a

paper is accompanied by tables showing the mean oscillations of tlxo

barometer at Calcutta, Bombay, and Madras, and the mean horary-
oscillations at Calcutta from 1845 to 1848, and at Bombay arxcl

Madras from 1843 to 1845

Of late years the increased attention that has been paid to sanitary-
measures, to the causes of periodical famines, and to the phenomena,
of cyclones, has led to a more systematic study of the laws affecting
the changes in the atmosphere over India It has been seen how

i
4,500 feet

(13441 )
T
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zealously the study of the law of storms was pursued,
1 on the

publication
of Colonel Reids work by Piddington at Calcutta,

Biden at Madras, and Buist and Thorn in the Bombay Presidency
At about the same time the G-overnment of India gave some atten-

tion to the more complete registration of meteorological data, with

reference to the prospects of the harvests On the 21st of January
1846 the collectors were ordered to submit reports, and m 1847

they were supplied with thermometers and rain gauges For three

years these statistics were given in the Annual Revenue Reports,
but in 1852 the instruments were made over to the medical officers

at the several stations, who were charged with the duty of keeping
registers of the rainfall and temperature It appears, howevei,
that these records were not satisfactorily kept The hours of obser-

vation were nominally at sunrise, 10 am, 4 pm, sunset, and

10pm
In 1863 Mr Glaisher prepared a report upon the meteorology of

Tndia from all the data that were then accessible His most reliable

sources of information were the observatories at Madras and Bom-
bay, but he also availed himself of a great mass of observations
taken at other stations He found those for humidity of the air to

be far too few, as well as those for solar evaporation Mr Glaisher
discussed his materials with a view of rendering the results appli-
cable for the purposes of the Army Sanitary Commission, and
especially endeavoured to indicate, at different seasons of the year,
the height at which the English climate is most nearly approached
The most valuable and reliable section of his report is that on the
fall of rain in India All the materials that could then be collected
were examined and utilized by Mr Glaisher, but they were far
from satisfactoiy, and he expressed a hope that future meteorologi-
cal observations in India might be carried out under some general
system, and on a uniform plan, both with respect to instruments,
their position, and general instructions 2

Admiral FitzRoy's introduction of the system of warnings and
forecasts in England gave a fresh impetus to similar investigations
in the east The Admiral's "weather book "

was published in 1863,

1 See p 36
2

'Report upon the Meteorology of India in relation to the health of the tioops
"

by James Glaisher, FES In the "Report of the Royal Commission on the Sanitary
State of tne Army in India '

I , pp 781-943 (London, 1863
)
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and m March 1865 a Meteorological Committee was appointed at

Calcutta, to consider tlie best means of establishing a system of

observations for the protection of that port The Committee

recommended the appointment of observers, generally assistants in

the Electric Telegraph Department* to be stationed at a, series of

points round the coast of the Bay of Bengal,, and in some othei

directions, which should be in telegraphic communication with

Calcutta They were supplied with instruments for observing the

barometric pressure, humidity of the air and rainfall, and were to

observe at 9 30 am and 4pm Their observations wore to be

transmitted daily by telegraph, and to be received at the meteoro-

logical observatory attached to the Surveyor General
5

s Office at

Calcutta, whence, if necessary, they were to be communicated to the

master attendant The Committee also recommended that the

thermometrical observations should be restricted to six first class

stations , namely, Patna, Monghn, Hazaribagh, Berhampur,

Shillong, and Goalpara
l Sheds of uniform pattern were ordered

to be erected for dry and wet bulb, and maximum and minimum
thermometers The second-class stations were to be those under the

Medical Department, whore the rainfall only was registered

These measures were followed by the appointment of Meteoro

logical Ecporters to the Governments of the Punjab, the North-West

Provinces, and Bengal Di A Neil was appointed for the Punjab
in 1866 The records fiom the various stations,

2

comprising regis

trations of atmospheric pressure, humidity, temperature, lamMl,
and force and direction of the wind, wcie foiwardccl to him

monthly besides daily registers of rainfall at S2 stations, from the

Revenue Returns , and he prepaicd an annual condensed report

on the general baiometric phenomena, with barometric and wmd
charts

3

Dr Murray Thomson, the meteorological reporter for the North-

West Provinces, assumed charge in February 1865 In the first

1
Jessor, G-aya, Cachar, and Debmghur have since been added

2 The stations weio Lahoie, Multan, bhahpui, Dera Ismael Khan, Peshawar, Kawal

Pindi, bealkot, Srmagar, Bahawulpui, Leh? Dalhousio, Rungi, Ludiana, and HOB

hiarpur
* Sec "Annual Reports of the Meteorological Observations registered in the Punjab/

by Dr A Neil 1867, 1868, 1869

Dr Neil also supplied a summary of the weather in the Punjab for 1868, which IB

printed m the 5th Repoit of the banitary Commissionei with the Government of

India (1868), p 13

T 2
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yeai lie received letuins every month from 23 stations, of wlncli

three were in the Himalaya above 5,000 feet, and the rest on the

plains at elevations fiom 1,800 feet at Ajmir to 250 at Benares

Six of these had complete sets of instruments , namely,

Eurki,

Nairn Tal,

Agra,

A]irui,

Jhansi,

Benares

The officers in charge are generally the civil surgeons of the

stations, and the barometers are read at all the extreme periods of

the daily oscillations Two volunteers also supplied valuable meteo-

lological data, namely, Di Bow from Chunai, and Mr Hennessey,
of the Great Trigonometrical Survey, from Masaun, and afteiwaids

from Dehra The second class stations, where observations aro

taken at 6 and 10 a in and 4 and 9pm, are the civil and militaiy

hospitals Di Murray Thomson, in the first year, clehveied

lectures on meteorological instruments and then use, at the Agra
Medical School His Eepoit foi 1866 contains a geneial retrospect
of the weather, and monthly tables of the barometric leadings at

10 a m and 4* p m of the clew point , elastic force of vapour , re-

lative humidity , the thermometei exposed and in shade, and six:

inches "below the surface of the ground , the rainfall and winds l In

1868 the number of stations was 14, namely, Chakrata, Dehra,

Rurki, Nairn Tal, Mirut, Bareilly, Euttehgur, Agra, Lucknow,

Ajmir, G-oiuckpm, Allahabad, Benares, and Jhansi Each yeai,
from the materials submitted to him, Dr Murray Thomson drew

up an annual repoxt, giving a retrospect of the weather, remarks on

the climate, and tables of means 2

In the Central Provinces sets of instruments were distributed to

nine stations , namely,

Ndgpui,

Jabalpui,

Raepui,

Seoni,

S&gar,

Hoshangabad,

Chanda,

Pachman,

Sambalpui
The first four date from 1868, and the other five were added m

1870 They are under the superintendence of the civil surgeons
The rainfall is also carefully registered by the canal officers, and

1
"Report on Meteorological Obseivations in the N W Provinces," by Di Muriay

Thomson, 1866 It is published as Appendix C to the third "Annual Sanitary Beport
for Bengal

"
(Calcutta, 1867 )

2
"Report on the Meteorological Obseivations m the North West Provinces for

1868,
'

by Di Murray Thomson, Reporter on Meteorology Printed in the " helec
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a great deal of information on that branch, of the subject will bo

iound in the various irrigation reports

On the 1st of Apul 1867 the office of Meteoiologic-il Reporter to

the Government of Bengal was established, to cairy on the system

of storm warnings for the protection of the port of Calcutta, and to

perfoim duties smnlai to those of the Meteoiological Eepoilors -who

had already been appointed for the Punjab and the Noith-West

Provinces He was also to examine existing records, and undertake

their supervision, and conversion into a foim in which they might

prove useful The leportei's work was thus divided into two

branches , the collection of data, and its utilization

The appointment was accepted by Mr H P Blanlord, who had

already done good service in the geological survey in 1857-62, on

the Nilgiri hills,
1
among the crystalline limestones of Ooimbator and

the sandstones of Trivicary, as well as with his brother m Oattack in

1856 The office work consists of sending daily reports to the news-

papers, weekly to the " Calcutta Gazette/' monthly abstracts and

lamfall reports from the different stations to the Board of Revenue,

and of preparing storm warnings and special icports In 1868 the

first and second-class stations weie equipped, and in 1869 they were

m good working order, while some additional stations were esta

blished The elements lecorded at the first class stations were the

atmospheric pressure, mean and extreme temperatures of the air,

solar and terrestrial radiation, humidity, rainfall, wind and propor-

tion of clouds , and the hours for observation aio 4 a m , 10 a m ,

4pm, and 10 p m 2 The stations wcie at Akyab on the Aiakau

coast, Palse Point Lighthouse neai the mouth of the Mahanadi,

Cattack, Sagar Island at the mouth of the Ilugli, Chittagong, Gal

cutta, Jessor, Dacca, Darjlling, Silchar, Slullong on the northern

slope of the Khasia hills, Goalpara, Berhampur, Monghir, Kazan*

bagh, Gaya, and Patna Mr Blanfoid also received reports trom

tions from the Becoids of the Government of the N W Piovmces Second SOIIOB,

vol m ,
No 1, (1870)

Di Muiray Thomson supplied a summary of this report to the bamtaiy Commas

feionei, and it is punted m the 5th Bopoit, p 13

Ihe feamtaiy Commissionei m the Central Pi ovinces has also taken steps to establish

a numbei o meteorological st xtions, on the same plan as those in the North West
1 bee page 227 (note )

2 Most of the stations are m charge of electric teiegtaph assibtants, and the instru

ments supplied to each station are two mercunal barometers, dry and ^et bulb and

maximum and minimum thcimometers a, glass irnmmmn ladiatmg tlionuometei, a

Robinson & anemometei, rain gauge, wi<l wind vine



294 ME BLAOTOKD'S EEPOETS

Benares, Rurki, Madras, and Port Blair , from Mr Nnrsingrow's
observatory at Vizagapatam, where the register is uniform with those
of the Bengal stations

, from the manager of the Tea Company's
garden in Upper Assam , and of the rainfall fiom the chmchona
plantations in Siklmn, and on the Khasia hills Mr Blanford
also set on foot a system of meteorological registration in the
Indian seas, on a small scale, and registers are now kept on hoard
six of the British India Steam Navigation Company's vessels

The barometers have been compared with the Calcutta standard
The third class stations, of which there were 36, only record the
rainfall

In his annual reports, Mr Blanford digested the information he
received from the numerous stations, and showed the results in a
series of tables These include the monthly means of atmospheric
pressure,

1 the monthly mean pressure at all the stations reduced to the
sea level, the maximum, minimum, and mean monthly temperatures,
humidity, serenity, comparison of serenity, solar radiation and mean
temperature in hot weather months, rainfall, comparison of rainfall
with averages, summary of observed winds, and monthly wind
resultants There is also a sketch of the normal character of the
monsoons, with notices of the storms on May 1st and 13th, June 5th
and 10th, and October 7th and 8th of 1869 2 Mr Blanford sup-
plies memoranda on the chief characteristics of the meteorology of:

each year to the Sanitary Commissioner 8 " The accumulation oJt
"

trustworthy and systematic observations," Mr Blanford reports," which far exceed anything previously available for Bengal, has
cc admitted of a more scientific discussion than had previously been
"

practicable , and a beginning has been made to educe from the
"

tabulated and reduced results some general conclusions
"

The Sanitary Commissioners in the thiee Presidencies have greatly
promoted meteorological science, in the well founded expectation
that systematic observations over wide areas would enable them to

1 He communicated a paper on Ibarometnc irregularities to the "Journal of the
Asiatic Society of Bengal, 1870," pt 11

, No 2
2 See also the "Report on the Calcutta cyclone of October 5th, 1864," by Colonel

Gastrell and Mr H F Blanford, noticed at page 38
3 Mi Blanford has submitted annual reports, "Reports of the Meteorological

Observer to the Government of Bengal,
*
since 1867, and Administration Reports

See also the " 5th Report of the Sanitary Commissionei with the Government of
India (1868),

'

p 13
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form conclusions as to the effects of climate on the diseases of the

country In 1865 the Madras Sanitary Commissioner,, Mr Ellis,

prepared and submitted a scheme for recording meteorological

observations at each of the chief, civil, and military stations, which

received the sanction of the Supreme Goveinment * The stations

are under the superintendence of the senior medical officer, and

the copies of the registers are forwarded half monthly to Mr Pogson,
the astronomer at Madras, for reduction, who prepaies the annual

reports The Sikandrabad register dates from July 1863, that of

Trichindpalli from July 1866 The establishment of the 14 other

meteorological stations was sanctioned in 1867, and 12 had com-

menced work in April 1870

1 Salem (1st December 1867)
2 Bangalor (1st January 1868)
3 BalMri (1st February 1868)
4 Ooimbator (1st February 1868)
5 Maduia (6th February 1868)
6 Cochin (16th March 1868)
7 Karniil (16th April 1868)
8 Trichmapalli (1st July 1868)
9 Negapatam (16th July 1868)

10 Masuhpatam (17th August 1868)
11 Sikandrabad (1st July 1869)
12 Jakatala (17th. Apnl 1870)

The stations aie equipped with complete sets of meteorological

instruments, and the observations -uo recoided by paid observers

who have been trained in the Madras Observatory The backward

state of the meteorological publications of Madras arose entirely

from the circumstance of the astronomer having no European
assistant , but a remedy was provided in 1871, and the arrears will

now be duly worked up The registers of rainfall at 216 stations

are kept by the Shenstadars and forwarded to the Astronomer

They arc now placed on a better footing, and more accurate

gauges have been supplied There is also an excellent private

observatory at Vizagapatam belonging to Mr G V Jaggaran, which

is superintended by Mr A V Eursmgrow The monthly results

are published annually, and Mr Blanford speaks highly of them

The meteorological registers at the Bombay Observatory have

always been regularly kept, and yearly abstracts by Mr Chambers,

who has been the Superintendent since 1856, are published with the
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Reports of the Municipal Commissioner 1
These abstracts give the

pressuie of the air, temperature, dew point, humidity, rainfall, and
oice of the land and sea winds for each month Half yearly Meteo

rological Reports, hy Mr Chambers, are also regularly transmitted
to the Astronomer Eoyal But the observations taken at the five
other stations in the Bombay Presidency were sent to the India
Office, where no use was made of them, and several sets were lost
The machinery is, however, available for making important

scientific deductions from observations taken at points scattered
over the greater part of India, all ofwhich are in regular commum
cation with central stations Mr Blanford has pointed out that the
distribution of relative pressures is an important object of inquire
because the local charactei of the southwest and probably of the
north-west monsoon is greatly affected by its variations in diffeient
years There are other points which lequire a ^eiy wide field of
observations f01 their elucidation

, and thus Bengal, 01 any one
local piovmce, cannot usefully be treated independently of the
other parts of India It is thus necessary to include the data of
a wide area, and, indeed, of the whole Indun Empire, in one
general Meteorological Repoit "The business of a metooio

logical department," says Mr Blanfoid, is to discuss as
well as to record facts, to compare and correlate them under

^
the guidance of accepted physical laws, and to endeavour to
trace out the causes which operate in producing the normal
features of our seasons, as well as those of then-

irregularities, the
important influence of which on the welfare of the countrv has
of late years, been too painfully obvious In oider to do this'however with any degree of completeness, a uniform system^ 6X

llmits

foST'?
F
?Q

es

yatson,the *epoiter on theProductsof India
to the

Secretary
of State, prepared an elaborate pap61 on the con-

ditions under which the wet and dry bulb thermometer should be

o 9n Bombay, 1866 App 4,

;stJr
of B "b"7-

>
b' c"*-*^* F^i

Statasfacs of the jamfall will be found m the "Bombay Times '

Duectones
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employed, to give accurate results as an hygrometei This paper

represents a vast amount of laborious work and careful thought, and
the tables of obseivations that accompany it tend to show that the

results hitherto obtained by the use of tho wet and diy bulbs aie

neaily worthless Aftei giving the evidence on which his conclusions

are founded, Di IToibes "Watson proceeds to suggest the steps that

should be taken to asceilam the conditions undei which it may be

possible to obtain reliable lesults from the use of the wet and dry
bulb thermometei Mi Buchan, the Secretary of the Scotch

Meteorological Society, has expiesscd his sense of the gieat value ot

Dr "Watson's paper, and of the admirable manner in which the

different points have been investigated and discussed , and he has

pointed out the importance of the discussion to the practical working
out of the pioblem of Indian meteorology Dr "Watson's paper

ought to bo in the hands of all observers in India But it lias not

yet been punted

During 1873 the svstem of meteorological registration which had
been established by Mr Blanfoid was carried on, and lie recorded

the monthly abstracts of results fiom the North-West and Oential

Provinces, but not from other parts of India Such obstacles to

work were always to be expected so long as there was an indepen-
dent system of registration in each province This absence of

central control was noticed and deplored, not only in India and in

England, but in other countries , and it was especially the subject
of remark in the "

Zeitschrift
"

of the Meteorological Society of

Vienna In the North-West Piovmces theie weie 14 meteorological
stations, undei the duection of Dr Muriay Thomson, who prepared
the annual lepoit , and twelve in the Punjab

It is impossible to exaggerate the importance of placing Indian

meteorology on an efficient footing, when it is considered how
absolutely the crops and with them the very existence of the

people depend upon the iegulanty or otherwise of the winds and

rams, and on an intelligent comprehension, based on long senes

of observations taken ovei a vast area, of the laws which govern
them
The most valuable meteorological woik during 1873 was

Mr Blaiiford's paper on the winds of Noithern India m rela-

tion to tho temperature and vapour constituent of the atmo-

sphere Its object is to doscube the normal wind curients of

Northern India and the 11 annual variation, and to trace out then
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origin and causes so far as these can be discovered in the local
physical changes of the atmosphere Mr Blanford describes the
winds of the principal geographical regions of North India m
detail, commencing with the Punjab In this part of the area
under discussion the currents from the westward predominate as a
rule throughout the year In the most northern part of the Puniab
westerly winds prevail in the cold and hot dry months, easterly m
the rainy months In the central districts northerly winds pre-
dominate over southerly, having in the cold months a westerly
tendency, but drawing round to the north east as the hot weather
comes on, while as the rainy season sets in the winds tend to east
and south east, returning to west after the ram ceases in Septembei
In the southern part of the Punjab and Smd

easterly winds never
prevail, and southerly, south westerly, and north westerly winds
predominate the two formei in the rainy months, the last in the
cold and hot dry season In the coldest months the winds veer
towaids the north The Gangetic plain, sloping from an elevation
above the sea of 900 feet eastward to 150, is skirted on its northern
edge by the chain of the Himalaya, which determines in a great
measure the direction of its pievailing winds Those fiom the
north west and south east much exceed those from other quarters
The change from the westeily to the easterly direction accompanies
the change from the hot and dry season to the rains, and from
easterly to westerly that from the rams to the cold season Tho
plateau of Eajputana is somewhat elevated above the Gangetic
plain, varying from 800 to 1,800 feet above the sea level Winds
from west and south west greatly exceed those from other quaiters
in the southern districts, commencing as early as February and
continuing till November, when they aie replaced by northerly and
north easterly winds There is a similarity to the winds of the
southern Punjab The Central India region is considerably broken
up into valley and mountain, so that the winds are more influenced
by merely local conditions than in the moie northern areas
Westerly winds on the whole prevail Central India participatesm the characteristics both of the plains of Northern India and of
the Peninsula, which last is under the influence of the true south
west and north-east monsoons In the Gangetic delta the winter
monsoon becomes well established in November, blowing from the
north As the season advances the wind draws round towards the
west, and eventually backs by south-west to south and south-east
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m winch direction it blows during the rainy season and till Sep
tember In October the winds are chiefly easteily, but unsteady
and inclined to be stormy The local configuration of the Assam

valley, forming an open passage for the monsoons to pass to and

from the region north of the Himalaya, affects its winds On the

whole the characteristic of Assam is the prevalence of easterly

winds, which is here as conspicuous as that of the westerly winds

over the Gangetic plain and Punjab
It will be seen that the winds of Northern India are very different

from those of the adjacent seas Instead of two monsoons from the

noith east and south west alternately prevailing during about equal

periods of the year, there are three distinct seasons in which special

winds prevail, the directions of which mainly depend on the relative

positions and directions of the mountain ranges and plains During
the cold weather months, November to January, light westerly and

northerly winds blow from the plains of Upper India down the

valleys of the Granges and Indus, and across the table-land of

Oential India, and join into the north-east monsoon of the Punjab
The easterly winds of the Assam valley add to this current In

April and May, as the hot weather comes on, the winds of Northern

India become more westerly and powerful, and take the form of the

hot winds, blowing till sunset, a;nd then being followed by calms

At the same time southerly winds are commencing on the coast, and
are felt from Sind across to Bengal, but only at intervals and feebly,

except near the sea In June the south west monsoon, being
established in the equatorial ocean, sets in round both coasts of

the peninsula, penetrates up the valleys of the Indus, Narbada, and

Tapti, carrying a west or south west current ovei Central India, and

from the Bay of Bengal pouring up the funnel shaped openings

occupied by the Ganges delta, whence, turning westward, it passes

up the Gangetic valley towards the Punjab, which seems to be the

limit of the south-easterly winds This is the period of the rainy
season in Northern India In October, as the south oast monsoon

ceases, the southerly current is recuived towards the heated region

along the Coromandel coast, and blowing as a south-east wind,
causes the autumn rains, which some writers have erroneously
attributed to the north east monsoon

The seasons of Northern India present three distinct phases the

cold season, from the end of the rams in September to March
, the

hot season, characterised by a dry atmosphere and great diurnal
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range of temperature , and the rainy season, in which the tempeia-
ture is moderately high and equable, and the air humid At the
close of the lains, in the end of September, the temperature of
Northern

India^
from the Punjab to the sea, is nearly uniform, at

about 81 01 82 But evaporation and radiation to a cloudless sky
soon reduce the temperature of the interior below that of tho
maritime regions, and in January the Punjab is about 11 colder
than Bengal, the plains of the Noith-West Provinces being about
midway in temperatuie between the two In March the advance
of temperature in Central India has brought out two thermal foci,
one on the west in Rajputana, and the other on the east m tho
hilly tracts of Western Bengal In Apiil the Central Indian
thermal focus is well developed In May the theimal focus has
gone further to the north-west, and lies in the northern part of tho
Eajputana plateau In June it has reached the Punjab, the tempe-
rature theie using to 95 and more, while that of the south of India
begins to fall, consequent on the rains In Julj the Punjab langes
above 90, while the gieater part of Central India is below 85
After July the temperatuie again falls, so that by the end of
September it is nearly equalised all over Noithern India
Thus in the cold weather there are two foci of minimum tempera-

tuie, one in the Punjab, and the other in Assam, and the isotherms
nearly conform to the parallels of latitude In the hot months a
focus of heat is formed in Central India, round which the isotherms
are bent, the temperature on the coasts and in the northern plains
being considerably lower than that in the interior Finally during-the rainy season the seat of highest temperature is in the Pumabthe coolest regions then being those of the maximum rainfall!
consisting of two tracts extending from the coasts of Bombay and
Bengal along the course of the monsoon currents
The available data for

discussing the atmospheric pressure are
imperfect, but subject to this explanation, the mean pressurereduced to sea level, in October, is nearly uniform over Bengal m'

the foUo

w f
e Whole area> tat most ^ theNorth-West Provinces and Western Bengal, and in December an axis

LTwTV 1*6 ^ ^ " lme d Wn fr m Oattack *> the

SftTf* TC6S m " northwest and southeast directionThe distribution of pressure remains much the same until February"In March a rapid fall takes place in Northern India, but theTne
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of highei piessuie still lemams, extending now from north western

India acioss to the coast of Arabia, round the delta of the Ganges
In Apnl, with a continued rapid fall, a tiough of low pressure

becomes appaient, which extends fiom the head of the delta of the

Ganges into Central India In May this area of low pressure

occupies aline from Western Bengal to Nagpur, and in June the con

ditions are geneially similar, but with much reduced pressure in tbe

Punjab, in the north west of which piovmce the absolute minimum

is probably to be found In July the minimum of pressure is

reached without impoitant relative change In August a rise

begins, gicater over Northern India, which continues during Sep-

tember and Octobei, when the uniformity of piessure is once more

approximately restored The distribution of pressure follows

within ceitain limits, that of tempeiature in an inverse latio of

intensity Mi Blanford's conclusion is that these changes of

pressure aie influenced by the pioportion of aqueous vapour in the

air by cariying heat from the lower to the upper strata, and by

arresting solai and terrestrial xadiation, thus equalising the tem-

perature of the air column In general terms he concludes that

the changes of tempeiature are the principal causes of the variations

of pressure
There is evidence that anti-monsoon cuiients blow in the upper

stiata of the atmosphere, at the various seasons of the year, and at

varying elevations, causing corresponding modifications in the

general temperature ,
and Mi Blanfoid is inclined to attribute

the rams of the cold season to the descent of the anti monsoon

current fiom the south This valuable paper indicates the direc-

tion which future investigations must take, and the practical

importance of the conclusions to which they will lead The baro-

metric pressure has a direct influence on the winds, and the winds

on the rainfall, and when these elements are thoroughly understood,

it is piobable that the noimal or abnormal character of a year's

meteorology may be known as early as April
*

Mr Blanford's Meteorological Report for the year 1873 was the

seventh that had been submitted since the Department was estab-

lished in 1867 It was the first which had to tieat of a year of

i Set also Ibe winds of Northern India m relation to the tempeiatme and vapour

constituent of the atmosphere,' bv Henry Blanfoid, FGS (Pwceed*ngs of Me

Royal Society No 150 1874) iThe more complete papei is published in the

Philosophical .transactions," vol 164, pt 2 No xvn
, p 563
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disastrous drought and serious failure of crops, leadm* to a
threatened famine in the Lower Provinces

India is pre-eminently a country m which the systematic study
of meteorology promises to he attended with the greatest and most
speedy results The peculiarities which have already heen observed,
justify the expectation that, when a more complete knowledge has
heen obtained, a forecast may be made of the seasons, so that
their probable character may be known for some monthsm advance
The most important question is that of the causes which determine
the distribution of rainfall and its irregularities, and Mr Blanford
says, m his Eeport for 1873, that it is within the power of science

to solve this problem, I see no reason to doubt "

That any progiess had ab-eady been made was, however, still due
to the voluntary association of the meteorological officers of Bengal
the North-West and Central Provinces, and Berar, with a view to the
free interchange of lesults, and their unification But the Puniab
register were untrustworthy and not comparable, and nothing was
then received from Bombay, Madras, or Burma It was theaonly
possible to frame a conception of the general distribution of pres-
sure and temperature over about half India and its seas It was
not, however, possible to gam a

satisfactory understanding of tho
meteorology of any part of India, and therefore to derive from tho
meteorological system the really valuable information which a sound
methodical system is capable of affording, until the whole of Indiaand Burma was brought into one **, so that tho records of all

ISSX^Z?*
foi^J;

873 *TT 18 first"class statlons m Ben^ a* vhooh the
following meteorological elements were observed -Atmosphenc
pressure, temperature of the air, extreme temperatures, temperaCof solar evaporation, temperature of grass, nocturna

' > of
, and mean diurnal movement of wind
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velocity of the wind, wore much needed, to obtain a knowledge of

the real movements of the an The first has lately been set np over

the Calcutta Meteorological Office The whole cost of the Bengal

Meteorological Department was 1,986Z

The chief meteorological characteristics of 1873 were excessively

high temperature, especially in Oudh and the North West Provinces,

unusually low pressure in the same region, abnormally high pressuie

in East Bengal, gieat unsteadiness in the winds, and a general defi-

ciency of moisture in the atmosphere The monsoon current was,

as a whole, either unusually weak or unusually dry, but that portion

fiom the Bay of Bengal failed to a greater oxtent than that from

the Aiabian Sea The deficiency in Lower Bengal was as much as

40 per cent The dryness was probably duo to a persistent baro-

metric pressure in the south east part of the Bay of Bengal, and to

the irregular depression m the upper part of the Gangetio Valley,

together with the high pressure in East Bengal Other causes were,

no doubt, in operation, of which we are ignoiant

These persistent barometric irregularities exercise a very important
influence on the winds Mr Blanlord divides the fluctuations ot

atmospheric pressure under five heads, two regular and periodical,

and three irregular The first is the semi diurnal tides of pressure

The second is the great annual variation which, in the plains, has

one maximum in December and one minimum in June or July, the

amount of rise or fall varying according to the locality The third

is the local and temporary variations of shoit duration, such as

accompany local storms The fourth is general and temporary fluc-

tuations affecting a large area simultaneously, as a rule, the more
intense the higher the latitude The fifth is the local and persistent

variations, which are the most important in relation to irregularities

in the monsoon lainfall

What has been brought to light by Mr Blanford's systematic
observations is that the abnormal features of each monsoon are

almost as $emstent as its normal characteristics The persistent

irregularities in the relative distribution oi pressure first became

apparent in comparing the distribution of atmospheric pressure of

the two rainy seasons of 1868 and 1869, and attention was drawn to

the subject in 1870 * In 1868 there was unduly low pressure at

Sagar and False Point, in, the north-east corner of the Bay of

" Journal of the Asiatic Society of Bengal*" vol xxxix , p 123
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Bengal, affecting the winds and obstructing their passage up coun-

tiy, while causing unusually heavy fall of ram m the south-west

cornei of the Gangetic delta, with drought in the region to the

north west Each subsequent year has confirmed the general truth

of the law by which abnormal meteorological conditions have a

tendency to be peisistent in India If, therefore, the connexion of

these luegulanties with those of the rainfall can be once clearly

ascertained, it may be possible, even at an early period of the

season, in April, to obtain a clue to its probable peculiarities

During the yeai 1873 the distribution of atmospheric pressuie
differed more widely rom that of average yeais than was the case

in 1868 The effect was to weaken the current of wind which
blows fiom the Bay of Bengal, and therefore to affect prejudicially
the rainfall of the Lower Provinces

The winds of the monsoon blow fiom the Arabian Sea and the

Bay of Bengal towaids a line south of the Granges, where a baro-

metric depression begins in April, and is well established by the
time the rams set in in June The pressure cleci eases along this

line from east to west, where the trough, as it may be termed,

merges into the great baromctnc depression of the Desert and the

Punjab To the south of this trough of barometric depiession the
winds fiom the Arabian Sea blow across the Cential Provinces from
the westward To the noith of it, those from the Bay of Bengal,
turning with the Gangetic valley, blow in the opposite direction,
their line of meeting being along the trough

In 1873 this tiough did not exist The pressure declined thence
to the north, so that the place of lowest barometer lay far to the

northwest, in Oudh and Rohilkhand, immediately under the

Himalayas Differences of barometric pressure aie the causes
of winds A cuirent of an coming liom the Bay of Bengal could

only reach this baiometric dcpiossion along its northern margin,
and heie there is a great physical obstmctioii m the shape of the

Himalaya mountains

Any weakening of the monsoon, current implies a deficiency of

ram, for all the vapour that is condensed as ram on the uplands
and hills of India is brought by this current from the ocean The
persistent baiometric depression in Oudh, instead of that which
usually appears in summer and autumn as the trough to the south
of the Ganges, seems to be intimately connected with the failure of
rainfall in Bengal But whether these ascertained conditions were
the principal agents operating to cause the drought of 1873 cannot
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be known without some knowledge of the state of things pre-

vailing in the Punjab, Bombay, and Madras This Mr Blanford

points out is but one of a vast number of most important inquiries

which present themselves for solution at the hands of the Indian

meteorologist

An important paper on "The Meteorology of the Bombay Presi-

dency
" has been completed during the year 1876 by Mi Charles

Chambers, FBS, Superintendent of the Colaba Observatory

The work consists of four partsthe first dealing with registra-

tions of meteorological phenomena at the Colaba Observatory

during a period of twenty-seven years, the second with mode-

rately full observations at five military stations in the Bombay

Presidency during a period of nineteen years, and the third

with large numbers of observations from civil hospitals and

revenue stations, being those of selected registers extending ovei

various periods from not less than a fortnight up to a number of

years , in this part the phenomena treated aro temperature of the

air, winds, and rainfall only, and the extent of territory to which

the observations refer includes the whole of the Presidency, Bind,

and the western half o1 Rajputana In the fourth part aro dis

cussed the geneial distubution (as regaids both space and season)

of temperature and rainfall, and the variations of the wind , first

with respect simply to the physical geography of the country, and

then in combination with certain theoretical views, the elucidation

of which, by moans of the dynamieal theory of heat and the kinetic

theory of gases, occupies much space

Nearly half the momou is devoted to the work oi the Colaba

Observatory, of the history oi whieh a &hoit sketch is given The

design oi this part is to give a compendious aceount of the results

of a long and continuous maintenance of the observatory, both in

the shape of numerical determinations of meteorological elements

and of
t
their periodical and other variations, and in throwing light

by means of these upon the physical conditions and actions whieh

give rise to the observed relations between diilerent phenomena, and

to the variation of these relations with time

In the course of the work the author introduces several new

modes of picturing clearly to the mind, and of representing graphi-

cally, the general results of the various phenomena observed , he

also develops a theory of aerial circulation, including a dynamical

theory of convection currents, which is original , and, feo far as he

(13441 ) U
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knxms, is put forth now for the first time The publication of

Mr Chambers' valuable Bepoit has been sanctioned by the Secretary

of State for India l

A useful new serial publication has been issued by Mr Blanfoid,

under the name of "Indian Meteorological Memoirs/' being occa-

sional discussions and compilations of meteorological data relating

to India and the neighbouring countries It is not intended to

issue the parts at fixed dates, but papeis accepted for publication

will be punted and issued as expeditiously as circumstances will

admit of The work is designed as a vehicle foi publication of such

portions of the work of the meteorological officus as do not foim

part of the regular Annual Report on the Meteoiology of India

Thus descriptions of local climates, of important and unuBual phe

nomena, and of investigations in meteorological physics, will more

fitly find place in the present serial Pait I of the first volume

contains thiee papeis vw , (1) on the winds of Calcutta, (2) on the

meteorology and climate of Taikand and Kashgar, being chiefly a

discussion of registers kept by Dr Scully duuug his deputation

with the Mission m 1874-75 , and (3) on the diurnal variation of the

barometei at Simla

In 1875 Mi Lowis Jackson published some useful Indian

meteorological statistics f01 the use of engineers, m his
"
Hydraulic

Manual " 2 He gives the average rainfall of 72 stations in India,

according to the seasons ,
notes on long continuous lamfaUs and

special rainfall data , comparative humidities for 27 places , averages

of monthly mean pressures for 28 places, average monthly tempera-

tures, average wind resultants of 24 stations , and some general

remarks on the meteorology of India

The phenomena connected with periods of drought in India have

necessarily received close attention, and Di Iluntei ^ has devoted

much time to an investigation of the possible connexion of years
of minimum and maximum sun spots with the amount of rainfall

"When at Madras, in 1876, he collected the facts from the metooro-

1 An abstract of Mr Chambers's Report was published in the "
Proceedings of the

Royal Society,
' vol xxv,No 178 1877

2 "
Hydraulic Manual Part I , consisting o working tables and explanatory text,

intended as a guide in hydraulic calculations, and field operations and Indian Meteoro

logical Statistics for the use of engiaeers/ by Lowis D A Jackson, A I C L (Allen,

1875)
8 The Cycle of drought and famine in Southern India," b} W W Hunter, IX D ,

Director General of Statistics to the Government of India Feb
, 1877
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logical registers and amved at certain provisional conclusions,

winch he afterwards put forward in a paper read before the

Royal Society During his comparison of the rainfall at Madras

with the sun spots, he came upon indications of a periodicity in

the rainfall, apparently connected, although not in a uniform

manner3 with the solar cycles The annual rainfall of Madras

appears to he subject to regular cyclical variation in periods of about

eleven years It would be a discovery of great importance that

seasons of famine in Southern India also tend to recur at epochs of

eleven years, and at the epochs of sun spot minimum It is to this

conclusion that Dr Hunter's investigations seem to tend But

Mr Blanfoid * has pointed out that a similar lule certainly does not

hold good in Northern India The meagre data now available seem

to show that if famines are more frequent in Southern India, at the

epochs of minimum sun spots, they are more frequent in Northern

India at those of maximum sun-spots Existing data are insufficient

to admit of any reliable generalization, but the discussion of the

question will be useful in drawing attention to a practically impor-
tant branch of meteorological inquiry

The appointment of Mr Henry E Blanford as Meteorological

Eeporter to the Government of India in 1875 is a most important

step in advance 2 His first Report in this capacity was for the year

1875 He brought together, for the first time, the meteorological

data of the whole of India and its dependencies, and the survey
showed that theie was much to be done in order to secure general

efficiency Most of the instruments in use (excepting the baro-

meters) were still unverified, large tracts of country wore imper-

fectly represented, and corrections had yet to be determined for the

elimination of differences which depend on the diurnal variation of

the elements discussed But a beginning has been made to remedy
defects The efforts of all are steadily directed to unify and

systematize the work, so that there will be steady progress in

securing improvement in the quality as well as the completeness
of the record

i " Report on the variation of rainfall in tropical India, with the cycle of sun spot

frequency," by H 1 Blanfoxd May, 1877

2 The Meteoiological Department was officially established by the oidex of tin.

Government of India in the Department of Hevenue, Agriculture, and Commerce,

(No 56) of the 27th of September 18^5

U 2
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InBengal andAssam there are one first class, eight second class, and

eight third class stations During 1875 the meteorology was nndei

the charge of Mr "W Gr Willson, whose sudden death in February

1876 was a most serious loss He made admirable reports on the

cyclones which occurred on the coast during the two years that he

was in charge Mr Willson has been succeeded as Bengal Meteo-

rological Keporter by Mr Elliott, who made a valuable and exhaus-

tive report on the destructive Vizagapatam and Bakarganj cyclones

of October 1876 x

In the North West Provinces there is one first-class station at

Allahabad, two second-class and six. third class, besides a private

station at Dehra Mr Elliott had charge of the meteorology during

the year 1875 Lucknow has an excellent observer, with, good

instruments, in Di Bonavia ,
but in the Punjab the supply ofinstru-

ments was somewhat unsatisfactory Deficiencies have, however,

been supplied, and the icsults will appear in future reports There

is one first class station at Lahore, and 10 third class, besides inde-

pendent stations at Bhawalpilr, Simla, and Leb. In Berar Dr

Abbott, the Sanitary Commissioner, has brought the registers up
to the standaid, and has greatly improved the observatories Dr

Townshend, in the Central Provinces, has had the elevations of tb.e

barometers carefully verified, and has compared the instruments

with the Calcutta standards There are four third-class stations

in Berar In the Central Provinces there are three second-class

and eight third class stations In Bombay Mr Chambers has veri-

fied all the instruments at the four observatories of Poona, Belgauia,

Karachi, and Pisa, and has obtained the levels of the barometers

Besides the above four second class stations, there are nine third-

class and two independent observatories at Bombay and Groa The
Madras registers have been carefully kept and reduced under a

system devised by Mi Pogson, which has been in operation for

some years, but the registers ol the previous years are still unpub-
lished In Madras there are independent observatories at Madras

and Vizagapatam, two second class and nine third class stations.

The insular stations of Port Blair and Nancowry are under Dr Rean
In Burma there js a second class station at Rangoon and eiglrfc

third class stations In Ea]putana there are six third class stations,

* "Repoit of the Yizagapatam and Backexgunge cyclones of October 1876," by
J Elliott, Esq, M A

, Meteorological Eoporter to tlie Government of Bengal (Cal

cutta, 1877 ) 4to pp 187, with, maps
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one at Sikanderabad, and one in Baghalkand Thus throughout
India there are three first-class, 21 second class, and 71 third-class

stations under the Depaitment, besides nine independent observa-

tories

The first-class stations are Calcutta, Bombay, Allahabad, Lahore,

and Madras, at which either self-recording instruments register

continuously, or at short intervals, the pressuie, an and evaporation

temperatures, and wind movement At second class stations two

sets of observations are recorded at 10 a m and 4pm, and hourly
observations on four days in each month At third-class stations

two sets of observations only are recorded daily

In his Report for 1875,
1 Mr Blanford has brought togethei

the results of the observations at all these stations lie prefaces

the account of the meteorology of the year with a brief but very

interesting description of the physical features of the country,

more especially with reference to the form and clothing of the

surface, and to those climatic features which arc the average out-

come of its meteorological conditions lie then gives a more par-

ticular account of each meteorological station in India, most of

them described from personal experience After those introductory

sections, Mr Blanford proceeds to discuss the meteorology of the

year under eight heads

Solar radiation

Terrestrial radiation

Air temperature

Atmospheric pressure

Anemomotry
Ilygrometry
Cloud proportion
Rainfall

Abstracts of the registers, classified in tables under the above

headings, are then given, and the original observations of five

chief stations, namely, Calcutta, Lucknow, Nagpur, Madras, and

Bombay
Thus for the first time the meteorology of India has been

brought together and discussed as a whole., and, under the able

direction of Mr Blanlord, the work of the Meteorological Depart-

ment, the importance of which can scarcely be over estimated, will

i "
Report on. the meteorology of India in 1875," by Henry F Blanford, Metooro

logical Eeporter to the Government of India First year (Calcutta, 1877 ) See also

Mi Blanford s
"
Report on the admmistiation of the Meteorological Department of

the Government of India in 1875-76 "
(C ricxtfta, 1877 )
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soon hold a worthy place by the side of that of the other scientific

departments of India l

1 The papers relating to the constitution of an efficient Meteorological Depaitmcnt

were presented to Parliament, having been moved for, on May 8th, 1874, by Mi Egcr

ton Hubbard, M P ,
in a speech in the course of which he explained the great import

ance of the study of meteorology in India See Hansard s Parliamentary Debates,

vol ccxvin

"Copies of the Despatch fiom the becretaiy of State on the oigamzation of a

Meteorological Department m India, dated 18th May 1871, with enclosmes, and of all

despatches to and from the Government of India during the last five yeaia on the

subject referred to (Presented May 1874 ")
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XVII

TIDAL OBSERVATIONS

THE earliest recorded tidal observations in India, which. I hare

met with, were taken at the Kiddcrpui dockhead on the Hugh,

by Mr James Kyd,
1 for 22 years, from 1806 to 1827 2 Mr Kyd

did not publish his lesults in tables, but showed them on a series of

diagrams, which he accompanied by some suggestive lemaiks He

observed that in the Hugh there were two long unequal tides, eight

months of flood and four of ebb He assumed that the south-west

wind m March caused the currents to set up the Bay of Bengal, and

laise the sea several feet at its head, and in the Hugli long before

the freshes fiom the rivers are felt This cause continues till Octo-

ber Then the rivei freshes of August and September, and tho

change of wind, give the currents a set m the contrary direc-

tion The rise of the Ganges affects the Hugh early in July, and

its level is bodily raised, the low water (neaps) at the time of tho

freshes being even higher than the high water (also neaps) of the

dry season Mi Kyd suggests that the Damodar, Eupnaram, and

Hrjili rivers occasion the height of low witer in the season oL

freshes, by acting as a dam, and preventing the ebbing oC the wateib

quickly into the boa Another local phenomenon of the Hugli

tides which he could not satis factonly explain is, that m the noith-

east monsoon the night tides are highest, and in the south-west

the day tides The bores m the Hugh only occur on the highest

spring tides

Mr Kyd's obseivations were continued in 1828 and 1829 at Mud

Point, on Sagar Island, and a further series of tidal registrations

was published by James Pnnsep
8

While these eaily tidal observations were being taken m tho

Hugh, the subiect was being carefully studied in England by Sir John

i Mr Kyd was an East Indian, who set an example of independent enterpme to his

countiymen, in foimmg a large docking establishment at Kiddeipxn, which afterward*

became the pioperty of the Government Calcutta Review, m , p 249

' " Asi itic Researches, xvm , p 259

3 "
Gleanings in Science," TSTo\ 1829 and Jan 1830
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LuWbock x and Dr Whewell Their papers on co-tidal linos in tlio

"
Philosophical Transactions

"
excited general interest, but on the

chart which accompanied Dr WhewelPs essay,
2

though a numerous

series of co-tidal lines in other parts of the world was given, the

coasts of India presented nearly a blank In the same year in

which the essay was published, Dr "WhewelTs "
suggestions to

"
persons who have opportunities to make or collect observations ol

" the tides
"

appeared in the
" Journal of the Asiatic Society of

Bengal ,"
8 and the Governor General, at the same time, requested

that the Society would undertake to promote inquiries on the

Indian coasts to complete the co tidal lines for the Bay of Bengal
4

It was considered that the most important branch of the investiga-

tion was that for the determination of the diurnal inequality 01

difference between day and night tides, which depends on the

decimation of the moon north or south of the equator , and the

Society sent a circular on the subject to members residing at coast

stations
5 Dr Whcwell also expressed a hope that tidal obser-

vations would be made from an extensive range of places m
India 6

The first result of these measures was the contribution of a table

of the times of high water at the principal places between Calcutta

and Point Palmyras, which was prepared by Mr P G- Sinclair

Then the results of observations made on the tides at Madias in

1821, by means of a tide gauge fixed near the north oast angle ol

Fort St George, was published
7 In 1837, observations of tides

were made by Lieutenant H Siddons at Ghittagong, m conformity

1 "
Philosophical Transactions," 1831

3 "Phil Trans,' 1833 *'

Essay towards an approximation to i map of co-tidal

lines" Dr Whewcll wrote 14 memons on tides in the "Philosophical Tiansactions
9

from 1833 to 1850 * Reseaiches on the tides, and then diurnal inequalities," were

published separately (London, 1848 ) Seo also Professoi Airy's aiticlo on u Tides

and Waves," in the Encyclopedia Met? opohtana
3 < J A S B ," n , p 151

* J A S B,'iv,p 401
6 " J A S B ,

'
vi

, p 401 James Prmsep cxpiessed his confident belief that "all

" who had seen Professoi Whewell s laborious map of the tidal wave, traced in its course
" over the whole surface of the globe, would willingly contribute to thepeifection of so
"

interesting and useful a problem
'

6 "J A S B,"iv,p 517 "
Though we have some detached observations on the

coast of India, we have nothing which gives us a correct view of the progress of the

tide" Dr Whewell, in a paper read before the British Association, "On our

ignorance of the tides
"

(1851) xx
, p 21

i "Madias Herald,' June 3rd, 1835
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with, the cireulai of the Asiatic Society,
1 and a succinct review of

observations of tides made in the Indian Aichipelago m 1839 was

also published,'
as well as the registers of the rise and fall of the

tide at Prince Edward's Island in 1840-41, and at Singapore in

1834-35 s Piofessoi Whewell also received the Singapore observa-

tions which weie taken by Mi Scott, the Master Attendant, and he

notices the enormous diurnal inequality
*

A special series of tidal observations was ordered to be taken in

the BDugli m 1869, with lefeience to the effect of a cyclone wave if

the nvei was embanked Tidal observations are also taken at

Kidderpur dockyaid ,
and the Master Attendant at Calcutta pre

diets tide tables, giving the anticipated time of high and low watei

for every day, which are published annually But the tables, when

compared by Mr Parkes with the register furnished from the Mastei

Attendant's Office, were found to be so erroneous that they can bo

of no practical use For the complete investigation of the Hugh

tides observations should be made near the mouth of the river

The eaihest register of tides on the west coast of India will,

I think, be found m a table showing the rise of the spring tides

in Bombay harbour, during night and day, for 1832, which was

communicated by Benjamin Noton, Esq When the Colaba Obser

vatory was first established, Captain Daniel Boss suggested a con

trivance for registering tides by means of a large float and pulley m
a well 22 foot deep, with a registoi house over it, just above high-

water mark, but it was found impracticable to connect the well

with the sea by a cutting Nothing was, theiefore, done until Dr

Buist took charge of the obseivatory, in July 1842, when the self

registering tide gauge was put into working older, and the well was

connected with the sea by a siphon pipe
6 The tides have since

been observed at the Oolaba Observatory, though with much irregu

laxity The icgisters,
while Captain Montriou was in charge, have

been published for 1846, 1847, and 1848 Serjeant Dunn, of the

Sappers and Miners, a very active and intelligent man, was the

actual observer, and the series for 1846 is paitially reliable , but

i J A S B,"vi,p 949

* J A S B,"x,p 302

*> "J A S B ,"xi,pp 149 and 263, and xix

* 4th series of researches on the MOB On dramal mequahtos at Singapore

S' J T^S B ,"'H, p 247 Andm " Rushton's Gazetteer
" for 1842

8 Toumal, Bombay G S ," vi
, p 235
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those for subsequent years are very doubtful Captain Montnou

lemarked that the law of tides had been found to differ materially

from that which had been determined relative to the tides in

Europe
1

Captain Hoss, as Master Attendant at Bombay, con

structed a set of tables from observations made at the dockhead,

from May 1835 to December 1840 2

In the papei which accompanies Captain Ross's tables, Dr Buist

observed that the amount of information respecting the tides of the

west coast of India was then singularly meagre in amount and in-

complete m kind Great tidal irregularities prevail at Mahim,

Tannah, Panwell, and Nagotna , and there are icmarkable local

currents dependent upon tides, but none of these phenomena have

been carefully observed Fuither irregularities aic said to have

been subsequently caused in the tides by the construction of the

Bandora and Mahim causeway
Tide registeis were kept by the Suiveyors of the Indian Navy, and

were always sent in with the field books and journals of the respcc

tive ships These have never been published , but the tide tables,

annually issued at the Admiralty, give the time of high water at the

full and change of the moon, and the ranges of tides at springs and

neaps, for 98 places on the coast of India The geographical ai-

rangement of the table follows nearly the same order as the progress

of the great tidal wave from S "W to N E 3 The tidal wave strikes

Western Hindustan, from the west, at right angles to the mean
direction of the shore line, thus causing very little diffeience in the

times of high water along the whole length of coast, except when
the wave has to ran up indentations of the land, such as the gulfs

of Cambay and Kach From Mangalor to Jaighur (100 miles soutli

of Bombay) no tidal stream is obseived along the coast, except just

off the mouths of livers
5

4 but along the Northern Concan the flood

stream sets to the north, and increases until, in the Gulf of Cambay,
it finishes with the well known bore which was described by Lieu-

tenant Ethersey This tidal bore sets in like a straight wall of water

1 " Obseivations made at the Bombay Observatoiy,
'

by Capt Montnou and Lieut

Fergusson (Bombay, 4to
) See those for 1847 and 1862 especially

2
Jouinal, Bombay G S ,

'

vi
, p 243

3 See "
Pmdlay's Directory for the Navigation of the Indian Seas

"
(2d ed 1870)

p 77 Imray s
" Seaman's Guide to the Navigation of the Indian Ocean ,

" and
<e
Horsbuigh s Indian Directoiy

"

4 "The West Coast of Hindostan Pilot," compiled by Commander A D Taylor
IN (1866) p 8



TIDES ON THE WEST COAST OP INDIA 315

with a head 5 or 6 feet high, each succeeding wave decieasmg more

and more, until the whole gulf is reduced to the same level with

the sea outside
x

. , ,

South of Mangalor the flood stream is from the N W Kaiactn

and Poibunder receive the tidal wave oarliei than any other paits of

India, and thence the flood tide sets eastward along the coast of

Smd and Each, north above Porbunder, and south east along the

Katiwar coast to Dm head OffDm head theie are frequent eddies

caused by the ebb stream of the Gulf of Oambay lunnmg westwaid,

while the flood stream from Poibundei is running to the east

Captain Taylor has suggested other causes for tidal ^regularities

Where evaporation is so great, as it is in the Indian seas, there are

doubtless local movements of the ocean dependent on that cause

At Cochin the stream, flowing into the backwater, is sometimes

constant for twenty hours, although the regular but inconsiderable

rise and fall has been marked on the tide gauge
2

It was also observedby Captain Taylor that, in the S W monsoon,

in the harbours on the west coast of India, more especially in

Jaighui, Yiziadrug, and Karwar, the water in the daytime was on

a higher level by 2 01 3 feet than in the diy season The three

above mentioned ports are formed by points of land running out

to seaward on their southern sides Captain Taylor suggests

that the great body of water brought down by the rivers, at that

season, is stopped by the force of the monsoon blowing upon

the shoie, and that the observed phenomenon of the waber in

these harbours being at a higher level in the rain is thus partially

accounted for

In his new " India Diiectory
"
Captain Taylor devotes a section

to the tides of the Indian Ocean, in which ho treats oi diurnal

inequality, short and long period tides, the tidal wave, and tidal

currents The section is illustrated by a tidal chart of the Indian

Ocean 3

Mr William Paikes, the Consulting Engineer of the Karachi

Harbour Works, has computed very accurate tide tables, both for

1 "R G S Jouinal," vm p 96 and p 202 Fox a notice of Lieut Ethersey's

Survey, see p 20

2
"Taylor's West Coast Pilot," p 8 A tidal registo was kept at Cochin so long

ago as when Dr Buist wiote Ins remarks in 1836 Bombay G S Journal, vi , p 250

8 The Indian Directoiy
" Part I , by Commandei Alfied Dundas layloi, 1 II G b

(late Indian Navy) Allen, 1874, p xxxvn
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that port and foi Bombay His data for Karachi were sets of

observations taken at Manora Point from December 1857 to March

1858, and at Keamari from March. 1st to August 31st, 1865

His calculations were made with a view to determining the laws

which govern the" tides of the Indian seas, where the diurnal in

equality gives to alternate tides an elevation or depression in height,

and an acceleration 01 retardation in time The theory of these

diurnal inequalities has been elaborately investigated by the Astro-

nomei Eoyal and others The desideratum is to bring the art of

tidal prediction for Indian ports, where there is a large diurnal

inequality, to the same degree of precision as has been arrived at

in the case of English tides, wheie the irregularity is unimportant

At Karachi the diurnal inequality sometimes afreets high water

to the extent of two houis and low water 40 minutes, and as regaids

height, as much as 12 inches at high and 36 at low water These

effects are far too great to be neglected in the prediction of tides

Mr Parkes based his investigation on the fact that the diurnal

inequality was caused by a diurnal tide which alternately raises and

depresses, accelerates and retards, the semi diurnal tides , and the

problem was to find the relation between the movements of the bun

and moon, and the varying times and heights of this diurnal tide

The result of the calculations has been very satisfactory , and the

rules for the prediction of tides for the port of Karachi have been

drawn up, and the tables computed, by combining the semi-diurnal

and diurnal tides
1 The tidal observations at Karachi, taken at

Manora Point by a self acting register in charge of Mi* Humby,
since 1865, are now becoming of great value, at a very small cost ,

and have served to suggest further corrections in the formulae by

which the tables are calculated

The data used by Mr Parkes for his Bombay tide tables were the

registers taken at the Colaba Observatory by the self acting tide

gauge in 1846 From these materials the Bombay Time Tables are

computed, and Mr Parkes, in his Ueport, gives the modifications

necessary for making the rules given for the prediction of tides at

1 tt

Keport on the tides of the Poit of Kurrachee," by W Parkes, Esq , C E , 1866

See also a paper read before the Eoyal Society,
" On the Tides of Bombay and

Kurrachee," by William Parkes M Inst E Phtl Trans 1868, anax , p 685

Mr Parkes has computed the Tide Tables for Karachi and Bombay for the years

1866, 1867, 1868, 1869, 1870, and 1871
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Karachi applicable to Bombay, as well as a diagram of curves of

semi-monthly inequalities of time and height The Bombay Tables

have been compared with tidal observations taken from January 28th

to June 4th, 1867, by Mr Ormiston, the Government engmeei of

reclamations, by direct leading from a graduated staff at every ten

minutes , , __ -. ,

Sir William Thomson, using materials furnished by Mr Parkes

as part of the basis of his argument, suggested a new mode of mves

tigating tidal obseivations, which was worked out under the auspices

of a Committee of the British Association
x

It is very important that the investigation of the laws of the tides

of the Indian seas should be extended to othoi ports than Bombay

and Karachi, both from a purely scientific and from a piactical point

of view But so incredibly long does it take for such measures to pass

from the stage of discussion to that of action that the suggestions

ofDr Whewell, made in 1832, and the importance ofwhich were fully

recognized by the Government of India at the time, have hitheito

borne little fruit Mr Parkes, the value of whose accurate tide

tables are fully appreciated at Karachi and Bombay, renewed

the attempt of Dr Whewell He urged that a series of obscrva

tions extending over twelve months, should be taken at several

mdic'iously chosen points round the coast, and that a competent

person should be appointed to the special duty of systematically

collating these observations, deducing from them formulse for the

computation of tide tables, and annually issuing the tables Such

an investigation would be as valuable to practical seamen as to men

of science .

In 1868 Colonel Walker, Superintendent of the Trigonometrical

Survey of India, was requested to take steps for determining the

mean sea level at various points on the Indian coasts, and more

particularly on the coasts of Katiwar and the Gull of Kach, wheio

it was believed that changes were taking place in the relative levels

of the land and sea, the rate and magnitude of which it was

desirable to ascertain Arrangements were made for the construc-

tion of self-registering
tide gauges, and for connecting the tidal

stations by levelling operations ,
the gauges were made in England

and sent out to India, and the operations would soon have been in

full swing, but for the financial difficulties of the Government of

India and the consequent reductions of expenditure in all directions

i
Reports, British Association," 1868, 1870
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which, led to the suspension of the proposed tidal and levelling

operations

When Colonel Walkei was at home on furlough, in 1872, his

attention was drawn to the tidal investigations which were "being

carried on in England under the superintendence of a Committee of

the British Association, piesided over by Sii William Thomson, and

he suggested that when the tidal operations are resumed in India

then scope and object should be enlarged, and that they should be

carried on in such a manner as to contribute towards the attainment

of a better knowledge of the laws of the tides He believed that

with very little additional labour or cost, beyond what is required

for the primary object of determining the existing relations of the

level of land and sea, it was possible to mtioduce similar methods

of tidal observation, registration, and reduction to those which

have been adopted by the British Association, and which arc

expected to lead among other scientific results to an evaluation

of the mass of the moon, to definite information legardmg the

rigidity of the earth, an approximation to the depth of the sea from

the observed velocities of tide waves, and to the retardation of the

earth's rotation due to tidal faction , a variety of practical benefits

arising from an accurate knowledge of the height of the tide at any
time would also be obtained

In compliance with Colonel Walker's recommendations, Lieutenant

Baird, R B ,
one of his officers who was at home on furlough was

deputed to study the practical details of the method of tidal regis

tration and the harmonic analysis of the observations, as practised

and recommended by the British Association A new tide gauge
was constructed by Mr Adie after the pattern of those which had

been previously supplied by himself lor the opeiations in India, but

with a few modifications which appeared to be desirable, the most

impoitant of which was the substitution of a chronometer escape

ment instead of a pendulum 01 gravity escapement for the clock

which drives the barrel of the tide gauge, in ordei to permit of the

instrument being set up on jetties or scaffoldings projecting into the

sea, where they would be liable to concussions by the beating of

the waves which would affect the rate of a pendulum clock and

might even stop its action The new tide gauge was set up by
Lieutenant Baird at Chatham, with the assistance of a few men of

the B/oyal Engineers, whose services were lent by the Colonel

Commandant, and its performances were considered very satisfactory.

Lieutenant Baird drew up an account of the method of reducing
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tidal observations by an harmonic analysis, as conducted by the

British Association The leductions are exceedingly intucate, and,

though perhaps not mateiiallymoie laborious than previous methods

of calculation, very full and piecise explanations are icquiicd

both of the mathematical formulae on which they depend and of the

practical application of these formulae These were furnished to

Colonel "Walker by Lieutenant Baird, who, however, was obliged to

return to India before his memorandum could be printed, but it

was completed by Mi Roberts, of the Nautical Almanac Office,

who conducted the reductions of the tidal observations of the

British Association, and was most obliging m placing Lieutenant

Band in. full possession of the details of his calculations

In compliance with Colonel Walker's suggestions, a self-registering

anemometer and self-registenng aneroid barometer were constiuctcd

to accompany each tide gauge, in order that the direction and

velocity of the wind and the pressure of the atmosphere might bo

recorded panpassu with the tidal levels , and thus all the necessary

instiumental appliances for the investigation of tidal phenomena

were made available in India for simultaneous observations at six

independent stations

On his return to India Colonel Walker deputed Lieutenant Baud

to make a reconnaissance of the coasts of the Gulf of Kaeh, with a

view to selecting tidal stations, and more particularly to ascertain

in what manner a station could be established at a point as fai into

the Eann of Kach as possible to which the tide has free access

Lieutenant Band fitted up a laige country boat at Juria Bandar to

be used in navigating the creeks and channels of the gulf, and

secured the services of a good pilot IIo then embarked and ciosscd

to Nawanai Point on the Kach coast, where he found a spot which

is well adapted foi tidal observations, having a minimum depth oi

19 feet of water within 336 feet of a site for a station lie next

proceeded eastwards towards the head of the gulf, and diseovered

a position near HunstL Point, which is well adapted for a tidal

station, naving a minimum depth of 72 feet of water within 160

feet of the site of an observatory Turning westwaids along the

Kattiwar coast, he finally selected a third station at the entrance

of the gulf at Okha Point, where he met with a rocky foreshore

having a mmioium depth of 23 feet of water within 220 feet of a

site for a tidal station Lieutenant Baird derived much assistance

in his exploiations from the admirable charts which were con-

structed by Captain A D Taylor, I N , m 1851, copies of which,
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on the full scale of the original survey., had been lithographed for

Colonel Walker, through the Greogiaphical Department ol the India

Office

It was decided to construct the stations on shore at the line of

high water Masonry wells of a diameter of about three feet were

sunk at the stations to a depth of several feet below the lowest

tides In these wells iron cylinders of a diameter slightly exceeding
that of the float of the tide gauge were set up vertically, and

eventually connected with the sea by an iron piping carried along
the shore down to the low watei line, where a flexible piping was

attached and carried into deep water The cylinders were closed

below by an iron plate, to prevent the entrance of the water

which may be expected to percolate through the sides of the well

whenever the tide is falling The flexible piping terminates in

a rose suspended a few feet above the bed of the sea, in order to

prevent the entrance of silt as much as possible, and it was

attached to the iron piping in such a manner as that it was

readily removed and cleared whenever necessary The interior

diameter of the piping was two inches, which was computed to

be sufficient to permit of the transmission of the tidal wave from

the sea to the cylinder in the well without sensible letardation, so

that the height of the water in the cylinder may be expected to be

always the same as that of the surface of the sea The tide gauges
were set up over the cylinders, and their iron bed plates indicate

the places to which the tidal measurements were referred, and they
were connected by levelling with permanent bench marks fixed in

the ground m the vicinity of the stations

In November 1873, Captain Baird, having despatched all the instru-

ments and material for the tidal observations in the Grulf of K&ch,

proceeded himself to the Okha Tidal Station, near the mouth of the

gulf , and operations were proceeded with at the throe stations of

Okha, Hunstdl, and Nawan&r The arrangements included the

supply of the parties with fresh water and provisions, and the

construction of boats, and were made under many and groat
difficulties The regular tidal registrations were commenced at Okha,
near the entrance to the gulf on the southern side, by the end of

December, at Hunstdl, near the head of the gulf, by March, and at

Nawandr, half way up the northern coast, by April 1874 Captain
Baird, and his assistant Mr Kcndel, made periodical inspections of

the tidal stations, which necessitated a great deal of hard marching,
and entailed much exposure and privation The first series of
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obscivations was completed in 1874, and the preliminary results fiom
the combined tidal and levelling operations were that the mean sea

leyel of the G-ulf of Kacli is higher by 7 inches at the head of the

gulf, and by 4 inches midway up, than it is at the mouth

Duimg 1874, also, the tidal observations taken at Tutikorm in

1871-72, with a self-iegistermg tide gauge, were reduced by the

harmonic method by Mr Roberts, of the Nautical Almanac Office

In the season of 1875, Captain Baird and Mr Rendel levelled

over 420 miles, thus establishing a complete cncuit connecting the

tidal stations But the former able and zealous officer was attacked

by fever, which obliged him to return to England, where he will

reduce his observations, in concert with Mr Roberts Charge of

the work in the G-ulf of Kach has, meanwhile, been entrusted to

Captain C T Haig, R E
A caieful register of tides at Bombay, undei the Port Tiustees,

was commenced in January and continued throughout the yeai

1876 At Karachi tidal observations have been continuous foi

15 years
Tidal observations not only afford data foi calculating the rise

and fall, they also enable a standard to be fixed for survey pui
-

poses, while they are of scientific interest, apart from their piactical

usefulness By a resolution, dated July 4th, 1877, the Government
of India ordered that the tide gauges should be provided from

port funds , and the general superintendence and control of all

tidal observations on the Indian coasts was entrusted to Captain

Baird, R E , who will determine the points at which they should

be carried out Thus the investigation of the laws of the tides

of the Indian Ocean, which has long been, considered a desideratum,

and the utility of which was originally pointed out by Dr Whewell
in 1832, will now leceive the attention it deserves

(13441
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XVIII

ASTRONOMICAL OBSERVATIONS IN INDIA

c A LAUDABLE curiosity prompts to inquire the sources of know-
"

ledge, and a review of its progress furnishes suggestions tending
" to promote the same or some kindred study "We would know
cc the names at least of the individuals to whom we owe successive

"
steps in the advancement of knowledge

" The above remark is

equally applicable to all the sections of this Memoir, but it was

made by Mr Colebrooke, when he introduced the ancient Indian

astronomers, and opened his dissertation upon their systems Of

all the sciences which have been cultivated in India under the

auspices of the Government, astronomy alone has a history which

goes back ages before the English occupation, and which requires,

in this enumeration of those to whom, m India, we owe successive

steps in tho advancement of knowledge, a wider range than is

included within the last century Rcnnell and Voysey, the fathers

of Indian geography and geology, flourished within the memory of

living men ,
but we must go back to the 5th century for the era of

Aryabhata, the sage who stands at the fountain head of the history

of Indian astronomy

Aryabhata must have flourished before the sixth century He
affirmed the diurnal revolution of the earth on its axis, accounting

for it by a current of aerial fluid, extending to a height of 114 miles

above the earth's surface, and he calculated the earth's ciicum-

ference to be 25,080 miles He believed the moon and primary

planets to be dark, and only illumined by the sun ,
and he possessed

the true theory of lunar and solar eclipses He is also the earliest

author that is known to have treated of algebra
x In his Swya

S^ddhafftta he deduced from observations the values of the mean

motions of the sun, moon, and planets, and of their apsides and

nodes, and calculated eclipses Mr "Wilham Spottiswoode at one

time had an intention of translating the Surya Siddhanta, and he

has actually enabled an enquirer to understand the ancient astro-

1 Colebrooke on Indian algebra



EARLY HIKBTJ AND ARAB ASTRONOMIES 323

nomer's system, by giving liis rides in modem mathematical

language and formulse l

Vahara miliira, another astronomer, flourished in the generation

after Aryabhata

Brahmegupta, who wrote in 628 AD, set himself the task of

correcting the earlier system, which had ceased to agree with the

phenomena, and of reconciling computation with observation His

Brahma Slvddhanta, in 21 chapters, contains calculations of the

mean motions and true places of the planets, of lunai and solar

eclipses, of the rising and setting of planets, of the position of the

moon's cusps, and of observations of altitudes by the gnomon The

principles of his astronomical system are given m a compendious
treatise on spherics He frequently quotes from Aryabhata

Bhaskara, a later astronomer, completed his work on algebra,

arithmetic, and mensuration in about 1150 A B 2

The systems of the earliei oi the ancient Hindu sages were com

mumcatcd to the astronomeis of the court of the Abbaside Khallfah

AlMamtin at Baghdad, and the knowledge derived from this

source, combined with the learning of Ptolemy, after being culti

vated by the more enlightened sovereigns of Central Asia, came

back again to India, with the descendants of Timur

The Arabs began to study astronomy under the Khallfah Al

Mam&n, and m 827 the Almagest was translated into Arabic

Al Batany, the most celebrated oi their astronomers, noticed errors

in the positions ol stars in Ptolemy's catalogue, in consequence of

that astronomer's error with regard to the precession of the cqui

iioxes, and in 882 he determined the amount of this precession

with greater accuracy Dr Halloy calls Al Batany
cc Vir admira/ndi

" accunums ac in admimstrandis observatiombus exercitatissimus
"

Ebn Youms observed three eclipses at Cairo between 977 and 9793

1 " On the Surya Siddhanta, and the Hindu method of calculating eclipses," by

William Spottiswoode (1863) Journ R A ,X2c,p 345 Dr Bliau Daji wrote

" Brief notes on the ago and authenticity of the woiks of Aryabhata
" Journ M A A

i, (NS) xiv, p 322 See also Dr Kern "On some fragments of Aryabhata"
Journ R A S 9

xx ? p 375 Lassen's "Indisclxe Alttrthumakundc," 11, p 136

Burgess's translation of Aryabhati, and Pit7 Edwaid Hall on the Surya Siddhanta, in

the Journal of the American Oriental Society, vi
? pp 145-559 Bentley's

" Historical

View of Hindu Astronomy" (London, 1825 ) Mrs Manning's "Ancient and Mediaeval

India," i
,
362

2 tc
Algebra, with arithmetic and mensuration, from the Sanscrit of Brahmegupta and

Phaskaia" Tiapslated by H T Colebrooke (Muiray, 4to 1817)

X 2
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and Abul Wefa, who died in 986, composed a catalogue of the fixed

stars
1 The learning thus fostered on the banks of the Tigris

spread to the east and west,' and the Mongol Hulaku Khan estab

hshed an observatory at Maraga in Azerbaijan, where Nasiru 'd

Din composed his Ilkhany tables in the thirteenth century

TJlugh Beg, the grandson of Timur, was for many years governor

of Ma wara-'n Nahr during the reign of his virtuous father Shah

Rokh, and reigned himself from 1447 until he was assassinated by

his own son in 1449 Ulugh Beg attracted to his court all the most

celehiated astronomers, from various parts of the world He erected

a college and observatory at Samarkand, at which a hundred people

were constantly occupied in the pursuits of science, and among

other instruments he had a quadrant, the ladius of which equalled

in length the height of the dome of St Sophia
$

Having found

that ceitain stars in Ptolemy's catalogue, reduced to his own epoch,

did not coincide with observations made at Samarkand, Ulugh Beg

and his learned assistants undertook to re observe the whole of the

stars in Ptolemy's catalogue, and to construct a new set of astro-

nomical tables This was ultimately accomplished The tables,

called Zig TJlugTi Seff, aie divided into four parts, referring to

treatises on epochs and eras, on the knowledge of time, on the

comses of planets, and on the positions of fixed stars TJlugh Beg

re-observed all Ptolemy's stais but 27, which were too far south to

be visible at Samarkand 4 One of these was SoM or Canopus, a

1 " Asiatic Miscellany," i , p 34

2 Abu Obaidali Moslema, a native of Madrid, who had studied in the oast, was the

most renowned astronomei of Muhammadan Spain lie was well acquainted with the

movements of tlie heavenly bodies He reformed the Jtiblah, giving the tiue l>eanng

of Mecca fiom Spam, and his work on the maanei of constructing and using astrolabes

is pieseived in the libraiy of the Escuual He is also said to have translated the

Almagest of Ptolemy, and to have constructed some excellent astronomical tables See

an account of his hfe in Ccmn, i
, p 378 c 2 ,

and 11
, p 147 c 2

,
and Gayangos s

Al Makkan, i
, pp 149,427,465 Moslema died at Cordova in 1007 AD , so that

he was tlie contemporary of the eastern astronomeis Ebn Youms and Abul Wefa

3 At least so the Turks, who had it from Persians of ciedit, told Professor Greaves

But Mr Baily thinks it was more probably a gnomon The Spanish Ambassador, Buy

Gon7ilez de Clavijo was at Samarkand, thirty yeais or more before Ulugh Beg built

his observatory Tins is to be regretted, as Glavijo described all he saw at Samarkand

very minutely See " Narrative of the Embassy of Clavrjo to the court of Timur,"

translated and edited, with a life of Timur, by Clements E Markham, (printed for the

Hakluyt Society, 1859), p 169

* The tables of TJlugh Beg weie first brought to the knowledge of Europeans by

the great orientalist and mathematician, John Greaves, Savihau Professor at Oxford
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star which was iirst seen by the great Timmide astronomcx's

cousin Baber, when he crossed the Hindu Kush, on his way to

bung the learning of Aryabhata, mcieased by that of Ptolemy and

Ulugh Beg, back to its native source on the plains of Hindustan

Thus the Timuride empeiors at Delhi boasted of a famous

astronomer among then collateral ancestois,
1 but none of the

family had since turned their attention to the subject, and it was

Irom among the Rajput princes, whose valour was a main suppoit

of the Delhi throne, that the greatest Indian astronomei since the

days of Aryabhata was to arise The Barjahs of Dhundar, of tlie

race of Kuchwaha Rajputs, and descended from Hama the king of

Ayodya, were the first among the native mlois who became vassals

ol Muhammadan emperors Bhagwandas, the Prince of Dhundar,

was the friend of the great Akbar, and his daughter married Akbar's

son, the Emperor Jehanghir Man Sing, another Dhundar Prince,

was the most brilliant courtier and the most successful general

at the Delhi court Jai Sing, the great astronomer, succeeded

as Eajah of Dhundar in 1699, and was famous as a general and

a statesman, but above all as a man of science Ambor was

the ancient capital of his state, "but in 1728 he founded anothox

capital, the only one in India which is built on a regular plan, with

streets bisecting at right angles ,
and he called it aftei himself

Jaipur It is six miles from Amber,, which is included in the linos

of its fortifications Under Muhammad Shah of Delhi tlio Rajah

Jai Sing served as Subadar of Agra and Malwa, and ho was also

chosen to construct a now set of tables to supersede those oi Uhi^li

Beg They were called Zig Muhammadshahy, in honour oL tlic

emperor, and were completed in 1728

The instruments formerly m use appear to have been in biass, but

1642-48 feee "Life of G-reaves, and miscellaneous works," edited by Di Birch, 2 vols

8vo, 1737 (London) Dr Ihomas IIyde ,also tianslated ind published the whole

catalogue m 1665, with an account of the life of Ulugh Beg labultt long ic lat

btellarumfixaram ex observation Ulugh Boighi, rameilanio magm ucpotw, &c ,
1 vol

4to, Oxon 1665 The work was xeprmted, with coirections, by bharpc, m 1767

M bedillot translated the tables of Ulugh Beg, with the pichmmaiy discourse In,

1843 was printed m vol xm of the Memoirs of the Agronomical Society "The

Catalogues of Ptolemy, Ulugh Bugh, lycho Biahe, Halley and Ilevotius,
'

with a

preface to each catalogue by Francis Baily The Ulugh Beg tables heic given an

reprinted fiom Sharpe & edition of Hyde which is from a collation of thiee Persian

MSS at Oxford bee also,
" Asiatic Miscellanies, i,p 51 Kinneir often quotes the

tables of Ulugh Beg, in determining the latitudes of placcb m Peiwa

* Ulugh Beg was a first cousin of Babei's great grandfather
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they did not come up to Jai Sing's ideas of accuracy, owing to the

smallness of their size, to their imperfect graduation, to the shaking

and shifting of their planes, and to the wearing of the axes He

therefore invented enormous instruments of his own, of masonry

work , and to confirm and check the observations he formed five

observatories, each with a complete set of instruments, at Delhi,

Jaipur, MEatra, Banares, and I?)ain Those at Delhi have been

minutely described by Dr Hunter,
1 and Sir Robert Barker 2 has

given an account of the instruments at Banares, with illustra-

tions

The Delhi Observatory was outside the walls of the town The

large equatorial dial is of stone, with edges of white marble for

graduation The gnomon in the centre is 56 feet 9 inches high A
masonry wall has a graduated semicircle for taking altitudes of

bodies east and west, from the eye Another is the plane ot the

meridian, having a double quadrant described in it, with the two

upper corners of the wall as centres, for observing altitudes of bodies

passing the meridian north or south of the zenith One degree on

these quadrants is 2f inches long, and the degrees arc divided into

minutes There are also two buildings of peculiar constiuction, for

taking simultaneous observations of the altitudes and azimuths of

heavenly bodies

At Ujain Observatory there was a double mural quadrant on a

wall 27 feet high, and 26 feet long On the west side of the wall

there was a stair to the summit, and the east side was smooth and

graduated At the top, near the corners, were two iron spikes, 25

feet 1 inch from each other , and with these spikes as centres, and

a radius equal to their distance, two acres of 90, intersecting each

other, are graduated on the wall The divisions are into 6, 1, 6',

and 1' By thi* instrument Jai Sing, who, as Subadar of Malwa,
had a palace at Ujain, made the latitude 23 10' E" Dr Hunter, by
several careful observations, made it 23 10' 24" N Ujain appears

to have been the prime meridian of early Hindu geographers
3

At Matra the instruments were on the roof of a room in the fort,

and were small and imperfect , but at Banares they were large, and

equal to those at Delhi and Iljain A drawing of the beautiful

1 "Asiatic Besearches," v , p 177

2 "
Philosophical Transactions," vol 69, pt 2^ p 5 The Banares Observatory is

also described, with woodcuts of the instruments, in Di Hooker's Journal

3 gee Lieut Conolly's paper on TJjain J A S B (1837), p 813
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balcony of Jai Sing's observatory at Banares is given by James

Prmsep, and the masonry equatorial dial at Delhi is among the

drawings engraved by Daniell l

Jai Sing, with his instruments at Delhi, determined the obliquity

of the ecliptic to be 23 28' in 1729, within a year of Godm's deter-

mination, which only differed by 28" The great Rajput astro-

nomer also constructed a table of the daily place of stars, and,

hearing that other tables had been previously published in Europe,

he sent skilful persons to Portugal, with a certain lather Manuel,

to procure them Xavier da Silva was despatched to India with the

tables of De la Hire, the first edition of which had been published

in 1680, and the second in 1702 Jai Sing also had Euclid and

Napier's logarithms translated into Sanscrit His own tables, which

were completed in 1728, give the mean longitude and motions of

the sun and of his apogee for 30 years, equation of time, and the

motions of the moon and planets Down to Colonel Tod's time, all

computations were made and almanacks constructed bjr the tables

of Jai Sing

This great and wise prince intended to have completed his career,

by performing the aswameda yuga, or horse sacrifice After a reign

of 43 years he died in 1748, and three of his wives ascended the

funeral pyre, on which Hindu science expired with him 2

Dr Hunter was acquainted with a grandson of Vidhyadhur, a

Jam, and one of the chief coadiutois of Jai Sing, who inherited his

ancestor's learning and traditions Dr Hunter himself, as well as

Colonel Pearse and others, towards the end of the last century, took

many astronomical observations, but they were made more for the

purposes of a survey than in the interests of pure astronomy, and

have already been noticed Colonel Hodgson, the Surveyor General

of India from 1821 to 1827, was an astronomer, and a series of

transit observations were made under his superintendence at Cal

cutta
8 He also determined the longitudes of Calcutta, Madras, and

Puttchgurh, by lunar transits, and eclipses of Jupiter's first satellite ,

1 Plates xix and xx So also " Life in Ancient India,' by Mrs Spiers, pp 422 and

460

Dr Hunter gives a complete tianslation of the piefacc to Jai Sing's tables, with the

original text Asiatic Researches, v
, p 177

2 For a very interesting account of Jai Sing, his family, and his principality, see

Tod s Rajastkan, u , p 345

a " Transactions of the Astronomical Society/' in
, pt u

, p 358



328 LUCKNOW AND MADKAS OBSERVATORIES

the diffeience between his Madras result, and that of tlie astronomer

Goldingham, being less than a second of time l

The ELing of Oudh established an observatory at Lucknow on a

considerable scale, and Major Herbert was induced to hand over

his editorial labours at Calcutta to James Prmsep, and take charge

of it in 1832, but he died at Lucknow on September 24th, 1833

This observatory was supplied with a mural circle of six feet, an

eight feet transit, and an equatorial by Troughton and Simms In

about 1841 Major "Wilcox assumed charge of it, and made a valu-

able series of observations with the help of native assistants , but he

died in October 1848, and in 1849 the King of Oudh abolished the

observatory The records were gradually eaten away by insects,

and when the mutinies bioke out the instruments weie destioyed
2

Thus all the work of this once first class observatoiy has been lost

to the world, and its recoids have perished without rendering any
result to science

The Madras Observatory has been the centre of astronomical

work during the British occupation of India It was founded in

the days of Sir Thomas Munio, and has evei since been diiected

by a succession of able astronomers Besides the value of the

work that has been performed at Madras to astronomical science,

the observatory is specially important because the longitudes of

the Great Trigonometrical Survey depend on the meridian passing

through it The various determinations of the Madras Longitude,
with reference to the Suivey, have already been discussed in a pre-
vious section of this Memoir ,

and it is here only proposed to give
a brief sketch of the other labours of the astronomers

The Madras series of obseivations commenced in 1787, and the

observatory building was erected in 1792, and furnished with a

20 inch transit, and a 12-inch altitude and azimuth instrument by
Troughton Mr John Goldingham was the first astronomer , and
his labours have already been noticed, in the discussion on the

1
Hodgson's was 5h 21m 8 64s Goldingham s 5h 21m 9 4s John Anthony

Hodgson was born at Bishop Auckland on July 2nd, 1777, and was educated at

Durham He went to India, as a cadet, m 1799, and m 1817 was selected, with

Herbert, to survey the sources of the Ganges and Jumna He was Surveyor General
from 1821 to 1827 In 1845 he went out to India again as Major General of the
Kohilkhand Division, and died at Ambala on the 28th of March 1848

2
Eeport by Major Tennant Proceedings of the Astronomical Society, xvn

,

p 63
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longitude o Madras I He was an antiquary as well as aii astio-

uomer, and wrote papeis 011 the seven pagodasa and on the cave o

Elephanta Ho was also the architect of the banqueting loom-
at Madias Ble letned m 1830, and died at "Worcester, at aax

advanced age, in 1849 2

Thomas GlartTille Taylor, who succeeded Mi Goldingham, was
born at Ashbuiton, in Devonshire, on Eoyembei 22nd, 1804 , a yea/r
before his father Thomas Taylor was appointed Assistant to D:r.

Maskelync at G-reenwich Young Taylor was brought up as an.

astronoraoi* a,nd in 1822 he was placed on the establishment of tlio

Royal Observatory, taking charge of the night transit observations -

He also gave Sabine much assistance in his pendulum operations .

In the spring of 1830, at the recommendation of Mr Pond, th.exjL

Astronomer B/oyal, he was appointed to the chaige of the Madras
Observatoiy At the same time a new five foot transit instrument}

was supplied, and Mr Taylor began his series of observations oJl

moon culrainatixig stars with it, in 1831-33, whence a new deter-
mination ot the longitude of Madras was obtained 8

Mr Taylor also made a catalogue of fixed stais,
4 on which

1 See p 64
2 Hib 1about B at tlie observatory aio printed m 5 folio volumes

"Astronomical Qbseivations, 'by John Goldmgham, 4< vols (fol), Madras, 1825 27
" Mudias Observatory Papeis, by John Goldingham, Astionomei (Madias, 1827 )
See ilso ** A paper on the longitude of Madras, as deduced from observations of

eclipses of tho Ht8t and second satellites of Jupiter, 1817-26, 'by J Goldmgham-
(Pro As xSfK

, i j 1> 13 ) A notice of the life of Mr Goldmgham will be found in tlxe
Pro As Sot x

, p 80
ll HI S

3 Goldmgham s result was 5 21 9 35

Hodgson's 5 21 8 64

Taylor s 5 20 57 28

Oa June 13th, 1845, a paper was read before the Astronomical Society, giving
Taylor's recomputed results, from 442 observations of the moon s first limb, and 86 ol
the second limb Mr Riddle, of the Greenwich School, m a paper lead on April lOttt,
1840, entoiod at length on the method of computing longitudes by moon culminating
observations lie makes the

h m H

Longitude of Madias, from 54 observations at Gieenwich and Madras 5 20 55
99

06 Cambridge 5 20 55

w ?,
65 Edinburgh 5 20 58

See " Proceedings o the Eoyal Astionomical Society, vi
, p 247 ,

v
, p 49, xv , p no

41 Upwards of S ?800 stars In the second volume of observations by Taylor thai e 1*3

a catalogue of 11O15 stars collected fiom the five volumes of Madras observations

including ill tliono m tlio Astronomical Society's ind Piazzi er Catalogues visible a,t

Madias, reilucccl to Jan. 1st, 1835, being about the middle period of the observation**

ot AHiionomicxl Obsei \itions mido at the H E I C Obsei vatory at
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Baily based his great catalogue The observations, during Mr

Taylor's time, were regularly published in four volumes He visited

England in 1840 After his return, he met with a severe accident

at Trivandrum, a fall occasioned by extreme short sight, from

which he never quite recovered Owing to his daughter's illness

he again went home, but too late to see her, and died on May 4th,

1848, leaving a widow and three s<3ns

Captain Jacob succeeded Mr Taylor as Astronomer at Madras

William Stephen Jacob, son of the E/ev S Jacob, was born at

"Woolavmgton, in Somersetshire, on November 19th, 1813 He was

at Addiscombe in 1828, and sailed for India in 1831, where he was

appointed to assist Colonel Shortrede in the surveys m the Bombay

Presidency Between 1837 and 1841, assisted by Sir Andrew

Waugh, he completed the Bombav Longitudinal Series, which was

an excellent piece of work He went to England in 1843, but

returned in 1845, and during the three following years he took

astronomical observations at Poona with a five-foot equatorial by
Dollond, and made a catalogue of double stars

I In 1848 he was

appointed to the charge of the Madras Observatory Captain Jacob

was an accomplished astronomer, a careful and accurate observci,

and an able computer , but the climate of Madras did not agree

with him, and he suffered much from ill health In I860 he was

occupied in revising and perfecting Taylor's catalogue of stars, and

on the orbits of a Gentmm (which investigation he had made

peculiarly his own), and other double stars In 1853 he sent homo

a catalogue of 144 double stars, as a continuation of his Poona

catalogue
2

Neptune was also observed since 1849, and careful

measures were taken of Saturn and his ring
8

Madras,
'

by J Gr Taylor, 4 vol& (Madias, 1831-37) (J A S JB,ii,p 380 Pro

A ,v,p 27,vi,p 187,ix,p 62)
1 " Memons of the Astronomical Society," xvn , p 79
2 "Trans A S ," vol xvn,Pro A S,x 87 ,

x 103 , xv 133

3 In 1854 another volume of Madias observations was published, containing those

for 1848-52, with an Appendix bringing some of them up to 1854

Captain Jicob has also written,
6

Catalogue of 317 stars selected from the B A C tta

logue, being such as are supposed to have large proper motions," by Captain Jacob,

Mem A S, xix, p 61
" On the ring of Saturn and on Jupiter's Satellites," by Captain Jacob Mem A S

xxx, p 236

"Micrometncal measures of 12 double or multiple stars,
*

by Captain Jacob Mem
A ,xix,p 68

" On Jupiter's mass," by Captain Jacob Mem A $,xxvm
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In 1854 Captain Jacob was obliged to go home on sick leave, and

Majoi "Worster, of the Madras Artillery, assumed temporary charge
of the observatory He was engaged in examining 400 stars affected

by proper motion to the extent of 5" annually
In 1856 a new meridional circle by Simms was ordered for the

Madras Observatory, which arrived in 1857, Captain Jacob having
resumed charge in December 1855 He commenced a series of

equatorial observations of the satellites of Jupiter and Saturn , but

he was again obliged to go home, owing to ill health, in April 1858,

and Major Worster once more took temporary charge of the obser-

vatory A useful catalogue of stars was prepared under his manage-
ment After recruiting his health, Captain Jacob purchased a

nine inch aperture telescope, and set out, under the auspices of the

Astronomical Society, to establish an observatory in the Bombay

Presidency He landed at Bombay on August 8th, 1862, but died

at Poona on the 16th, and the hopes that had been raised as to the

results to be derived from the labours of so accomplished an observer

came to an end

Major Tennant, of tho Great Trigonometrical Survey, who had

assisted at the measurement of the Kardchi base, assumed charge

of the Madras Observatory on Octobci 18th, 1859, but he only held

the post for a short time, and in 1861 Mr Pogson was appointed

Astronomer Norman Robert Pogson was already well known as

an observer of variable stars, and as the discoverer of several small

planets, and he had been in charge of Di Leo's Observatory at

Hartwell since 1858 In 1873 ho submitted a report upon the pro-

ceedings of his department up to that date

Beyond announcements of discoveries, and the observations

necessary to substantiate them, communicated to the Royal Astio

nonncal Society, and tho Astronoroische Nadhnchten, nothing had

been published between 1860 and 1873 Mr Pogson undertook to

work on a programme of operations which he afterwards came to

the conclusion were unreasonably extensive without assistance , but

he persevered in it, leaving publication to the future, in the full

expectation that he would be provided with an efficient European
assistant At last, in August 1870, Mr Pogson's son was appointed

as his assistant, but the sanguine hopes then raised of being enabled

to bring out the results so long awaiting publication were dis-

appointed, owing to the illness and untimely death of young Mr
Pogson in July 1873 As the heaviest work on hand, namely, the
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catalogue of stars made with the new meridian circle, was nearly

complete, it was considered that, for a time, obseivations might be

almost suspended, and the whole available force of the establish-

ment concentrated on the reduction and publication of the arrears

By adopting this course from the commencement of 1875 the

volumes might, it was hoped, be brought out in pretty rapid succes-

sion, and all arrears cleared off before any fresh undertaking was

commenced

"When Mi Pogson took charge of the obseivatory in Pebruaiy
1861 there was a catalogue of about 2,200 stars, chiefly selected

from Taylor's Madras catalogue, and that of the Butish Association,

observed between 1853 and 1858, awaiting completion The ob

servations to be incorporated in this catalogue will be little nndei

10,000, and much had alieady been done towards preparing it for

the press There are 1,331 observations of the sun, 345 of the moon,

1,680 of the principal planets, 333 of the minoi planets, and 25 of

Donati s cornet of 1868 ,
besides the mean places of the 144 Nau-

tical Almanack stars from 1853 to 1858 , observations of Mars at

the oppositions of 1854 and 1856, of moon culminations for detei-

mination of longitude , and a long list of occupations of planets

and fixed stars, and of the phenomena of Jupiter's satellites These

formed the airears, and most of them weie reduced and leady for

the press They are well worthy of publication, and prove that the

predecessors of Mr Pogson conscientiously exerted themselves foi

the attainment of such results as were within their very limited

instrumental means The hourly meteorological observations fiom

1851 to 1860 were still unpublished Those from 1851 to 1855 were

printed and nearly ready for issue Of the hourly magnetic obser-

vations, only the results from 1846 to 1850 had been published
Those from 1850 to 1855 were printed

Since Mi Pogson assumed charge in 1861 he has had several

works in progress A catalogue of about 3,000 stars, observed with

the meridian cncle, towards which 23,506 observations had already

been made, was closed with the year 1874 The catalogue contains

a number of southern stars not previously observed elsewhere,

chiefly between 110 and 150 of North Polai distance Meridional

observations have at the same time been made of the moon from

1862 to 1872 , and of Mars and some of the minor planets An
atlas of telescopic variable stars consisting of over 120 maps, includ-

ing all stars down to the twelfth magnitude m the vicinity of each
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of these investing objects, was about two thirds finished m 1873

Discoveiies of new placets and variable stars have chiefly resulted

from a search regularly maintained ovei cei tain very perfect manu-

script chaits constiucted by Mi Pogson

When Mi Pogson aimed at Madras in February 1861 lie found

the obseivatoiy in a most distressingly hopeless state of inanition

Nothing had been done during the two previous years, and the only

instruments available for work were the equatorial by Messis Lere-

bours and Secretan, and a small portable transit used for finding the

local time Duung 1861 Mi Pogson was engaged in setting up

the new tiansit circle, and in observations with the equatorial

The new planet "Asia," so named in consequence of its being the

first discoveiy made in that quartei of the globe, was found early

in April 1861, and the observations of it were printed in the

monthly notices of the Royal Astionomical Society The solar

eclipse of July 7th, 1861, the transit of Mercury on November llth,

and many other observations, were also duly attended to , and the

meteorological and magnetical registers, and the local time signals

by the telegraphic dropping of a time ball daily at 1 p m , were

earned on throughout the year The mounting of the new transit

circle was completed, and the instrument brought into use on May
31st, 1862 A monthly record of observations made with it has

since been kept Much work was also done with the equatorial

But 1864 was the best yeai as regards the general woik of the

observatoiy The maximum number ot observations was attained

with the transit circle "With the equatorial tlic new planet
fif Pieia" was independently discovered on the 2nd of Pobruaiy,

1864, but it proved to be one detected by Professor D'Aiiest at

Copenhagen in 1861, which had since been lost owing to the in-

sufficiency of the obseivations made at its discovery Another now

planet, called
"
Sappho/' was discovered on the 81d of May 1804

A second series of diffeiential right ascensions of Mars was also

observed, foi the investigation ol the solai paiallax

In 1865 the meridian circle work continued to bo all that could

be desired The new large equatorial, by Messrs Troughton and

Simms, had been received early in 1864, and a suitable structure was

erected for it From 1866 a more complete form of tabular reports

was intioduced The great events for 1866 were the mounting of

the new 8^ inch equatorial, and the discovery of the new planet
"
Sylvia

" In 1867 the finding of the variable star M Hetwuh, by
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C Hagoonatha Charry m January is memorable as the first astro

nomical discovery achieved by a native of India, in modern times

In 1868 the total eclipse of the sun on the 18th of August was

observed Actual micrometrical measurements of the positions of

bright lines in the solar corona were obtained with the spectroscope

at Masulipatam, and the visibility of the red prominences after the

sun's reappearance was confirmed by measures taken half a minute

after the end of totality The polarization of the light of the

corona was satisfactorily proved by Mr G- K Winter, and the

observations of the ordinary phenomena of the eclipse were recorded

by the late Mr C G Walter, OS On the 19th of November 1868

another new planet was discovered, called " Camilla
"

A third series of measurements of Mars, for investigation of the

solar parallax, was made in 1869 with the new equatorial In

October 1871 an important change was effected in the mode of

communicating Madras mean time to the shipping in the roads

The invention of a new apparatus by Mr G- K Winter (the Tele-

graph Engineer to the Madias Eailway) and the construction of a

new line of telegraph between the observatory and Fort St George,

enable the astronomer to undertake the firing of both the noon

and the 8 o'clock guns with strict accuracy , so that there are now
two daily signals by which the error and rate of chronometers can

be determined by the shipping in the Madras roads x In 1871 a

fourth series of observations of Mars was made with the largo

equatorial, and signals were exchanged by the submarine cable

between Madras and Singapore, m July, for the difference of

longitude At the suggestion of Professor Oudemens, the Dutch

Surveyor General in Java, a similar exchange of longitude signals

had previously been made between Singapore and Batavia The

central shadow path of another total eclipse of the sun across the

Madras Presidency, on December 12th, 1871, led to the equipment
of several expeditions to observe it The station selected for the

Government Observatory was at Avenashy, in the Ooimbator

district, on the line of railway The Assistant Astronomer, aided

by Colonel Bitherdon and Mr Doderet, obtained three successful

photographic pictures of the totality, showing the corona and other

phenomena of the eclipse Mr Winter rendered valuable service

as polanscopist, and C Eagoonatha Charry was entrusted with the

i Madras Administration Report for 1870-71," p 212
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ordinary telescopic phenomena In 1872 tlie annular eclipse of the

sun was observed on the 6th of June , and the phenomena known

as cc
reversal of the lines/' hitherto observed only at total eclipses,

was also seen to great advantage with the spectroscope at both the

formation and breaking of the ring

In December 1872, Mr Pogson detected the comet of Biela, at

the Madras Observatory, under circumstances of extraordinary

interest This comet was first seen in 1772 ,
but in 1826 Mr Biela

discovered it again, when the orbit was carefully calculated, and

the results showed that it revolved round the sun in about 6f years

In 1832 it returned with the utmost punctuality, and again m
1846 it separated into two, each complete, with a short tail of its

own, 150,000 miles apart The phenomenon produced a profound

sensation among astronomers It aiad its companion were again

seen in 1852, but 1,250,000 miles apart
Mr Pogson represented that if an experienced European assis

tant had been granted him in 1863 there would have been no

arrears in 1873 Meanwhile he has long had one labour in hand,

the vast importance of which cannot well be over-rated , namely,
the investigation of the constant of solar-parallax, by means of the

planet Mars in opposition , which is one method of ascertaining

the sun's true distance from the earth The transit of Yenus oilers

the readiest and most immediate result, but the opportunity of

observing it only occurs twice in a century In 1857, the Astro-

nomer Royal
l
suggested and advocated the method by moans of

the planet Mars when in opposition, which is equally adapted to

secure the same result The requisite observations for this method

can only be made to the best advantage at a tropical observatoiy,

and Madras was particularly named by the Astronomer Royal foi

the work Mr Pogson has now taken five series of opposition
observations in 1862, 1864, 1869, 1871, and 1873, all of which

await discussion The three last were made with the new equa-
torial 5 but still without all the proper appliances In 1874 tele-

graphic determinations of the longitude of B/urki were effected with

reference to the observations of the transit o Venus at that station

In 1869, Sir George Airy, the Astronomer Boyal, suggested that

Colonel "Walker should be called upon to draw up a document, to

provide for the future administrative arrangements of the Madras

Observatory, by prescribing certain definite duties for its future

performance Accordingly a cc Code of Instructions to defwe the

* Monthly Notice, E A S ," XVII , p 208-21
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cc

futui e open at^ons of the Madras Observation y
" was diawn up by

Colonel Walkei, with, the assistance and concurrence of Mr Pogson,

the Astionomer, on Febiuary 26fch, 1869 x The Code was amended

on Febmary llth, 1870, and finally received the approval of the

Government of India It is in nine sections

1st Meridian observations to be taken of a certard. numbei of

standaid stais in the Northern and Southern Hemispheres,
for the purpose of harmonizing and connecting together the

positive determinations of the Greenwich, Madras, Cape of

Good Hope, and Austialian observations, with a view

to the eventual preparation of an accurate catalogue of

star's places, from the combined operations of all these

observatoiies

2nd Meridian observations to be taken of all stars, down to the

sixth magnitude, between North Polar Distance 60 and

North Polar Distance 110

3rd Meridian observations to be taken of all stars used for geo-

detical purposes in the course of the operations of the

Great Trigonometrical Survey
4th Meridian obseivations to betaken of all minor planets within

range of the mstiument (10 5 magnitude), whenever they
are in opposition south of the equator

5th Equatorial obseivations to be taken of the planet Mats at

eveiy successive opposition, in continuation of the obseiva-

tions which have already been made by Mr Pogson lor the

investigation of the constant of solar parallax

6th Magnetic and meteorological observations to be continued

on the system introduced by Mr Pogson in 1861

7th Provision for time determinations for shipping, and for notices

of approaching stormy weather, &G

8th The publications should be issued in annual volumes, and

annual Reports should be submitted to the Government of

Madias, and sent to the Astronomer Royal, whose criticisms

should be invited Monthly tabular statements of arrears

of reduction and publication should also be submitted

9th Special investigations may be undertaken by the Astronomer,
but they should not interfere with the regular routine of

the observations, nor retard the work of reduction and

publication

1 Colonel Walker to the Secretary to the Government of India, March 4th, 1869
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In 1836 Mr John Caldecott, the commercial agent to Ihe

Travancor Government at Alepy, pointed out to General Eraser, the

Resident, the advantages to science to he derived from the establish-

ment of an observatoiy at Tuvandrum The latitude is 8 30' 35
'

N , and observations taken in such a position were considered likely

to yield valuable results, owing to its proximity to the equator
Trivandrum is, also, only about 70 miles south of the magnetic

\/ equatoi Hama jLermah, the late Ra]ah of Travancor, who was a

learned and cultivated prince, entered warmly into the project, and

appointed Mi Oaldecott his astionomer, with authority to build an

observatoiy at Tuvandrum The building was planned and erected

by Captain Horsley of the Madras Engineers in 1837, on a laterite

hill two miles from the sea, and 195 feet above it, whence there

is a magnificent view On one side is the sea bordered by groves of

cocoa nut trees, on the othei the rich undulating country, bounded

by the many peaked ghAts Mi Oaldecott went to England for

instruments in December 1838, and returned in Apul 1841 with a

transit instrument by Dollond, two mural circles, an equatorial,

altitude and azimuth, and magnetic and meteorological instruments

Mr Oaldecott forwarded complete copies of his observations to the

Court of Directors and the Royal Society, and in 1846, leaving the

Rev Dr Spershneider in charge of the observatory, he came home

to try and obtain the aid of some of the scientific societies in

publishing them, but without success He returned to Trivandrum

in 1847, and died there OB. December 17th, 1849

The observatory was in chaige of Mr Spershneider for two years,

and in 1851 the Rajah of Travancor appointed Mr John Allan

Broira., who had been in charge of Sir Thomas Bnsbane's observa-

tory at Makerstown from 1842 to 1850, to be the astronomer at

Trivandrum Mr Broun arrived on January llth, 1852 , but he

found the astronomical instruments in so unsatisfactory a condition

that he thought it best to devote his chief attention to magnetism

and meteorology An account of his meteorological work, and of

the establishment of an observatory on the summit of Agustia nrnlla,

has been given in the section on meteorology
l He also built a

house adjoining the observatory at Trivandrum, with a row of Doric

columns supporting an entablature imitated fitom that by Imgo Jones

on the church in Covent Garden, and a terrace In July 1852 he

commenced a series of lectures on the instruments, their objects,

1 See page 282

(13441) Y
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and the results derived from them, and in course of time lie

succeeded in training a yery efficient set of assistants In 1853 lie

built rooms for a new set of magnetic instruments winch were

obtained from England, and his magnetic investigations are of great

value and importance He obtained a complete set of hourly

magnetic observations at Tnvandrum from March 1852 to March

1865, and at Agustia from June 1855 to July 1858, and during

ten months in 1863 Mr Broun also made a short series of hourly

magnetic observations simultaneously at three different stations,

relative especially to the diurnal variation of magnetic declination

One was as nearly as possible on the magnetic equator, about 30

miles north of Tnvandrum, the other at the observatory, and the

third at Cape Oomorin In 1859-60 he made a magnetic survey of

the west coast of India, for the purpose of ascertaining the position

of the magnetic equator which passes through Travancor, and the

vanations of intensity about the line of no inclination Stations

were chosen at intervals along the coast, which were eventually

extended up to Bombay The horizontal intensity was found to bo

nearly the same from Bombay to Cape Oomorm
l

The present Rajah of Travancor resolved to discontinue the

observatory establishment, and MJC Broun left Tnvandrum in

March 1865 But it was arranged that a limited series of obser

vations should be continued by the two most experienced aative

assistants, who were to forward monthly reports and extracts of

observations to Mr Broun, which are of great nnportanoe with

reference to several questions of interest Mr Broun published the

results of his labours in Travancor in 18*74
2

1 A history of the observatory, and a most inteiesting account of the establishment

of the branch observatory on the Agustia mulla peak will be found in the "
Report

on the observatories of His Highness the Rajah of Travancore, at Trmndrum, and at

the peak of Agustia on the Western Ghats/ by John Allan Bioun, I* E g, Director

of the Observatories (Trivandrum, 1857 )

2 In 1874 a handsome quarto volume was published by Messrs King, entitled <e Be

ports on the Observatories, Public Museum, Public Park and Gardens of His "Highness

the Maharajah of Travancore, G C b I ," by John Allan Broun? FES, late Directoi of

the Observatories It contains a reprint of the smaller volume of 1857 , together -with

the second General Report covering the ground from 1857 to 1865, and short reports

on the museum at Tnvandrum Mr Broun has also contributed papers to the " Tran-

sactions of the Royal Society of Edinburgh
"
(vols xxii and xxiv , p 669), on horizontal

force of the earth s magnetism, and on the bifilar magnetometer, on diurnal variation

of th6 magnetic declination at Tnvandrum, deduced from 12 year's observations, and

on an examination of dmi nal observations at nine other stations , foi which he received

the Keith biennial prize In the " C6mtesljendues
"
ofthe Academy of Sciences for July
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The Bombay Observatory is confined to magnetic, tidal, and

meteorological observations, and to observations for time to rate

the chronometers in the harbour Major Jacob's desire that an
astronomical observatory should be established in the Western

Presidency has never been fulfilled

The transit of Venus was observed on the 9th of December 1874

by Mr J B N Hennessey, of the Gieat Trigonometrical Survey, at

Masauri, a Himalayan station 6,765 feet above the sea His especial

object was to observe the transit from a considerable height He
used the equatorial of the Royal Society, having first fixed his lati

tude and longitude to obsoivc loi time, and rated his chronometers

Fortunately he was favoured with exquisitely cleai weathei He
watched for the first external contact of Venus, but did not detect

it until it had made an indentation on the sun's limb The latter

appeared jagged Venus was edged by a narrow ring of light,
but Mr Hennessey could not discern the "

pear-drop
"

or the

"ligament
"
described by formei observers Colonel "Walker, who

observed the transit at Behra Dtin, ten miles to the south and only
2,200 feet above the sea, saw the pear-drop and the ligament very
distinctly So that they wore visible at a height of 2,200, but not
at a height of 6,500 feet The Rev H D James observed the
transit at Ohakrata, 7,300 feet above the sea An account of these

observations of the transit of Venus were published in the " Pro-

ceedings of the Royal Society
' 51

Lieutenant Colonel J Tcnnant had charge of two stations in

India for the observation of the transit of Vonus He himself, with

Captains Campbell and "Waterhoubc, observed at Rurki, whale

Captain Strahan was isent to Lahore Colonel Tonnant took

charge of the new equatorial and of the time observations Cap-
tain Campbell observed with the new great theodolite, and

Captain "Waterhouse took above 100 photographs of tlie sola:r disc

4th, 1870, Mr Broun s paper on the secular variation of the magnetic declination, as

deduced from observations made at Trivandrum, 1853-70, is published In the " Philo

sophical Magazine" foi July 1858 is Mi Bronn's letter to Sir David Brcwster on the

results and views derived fiom Ins obseivations in Scotland and India. See also

Butish Association Reports, ix
, p 38 , xv , p 22, xxiv , p 28 , xsn a

, p 30 , xaax
,

p 20, 24, 27, 74 , and "
Proceedings o the Royal Society," xvi

, p 59 See also a

pamphlet punted at Edinburgh in 1877,
"
List, with some notices o the contents of

scientific woiks and papeits/ by J A Broun, F R S
, &c &c They are 74 in number,

chiefly on subjects connected with Mr Broun s magnetic anc! meteorological observa

tions at Makerstoun and Tuvandrum
1 "

Proceedings of the Royal Society/' Nos 159 and 161, 1875

Y 2



340 TRANSIT O:F

while the planet was on it, besides five showing the egiess of the

planet from the sun He was assisted by Serjeant Hairold, JR E ,

who had chaige of the photogiaplnc work during the Abyssinian

Expedition Duung the tiansit Colonel Tennant obseived the

mgiess, internal contact, and both contacts at egiess, besides a

large numbei of micrometei observations of the relative positions

of Venus and the sun, and also of the diametei of the planet

Captain Strahan obsenedthe egiess of the planet from the sun

Colonel Tennant speaks stiongly of the gieat seivice done by

Colonel Strange's office in prepaung the mstiuments, and against

the proposal to abolish it

On the conclusion of the operations connected with the tiansit

of Venus, Colonel Tennant 1

pioposed that there should be a solar

observatory at Simla, especially for observations Tuth tho spectio

scope and by photography ,
and also for the obseivation of Tupitci's

satellites This proposal was not sanctioned, but airangoments

have been made for taking daily photographs of tho sun's disc,

duung two yeais, by a tiained obseivei undei Colonel Walkei's

superintendence
The Madras Observatory is now the sole permanent point for

astronomical work in India, and tho only successoi of the famous

establishments founded by Jai Sing It has been presided over by

a succession of six able and accomplished astronomers, it has pro-

duced results which entitle it to take rank with tho observatories of

Europe, and its present Diiector is engaged in th6 prosecution of

labours which are of great importance to astronomical science

1 Colonel Tennant has received the appointment of Mastei of the Mint at Calcutta
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XIX
PHYSICAL GEOGEAPHY OE INDIA

THE operations winch have been enumerated in the previous

sections are intended to furmsli minute and exact information

respecting the topogiaphy of eveiy pait of India, the heights,

positions, and ramifications of its mountain masses ,
the courses of

its rivers and stieams, the nature of its coast line , the geological

charactei and climate of its various regions ,
while a part of the

object of an archaeological survey is to investigate the physical

changes that have taken place within historic times, by a comparison

of the information supplied by ancient writers with the actual state

of the country Such is the material by the aid of which it is the

task of the physical geographer to form a systematic view of the

various regions, with reference both to the action of natuial causes

on their physical conditions, and to the changes produced by human

means It will be the object of the present section to supply infor-

mation lespectmg the various attempts that have been made to

utilize the material that has been collected, and to deduce geneializa-

tions fiom numerous classes of observations, as well as to point out

where material is to be found for gencialization, in regions or on

subjects where nothing of the kind has hitherto been attempted

With this object some information will be given respecting the

sources for the study of Indian comparative geography The

travellers who have explored portions of the Himalayan lange will

be enumerated, and an endeavour will be made to give an idea of

the views some of them have enunciated respecting the physical

structure of that great mountain mass Some account will then

be attempted to be given of the waters who have formed geneial

views on the great river basins, and of those who have written on

the physical geography of other parts of India A sketch of the

botanical geography, with an enumeration of the principal works

on Indian botany, will then be given, and some information re-

specting the writers on the nnpoitance of forests and on foiest

conservancy will follow, with leference to the effect of human

agency on physical geogiaphy Finally there will be an allusion to

the physical geography of the Indian seas, and to the value of maps

showing the features which compose a physical and statistical atlas

The various subjects which arc treated of in this Memon form
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one harmonious whole, each separate part of which fits ixxto the

others The archaeological surreys are inseparably connected with

comparative geography, while mastery of the latter study 1S es-

sential for a due comprehension of the existing physical conditions
of a country Hence the writings of Arrian and Ptolemy of the

Chinese pilgrims, and more especially of the Arab geographers, are

most valuable to the student of Indian geography The wcxrt just

completed by Professor Dowson (" The History of India as told

by its own Historians Muhammadan Period >

) furnishes an in-

valuable mass of information respecting the early Arab geographers,
consisting of notices of their lives and works, and extracts from
their writings, with critical notes The authors treated of Include

the merchant Sulaiman, who flourished about A B 850, Ibzx Xhnr-

dabda, Al Masudi, Al Istakhn, Ibn Haukal, Al Idrisi., and the

compiler Al Kazwini, who wrote in A D 1263 Professor Dowson
gives a geographical note in which he identifies many localities, at

the end of his first volume, and in treating of later Muhammadan
authors, in the subsequent volumes, he brings out much infozrjmation

which is valuable to the comparative geographer
* No less important

are such works as General Cunningham's
" Ancient Geography of

India/' and others which discuss questions relating to the geography
of places mentioned by Hwen Thsang and Fa Hian
The structure of the great Himalayan mass which bounds India

to the north is the branch of the subject to which attention is

naturally drawn in the first place, and it is that to whioli both

travellers and systematic geographers have devoted the largest share

of their labours

The reports of a long series of travellers necessarily preceded the

first attempt at generalization Those who first penetrated into

1 See "The History of India as told by its own. Ilistoiians The Muliajnmadan
Period,

*
edited from the posthumous papeis of the late Sir H M Elliot, 3SI OB, by

Professoi John Dowson (8 vols Trubnei Published between 1867 and 187^7 ) The
first volume contains the Arab geographexs and the Sindi historians Tlie second
includes historians who treat of the inroads of Ghaznevides, Ghonans, and Sla,ve Kings,
down to AD 1260 It includes extracts fiom the Tabakat t-Nam ^^ an important
history, the whole of which is b&ng translated by Major Raverty, with copious gedgra-
pbical and other notes The third volume brings the story down to Timings mya&ion
of India in A D 1398 The fourth volume embraces the period from Timur "fco Akbar
The fifth and sixth tieat of the Emperor Akbar, and the two last volumes of* the latei

Mughal rulers It is hoped that arrangements will be made for the publication of two
additional volumes treating of the Muhammadan dynasties of the Deccan^w^iich will

be specially interesting because they will include much that toars on tfee early con-
nection of the English with India
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the apparently inextricable labyrinth, of snowy peaks, such as the

Missionaries Antonio Andrada, G-rueber and Dorrille, Desiden and

Freyre, and Horace della Penna/ were simply appalled at the horrid

aspect of the mountains, and at the eternal winter The English,

officet s who afterwards contemplated the mighty barrier from the

plains became desirous of ascertaining the real height of the peaks

and of exploring the hidden sources of the great rivers It was

with these objects that Colonel Hodgson, Herbert, and Webb were

ordered to survey the mountains between the Sutlej and the Kali,

that Hardwicke penetrated to Srmagar, and that Bailhe Eraser first

crossed the range, on the southern slope of which the Jamna rises

A few years later, Moorcroft and Trebock explored the upper courses

of the Indus and the Sutlej, and reached the Mansarowa lake,

while Dr Geiard ascended the Spiti yalley
2 Mr Bogle and Captain

Turner wcro sent by Warren Hastings on embassies to the Lama of

Tibet, and crossed the eastern Himalaya from Bhutan to the valley

of the Sanpu / a feat which has only been achieved by one other

modern European traveller,
4

though Dr Hooker penetrated some

distance beyond the watei parting Opportunities offered by
embassies to Nopal enabled Kirkpatrick, Crawford, and Buchanan

Hamilton to collect some information respecting the contra! portion

of the great chain 6

i See Introduction to Markham's "Mission of Bogle to libel," pp Ivi tolx

a Webbs Survey is m tlio As%ati< M( starches, xi, p 447 See also a paper

by Mr Colebrooke on the Souiccs of the Gauge s Asiatic Riwwches, aa
, p 429

*< Journal of a Tom through paitof tlio Snowy Kango of the IliraaUya mountains/*

by Jfttoeg BajJlio Itaaov (London, 1820)
" Iiavels in tlio Himalayan pt evinces,"

&o, by William iWEooxcroft and George Ix check, in 1819-25(2 vote, 1841) See

also "R G S Journal,'* i, p 2B2 "ObscivaUous on the Spiti Valley,' by Suigoon

J Q. Geiard Anabc Researches, mil, p 2B9 Iho original MS Journal of

Horbott's Survey in 1818 is preserved in the Geographical Depaitment of the India

Office

s "An account of an Embassy to the Com! of the Toshu Lama m Tibet," Iby

Captain Samuel Turner (London, 4to, 1800)
" Narratives of the Mission of Gooige Boglo to Tibet, and of the Jomney of

Thomas Manning to Lhasa ,

'

edited with notes, an introduction, and lives of Mr

Boglo and Mr Manning, by Clements B Markham, C B
,
F a S (Tmbner, 1876 )

4 Mi Manning in 1811

5 "An account of the kingdom of Nopal, by Colonel Kirkpatnck, in 1793 (London,

1811), with a map by Colonel Gerard

"An Account of the kingdom of Nepal," by Inanew Buchanan Hamilton, MD,
1802-3 (Edinburgh, 1819) At the end a table of the heights of 8 peaks, measured

by Colonel Ci iwfoid is given The plants collected by Buchanan Hamilton were

descubed by Don, in the " Prodiomus Floias Nep ilonsis
"
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Captain Herbeit, whose writings deserve to be bettei known, was
the first geographer who attempted to give a general view of the

physical character of the Himalaya Wilting in 1818, his infoima
tionwas necessarily limited, but he had befoie him the results

obtained by most of the tiavelleis whose works I have enumeiated,
and he had some peisonal knowledge of the "Western Himalaya from.

the Kali to the Sutlej The physical features of Central Asia were
unknown to him, and he laments the deep obscuiity which then
covered the geography of that interesting legion His conception
of it was a vast central space fiom the circumference of which rivers

flowed m all directions, and he peiceivecl that a line connecting their

sources must be of great elevation compared with othei paits of
Asia external to such a line He knew also that this interior space
was surrounded by mountains, and supposed it to be a very lofty

plateau But with pait of the southein boundary, the stupendous
mountains traversed by Webb, Turner, and himself, he was familiar
He was the first to point out that the line of water paiting was by
no means synonymous with that of greatest elevation In exploring
the Western Himalaya he could distinguish no continuous chain of
elevations on a cursory glance Theie seemed to be nothing to lend
a clue to the development of the mountain masses, and theie

appeared an assemblage of elevated peaks confusedlyheaped togethei
But he soon peiceived that, by tiacing the courses of the livers and
their tributary streams, a clue would be found to lead an observei
out of this labyrinth As legards the pait of the Himalaya from the

Sutlej to the Kali,
1
instead of a succession of parallel ranges rising

one behind another in regular an ay, he made out a continuous chain
forming anuregulai curved line, with the Sutlej bounding it to the
noith, and bending round its convex side, while the souices ol the
Ganges use within its concavity He calls thi* the Indo Gangetic
chain, and his description of it is precise and accuiate His next
chain is that sepaiatmg the souices of the Jamna and Ganges,
which was crossed by Baillie Frasei He adds, that the laxmfica-
tions of ridges would almost bid defiance to any analysis, but foi
the assistance derived from observing the couises of the iiveis
Herbert also observed that the ridge separating the Ganges and
Indus basins^ as by no means the highest ground, and that the
most elevated peaks were on a series of transveise ridges which

1 A chief branch of the Gogra
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ramify from the Indo-Gangetic chain, over which they tower several

thousand feet He traced a connected line of peaks, not under

21,000 feet in height, and intersecting the wateicouises , and both
Webb and Herbert gave 27,000 feet as the height of Dhawala gin

*

In his valuable memon, Herbeit also speculates upon the relation

between the height of the sources of rivers and the length of their

courses, and gives a most inteicsting account of the Duns, the

parallel chain of the Sawalakhs, the forest belt at their bases, and
the Terai region beyond

a

After the time when Ileibeifc was engaged on his suivey a
number of able geographers and naturalists explored the Himalaya
mountains Vigne

3 and Falconei penetrated into Balti and

Ladak, Jacquemont
4 and Hugel

5

explored Kashmir, Cunningham
6

thoroughly examined the Ladak region, Dr Thomson 7 reached the

summit of the Karakoium pass, Captain Gerard gave an account
of Spiti and Kunawui,8 and the Stracheys

9

surveyed Kumaun and
Western Tibet The valley of Kathtnandu had an able generalize*
in Mr Hodgson,

10 who was for many years the British Envoy in

Nepal , and in 1848 Dr Hooker n thiew a flood of light on the

geography of the Sikkim poition of the eastern chain

*
Actually 26,826 English feet

2 u
Report of the Mmoralogical Survey of the Himalaya Mountains," by Captam

T D Ileibert, J A S B
,
xi

, pt i
, p x

* "Travels m Kaahmu, Ladak," <&c by G T Vigne (2 vote, 1835 )
4 "

Voyage dans 1 Jndc,
'

pai Victor Tacquemont, 1 828-32 (Paris, 1841 )
6 " Kaschmir und das Reich doi Sick

'

Cail von IIu^cl (1 vols Vienna, 1840
)

Translated into Liagbsh by Major Jot vis (London, 1845) See also R G 9 Jownal,
vi

, p 34B
6 ** Ladak physical, statistical, and lustoiical, by A Cunningham, MIVJOI, Bengal

Engineers (1864)
7 " Western Himalaya and libet, a nanative of a journey duung the yeais 1847-48/'

by Thomas Thomson, M D (1852)
8 "Account of Kooiiawur, m the Himalaya," by Captain A Geiaid Jbdited by

Lloyd (Map 8vo 1841 )

8 "On the physical geography of the pi ovmces of Kumaon and Gmhwil m the

Himalaya mountains, and of the adjoining paits of Tibet/ by R btiachey, I*sq, of
the Bengal Engmoeia M G S Joumalj xxi

, p ^7

"Physical Geogiaphy of Western libct, by Captain If Sfciachey of the Bengal
Army R G & Journal, xxm

, p 2 Published separately in 1854, and his
"
Tourney to Lake Mansaiowx '

Published at C ilcutta Bvo 1848
10 "On the physical geogiapby of the Himalaya," byB II Hodgson, Esq J A S B,

xviu , pt 2
, p 76 1

11 "Himalayan louinal,
'

by T D Ilookei (2 vols 8vo 1854)
"
Notes, chiefly botanical, mado dm ing an exclusion from Darjilmg to Tonglo~

J A S B
,
xvui pt 1

, p 49
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Dr Porbes Royle discusses Himalayan geography in his great
work illustrating the botany of the mountains x

Cunningham, in his work on Ladak, gives a general yiew of the

physical features of the Western Himalaya Their most striking
characteristic is the parallelism of the mountain ridges, which
stretch through the country from SE to N "W , their general
direction determining the course of the nrers^ and the ralleys lying

along the head waters of the Indus, Sutlej, and Ohenah He divides

the mountain region into six distinct ranges
2

1 The Karakorum range, from the sources of the Ghlgit and

Yasan, to that of the Shayok
2 The Kailas or Gangri range, traversing Western Tibet, along

the nght bank of the Indus from its source to its junction with the

Shayok, and onwards to the junction of the Hunza and Nagar
3 The Tians Himalayan range branches off from Gangn to the

south of Gi-aro, and extends to Zanskar in an unbroken line Here
the river rushes dark and turbulent through, a vast chasm which
human foot has never trod Thence the range continues to the

Dras, where it is cut through by a narrow gorge called the wolf's

leap , and thence to the great southern bend of the Indus, at the

junction of the Gilgit

4 The Great Himalaya, which is the natural boundary between
India and Tibet, is a mighty chain 650 miles long, pierced in throe

places by the Sutlej, its affluent the Para, and the Indus
5 The Mid-Himalaya, or Pir Panjal, consists of four distinct

masses, the Bisakar, Lahul, Pir Panjal, and Swat
6 The Outer Himalaya This classification only applies to the

portion of the system from the bend of the Bias to the Indus

Henry Strachey, in his general sketch of Western Himalayan
geography, adopts the native Tibetan nomenclature He considers

the general plan of the mountain system to be a series of parallel

ranges running in an oblique line to the general extension of the
whole , the great peaks being on terminal butt ends of the primaiy
ranges The chief watersheds are often found to follow the lowest
of the ridges, and the channels of drainage to cross the highest,

deep fissures intersecting the mountains, often directly traverse to

1 "Illustrations of the botany and othei branches of the natuial history of the

Himalayan mountains, by J Forbe$ Royle (London, 1839 2 vote 4to )
2 Gsoma de Koros says, that from the first range on the Indian side to the plains of

Tartaiy the Tibetans count six chains of mountamb J A S B , i
, p 121
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the mam lines of elevation No traveller, except the Pundit sent

Iby Ma] or Montgomene in 1866, has over visited any part of the

great transverse watershed separating the Indus and Sutlej from

the Sanpu , though the western shores of Lake Mansarowar were

reached by Moorcroft and Hearsey in 1812, and by the Stracheys

in 1846 and 1848 Henry Strachey describes the alluvial beds in

the Himalaya, and the wonderful goige where the Sutle] flows over

bare rocks with walls of alluvium on either side upwards of a mile

high Richard Strachey gives a very clear and interesting descrip-

tion of the Sawalakhs, rising abruptly from the plains along the

whole southern edge of the Himalaya, with a steep outward face,

and a gentle declivity sloping inwards, and forming the Dftns or

shallow valleys, by meeting the foot of the next range of mountains

He also explains the natute of the country at the base of the

Sawalakhs, the waterless belt covered with forest, and the line of

swampy Terai beyond, where the drainage of the higher country

breaks out in copious streams in the country east of the Ganges
l

The fact of this Terai region terminating at the Ganges is accounted

for by the slope being less to the eastward of that river The limit

of the snow line on the different ranges is discussed by Ounmng-

ham, Eichard Strachey, and Oaptam Thomas Hutton E

Dr Thomson, who was the fitst traveller, after the Chinese

pilgrim ]?a Hian, to reach the summit of the Karakomm pass, has

discussed the physical structure of tlio Western Himalaya with great

ability He considers that the only feasible mode of division is

afforded by the courses of the different rivers If these be taken as

guides, the mountains will bo found to resolve themselves into two

great systems Dr Thomson gives Herbert the credit of having

first pointed out the impropriety of regarding the mountains as a

single chain parallel to the plains He proposes to call Herbert's

Indo Gangetic the Ois Sutlcj, and the chain commencing at Eailas

the Trans Sutlcj range The^e would be the Mid-Hitnalaya and

Great Himalaya of Cunningham's system Dr Thomson also de

scribed the alluvial deposits m the Himalayas, and the shells that

are found in them

1 The Terai and Bhabui regions are also admirably described by Colonel W H
Gioathod, C B , in bis papei,

" On the piaetiee and lesults of irrigation in Northein

India," road at the Institution ol Civil Engineers, No 1350, Jan 1873

2 J A b B 9

9 xvm
, p 954 The lattei found its height to bo 18,660 feet
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The generalizations of Cunningham, the Stracheys, and Thomson
refei to the Western Himalaya, and are not intended to apply to the

ranges eastward of the Nepal frontier Mr Hodgson, dmmg along
residence at Kathmandu as Resident, thought much oyei the con-

figuration of the mountains towering above the Yalley to which his

personal ohservation was confined In his paper on the physical

geography of the Himalaya
1 he describes the Nepal division of the

system as consisting of three river basins, those of the Karnali,

Gunduk, and Kosi, separated by peaked ndges, parallel to each

other, and at right angles with the main chain

Sikkrm has been explored by Dr Hooker and Di Campbell, and

the former traveller examined two passes in Eastein Nepal As a

physical geographer, Di Hookei, combining his own acute obser-

vation with an intimate knowledge of the results obtained by others,

has furnished his view of the composition of the great mountain

mass A piodigious chain traverses Asia from east to west, and

south of it flow the Indus and Brahmaputra, in diffeient directions,

rising nearly together The chain between these rivers and the

plains of India is the Himalaya, connected with the Kuen-lun in

rear, at the sources of the two nveis The axis of the main Hima-

layan chain lies far hack, and neaiei to the two great rivers than to

the plains , while from the central axis successions of secondary

ranges descend on either side These secondaiy langes vary in

direction, some being almost perpendicular to the main range, and

others forming a veiy acute angle with it All ramify very much,

giving off chains of a third order, which separate the tributanes of

the great rivers Dr Hooker thus considers the system as consist

ing of a main range, with numerous secondary chains blanching

1 "J A S B, xvii,pt 11, p 761 Mr Hodgson's scattered papei son the topography,

ethnography, philology, and above all on the zoology of Nepal are very numerous

Besides four books on the Buddhist leligion, on the abongmes of India, and on Indian

education, Mr Hodgson has contributed no less than 170 papers to various periodicals,

chiefly the t( Journal ofthe Asiatic Society of Bengal,
' the * Transactions and Journal

of theAgri Horticultural Society of India" the "Pioceeclings of the Zoological Society
of London, and McClelland s "Journal of Natui al History

* In the examination of the

anatomy of the buds and quadrupeds of Nepal, Mi Hodgson received much assistance

fromDr Campbell, who also resided 8 jeiis at Kathmandu, "befoie he commenced his

career of more active usefulness at Darjilmg
In 1874 Mr Trubner published a collection of Mi Hodgson's Essays on the

languages, literatuie, and religion of Nepal and Tibet, together with further papers
on the geography, ethnology, and commerce of those countries

' 2 parts, 8vo , pp
145 and 123
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from it, but all connected with the central axis, and not forming
distinct mountain ranges Most of the loftiest peaks aie on the

secondary chains He compares the Sikkim Himalaya to Noiway
The narrow valleys of Sikkim are analogous to the Norwegian
fiords, the lofty snowy peaks to the islands on the coast, the broad

realward axis is the same in both cases, and the Sanpu valley

occupies the iclative position of the Baltic Dr Hooker points out

that Herbert's proposition of the line of gieat peaks intersecting the

river basins, and not forming the true axis, was the first enunciation

of a vciy impoitant fact in physical geography
Ilumboldt made his Russian expedition in 1829, and published

his "]?ragmens Asiatiquc
"

in 1831,
1 while his " Asie Centrale"

appeared in 1843,
2 some years befoie the above exploreis had com-

pleted their labours But in 1833 Klaproth had produced his map
of Central Asia, based on a great mass of Chinese matenal, and on

the work of missionaries employed by the Chinese G-oveinment,
3

and Humboldt also obtained much information fiom Stanislas Juhen,

and Gail Bitter Trom these data Huraboldt formed his theoiy

of the mountain svstcinof Contial Asia, as consisting of foui gieat

chains, the Altai and Tianshan on the north, and the Kuenlun and

Himalayas on the south, issuing from the central knot of Bolor or

Pamii But he furnishes little information lespectmg the Himalaya,
and rofeib his reacleis to the collections made by Cail Hitter 4

The complete topographical survey of the Western Himalaya,
conducted under the superintendence of Majoi Montgomene, the

detailed accounts of itb glacieis by Major Godwin Austen, and the

examination of the smuctuie of its southein poition by Mr H B

Medhcott, hare rendered our knowledge of that section of the region

both accurate and complete But, to the eastward of the Nepalese

1 " Fi agmons de Geologic et de Ohmatologie Asiatique
'

(2 vols 8vo , Pans, 1831 )

* "Asie Centrale, Kecherches stir les Chames de Montagnes et la Climatologie

compare (3 vols 8vo
, Fans, 1843 )

8
Klaproth

" Carte de PAsio Centiale, dressee d'apres les cartes levees par ordre

" de rEmpeiem Khian loung pai les Mis^ionaiies de Peking, et dapres un giand

" nombres do notions exlraites et tradmtes de livres Chinois (1833 ) The Mis

sionanes were Fathers Felix d'Aiocha, Espinha, and Hallerstem, who appear to have

observed the latitude of Khotan
* Une immense masse de materiaux dus aux dominateurs actuels de Tlnde, comme

aux courageux efiorts do Jaquemont et de Hugel, a ete reunie et discutee recemment

clans PexcoUont ouvrage de M Bitter
J Asie Centrale, n , p 439 He alludes, of

course, to Hitter's "Die Eidkunde von Asien
>

(9 vols), the Himalayan part of

which was published previous to the exploiations of Cunningham, Hooker, Thomson,

and the Stracheys
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frontier, little has "been done since the days of Hodgson, Campbell,
and Hooker

A systematic attempt to give a general idea of the physical
structure of the Himalayan region will be found in the sketch map
and memoir prepared by Mr Trelawney Saunders, after a study of

all the foregoing authorities
1

The Himalayan region is included between the plains of India

and the upper courses of the Sanpu, Sutlej, and Indus, and extends

from the gorge of the Indus to the gorge of the Sanpu or Brahma-

putra, a distance of 1,400 miles Its general structure* according
to the new of Mr Saunders, is briefly as follows The Himalaya
culminates in two paiallel ranges running through its entire length,
and these he would call the Northern and Southern Himalaya
respectively Nearly all the great snowy peaks to the eastward of

the Sutle], which have been fixed and measured by distant tnangu-
lation, are in the southein range ,

while the same part of the

northern range has so far received scarcely any attention It is,

however, the northern range which forms the watei parting between

the Ganges basin and the Sanpu A series of valleys separates the

two ranges, and through them flow the upper courses of the Jhelum

Ohenab, Spiti, Baspa, Ganges, and numerous affluents of the Ganges
and Brahmaputra, in the direction of the Himalayan axis, until they
break through the southern range to join the mam streams in the

plains of India The Indus, Sutlej, and Sanpu form a continuous

trough in the same axial direction, and divide the Himalaya from

the Karakorum and Gang ri mountains The Karakorum divides

the Indus from the basin of Lake Lob The Gang-ri divides the

Indus, Sutlej, and Sanpu from the extremely elevated plateau of

Tibet, which is drained by inland lakes The noithern limit of this

very high plateau is formed by the Kuenhm mountains, which

descend to the comparatively low plain of Gobi The Gang-n and

Kuenlun meet the Karakorum mountains at the head of the Kara-

kash valley The Karakorum unites with the Hmdu-Kush, and

Bolor or Pamir mountains, in the central knot of Tagh Dumbash or

Pusht i Khar

The southern range of the Himalaya, regarded as the culmination

of the slope rising from the Indian plains, is, from that porat of

view, naturally connected with the ranges which skirt the Pupojab

and Sind, and terminate in the sea at Cape Monze The connexion

x " A Sketch o the Mountains andrBiver Basins of I&dia, in two maps, with explana

tory memoirs/' "by Tielawney Saunders, Geographical Department, India Oi&ce 1870
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may be traced fiom Kash.mii, thiough Kliagaa and Swat, to tlie

outer skirts of Kafinstan, thence, crossing tlie Kabul river, this

southern chain is continued by the Karkacha range to the Sufid

Koh, and thus reaches the Sulannan and Hala mountains The

northern chain of the Himalaya descends to the Indus from the

peak of Nanga Parbat, and is taken up on the right bank of the

river by the range which forms the southern boundary of the Grilgit

basin From" thence, crossing Chitral, it reaches the Hindu Kush

at the Nuksan Pass, makes the backbone of Badakshan, and is

probably connected with the high mountains which separate the

Oxus from the Zarafshan

The general character of the highlands beyond the eastern ex

tremity of the Himalaya and Assam, towards China and Burmah,

has also been defined by M* Saunde^s, from a 6ombination of the

scraps of intelligence which contain our present knowledge of this

remarkable part of the Indian frontier

Although the scale is very small,, the map by Mr Saunders

shows these features with much clearness and precision, and the

position of each peak and spur of importance is accurately defined

Since 1870 new works of geographers and travellers have very

materially increased our knowledge of the great Himalayan system

The most important is Colonel Yule's edition of Marco Polo, the

the first edition of which appeared in 1871, and the second in 1875 l

Tho notes by Colonel Yule are indispensable to the student of the

medieval geography of central and eastern Asia, and form an

inexhaustible mine of sound learning and rcsoaieh Colonel Yule

also contributed to a new edition of "Wood's "
Journey to the source

of the river Oxus
" m 1872, an essay on the geography of the valley

of the Oxus,
2 and m 1875 Su Henry Uawhnson furnished a large

contribution to our geographical knowledge of Central Asia m a

senes of papers published under the title of a
England and Eussia

in the East
" 3 Colonel MacQ-regoi was actively engaged for several

i "The book of Sor Marco Polo the Venetian," newly translated and edited, with

notes and other illustiations, by Colonel Henry Yule, OB Second edition revised

(Mmray, 1875 )
2 vols ,

8vo

a A. journey to tlie source of the nvex Oxus," by Captain John Wood, Indian

Navy New edition, edited by Ins son, with an essay on the geogiaphy of the valley of

the Oxus by Colonel Hemy Yule, CB ,
with maps (Murray, 1872)

3 "England and Eussia in the Fast, a sepes of papers on the political and goo

giaphical
condition of Cential Asia," by Majoi General Sir Henry

K B ,
F B S ,

with map (Mmray, 1875 )
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yeais, with the assistance of other officers m the Quarter-Master

General's Department, in preparing a gazetteer of Central Asia and
the border countries of British India The volumes for Persia

and Afghanistan were printed in 1871, and those on the Noith
"West Frontier of India, Baluchistan, and Kashmir have appeared
in subsequent yeais

1 These gazetteers are compilations of the

information contained in accessible published works and in official

records There are full separate accounts of tribes, Tiyers5 moun-

tains, piovmces, and towns, "with authorities at the foot of each

article An excellent account of Bannu -was published, in 1876, by
Mr Thorburn 2

Among recent Himalayan trarellers the work of Mr Shaw, and
that of the officers attached to Sir Douglas IForsyth's mission to

Tartand and Eashgai are the most rmpoitant Dr Henderson

published an account of the mission of 1870 with descriptions of

its botanical and zoological results/ while the more important

geographical results of the mission of 1853 are recorded in a large

yolume containing contubutions by the different officers attached

to the mission/ 111 the valuable Reports of Captain. Trottei,
5 and

in a book on the Pamir table land by Colonel Goi don 6

In 1871 Mi W T Blanfoid, of the Q-eological Suivey, explored
the "irppei valley of the Tista in the footsteps of Di Hooker5 and

leached the Donkia pass,
7 arid in 1874 Mi Edgai wrote a leport

on the Tibetan fi ontiei of Silckim 8 Another important book on

1 <tf Central Asia," Part I (North West "FiOBtiei of India) m 3 vols pp, 657, 618,
"by Lieut Colonel MacGregoi (Calcutta 1873) Pait II (Afghanistan), pp 869

PnitHI (Ikluchistaii), pp 560, by Colonel MacGhegor (Calcutta, 1875) Part IV
(Persia), pp 801, compiled for political and military icftience ly laeut Col C M
MacGre^oi, Assistant Qttartei Mastei General (Calcutta, 1871) Pait VII, Section I

( Kashmir), pp 306, l>y Maj 01 Bates (Calcutta, 18^3)
2 "Bannu 01 om Afghan liontiei, by S S fhoibran, 1 C S '

(Tnibner, 1876),
8vo

, pp 480 and map
3 " Lahoie to Yaikaiid,

'

by George Henderson, M D , F E S ,
with an. account of

he birds by Allan Ilxime, C B (Lovell Bec^e, 1872 )
4 "

Report of a Mission to Yarkand m 1873, under command of Sii T D Forsyth,
K C S t , C B , pp 873 Numerous photographs (Calcutta, 1875)

5 ie

Report on Tians-Himalayan Explorations during 1873 to 1875," by Captam
Henry Tiotter (Calcutta, 1875 )

e "The Roof of the World,' by Lieut Col T <3r Gordon, C S I , with 66 illustra-

tions (Ediribuigh, 1876 )
7 J A S B,

3

x,pt 11, p 367
8 **

Report on a visit to Sikkim and the Tibetan frontier m 1873," by Gr J Ware
Edgar, C S I (Calcutta, 1874 )
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the Himalayas, entitled the "Abode of Snow/
5 was published byMr Wilson in 1875,

1 and Mr Calvert's
beautifully illustrated

account of Kulu, is a furthei contribution to Himalayan liteiatuie 2

But the work which, thiough its exquisite illustrations and charm-
ing narrative, gives the best idea of the mighty mountain masses
is that entitled the Indian Alps, and how we crossed them/

5

by
a lady pioneei, which was published in 1876 B

The discovery of the manuscript journals and correspondence of

George Bogle, the envoy sent by Warren Hastings to Tibet m 1774,
and of the journal of Thomas Manning, an adventurous traveller
who reached Lhasa m 1811, led to their publication in 1876, with
editorial notes and an introduction by the piesent writer

'

The
introduction contains a geographical sketch of the Himalayan
system, m which it is described as being composed of three chains,
the northern range or Nyenchhen tang la , the central lange
bounding the valleys of the Indus, Sutlei, and Sanpu on the
south ,

and the southern range consisting of a line of stupendous
peaks broken by the goiges of several rivers, yet forming a distinct

and continuous chain of mountains 4 In January 1877 an article

appeared in the " Calcutta Review," in which my description of

the Himalayan system was attacked, the old exploded notion that

the principal peaks were not on a continuous chain but were merely
spurs was maintained, and the existence of the great southern

chain of the Himalayas was denied In consequence of the

appearance of this article I published a reply in the "
Geographical

Magazine," in an aiticlc entitled "the Himalayan System"
5

Mr Trelawney Saunders also published a furthei and more ex

haustive reply to the " Calcutta Review * 9

in a valuable article illus

trated by maps, and also by a list of peaks, with their altitudes,

taken from the manuscript records of the Great Trigonometrical

Survey
6

The latest, and not the least important discussion of the Himalayan

system, is contained m the first volume of Baron B/ichthofen's great

1 " The Abode of Snow/ by Andrew Wilson (Elackwood, 1875 )

2 "Vazeen Bupi, tlao silver country of the Vazeers in Kulu, with numerous

illustrations, by J Calvert, M I C ii (Spon, 1873 )

3 "The Indian Alps, and how we crossed them, by a lady pioneer
"

Illustrated by
herself (Longman, 1870 ) 4to, pp 612, with coloured illustrations

4 See the introduction to the " Nariative of the Mission of George Bogle to Tibet,

pp rxm to xl

6 Number for May 1877, p 113

"Geographical Magazine" foi July 1877, p 173

(13441 ) Z
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work on China, a third of which is taken up by the interesting

introduction on Central Asian Geography
l

There is still a great field for exploration in the Himalayan region
The whole of the Nepal portion of the ranges for a distance of 500

miles, and the greater part of Bhutan, the valley of the Sanpu
eastward of Lhasa, and the mountain region still further to tho

east, where the Irawadi, Salwin, Cambodia, and Yangls rise, are

entirely unknown

The rivers flowing from the Himalaya, and forming the two great

systems of the Indus and Ganges, have been studied with minute

attention Upon the water supply biought down by these streams

from the Himalayan snows the very existence of millions of people

inhabiting the plains of India depends The physical laws regulating
the direction and volume of the rivers are of such practical im

portance that they have formed the subject of close investigation
for many years, and this great section of Indian physical geography
has thus been minutely and elaborately examined

The best general account of the Indus and its five tributaries,

before they enter the plains, will be found in Cunningham's Ladak
He traces them from their sources, and describes tlie peculiar knee-

bends in each, at the points where, after flowing down the long
lateral valleys in the Himalaya, they burst through the chain, and
alter their courses to reach the plain He also gives an account of

the tremendous cataclysms which periodically take place, especially
in the valleys of the Indus and Sutlej These floods appear to be
caused by the fall of huge masses of rock, or of parts of a glacier,
which block up the rivers tintil at length the pent up waters burst
forth with irresistible fury Dr Falconer consideied the Indus

cataclysm of July 1841 to be one of the most lemarkable natural

catastrophes hitherto recorded as having occurred on the continent
of India A great flood is also recorded of the Sutlej, which took

place in 1819 The shoulder of a mountain gave way at Seoni,
about 20 miles north west of Simla, where the river flows between

precipitous cliffs The fallen mass choked the bed for a height of
400 feet, the river ceased to flow for 40 days, when it burst the
obstruction, and rushed down in an irresistible wave a hundred feet

high

* "China* Ergebmsse eigener Eeisen und darauf gegrandeter Statfien, von
Ferdinand Freherrn von Kichthofen Erster Band (Berlin, 1877 ) 4to

, pp 750, and
11 maps

2 J A S B
, x, pt 2, p 615, and arm, p 231 , Vigne, n , p 362
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It is m tracing the alterations that hare taken place in the courses

of rivers, and in studying the physical causes which have given
nse to these changes, that archaeology has rendered most useful

semce to physical geography By a careful study of the historians

of Alexander's campaign, of the Chinese pilgrims, and of the A'in-i

Akberi, General Cunningham has collected most interesting evidence

respecting the former history of the Punjab riyers and of the Lower
Indus The Punjab rivers have frequently shifted their channels

Thus, in the time of Akbar, the Chenab and Indus united at TJch 9

now the junction takes place 60 miles lower down, at Mithankot

Multan was once on two islands m the Ravi
, it is now 30 miles

from that river The confluence of the Bias with the Sutlej only
dates from about 1790, and the old bed is now part of a compli
cated network of dry channels l A very complete knowledge of

the present aspect of the Punjab and its rivers maybe obtained from

a study of the reports of irrigation officeis
2

The course of the Indus from Mithanikot to the sea has been the

subject of equally close study with reference to the improvement of

irrigation in Smd At tho time of Alexander's invasion, and clown

to the visit of the Chinese pilgrim, Ilwen Thsang, tho Indus flowed

to the eastward of its present course, down the bed now known as

the Eastern Narra But it is believed by many geographers that

a gradual westing of all rivers flowing north and south is the

natural result of the earth's revolution from west to east, which

gives their waters a permanent bias towards their western banks 8

At last the Indus turned the northern end of the Aloi range, and

cut a passage for itself through the gap IB the limestone rocks

between Bon and Bakhar, in about 680 A. D Smd is described by
Sir "William Baker and Colonel IMe as an altatiail plain, almost

every portion of which has, at sooae time or other, been swept bv

the Indus or its branches The land is always highest at the river

banks The silt with which the waters are charged is deposited

during the season of overflow most abundantly neai the edge of

tho stream, thus forming a natural glacis, the crest of Which is on

1 General Cunningham's
" Ancient Geography of India

'

2 " Selections fiom the Records of the Government of India" Punjab Reports,

1849-56
"
Agncultural resources of tho Punjab," by Lieut E Band Smith (1849)

Memorandum on the Ban Doab Canal, by Colonel Crofton April 3rd, 1868

Colonel Napier's Report on tho inundation canals Sept llth, 1852
" On the rivers of the Punjab," by W Pardon, C E 1860
8 This fact, in physical geography, was first enunciated by the Russian natuiahst,

K E von Baer

Z 2
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the nver bank, while the slope falls away gradually towards the

"boundary of the valley A continuance of this piocess raises the

level of the river bed until, duiing some extraordinary flood, at

intervals of many centuries, it buists its embankment, and takes to

one of the lowei tracts Thus the bed and banks are continually

rising
l

The changes in the valley of the Indus have also been effected,

to a great extent, by edithquakes, which entirely destroyed the

great city of Brahmmabad some centuries ago,
2 and threw up the

Allahbund in more recent times 3 But a discussion of Indian earth

quakes, as a branch of physical geogiaphy would, of itself, occupy
a volume
The physical features of the Thun, or desert, to the eastward of the

Indus Talley, of the Eann of Each, of the valley of the Loni, and of

the Aravalli hills, protecting the Ganges basin fiom the encroach

ments of the sand-dnfts, were first fully described by Colonel Todd,
4

who was followed by Alexandei Burnes,
5 and a most interesting

papei on the Rann of K&ch and neighbouring legion by Sir Bartle

Prere appeared m the cc Journal of the Eoyal Geographical Society

1 Lieut Potans J A S B (1838), p 103

An excellent account o the geography of the Indus within the piovince of Sind

will be found in the " Gazetteer of Sind,' by Mr A W Hughes, which v as published

in 1874 The introduction contains a comprehensive account of its physical geogiaphy,

soil, irrigation canals, and climate A good general index adds to the completeness

of this ably compiled and very useful work See also papeis by Capt McMurdo

J A S B,i,p 33

Capt McMurdo Jown R A #,i,p 223

Capt Del Hoste J A S B (1840), p 913
" On the canals and forests in Scinde

'

Eeport by Colonel Walter Scott

Baker's Report on the Eastern Narra Oct 14th, 1844

Merewether on the Bigan Canal Oct 1856

Colonel Fife on irrigation in Scinde Oct 1855

3 Bellasis on the ruins of Brahmmabad Journal of the Bombay Bi anch of the

Asiatic Society
3 " Remaiks on the Alia Bund and drainage of the eastern part of the Scinde basin,'*

by Captain W E Bakei Bombay G S Journal, vn, p 186

See also Lyell s Principles of Geology
*'Memoir on the eastein branch of the Indus, giving an account of the alterations

caused by the eaithquake
'

also, "A thcoiy of the formation of the Runn, 1827-28,"

by A Buines Trans R A S 9 ni p 550
4 " Annals and antiquities of Rajasthan,' by Lieut Colonel James Tod (2 vols

London, 1829 )

* Countries on the NW frontiei of India,
'

by Alexandei Burnes R G S Journ ,

iv, p 88

*f P^cflotion p| the saltworks at Pauchpadder, in Marwar," by Alexander Burnes

J A S B Ji , p 35
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for 1870
" l In 1876 Mi W T Blanford explored the great Indian

deseit, and wrote a xnemoii on its physical geography with especial
reference to the formei existence of the sea in the Indus valley, and
to the origin and mode of formation of the sand hills He describes

very fully the physical character of the deseit, with its botany and

zoology, the distubution of its sand hills, and the evidence of recent

marine action He then discusses the foimer existence of an inland

sea coveimg the Hann of Kdch and eastern Sind, and also extending

up the Loni Lasin, but notices the want of evidence of marine

denudation elsewheie in the deseit His conclusions are that

within vciy reeent geological times, the sea covered the Rann of

&ch, and the area now occupied by the Indus and Lom basins
,

but that the central part of the desert was not coveied by the sea

The sand is mainly derived fiom the old sea coast, and its transport

into the inteiior is due to the south west wind 2

The vast plain of India, including the lower parts of the basins of

the Indus and Ganges, extends uninterruptedly along the base of

tho Himalaya, and nowhere attains a greater height than 900 feet,

ftom tho Aiabian Sea to the Bay of Bengal But, at its highest

point, whoxo the "water parting separates the Jumna fiom the Sutlej,

there is an interval wheie the floods of the classic Saraswati once

watered the land of Kuiu, on their way to the Indus, hut where

now the streams hare ceased to be perennial, while the desert fast

om/icaches on the once rich kingdom of Sthaneswaia The causes

of tho physical changes in this interesting tract of countiy have

been discussed by several able writers 3 In 1840 Sir "William Baker

ran a Ime of levels across it fiom Karnul to Ludiana, finding the

greatest elevation, above the Jumna and Sutle] to be 68 feet, and he

afterwards carefully surveyed the courses of its nver beds Captain

Browii9 of the Revenue Survey, also examined and described the

water-parting region between the basins of the Indus and G-anges
4

* " Notes on the Ranxx of Kch and neighbouring region, by Sir H Baitle Irere

R G S Jmrn ,
xl

, p 181

* J A S B ," xlv
, pt 11 1876

3
Colvin, Porgtisson, Baker, Cunningham

* General Cunningham s Ancient Geography of India

Captain "W Biown (Revenue Surveyor) on the Bhatiana States

Report on the Cuggur and Soorsooty, by CaptainW Brown

Bake/s Beport on the Cuggur, Sept 17th, 1841

Repot t on a Ime of levels between the Jumna and Sutlej uvers, by Lieut

W E Bakei-J* A 8 -B,,p 688

Export on the Bangur lands of Bhawulpur, by Mr Barns 1870



358 THE GANGES

An old channel, being the dry bed of a large river, can still be

traced from near the Himalaya, through Bhatiana, Bikamr, and

Bhwalpur, into Sind, and is 600 miles in length In different

parts of its course it is known as the Narwal, Sotra, Hakra, Wahmd,
Dahan Scattered mounds mark the sites of cities and towns along
the course of this lost river The Saraswati lost itself in the sands

in the time of Menu But the Hakra, lower down, to which the

Saraswati was a tributary, was flowing as late as the 13th century
Dr Oldham.3 in some most interesting notes on the lost river of the

Indian desert, has conclusively shown that the Hakra or Sotra is

the ancient bed of the Sutlej , while the Bias flowed in an inde-

pendent course to the Indus He also holds that the Sutlej had an

independent course clear of the Indus, by the channel now known
as the Eastern Narra, to the sea The researches connected with

the courses of these rivers show the intimate connexion between

the studies of the historian and archsBologi&t, and those of the

geographer
I

The basin of the Ganges, with its tributary rivers and their

peculiarities, has been minutely examined and described by the

officers who have constructed those irrigation works which will be
the proudest and most enduring monuments of British rule in India,
and the lower part of the valley of the Brahmaputra has been almost

as fully treated of in the published reports of officers on Assam and
the north eastern frontier, from the time of Bedford and Wilcox
But the physical laws which regulate the great Indian river systems
have been most ably discussed by Mr Eergusson in his paper on
recent changes in the delta of the Ganges

2 He points out the law

by which all rivers oscillate in curves, the tendency of rivers in

alluvial soils to raise their banks, and so confine themselves in their

beds, and the mode in which deltas are gradually raised On the
first point Mr Feigusson shows that all rivers oscillate m curves

whose extent is directly proportionate to the quantity of water

flowing through them, any obstruction or inequality causing
oscillation, which goes on increasing until it reaches the mean
between the force of gravity tending to draw it in a straight line

and the force due to the obstruction tending to give it a direction

at right angles with the former, the extent of the curves being

1 <c Notes on the lost river of the Indian desert/' by Surgeon Major F OWham
An article in the " Calcutta Eeview "

for July 1874
a "

Quarterly Geological Journal," xix
, p 321
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proportioned to the slope of the bed With, reference to the

tendency of rivers in alluvial soils to raise their banks, he calls

attention to the impoitant fact that water resists water far better

than earth does A rivei can attack its banks in detail, and carry

the bits away, but still water, by producing a state of rest, forces a

river to deposit its silt exactly where it is most useful in forming a

barrier against further incuisions, and so finally repels its advance

In India these expanses of still water, called jhils, are at about the

same level as the river In the rains they rise with it, so that,

when it overtops its banks, it meets this body of still water, and

deposits its silt along the limits between the moving and the

stationary mass The mode by which it now appears that deltas

are raised is by a river flowing through some low part of the

country, gradually embanking itself, then raising its bed until the

body of its water is higher than the country round Into this it

eventually falls, and commences a similar process of embanking

itself, till, in the course of time, it is forced to seek a lower bed

Thus the whole delta is gradually raised by continual shifting of

the plains of the rivers Mr Pergusson forms the conclusion, from

a long and careful study of these Gangetic phenomena, that from

4,000 to 5,000 years ago, the sea, or at least the tide, extended as

far as Bajmahal, and that Bengal proper was a vast bay or lagoon

The gradual raising of the delta, which caused the lower part of the

Ganges basin to become inhabitable, is indicated by the positions of

the capital cities, which were first on the water parting between the

G-anges and Indus basins, and were established lower down the

Ganges valley by successive dynasties as the progress of the

physical changes rendered the former lagoons and swamps fit

places for the abodes of men The first cities really in the plains

were Hastanapura on the Ganges and Ayodya on the Gogra, which

flourished from 2,000 to 1,000 B o Then Canouj was built, at a

later date Palabothra or Patna, the early Muhammadans made

Gour, opposite Ilajmahal, their capital, and finally Dacca was built

in. 1604 near the mouth of the river Thus, in 3,000 B o the only

practically
habitable part of the alluvial plain of India was the

water-parting between the Sutlej and Jumna The rest has only

become fit for man's occupation within the historical period, and

hundreds of square miles of the delta have become habitable since

the days of Olive Great changes have taken place since Rennell's

survey In 1785 that great geographer found the Brahmaputra
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flowing through Silhet with a width of a mile and a half m the dry
season Now the same bed is a mere creek, or rather chain of

ponds, while the volume of watei has passed into the Jcnnai (then
an insignificant stream), some 70 miles further westwaid than the

bed it occupied in the beginning of the centuiy Then the Tlsta

joined the Granges at Jaffierganj , now it flows into the Btahma-

putra Eaithquakes haye aided the more gradual action of water

in effecting changes in the delta In 1762, in the great eaithquake
at Ohittagong, a large tract was submerged, and now forms the

Silhet jhils, through which Dr Hookei sailed, while other parts
were elevated l Mr Eergusson points out another important

hydrographic law, namely, that the mouths of tributaries shift

upwards along the mam stream in consequence of the decrease of

slope caused by the rise of the delta, which obliges the tiibutanes

to increase the angle at which they fall into the Ganges Careful

observation of the rate at which this takes place would show the

progress of the use in the delta "Hitherto," says Mr Fergusson,
"

dipping tumblers from the sides of budgerows
"

(to ascertain tbc

quantity of silt in suspension)
" has been supposed to be sufficient

" to gauge the growth of continents, but the safest test of the
" elevation of the delta is the piogress of the retrocession of the
" tubutanes "

Several special memoirs on districts within the Gangetic basm
have lately appeared in anticipation of Dr Hunter's final Gazetteer

Among these are Mr "Westland's Report on Jessor containing an

interesting description of the river system and its changes during
the last centuiy, and of the progress of the formation of the delta 2

Dr Oldham's first part of a Memoir on Ghazipur contains notes on
the changes in the course of the part of the Ganges \\hich Hows

through that distuct 3 In 1876 Mr Bevendgc published a history
of the district of Bakarganj, the geographical portion of which
contains an excellent account of the rivers, lakes, and s^ amps in
that deltaic region

4

It has been seen that both in the Indus and Ganges basins

1 < Plul Iians/ lvm,p 251,
" Hooker's Journal/' n , p 256

2 " A repoi t on the distuct of Jessore, its antiquities, its histoiy, and its commerce,"
by James Westland (Calcutta, 1871 )

3 " Aa histoncal and statistical memoir of the Grhazeepoor distuct" by W Oldham
B C S , IL D (Allahabad, 1870 )

J '

4 "The district of Bakarganj, its history and statistics," by H Bevmdge, CB
(Trubner, 1876), 8vo , pp 459 and map



THE NAKBADA 361

earthquakes hare formed an important element in the changes that

have taken place This branch of the subject has received much
attention, and descriptive lists of eaithquakes in India have
been drawn up by Colonel Baird Smith, and more recently by
Dr Oldham 1

South of the Ganges valley, long, flat-topped spurs descend

towards the Jumna, and almost reach the nver to the eastward of

Ghvalior But furthei east they recede, and form an amphitheatre
of precipices, shaping the plain of Bandalkhand into a baysurrounded

by sandstone clifis, which again advance to the Jumna neai Mu-
zapur This is the northern face of the plateau of Malwa, and

highland of Bandalkhand and Eewah, which is bounded to the south

by the valleys of the Narbada and Son These two valleys foim
a continuous and almost straight line of depression across India,

from the gulf of Oambay to Patna on the Q-anges Thus the

plateaux of Malwa and Bandalkhand, or as it mav more properly
be called with reference to physical geography, the Vindhyan table

land, forms a great triangle, with the line of the Narbada and Son
as one side, the Ganges valley as another, and the Aravalli mountains

separating it fiom the Luni basin and the desert, as a third To
the south the great rock escarpment of the Vindhyan hills terminates

the table land, and overhangs the valley of the Narbada, presenting
the appealance of a weather beaten coast line Prom its summit
there is no abrupt descent to the north, corresponding to then

southern declivity , yet the northern slope, though slight, commences
at the very edge of the escarpment above the Narbada, where the

Betwa, Dessan, and Sonai nvois rise, and flow northwaids to

the Ganges The escarpment of Vindhyan rocks, hoic called the

Kymor hills, continues along the north flank of the Son valley It

is said that on the remarkable Ml of Amarkuntak, the three rivers

Son, Narbada, and Mahanadi rise from one tank This m not true,

but their sources are really only a few miles from each other This

region has been best described by Dangerfield,
2

Franklin,
8
Jacque-

mont/ Oldham,
5 and Medlicott,

6 while Dr Hooker crossed and
described the Kymor hills

1 See also the paper on eaithquakes, and especially on tlxat in the NW part o the

Bombay Presidency, on Apnl 29fch, 1864, by D J Kennelly, Esq Bombay G Sf J
9

xvm,p 288
a Malcolms " Central India

' " T A S B/ xxv, p 249
3 "

Geological Society, Trans
,

'

III 2d S e *

Geological Memoirs
* "

Voyage dans Flnde M
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The Narhada itself forms one of the most important and inter-

esting features of the physical geography of Western India To the

north of its yalley are the flat-topped cliffs of the Vindhyan hills,

from 300 to 800 feet high , and to the south is the Mahadeo or

Satpura range, sloping gently towards the Narhada, and with its

abrupt face to the southward, foirning the noithern boundary of

the Tapti valley The Satprna hills have been described by Rigby,
1

and the Tapti valley by Edwards 2 Both the Vindhya and Satpura

ranges are abrupt and scarped to the south, and slope off gently on

their northern sides 3)r Impey wrote a full description of the

physical character of the Narbada valley in 1855 ,

8
it was reported

upon by Evans, Keatinge, and Del Hoste,
4 and has since been care-

fully examined by the Geological Surveyors

The extensive region bounded by the Ganges, the Son, the Maha-

nadi, and the Bay of Bengal, and drained by the Damudar and

other streams, has received very close investigation on its northern

side, where the mineral treasures of the B^mahal hills have long

attracted attention,
5 but the southern and western parts of the

tract are less known A party of the Topographical Survey has

been engaged for some years in the exploration and mapping of part

of this region

The plateau of the Decca^i has been be&t described by Colonel

Sykes , and no account of Mysor has yet appeared entirely to super-

sede the admirable work of Dr Buchanan This officer (wh,o after-

wards took the name of Hamilton) was deputed to report upon the

dominions of the Rajah of Mysor in the year 1800, and he completed

his tour in 1801 His work was published in 1807,
6 and every page

teems with, valuable information, but it is wiitten in the form of a

journal, and this makes it difficult to consult Dr Buchanan's

work on Mysor was reprinted at Madras in 1870 7 The new
" Gazetteer of Mysor/

5

by Mr Lewis Rice, the Director of Public

i Journ Bombay G S ," xi
, p 69

* G- S,xi,p 16

3 " Bombay Selections
' No ziv N S

4 Journal, Bombay G S " vm
, 119 and 174, and i 174

6 See " Notes upon a tour thiough the Rajmahal hills,
*

by Capt Sherwill, EE
J A S B xx

> p 544 the '

Geological Memoirs ,

" and Dr Hooker s Journal, and

his paper in the ' J A S B ," ami , pt 11, p 355

e "A Journey trom Madras through the countries of Mysore, Canara, and Malabar,"

by ranci& Buchanan, M D (London, 1807 )
4to

,
3 vols

7 Second edition, with a memoir of the author, 8vo ,
2 vols (Higgmbotham, Madras>

1870)
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Instruction^ was published at Bangaloi in 1877 l The schemes for

nangation and irrigation, and the works already executed^ haye led,

more recently, to frequent and minutely detailed examinations of

the basins through which flow the rivers which traverse the pemn
sola, and fall into the Bay of Bengal

The Mahanadi, rising in the mountainous legion which "bounds

the Ohatisgarh plateau, has a comparatively short course^ and

numerous tributaries converging from, a limited circumference to a

common, centre Thus a single storm will often affect the whole

area of the basin This peculiarity has caused those destructive

floods in Cattack which necessitate a system of carefully constructed

emhanknients Captain Harris, fiom his position in charge of these

works, has studied the meteorological phenomena of the Mah.an.adi

basin with close attention s but the "best general description of the

region is by Sir Richard Temple
2

The basin of the (3-odavan is very fully described in the reports of

Colonel Haig , the Krishna and Kaveri5 with the smaller streams

along the coast, have, also T)een minutely described in numerous

irrigation reports ,

8 and the eastern hills of the peninsula have been

lor several years the scene of the labours of Mr King and his col

leagues of the Geological Survey

The Western GMts, extending from the Tapti to Cape Oomorui,

with one remarkable gap at Palghat, and the peculiarities of their

western drainage system, would require a large volume for their

satisfactory description

No general "work of the land exists, and the different portions or

districts can onljrhc studied in detail

The northern portion, is included m various accounts of the

Deccan, hut I know of no detailed geographical description of

Nagar and Munjerabad, nor of Ooorg tod IVytiaad, apart from the

manuscript memoirs of the old surveys The best general accotmt

1 "Mysore andCooig A gazetteer compiled for the GoYeintnent of India," by

Lowis Bice, Directox of Public Instruction, Mysore and Coorg Yol I
, Mysore m

General, pp 658 Vol II 5 Mysore by districts, pp 504 and maps Vol III
, Coorg

2 Selections
"
(India 3? W D

),
No xhu

,

"
Journal, E Gr S / xxxv , p 70, (1865 )

8
See, on these subjects, Major Ori s Report on the Woiks of the Madras Irnga

tion Company at Karntil, dated January 8th, 1861, Sir "William Demson s Minute of

March 2nd, 1861, and Colonel Ludlow s Eeport of October 1862 For an excellent

general account of the works on the deltas of the Grodavan, Krishna, and E&veri, see

Colonel Baird Smith s Repoit (London, 1856) IPor the Kixshna, see also Major A.nder

son's Eeport of January 6th, 1863
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of Coorgis given in Colonel Sankey's interesting leport on the roads,

and I hare myselfreported upon the Wynaad district
*

Ouchterlony's

report gives details of the geographical features of the JSTilgin

and ELimdah hills,
2 and the first account of the Anairnalais ap

peared m Di Cleghom's
" Foiests and Gardens of Southern India "

The Palnais have been described by Captain "Ward, Captain Bed-

dome, Dr Wight and by myself, and I have also leported upon
the mountainous legion between Tiayancor and Madura 8 Yet

wide tracts of the Western G-k&ts are undeserved, and otheis are

still unexplored Malabar was explored, early in this century, by
Dr Buchanan, and his is still the standard "work on the subject ,

but the system of back waters along the coast, and all the pheno-
mena connected with the western drainage of the ghats, is a branch

of physical geography which would still lepay careful study
*

The distribution of plants, and their influence upon the climate,

and thiough the climate upon the physical character of a region, is

one of the most important branches of geographical science
,
and it

is one which, in ladia, has been studied irom a very early period

The fiist Indian heibalists, however, collected and examined plants

without reference to any such general YIOM s It was to learn their

healing vntues that the holy sage Agastia explored the wonders

of the vegetable kingdom,
5 that Ibn ul Bakhtai came all the way

from distant Spain to collect the plants of India,
6 and even that the

Portuguese physician Cristobal da Costa made his botanical obser-

vations 7 The first great Indian work on plants was the "Hortus

Malabancus," undertaken under the auspices of Henry Tan Rheede,

the Dutch Governoi of Mdlabai The specimens were collected by
Brahmans between 1674 and 1676, and sent to Cochin^ where draw-

ings were made by the missionaiy Mathoeus, and descriptions 111

1 " Chinchona Blue Book, (1 870) pp 61-93 ,
" Travels in Peru and India, p 402

" Madras Journal,
'

vi, p 280, v, p 280, and 1857 ,
" Forests and Gardens of South

India, p 289-302
2 feee also the earlier repoifc on the ISTeilghemes by Messis Keys and Turnhull

Bombay G S J", iv
, p 9

3 "Chinchona Blue Book,
'

(June 1866), p 283
4 " On the inland navigation of Travancore

'

J? G 8 Jburn 9 XXXYI , p 19o

(1866) See also Mr Kennedy s inteiesting report to the Madras Government on the

back watei navigation, and the works required at Cochin, dated Oct 9th, 1862
5

Aghastier Tytia Anyouroo
" A medical Sastrum frequently quoted in Amslie's

(< Materia Medica "

6
Escnrial, MSS Casm

7 His observations form the "basis of " Clusius Exoticorumlibri decem '

(Antwerp,
1563)
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Malayalim were tianslated into Latm by Hermann van Doulp,

the secretary to Government at Cochin The woik was published

at Amsterdam in 12 folio volumes, with 794 plates, between 1686

and 1703 ,
and a commentary on it, by Di Buchanan Hamilton, has

since been printed in the " Transactions of the Linnsean Society
" 1

William Hoxbuigh was born at Underwood, in Scotland, on

June 29th, 1759 He enteied the Madras medical service m 1786,

and John Koenig
* of Courland came out to India 111 the service of

the Danish Government in 1768 These two eminent men, with

Sir "William Jones, Buchanan Hamilton, Iluntei, Carey, and Rottlei,

formed themselves into a society for the promotion of botany , and

Roxburgh was the first to reduce the plants of tho east to the form

of a flora In the early part of his caieer he resided at Samulcottah

in the Northern Circars, and wrote some valuable papers foi DaL-

rymple's
" Oriental Repository/' on the cultivation of rice, sugar, and

pepper In 1793 Roxburgh became the fiist Superintendent of the

botanical gardens at Calcutta,
3 where he remained until 1814, when

ho went home, and died at Edinburgh in April 1815 Roxburgh
caused 2,000 coloured drawings of plants to be made, 300 of which

were published by the East India Company 111 thiec large volumes

entitled
" The Plants of Coromandel," between 1795 and 1816 The

published plants were selected chiefly for their useful qualities,

and included the sandal wood tree, catamaran, nux vomica, teak,

arcca catechu, mimosa arabica, and teimmaha chcbula Rox-

burgh's
" Eloia Indica

"
(3 vols 8vo)was published between 1820

and 1832 4

WaDich received Dr Roxbuigh's mantle, and succeeded him as

the leading Indian botanist Nathaniel Wallich was a Dane born

1 Vols xiu
,
xiv ,

xv
2
Koemg's heibanum and MSS are in the British Museum

8 The gardens weie commenced by Captain Kyd m March 17&6

41 Tho fiist and second \ olumes of Roxburgh s
" Floia Indica weio edited by Drs

Carey and Wallich, and published in 1820 and 1 824 respectively Dr Roxbmgh s sons

republished both these without Wallich s additions, together with the third, completing

the woik m 1832 These thiee volumes 1m e been, textually reprinted in Calcutta in

one large 8vo volume, undei the caie of C B Claike, with i pi cfacc, together with a

repnnt of Roxburgh B India lerns fiom a numbei of tho Asiatic Society s Jomnal, and

an index to the Latin, English, and vai ions nativ o names Copies of all Dr Roxburgh s

unpublished drawings weie made by the late Sir William Hooker, on a reduced scale

In the "Hortus Bengalensis
" a list of all the plants described m Roxburgh's llora

is arranged according to the Linnsean system, with native names, habit, time of floweung,

and references to the plates in Van Rheede's " Iloitus Malabaucus "

Ihere is an obituary notice of Dr Roxburgh, with a portiait, m the 38th volume of

th " Transactions of the Society of Aits
"
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at Copenhagen on the 28th of Januaiy 1786 He "went out to India

as surgeon of the Danish settlement of Serampur, and was taken

prisoner when that place was captured by the English His great
attainments as a botanist soon secured for him the transfer from a

prison to the charge of the Gorernment gardens at Calcutta, as

Dr Buchanan Hamilton's successor, in 1815 Dr Buchanan
Hamilton had taten Dr Roxburgh's place for a year During the

next thirteen years Wallich added enormously to the extent of the

collections In 1820 he made a botanical excursion to Nepal, and
m 1824 he commenced the publication of his " Tentamen Morse

Nepalensis
" In 1825 b.e was sent to inspect the timber forests of

Oudh and Rohilkhand, and made large collections of plants , and in

1826 he enjoyed farther opportunities as a member of the mission to

Aya He also employed many collectors in various parts of India

In 1828 Mr Wallich came to England with an enormous collection

of plants, which he distributed among the principal botanists of the

day He lithographed with his own hand a catalogue, consisting of

253 folio pages, of the specimens letained at the India House (7683),

together with their localities and collectors' names In 1832 Wallich's

original herbarium was presented to the Linnsean Society by the

East India Company It consists of about 7,000 species, and has

become a standard work of reference 1 While he was in England
Dr WaUich also completed his

cc Plante Asiaticse Rariores," a

magnificent work in 3 folio volumes, containing 300 coloured plates,
which was published by the East India Company in 1832 In 1833
Dr Wallich returned to India, and resumed his labours at the gardens
With unremitting zeal Erona 1836 to 1840 he distributed no less

than 189,932 hying plants to 2,000 different gardens In 1841, ill

health, the result of his extraordmaiy labour, compelled him to

visit the Cape of Good Hope, where he made extensive collections,

returning to the Calcutta gardens in 1844 He was engaged in

examining the capabilities of Assam for tea cultivation in 1845, but
in 1847 was obliged to go home from ill health, and this most
zealous and able public servant died in London on the 28th of April
1854, aged 69 His successors at the Calcutta gardens have been
Drs Falconer, Thomson, Anderson, and King
William Griffith must be mentioned as one of the leading Bengal

1 There is also a set of the Walhchian Herbarium at Kew Dr Hooker, in 1858
rescued 12 or 14 waggon loads of chests of dned plants from the cellars of the India

House, consisting chiefly of Griffiths
, Heifer's, and Falconer s collections, and arranged

and distributed Itoem to the principal museums iji Europe and America
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botanists, and was a pupil of Dr Lmdley He was born in 1810

He armed at Calcutta as assistant surgeon in 1835, was appointed

to accompany Dr "Wallich to Assam, and for a short time assisted

in the distribution of the gigantic herbarium mentioned aboye

He traversed the unexplored tracts near the Mishmi mountains,

between Sudiya and Ava, collecting fishes, insects, and plants 5 and

in February 1836 he made a journey fiom Assam to Ara, and down

the Irawadi to Rangoon Next, as surgeon to Pemberton's em-

bassy, he traversed 400 miles of the Bhutan country, returning

to Calcutta in June 1839 In November of the same year he joined

the army of the Indus in a scientific capacity, and went from Kabul

to Khurasan, making large collections of plants In 1841 he was

appointed OIL medical service to Malacca, from which he was

recalled in 1842 to take the charge of the Calcutta Botanic Garden

during Dr Wallich's absence at the Cape At the end of 1844,

after "Wallich's return, he went again to Malacca, where he died

in February 1845, worn out by fatigues and sicknesses due to

exposure during his remarkable and protracted journeys

Dr Gnffith was unquestionably the most learned botanist and

acute investigator of the many that British India can boast His

various papers communicated to the Linnaean Society of London,

and other publications, are models of scientific research, and his

drawings, microscopic analyses and descriptions of plants tod their

organs, made chiefly during his travels, always in hot and often in

malarious regions, and preserved at the Eoyal Gardens of Kew, are

evidences oi astonishing industry and great knowledge The fruits

of these labours have been edited in five volumes, 8vo , by his

fnend Dr McClelland, late of the Bengal Medical Service x The

great object of his Me was the preparation of a general scientific

Mora of India He devoted 12 years of nnremittod exertion to

this work, collecting 2,500 species from the Khaaa hills, 2,000

from Tenassenm, 1,000 from Assam, 1,200 from the Mishmi

country, 1,700 from Bhutan, 1,000 from the neighbourhood of

Calcutta, and 1,200 from the Naga hills, besides large collections

in the Malay peninsula and Borneo

i " Posthumous papers bequeathed to the II E I C
,
and printed by order of the

Government of Bengal , being journals of travels by the late William Griffith, Esq ,

arranged by John McClelland, MB" (Calcutta, 184&-54, 5 volumes 8vo, with

a 4to volume of illustrations ) They include his journals of travels in the Mislimi

country, Uppci Assam, to Avd, Bhutan, Candahar, and Kabul
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The public garden at Saharunpur was established m 1779 by
Zabita Khan, -who appropriated the revenues of seven villages for

its maintenance, Gholam Kadii, and the Mahratta chiefs after him,
continued the grant, and in 1823 Lord Hastings ordered the esta-

blishment to be converted into a botanical garden of 400 acres, to

which was afterwards added a nurseiy of trees for the canal banks l

Dr Porbes Royle was the first Superintendent, and, in his " Illus-

trations of the botany of the Himalayan Moiintams," he was the

first to attempt to demonstrate the prominent features of the geo

giaphical distubution of Noith Indian plants, in reference to the

elevations and climates they inhabit, and to the botany of the sur-

rounding country In his paper on the geographical distubution

of the Flora of India, Dr Boyle makes some most interesting
remarks on the vegetation of Indian lakes, and suggests the process

by which the coal foimations have been deposited The lakes are

often coveied with numeious stems, leaf and flower stalks of a

variety of plants closelv interlaced and matted together , and cattle

are even said to graze upon the glasses with which the lakes become

covered, the matted growth being strong enough to bear then

weight
2

Dr Boyle was succeeded at Saharunpur successively by Drs

Palconei, Jameson and latterly by Mr Duthie, ELS
Dr Wight stands at the head of the botanists of the Madras

Presidency His " Prodromus Florae Peninsulas Indise Orientals "

IB pronounced byDr Hooker to be the most able and valuable
contubution to Indian botany that has ever appeared

8 In 1853
Di "Wight returned to England with an enormous collection of

plants, chiefly from the hill districts, which he presented to the
Heibanum of the Royal Gardens, Kew, whence the duplicates have
been distributed

In 1830 Di Giaham made a catalogue of the Bombay plants,

1 J A S B,' i,p 41
2 General observations on the geographical distribution of the Flora of India, and

remarks on the vegetation of its lakes, by Dr Forbes Royle Reports of the British

Association, xv
, p 74 (1846 )

By Eobert Wight and G A W Arnott (2 voh 1834 ) Dr Wight has also

published,
" Illustrations of Indian Botany,

'

commenced in 1838 * Icones Plantarum
Indue Onentahs," (2,101 plates,) and "

bpicilegmm Neilgherrense
'

(coloured plates)
Dr Leschenault, the director of the botanic gardens at Pondicheny, and Mi Gardner
of Ceylon, also explored the Floia of the
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and he has been followed by Law, Dalzell, Gibson, Birdwood,
1 and

otheis

The "Mora Indica "of Dis Hooker and Thomson was intended
to combine all the infoixnation that has hitherto been collected on
the subject of Indian botany In 1851 the Court of Directois lefused
to piomote this gicat national object, though strongly memorali/ed

by the British Association , yet a fust volume, with a most valuable
and interesting prelnnmaiy essay, was published in 1855

Aftei enumeiating the woilcs of previous botanists, and the labouis

of vanous collectors/ the essav furnishes a lucid sketch of the

physical features and vegetation of the piovmces of India

The authors, in giving a compiehensive view of Indian botany,
divide the country into 18 botanical piovmces, including Ceylon,
with reference to physical featuies 3 The total number of Indian

species is from 12 to 15,000, but theie is almost a total absence of

absolutely local plants, while India contains lepiesentatives of

almost eveiy natuial family on the globe The general physiognomy
of the greatei part of the floia appioximates more to that of tropical
Africa than to any othei part oi the world The plains are very
poor in species, and theic are few countnes in which the vegetation

presents so little beauty, 01 such shoit seasons of bloom In the

1 "The Bombay Floia, oi short descriptions of all the indigenous plants in the

Bombay Pitsidency," by N A Dal/ell and A Gibson (Bombay, 1861 )
"
Catalogue of the economic products of the Presidency of Bombay ,

'

compiled by
Assistant Surgeon Bndwoocl, M I) (Bombay, 1862 )

2 Ricbard Strachey collected 2,000 species in tlic Himalaya, and clistiibutcd them to

several European museums Munro made a large collection in Madias, Coorg, Agia,
and Simla, Falconer m libet, Schmidt in the Nilgms, Cooig, and Canara (named
by Miquel) ,

Lobb in Kasyah and Malabar , Law m Bombay , Dal/ell in the Konkau

Sykes and Gibson m the Deccan, Stocks m Bind, Madden m Simla and KumauB ,

Vicarymthe Punjab and bind Eelgewoith in Multan and Bandalkhand
> Heimng

in the Salt Range Jamton at Masauri, lliomson 3,000 species in Rohilkhand,

Kashmir, Tibet, and the Punjab, and m the Himalaya , Hooker 1,000 in Bahai and the

Gangetic valley, 3,500 in Sikkim 3,000 in the Kasyah hills, 1,000 in Cadiar and the

Sundarbans Griffiths' collection has been described above A very few of Jacguemont a

plants were published by Cambessidcs and Decaisne, in a 4to >olume with 180 plates

(Paris, 1844)
3
Namely, 1 Ceylon, 7 Khandish, 13 Gujr/it,

2 Malabar, 8 Berar, 14 Smd,
3 Konkan, 9 Ons sa, 15 Rajwara,
4 Carnatic, 10 Bahai, 16 Punjab,
5 Mysoi, 11 Bandalkhand, 17 Upper Gangetic plain,

6 Deccan, 12 Malwa, 18 Bengal,

besides the Himalayan legion

(13441 )
A a
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Oarnatic, wlxere the flora has been thoroughly investigated, the

vegetation is neither rich nor vaiied, and there are no foiests

except on the flanks of the mountains In Malabar, where there

is abundant rainfall, the luxunant vegetation is Malayan ,
while in

the Konkan, further north, where the countiy is moie open, and

heavy forests are rarei, there is a mixture of African types On the

Deccan the flora is not extensive, and in Beiai and Khandish

little is known of it On the Ymdhyan table land the flora re

sernbles that of the Eastern GMts, but the Malwa floia is scarcely

known In Sind, where there are about 400 species, nine tenths

are indigenous to Africa ,
and the vegetation of the Punjab is very

like that of Sind There is neaily complete identity of vegetation

between Sind and Egypt
The Himalayan legion, as regards its botany, is divided longitu-

dinally into east, central, and west, latitudmally into cxtenoi,

inteiioi, and Tibetan ,
and altitudmally into tropical, temperate, and

alpme In the eastern portion Dr Hookei exploied the dense

foiests of Sikkim, which extend up to 12,000 feet, collecting 2,770

species of flowering plants and 150 ferns, besides many cryptogamic

plants Many European types do not reach beyond the Western

Himalaya, while others, such as walnuts, ivy, jumpeis, and yews,

extend over the whole range As many as 222 Butish plants aie

found in India, but to the eastward of Kumaun the European types

rapidly disappear The deodara or cedar of Himalaya (a variety of

that of Lebanon) is only found to the west of Nepal Veiy few

European plants extend into that central part of the region, and

fewer still into Sikkim This is probably connected with the

gradually increasing rainfall and damp heat to the eastwaid The

phenomena of vegetation are less dependent upon the mean tcm

perature of the year than upon that of the season of growth, and

it is theiefore important to know the mean temperature of each

month
In 1872 the Secretary of State for India in Council (the Duke of

Argyll) gave instructions for a Mora of British India to be pre

pared under the editorship of Sir Joseph Hooker, and satisfactoiy

progress has already been made m this work It comprises all the

plants of India from the Indus to Burma, Malacca, and Ceylon, an

area computed at a million and a half of square miles, and believed

to contain upwards of 12,000 species of plants, from all elevations

up to 19,000 feet The first volume was completed (in three parts)

in 1875, and contains 740 pages, with 44 natural orders, and 2,258
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species The first part of the second volume is also published with
608 species The whole is in English, and will be comprised in
four thick octavo volumes, and bt issued at the veiy moderate cost
of Sis 6d per volume

The effects of human action on the physical condition of the
earth's suiface have been very gieat ,, and the planting and destiuc
tion of forests have been among the chief agents in the changes
thus caused 1

It is true that too much impoitance has been
attiibutcd to the influence of foiosts, as il they were the pmicipal
causes of the moistuic of a climate Lieutenant W II Parish, in
a veiy inteiestmg pipci on this subject, has well pointed out that

tempeiatme, the pressuie of the atmosphcic, and its electrical
state aie the chief agents towards the foilnation of ram, and that
mountain chains and foiests aie merely local causes HiimboMt
considers that foie^ts exercise a tuple influence on climate, by
piotcctmg the soil agam&t the lays of the sun, producing a constant

evaporation, and mci easing the radiation thiough the leaves The
entne destiuction of many foiests has ccitainly lencleicd India
liable to those dreadful calamities which always follow a deficiency
of ram, and, during the troubles attendant on the fall of the
Muhammadan empire, many districts weie denuded of their trees,
and converted into dreary wastes The attention of the English
lulcrswas fiist tuinecl to the sub]ect by the rapid faihiie of the

supply of timbei for ship building in the Malabar foiests, and
Dr Gibson was appointed as conservator of the forests m the

Bombay Presidency Bioadci views, howevei, soon began to be
entertained, and a regularly organized system o( foies! conservaney
is now established throughout India Much valuable information
on this subject will be found in the work of Dr Oleghorn, to whose
skill and ability as an administrator the present success of forest

conservancy in India is mainly due
,
m the reports of Dr Brandis,

the present accomplished Inspcctoi General of Porcsts , and in the

writings of Di Balfour, of the Indian Medical Seivicc, Colonel Hcber
Drury, and others 3

1 Tlio best ancl most mstractive woik on this subject is "Physical Geography as
modified by human action," by Geoigo P Maish (London, 1864 )

2 J A S B " xvm
, p 791

3 "tojesls and Gaidens of Southern India," by Hugh Cleghoin, MD (London
1861 )
" Iimbei Ticcs of India," by Di Balfom (Madras, 1862) A thud edition

appeared in 1 870

Aa 2
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The want of forest handbooks led to the piepaiatioii of thiee

woiks, namely the "Ploia Sylyatica" of Madias, "by Lieut -Colonel

Beddome, Head of the Eoiest Depaitment in that Piosidonc\ , which

TFIS commenced in 1868 and completed in 1873,
1 the "Eorest Eloia

of Butish Buima," hy Snlpiz Km/, Cuiatoi of the Heibaiium at Cal

cut to, ,
and the "Forest Floia of Noith West and Oential India,

'

com-

menced by the late Di J Lindsay Ste^ait, and completed in 1874

by Di Biandis
2 The thiee woiks compuse most of the tiees a descup-

tion of which is needful to Jtoiestus in Butish India In 1873 Di

Biandis mote an article on the distubution of forest in India, for

the
"
Geogiaphical Magazine,

5 ' which was illustiated bv a tinted

map showing the amount of lamfall in the diffeiont legions
3 Since

July 1875 the " Indian Eoiestei, a quarterly magazine of foiestry

edited by Dr Schlich, Oonseivatoi of Bengal foiests, has been

published at Calcutta
4 It contains many valuable aiticles on

foiestry, seveial of which aie also mtciestmg to the physical

geographer
On the Western Ghats, owing to the introduction of coffee

cultivation, many thousands of acics have been cleaied of foiest,

and it is impossible to exaggerate the importance of asceitaming

the nature of the changes caused by these dealings, and tho

Useful Plants of India,
'

by Majoi Heber Druiy (Madras, 1858 )

A new work, based on the same plan, was published at the Tiavancoi Sncai Press

in 1864 " Hand book of the Indian Flora, being a guide to all the flowering plants

hitherto described as indigenous to the continent of India, b} Lieut Colonel Hebei

Drury 3 vols A second edition entitled " Ihe Useful Plants ol Indn with notices

of then chief value in commeice, medicine, and the aits,' by Colonel Heber Druiy,

was published by Messis Allen in 1873, pp xvi 512

"Index to the native and scientific names, oi Indian plints mcl pioducl , by Di

Forbes Watson (India Office, 1 866 )

"Timber liees of India, by Geoige Bidie, M E (Madias, 1862 )

" Timbei Trees of Upper Assam Journal Ag and Hort &ocy of India, 111
,

pt 11
, p 6-10

1 "The Flora Syhatica foi Southern Ind a, by Mrjoi R II Beddome, Conservatoi

of Foiests,' 3\ols 4to (Madias) This woil contains 325 plates of trees with full

descriptions, and a manual gi\m a systematic account of 76 natural oiders

2 " The Foiest Flora of North West ind Central India a handbook of indigenous

trees ind shiubs of those countnes, commenced by the lite J Lindsay Stewait, M D
,

continued and completed by Dietnch Brandis, Phil D (Allen, 1874 )

3 Ocean Highways Octobei 1873, p 200
4 " The Indian Foi ester, a quaiteily magazine of forestiy, edited by W Schlich,

Ph D Conservator of Forests, Bengal Vol I (July 1875 to Apnl 1876), Vol II

(July 1876 to April 1877), and Paits 1, 2, and 3 of Vol III (CalcuttiCential Press

Company 1876, 1877 )
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best means of obviating tlic evils that may ausc fioni tliem , foi

on the watei supply fiom the ghats depends the irngation of a

laige pait of the peninsula Among othei measures, I believe

and tiust that the ehmchona plantations, foimed within the last

sixteen yeais on most of the mountains of India, will be as useful

as the tiees they have supplanted, in pieventmg evapoiation,

legulatmg diimage, and leceivmg the nioistuie which ib wiung
out of the pissing clouds l

The natuie of the soil is anothei cause which produces modifi-

cations in climate, owing to gieatei 01 less power of ladiatmg heit

S indy soils become lapidly and intensely hot, and when the lays of

the sun aie withdiawii they leadily ladiate to the atmospheie the

heat they have acquired Clayey boils, on the othei hand, become

slo\\ly heated, and as slowly pait with heat Swampy ground chills

the air , thus, it maishes aic drained 01 loiests cleaied, the tempc-

latuie is laised

The changes that tale place along the coasts, and aic still in

piogiess, have only bcui partially investigated Poi this purpose

the examination of chaits ol the same places, made at diffeiciit

peiiods, is vciy impoitant At Cochin, foi instance, louncl the

Vaipin point, the action ol the S W monsoon and of the back-water

produces incessant change
*

Such phenomena as the Alcpy mud

bank, and othcis connected with the relations between the Malabai

luck-watcis and the ocean, icquuc fuithei study and examination,
3

as do also the boics in the Guli oi Oaml)ay, and at the mouth oi

the Salwin, and othei tidal phenomena, the changes at the mouths

oi nveis, and the so-called
" swatches oi no giound

"
off the mouths

of the Indus and Ganges A complete and thoiough investigation

of the evidence ol upheaval and depiessioii lound the sea shoies oL

India is also a desidciatum Indeed " the pliysical geography oi the

Indian Seas
"

is a valuable and important volume which has yet to

be written

In Septembei 1870, Mi Eobertson, C E , was appointed to pro

secute inquiries with a view to the impiovement of some oi the

i " On the eftccts of the destruction of ioiesls in the We stein Ghints of India, on the

watei supply, l>v C K Maikham, R tr S Jomnil, xxxvi,p 180(1866) see ilso

Chmchona Blue Bool *, pic sen led to Pull uncut, pa^tm
* See Kennedy s Etpoit, Get 9th, 1862

3 bee on this subject,
" On the Inland Navigation of 1 ravancoie in accoant oi the

AU py imid banl uid the Wuil alhy Bauici, by K Maikham, **li G b Journal,'

xxxvi, p 195(1856)
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harbours on the coast of India, and he published a report in 1871,
1

which gives detailed descriptions of the anchorages at Aden,

Mangalur, Cananor, Calicut, Cochin,, Narakal, Alepy, Pauinbexi,

Tutikorm, Negapatam, Madias, Blackwood's lEarboui^and Cocanada,
with suggestions for the improvement of some of thorn His re-

marks OD the encioachments of the sea at Cochin, on the alteiation

in the Grurpur Gap at Mangalur,
2 on the changes at Negapatam, and

on the siltmgs at Cocanada, place the necessity for periodical

suiveys in a very strong light

An attempt has been made in this section to give a geneial idea

of the points of chief interest that have been discussed by physical

geogiaphers in connexion with India
,
with lefeiences to their

writings It is of course only possible to furnish a cuisory view of

so vast a subject, within such nariow limits A great mass of

accurate and well digested observation has been accumulated, to all

of which it has not been possible to refei , but very rich veins of

good metal will leward the explorei who searches among the selec-

tions fiom Government Eecords, the volumes of the Asiatic Society
of Bengal, and those of other societies established in India There
is ample matenal already gainered to enable a physical geographer
to follow up and form generalizations on any bianch of his science,

while fresh stoies aie constantly being collected by the Topogra-
phical and Geological Surveyors and by other observers Surveyois
are expected to send in a full account of the geographical features

of the districts under survey, with notes on then aspect, climate,

superficial configuration, foiests, rivers, soils, and productions
3

Mi Henry ^ Blanford, in 1874, published at Calcutta a text

book on the rudiments of physical geography for the use of schools

in India, with a sketch of the structure and climate of India 4
Its

prepaiation was suggested by the senior Board of Examiners in Arts
of the Calcutta "University, who felt that elementary text books

treating of natural sciences for use in India, should deal moie

1
"liepoit to the Government of India on Indiin Ehiboms,

'

by George Robeitson

(Edinburgh, 1871 )
2 See also, on this subject, an article on "The Extension of the Malabai Coast," by

E W Prmgle with a map, in the nunabei of the "
Geogiaphical Magazine

"
foi

September 1877, p 230
3 "Manual of Surveying for India," p 684
4 " The Kudiments of Physical Geography foi the use of Indian schools, together with" a sketch of the physical structuie and climate of India, and i glossary of the techni

" cal terms employed, by Henry F Blanfoid, F G S (0 ilcutta 1874), 8vo , pp 169
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especially with objects familiar and interesting to the Indian learners

The illustrations m Mi Blanford's little woik aie, therefore, taken

as much as possible fiom Indian localities, and the three last chap-

teis aie entnely devoted to the geology and climate of India

forming the only populai descuption that has yet been offered of

these interesting subjects Mi Bhnford, who was formerly on the

geological suivey, and is now Dircctoi General of the Meteorological

Depaitment, is specially qualified to prepaie such a text book, and

the results of his labouib aie so excellent that it is much to be

desuccl that they should be lepubhshed in England
Pew attempts have hitheito been made to produce really good

maps to illustrate the physical geography and statistics of India

In 1833 Mr "Walker brought out a set of maps to show the Euro-

pean connexion with India ,
but these are merely skeleton maps,

giving the political boundaues, and those for militaxy, revenue, and

judicial purposes A second edition, with five additional maps,

was published m about 184S

The best scries of illustiative maps is thai prepared by Mi Edward

A Punsep, the settlement offlcei in the Scalkot dibtnet of the

Pun]ab Then design is admirable, and they display both taste

and skill in then execution They are mv^luible, as tar as they

go, and it is nmeh to be desired that similar maps should be pie-

parcel m othei paits of India These are confined to the Sealkot

district, and the seues ot sixteen shows at a glanee the details ot

eveiy "branch ot inioimation rcquiicd by a levenue officer, and

mueh that is most uselul to a gmcial mquiici
I Mr Punsep also

made a map ol the Amiitsui Division ol the Punjab, showing the

general featuics oi the hills and plains, livers xud can-lib, the

loads, and limits oi fiseal and civil divisions Theic aie also lines

showing the Doxies of rainfall, and the depth of wells throughout

the division

1 1 "Repoit on tlie levied fiscal settlement of Seall ote rlibtrict in Amntsur

division,
'
effected by & A Prmfaep (Lihore, 3865 )

II "
Statistic il account oi UK Scilkotc distuci,

'

gcogi xplucnlly sketched by L A
Pimscp, settlement oflicu, 1855-60 Iho maps show the ieiicultural tubes auanged

iccoidmb to occupancy oi Lmd politic il and fibcal divisions rent hoc ispect of the

distiict physical ieatuieb ind /ones of foitihty pioductive powei as mlluenced by

i mi 01 xidcd by iiiigition , diftucnt 1 mds oi soils, \cics undei difloiont lands of

pioduco, police divisions, uul luunts of cnmm il i ices, loads and lines oi tiillie

statitical ispect of un, i^ucultmc, uid popul ition and picvulmg Icnmes ind

modes of isses ment Lhc mips weie litlio
to

i iplic d at tlic Suivoyoi Gcnenl ^ Ofiice

at Oiilcuttx

2 Scale 4 inches to the mile Lithogiaphcd by \\ alkei m 1S63
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In 1870 Mi Pimsep published a veiy mteiesting sciies of maps
of the Punjab, showing the State canals acting on mrpio\able waste

lands, the depth of wells, the lamfall and zones of drought, and the

paits of the countiy alieady nrigated
1

A series of skeleton maps of the Cential Piovmces has been litho-

graphed to accompany the Admimstiation Hepoits, showing, veiy

roughly, the lines of lailways, mmeial lesources, and positions of

forests They aie quite of a diffident chaiactei fiom li Pimsep's
maps, both as xegards design and execution

, yet they aie welcome
as showing the inteiest that is taken in these matteis

A plan was formed, in the Geographical Department of the
India Office, for gradually seeming the caitogiaphic illusti ation of

yaiious subjects lelating to Indian administration, and a commence-
ment was made in the " Moral and Matenal Piogiess Repoits

"

of 1873 and 1874, the lattei containing sixteen sucli maps But
after 1874 these arrangements weie discountenanced and the woik
was stopped Yet I tiust that \\e may look foiwaid, heieaftei, to

seeing general maps 01 India, as -rcell as those of paiticulai districts,

with strictly accurate outlines, piepaied foi the puipose of illus-

trating various blanches of physical geogiaphy, foicst tiacts, iieis

of cultivation, urigation woiks, systems ol communication, popula
tion, and othei featuies which compose a physical atlas

,
as well as

vital and administiative statistics, and levenue details

1 At the end o his "How to mil e State Canals witnout boiiowmg
'

being a few
suggestions by EdwiidA Prmsep, Settlement Commissioner, Pmmb (Lahore
1870 )
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XX

THE STATISTICAL SURVEY OP INDIA

THE Statistical Suivey of India, oigamsed fioni the first and

conducted tinoughout by Di W W Huntei, Diiectoi General of

Statistics, lias now been in piogiess npwaids of seven yeais, ind the

statistical accounts of the difleient presidencies and provinces had

so far appioached completion as to enable the "
Impenal Gazetted

"

ot India to be commenced in the lirst half of 1877 Di Iluntei has

piepaied an intciestmg repoit
1 on the subject, which deseives a

somewhat extended notice

The oigamsation of i Statistical Smvey of India was sanctioned

by Loicl Mayo in 1809 , but during the piecedmg centuiy theie

had been numeious effoits towards the same object, and the lesults

of these diffeient surveys formed a vast storehouse of unpublished
infoimation scattered ovei ditteient piovmccs In Bengal the fiist

attempt of this soit, dated from ] 769, or piecisely one century before

Dr Iluntei 's investigations commenced Poi Madias a magnificent
series ol 200 manuscupt folios, known as the Oime Collection, was

compiled between 1740 and 1770, and, with the exception of

poitions utilised in Dime's two pimtcd volumes, lemams medited

to this day The Bombay Government created a distinct department,
and Colonel Sykcs, as Statistical Ecpoitei, diew up a mass of

papeis, which, with pievious documents, iuinish a continuous

picture of that piesidcney since the establishment oL Butish nile

In the case oi mmoi piovmcos like Mysoi, Tiavancoi, and

Cochin, the investigations had been even more caiefully carried

out In fact each conspicuous penod of admmistiativc improve-
ment 01 reform has Icit behind it the tiaces of a iretsh inquny into

the state of the countiy
Eor instance, in 1709, when English olliceis weie fiisl appointed

to the Bengc^l districts, the Piesident in Council issued an elaboiate

circulai, calling loi information lespcctmg the political, ethical,

and social histoiy ot the piovince, aftei which an investigation ot

1
Quinquennial Repoit on the fetitisticil Sinvey ot India Py W W Hunter,

JLL1) ,
ol the Bengal Civil beiuce, Dixcctoi Geneialof Statistics to the Government

ot India, 1876
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the land tenures was to follow, together with a list of the products

of the countiy, an account of its commercial capabilities, and a

leport on the means of developing its internal resources The

administiation of "Wanen Hastings, which followed, was charac-

terised by great activity Surveys TV ere made in every part of the

dominions, and isolated documents of great value weie left behind

The next conspicuous period of mquiiy was during the years

which preceded the peimanent settlement of 1793, and the con-

solidation of the company's rules of business into the Cornwallis

Code Unfortunately, these and the preceding researches remain

medited and unprmted
The modifications which the Oornwallis Code shortly lequired,

and the revenue settlement of the North West Piovmces during the

early years of the piesent centuiy, again forced on the Oouit of

Dnectois the necessity of a comprehensive investigation, and the

instiuctions diawn up by the Government of India on leceipt of

the Court's despatch show that the plan was ^ell conceived An
account of each distuct was to be first prepared, with a notice of its

topography, history, and climate The condition of the people was
next considered, the natural productions of the country animal,

vegetable, and mineral the modes of tillage, implements of

husbandry, breeds of cattle, and safeguaids against floods The
size of the farms, the rates of wages, and, above all, the land

tenures aie selected for review, and the list concludes with the arts,

manufactures, and commerce of Bengal No attempt was made to

cramp 01 confine the operations within a specified time, and a

man of learning and ability was selected foi the woik Yet the

net lesult was that, after seven years, 30,000/ are said to have

been spent, only a fragment of a single province had been surveyed,
and not one page had been printed The records of this survey
form a senes of 28 volumes, containing at least 10,000 pages of

MS , which, with the exception of Martin's rechauffee.> remained
unutilised until 1872

During the next 40 years the work in Bengal seems to have been
taken up at intervals by individual investigators, such as district

officers The only oigamsed attempt during this period was made
between 1836 and 1840 by the Medical Department, 21 separate
blanches of inquiry being laid down Several of the papers thus

obtained, such as Di Taylor's Dacca and Di John McCosh's
Assam, were for many years the standard authorities on the distucts

of which they treat This peiiod of isolated efforts may be fitly con-
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eluded by the reports o several district officers m Eastern Bengal,
which, were embodied, in 1868, into a volume, entitled "

Principal
Heads of the Histoiy and Statistics of the "Dacca Division

"

In the meantime, the Oouit of Directois having failed to obtain

from then Indian servants any comprehensive account of the tern

tones undei then care, had set on foot a distinct series of effcoits

of their own They libeially encouraged works bearing on the

subject, and as fai back as 1828 a fair compilation, under the name
of the " East India Gazetteer," in two volumes, by "Walter Hamilton,
had leached a second edition Ten works of this class in all wore

examined by Dr Hunter, comprising such works as " Thornton's

Gazctteei,"
" Phaiaoh's Ga/ettcei of Southern India,

53 and cc Balfoui's

Cyclopaedia
" " Thornton's Gazetteei of the Tomtoms under the

Government of the East India Company and of the Native States

on the Continent of India" appealed in 1854, and though thcie

aie many grave defects in it, which now render it untmstworthy and

altogcthei inadequate, Dr Hunter expresses his opinion that it has

done moie than any othei work to impait to the English people a

knowledge of then Indian dominions, and that it has supplied the

source from which, successive compilers have drawn, sometimes with

scanty acknowledgment, the 3oaateiials ioi moie modern encyclo-

paedias and gazetteers

But "Thornton's Ga/etteer
" had one inherent and iriemcdiable

fault It was not based on a systematic account of each oi the geo-

giaphical oi political divisions ol India, compiled tlistiict by dibtuct,

and, m the absence ot systematic mitouals, the authoi had to

depend upon the chance topogiaphy of tounsts uid historians IIo

bioaght great industry to bcai on the subject, bat the piaclical

result is that while some potty hamlet, in which a tia-vellei had

halted a night, or any locality which formed the subject of official

conespondcnce, stands out in bold relief, important fcatuies oi

great districts are passed over without a woid The icsults being
thus less satisfactory than had been hoped., inteileaved copies of

"Thornton's Gazetteer
'

were circulated m 1856 among the district

officeis, who were requested to supply all omissions It was soon

perceived, howevei, that to conduct a propei revision involved a com-

plete re writing of the work, for since 1854 a new history has been

enacted in India, a new political geography has been formed, and

a new system of government has been reared Perceiving this, the

local administiations began to strike out new plans for drawing up
a statistical and geographical account of then territories In March
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1862 the Madias Government issued oiders foi a senes of distuct

manuals to be compiled by the local officeis, which should exhibit

that piesidency in minute detail Five of these Madias manuals
haye alieady been published

I
f01 the districts of Madura, Vizaga-

patum, Bellari, Ouddapa, and Kelloi Similar effoits were made in

the Oential Piovmces and m Bengal, and in Octobei 1867 the local

governments weie addiessed with a view to the extension of the

opeiations throughout India It soon, howevei, became evident

that as tlieie was no unifoim system^ and no cential supeivision, the

expenditme might eventually be consideiable without the desned

lesults being obtained, especially with legaid to securing compaiable
statistics Ihe Council of the Asiatic Society loicibly uiged this

view, which was concurred in bv the Government of India , and
Di Huntei was accoidmgly directed to make anangements toi the

systematic conduct of the futme statistical opeiations, which vieie

designed to extend ovei a temtory of 1,556,836 square miles,

inhabited by a population of 240 millions

The pievious opeiations, from 1807 clo^vn\\ards, had endeavoured

to attain per saltwn i goal which could only be leached by many
weaiy steps Di Huntei 's system staited by laying down, and
ciiculatmg to ill distuct officeis, a caiefally planned seues of " Heads
of Infoimation lequiied foi the Impenal Gazetteei," thus ensunng
a fan amount of umfoimity of treatment and subject mattei These
matenals have been gathered m, almost without cost, by enlisting
the unpaid co opeiation of distuct officers and heads of depaitments

thioughout India By appointing a piovmcial editoi 111 each of

the piesidencie^ and piovmces, central contiol has been localised ,

while as Dnectoi Geneial, by means of legulai tours, Dr Huntei
has been enabled to exeicise inspection and secuie steady piogicss
ind fairly uniform execution of the whole

By this means piovision was made for the statistical survey

1 1 " The Madiui Country A Manual compiled by ordei of the Midias Govern

ment, by J H Nelson, M A , M,C S ,
in five piits (Madias, 1868 )

II "A "Vlanual of the Distnct of Yizagipatim in the Piesidency of Midras, com

piled and edited by D F Caimichael, M C S (Madias, 1869 ) Pp 398, and nnp
III "Manual of the Bellaiy Distuct, compiled under the oideis of Government,

dated September 9th, 1869, !No 2646, by John KelsaJl, MCS (Madiis, 18/2)
Pp 390, and map
IV "A Manual of the District of Cudchpah m the Piesidency of Madias, compiled

and edited b} J D B Gnbble, MCS (Madias, 187o ) Pp 369, and map
Y "A Manual of the Nellore Distnct m the Pieidency of Madiis, compiled and

edited by John A C Boswell, MCS (Madias, 1873 ) Pp 863, and map
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of the -\\holo of British India, the Native States being alone ex

cepted The lesults aie buefly as follows As legaids Bengal,

which comprises 47 districts, the accounts of the whole 47 have been

compiled, and weie issued in twenty volumes duimg the yeai 1877

Of Assam, which now loans a chief coininissioneiship consisting

of 12 districts, the whole has also been compiled and will be issued

in 1878 In these two piovmces JDi Huntei has himself acted

as piovmcial compilei In the North-West Piovinres Mi E J

Atkinson has acted as compilei Ileic five \olumes, compiismg
16 out of the 35 districts, have been punted, and the icmainclei

arc expected in 1879-80 The Punjib comprises 32 distucts, of the

whole of which the accounts have been punted In Oudh the manu-

sciipt accounts ot all the 12 districts have been completed, and 1he

whole will pi obably be published in 1878 The cc Ga/etteei of the

Ccntiil Provinces
" was published in 1870, befoie the Census of 1872

had taken place The moie accuiate statistics supplied by this

cnurneiation aie being mcoiporatcd undei Di Iluntei's eye In

Bombay, as in the Noith "West Piovmces, the scilc oi the opciations

has been enhigcd, so that the time of completion oi the whole of

the statistical accounts is a mattei of some unccitamh The " Ga-

/otteei of Smd," by Mi Hughes, was published in 387V comprising

five out of the 21 clistiicts of the Bombay Piesidency Mi Campbell
is piovmcial editoi as legaids the icst of Bombay, ind lias issued

sevcial distuct accounts

In Mysoi and Cooig volumes compiismg all the nine districts

wcie issued be fore the end of 1870

The system adopted in Midias dates as iai back as 18G2 Here

each distuct is done scpaiately, *md theie is no ecntiai oflicci 01

provisional editoi appointed The picpauition ot Ihe " Distuet

Manuals," as they are teimeti, tims pioeeeds but slowly, only five
1

oat of the tola! 21 having been as yet published m the course of

11 years Of these the Vi/agapatam Manual by the lion D E

Caimichael, is pionounced by Di Himtci to be a model of admi-

nistrative information and local reseaich But much repetition

is involved by the scheme of decentiahsation thus adopted, and

Dr Hunter has found it necessaiy to stipulate foi the supply of

short digests 01 abstiacts of the outstanding manuals, so as to

enable him to pioceed with the "
Impciial Gazetted

"
withoul

intenuption or delay

i Sec note, pxgc 356 Sec note on piccedmb
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In British Burmah the operations are somewhat of a tentative

character, as many years mnst elapse befoie the information here

permits of the elaborate completeness of the statistical accounts of

the older British piovinces But the volumes embracing the whole

of the 15 distiiots are expected in 1878-79, the MS having been

already completed Mr La Toucho completed a statistical account of

A]mir and Mhanwara in 1874

Thus of the 233 districts of British India with which the opera
tions deal, the statistical accounts of 200 have been aheady com

piled, while out of the 12 piovinces into which British India is

divided, the work in 10 is either completed or so far advanced as to

hold out a fair prospect of completion within two years

'No provision was made foi the survey of Native States, but as they
must be dealt with in the "

Imperial Gazetteei of India, Dr Hunter

has taken measures foi obtaining accounts of them Those undci

the local governments, such as the groups of Native States under

the Bengal, Noith "West Piovmces, Punjab, Madras, and (more espc

cially) the Bombay Governments, are now in active piepaiation

Those under the Foreign Office are moie difficult of access, but for

these Dr Hunter purposes to base his accounts on the forthcoming
edition of Aitchisoii's

" Treaties and Engagements," as amplified and

levised in the Calcutta Foreign Office Special narratives have

alieady been prepared for the Eajputana States A collection of

administrative reports by the political officeis will also be placed at

Dr Hunter's disposal, and these, combined with othei papers com

piled by his deputy in the Foreign Office, will enable him to give

a far more complete account of the Native States of India than

lias hitheito been attempted As regards the French and Portu-

guese possessions, important materials have been discovered by Di

Hunter in the couise of his visits to Goa and Pondicherry, and

recent statistics will be denved from the Annua^res and official

publications of their respective governments

The condensation of all these piovmcial accounts into the "
Impe

rial Gazetteer of India
' commenced in the spring of 1877 This

work will be designed primarily for the use of the controlling body
m England 9 in the second place, for the use of Indian officials , and

thirdly, for the public at large The general plan will be that of

alphabetical arrangement of [articles varying from a few lines to

about twenty pages in length The period of time which the pie-

paration of this important work will occupy will probably be four
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yeais fiom 1877 Owing to the gieat expense of literal j compilation
in India as much as possible of the woik will be done by assistants

working under Dr Hunter's supeivision m England The cost is

estimated at an aggiegate of 12,000? as against 30,0002, which
would have been the cost in India

The "
Impcual Ga/etteci of India

"
will lepresent a senes of local

inquiries and comparative statistics spread over an aiea but little

less than that of all Emope excepting B/ussia It forms the neces

saiy complement of the gicat Indian suiveys, trigonometrical and

topogiaphical, winch have been in operation for nearly a hundied

years
The gieat difference between it and " Thorntons Gazetteei

"
(the

only woik in any way compaiable with it) has been indicated above,
and the elaboiation and care bestowed on the pieparatoiy arrange

ments, as well as the abilities and expenence of the editor, afford a

guTjiantee that the execution of the work will be commensurate with

its impoitancc The Government has published in the " Gazette
"

its

high appiobation of the large sections of the Statistical Account

already issued by Dr Hunter
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XXI

ORTHOGRAPHY OF INDIAN PROPER NAMES

A UNirouM system of spelling native names formed one of tlio

essential pielimmaiies of the "Impeiial Gazetteei," and lias at

last "been authoutatively adopted by the Goveinment of India Thus

a senous official attempt is to "be made to finish the gieat hattle of

Indian oithography, which has now been, raging foi upwards of a

hundied yeais

There aie two systems of exhibiting Asiatic words in our own

letters,
"
founded/' as Sii William Jones said,

" on neaily opposite
c<

pimciplos, but each ot them with advantages The flist proposes
* f to regaid chiefly the pienunciation of the woids intended to be
"

expressed, the second consists in scmpulonsly icndeimg lettei foi

"
lettei, without anvpaiticulai care to preserve the pienunciation

"

In after yeais the second has leceiv^d the title of th "
scientific

system" and the first that of the ec

pJ^onet^c system
" Each has

had a succession of able and persistent advocates, and duiing the

contuiy that the battle has laged, there has existed a complete state

of anaichy as legaids the spelling of Indian names, the confusion

and absuidities of which have every year become more intolerably

inconvenient

In the first years of English occupation of India, piopei names

were wiitten down by ear, \\ithout any attempt at concctness, and

acooidmg to the fancy of each wiitei Thus ^c hive "
Sir Rogei

Dowlei
"

foi Sii&juMdaulah,
"
Crotchy

"
for Kaiachi, and " Isle

of bats
"

foi Allahabad For the woid Khan, the histonan Orme

has Gawn, Tt hilo Dow adopts Chan But the gieatest vanety of

these barbarisms will be found in the speeches of Burke, a veiy

fitting casket foi such gems
l

1 Incoirect spelling as sometimes the cause of very serious errors A striking

instance is mentioned by Mi Eastwick The populai foim of spelling Cawnpore led

to the notion that ifc was a town founded by some Muhammadan Khan or Cawn

Hence it was supposed to be a place of no intjquity, and accordingly Thornton, in his

"Gazetteer, says thit it it> quite modern But the coriect spelling is said to be

Kanhpur, the city of Kanh 01 Kiishm, ind it is a place of pnmaeval antiquity Di
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The fiist advocate of any system at all was Major Davy, an officei

who studied Peisian in India just a centuiy ago He puded himself

on his pienunciation, and was a strong snppoitei of the phonetic

system Majoi Davy mstiucted Piofcssoi White, the editoi of the

"Institutes of Trmoui/' to use his plan of exhibiting the pi enun-
ciation, of the Peisian language m our characters, and the plan
is letamecl, with minute caie, throughout the work, which was

published in 1784

But Mrjor Davy had a contempoiaiy who advocated the scientific

system, -ind was the fiist to give the Nagan and Bengali alphabets

accuiately in English chaiactcis This was Mr Halhed, whose
method is given m the pieface to his code oi Hindu law, compiled
undei the orcleis of "Warren Hastings in 1775 Mi Ilalhccl made
no distinction between the haul and soft d, dh> t, incl Hi , but every
vowel in his system had its long 01 shoit mail above it

Sir William Jones, not satisfied with the system of Mi Ilalhecl,

devised Ihc alphabet which beais his ninic * He gives an analysis
of each Nagaii lettei sepaiately, and piovides for all the sounds

used in Sanscrit, Aiabic, Peisian, and Hindu He disoaidocl the

phonetic system, by winch the pi enunciation of Asiatic names was
to be shown by English lottcis, because theie aie no consistent

lules of oithogiaphy in English, and every vowel may be used to

ailiculate one and the same sound Sir William gives the following

sentence, as an example,,
cc A mother ~bw djluttei s ovci lie) young

'

in which evciy vowel and the diphthong ou have the sound ol u m
T)iii He, thcrelore, used the Rom in 01 Italian sounds of vowels

This gieat scholar thus identified himself with the scientific, which
is hence also called the Jones* tan sysiem It was serupulou&ly
adhered to by OolebrooLe and WilLms It pievails in the "Asiatic

Researches," in the " Journal of the Asiatic Society of Bengal," and

in that of the Royal Asiatic Society , and it was adopted by Rottlcr

in his Tamil dictionary, by Campbell in his dictionaiy ol Tclugu,
and by Shakespeai m his Hindustani dictionaiy

tluntor, howevei, adopted Kkanpur as the coriccl foim, to be spoil Cawnpw He
observes tlidt Hindu Pandits give it Kanhpw ,

wlxile Muliammadan Mxuhvis letum it

n& Khanpw, and that local usage inclines to the lattei iorm

1 "A Dissolution on the Oithogiaphy of Asulic "vvoids in Eom^n Lettus," by the

Pi evident, 1788 In the "Reseaichcs of the Asiatic Society of Bengal/ vol i Also

m the collected \\oiks of Su Willnm Jones, i
, p 176

(13441 ) B b
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Di John Borthwick Grilchnst soon afterwaids became the $>ieat

advocate and snppoitei of the phonetic system / "but the diffeicnce

between his scheme, and that of Sir William Jones, lies entnely in

the yowels In the Jonesian system all distinct vowel sounds aro

lepieseiited by the same Ietteis
3
and diffeiences of length aie shown

by accents , while in the Qitclii istian system one vowel sound, vaiy-

ing only m the accident of quantity, is lepiesented by two distinct

letteis The plan of Grilchiist became the moie popular o the two

Ht used the shoit 11, instead of 5 foi the silent nnexpiessed mhcient

Icttei of the languages of India
,
ind substituted oo foi the u of

Jones He also discaidecl the an of Jones (foi ow in how) and

substituted on in its place Di G-ilchnst cleaily states that his

method of leiideung Asiatic woids is studiously founded 011 the

ortlioepy rathei than on the oithogiaphv of then lespective characteis

and languages, and he uiges that, as the woik is designed for

Butish subjects only, theie is no necessity foi attending to geneial

or continental pienunciation

Thus the names of Jones and Gilchnst became the watchwoids of

oitkogiaphy and oithoepy, of the scientific and phonetic systems,
and then disciples continued to argue, while absolute confusion and

anaichy pievailedin the spelling of the geneial public ]?oi 30 yeirs

they had a fan field and no fa^oui
, but, except nmong the learned,

theie \-\as a decided leaning fiom the first in favour of Gilchi ist's

1 "A Grammai of the Hindoostanee Language, 01 pait i of \ol i of a System of

Hmdoostaneo Philology, by John Gilehrist (Calcutta, 1796 )
" Ilmdoostinee Philology, comprising a Dictiormy, English and Ilmdoostinee, with

a giimmatical introduction, Ly John Boithwick Gilchrist, LLD, Hindoostanee
Piofessoi in the College of Foil William (London, 1810 A&am 1835 )
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system At last, in 1820, the Government ordered an accurate
lecord to be made in English, of the land tenures, and uniformitybecame an impoitant object Di Gilchnst's scheme, in a simplified
foim, was then adopted, and the same system was used for mapsand revenue suivey lecoids The Eecoicl Committees succeeded
in entirely refoiming the oithogiaphy of names of places on this
system,

1 and it continued to be tint of all official coirespondence
foi many yoais , while the Asiatic Society and scholais weie
faithful to 811 "William Jones

This was only a lull The battle began to lage again in 1834
with lenewod fuiy Mi Thompson, d missionary at Delhi, had
wiittcn in English and TJidi dicfaonaay in Roman chaiactcis, which
Di Yates, anothci missionary, iccommendod to the Calcutta School
Book Society Mi Prinsep piotestod against the innovation , while
Dr Daft, a missionaiy, declared foi the Eoman alphabet Sii
Chailes Tievelyan, then a young civilian, vehemently supported
the publication of vcmaculai books in the Eornan charactei, and on
the scientific system He allied himself Mitti foui nuswumaiies
Duff,' Tates, Peaice, and Thomas, foi the puipose of prmtm^
and circulating such books, and 57 had been published by the end
ot 1836

Meanwhile a sharp controveisy was earned on between Sn Chailcs
Tievelyan, who upheld the scientific 01 Jonesian system, and Mi
Homy T Pnnscp, who maintained the supononly of the phonetic
system of Di Gilchust Mr Punsep said that the system of Sir
William Jones was a style of willing to be rcvcienced and respected,
but not imitated, and that it should be icscivod foi iccondite science

'

Mi Trevclyan replied that the phonetic system of Di Gilchiist was
not a system of orthogiaphy, but of fakogtapJiy, 01 of confusion
mystification, and absurdity While such was, he maintained, the

1
Reports of Recoid Committee, Aug 6th, 1820, mdMiy 12lh, 1821M II Ihoby Pi msep s Mmuto, Tune 1834

3 Di Duffs MochficUion of the Jonesiin system, -is fuully ippioveu oy uie (Jom
mittee of the Calcutta Bible Society, with an alphabel, is given by Colonel rimilliei
in Ins " Monu d of Surveying foi Indi i, (thud edition) p 406 (note)

*
"Oiigmil Pipcis illusliiling the Hibtoiy of the ApplicUion of the Roman

Alphabet to the languages of Indu,
1

edited by Momei William? (I ondon 1859
8vo

, pp 276 )
' '

o See " Journal of the A&iahe bocicty of Bengal,
' m

, p 281 On the Adapt ition
of the Romm Alphabet to the oithogiaphy of Oriental Languages

"
by II I p

Bb 2
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plan of Gilcliust, the system of Sir William Jones, attei haying

completely stood the test of leained ciiticism, after having gone

through a piohationary penod of sixty years, and approved itself to

the gieat "body of scientific men thionghont the woild, was at last

claimed foi geneial use It was true, as Mr Punsep had uigecl, that

it had long remained unused except by scholais But that was no

leason why it should continue to be so "The jewel," he declared,
" must no longer remain shut up in a casket, but must be brought
" foith to shine in the face of day The money must no longer
" remain hoarded m the treasury, but must now pass into cucu-
" lation" 1

Mi Tievelyan letumed to England in 1838, and published his

woik on the education of the people of India ,

2 but his missionary

allies continued their labouis, and in 1857 Mi Mathei repoited

that the Roman chaiactei, with the Jonesian system, was umvcibally

u&cd by the missionanes in the Uppei Provinces

In 1845 Mi Oiow, a deputy collector, published an ingenious

tieatise on the best mode of wilting onental words, in which he

advocated the scientific system But in the same yeai Sii Hemy
Elliot published a woik in which he " confoimed to the system of

'

Gilchnst, 01 rathei to that modification of it in use in oui
" Revenue Survey, which certainly has the ment of enabling an
"
Englishman to pronounce a word in such a manner as to make

cc
it easily compiehended by the natives of Hmdoostan, while Sii

" "William Jones' system is better suited to the leained
"3 Moles-

worth also adopted the system, of Dr Gilchrist in his Marathi

dictionaiy
In the directions for levenue officers in the North "West Pro

vinces/ they aie instructed to convert Urdi and Hindu words

into English accoidmg to an alphabet which is given in the

Appendix This alphabet has the double oo and ee, and the initial

Z7foi the Jonesian A It is, theiefoie, on the Grilchnstian system,

and is the same scheme as that adopted by the Recoid Committee

in 1820 It is lecommended as
" that which an Englishman

" would natuially adopt, without aiming at great lefinernent or
cc

accuiacy"

1 August 27th, 1834 2
Longman, 1838

3 "
Supplement to the Glossary of Indiin Teims, by H M Elliot, B C S Sudclei

Boaid of Revenue, Feb 1844 (Agin, 1845 )

4 Published it Agra in 1849, para 7 of set 11
, p 28, and App No 1

, p 89
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In 1851 Colonel Thuilliei published his cf Manual of SM veying

few Ind^a" in which he devoted a section to the question of oitho-

graphy,
1

observing that suivcyois of all peisons must bo most

inteiested and conceined in such a question The lules he laid

down weie that all vowels weie to have the Italian sound, no otheis

being used, all consonants to have the oidmary English sound, the

being excluded and K 01 S always substituted , the leduplication

of consonants to be dispensed with as much as possible , supei-

fluous letteis of all kinds to be chopped, and old established

oithogiaphy of histoncal places not to be inteifeied with But he

allowed the double oo to stand f01 u, and the ee foi t, as a com

piomisc which would enable the geneiality of people to attain a

bettei pronunciation In his third edition of 1875 he of com so

adopted the official system of Di Ilunter
'

Thus the phonetic system of Dr Gilchrist was the one that was

officially adopted in the Revenue and Survey Departments o the

Bengal Picsidcncy from 1820, certainly until 1851 9 and, indeed, it

appeals to be the system which enjoyed official sanction up to the

issue of the Government resolution oi 1870 The new system will,

therefore, be opposed to that used in all the official despatches and

icooids duimg a long couiso of yeais, which will bo one source of

inconvenience

When Professor H n Wilson published his "
Glossary of Indian

Teims," he adopted the scientific system of Sii William Jones

throughout, discussing the whole question m his picfacc ,
and he

gives equivalents in Roman chaiacters foi eveiy lottoi in nine

alphabets used in India But a key is provided at the end of the

book, in which the populai spelling is given, with a refcience to

the equivalent scientific form in the body oi the woik '

These controversies prevented any uniform system of spotting

from being mtioduced, and there was such hopeless confusion on

the sub]cct, that Mi Thornton when he compiled the " Ga/etteoi ol

India," gave it up in despair He simply inserted the names as he

happened to find them spelt in official documents * Thus Aimitsur

and AmMla are the one in the fiist, the othei in the fouith volume/

i Pnge 628

"Pio-e 404 (3rd edition) Di Iluntei & lulcs 0,10 given in the Appendix, p cxcu

* "
Glo&saiy of Indian Teims,' compiled "by H II Wilson (London, 1855)

^ Ihorntons "Guetteci
'

Pieiice, p iv (1854>

<* IIio one "
Umballa/ the othei "Amnlsu '
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though their initial letteis aie identical in the vernacular (the a of

Jones and u of Gilclmst) A town and distuct haying the same
name are spelt quite different!} The word fath is spelt in eleven
different ways, all wiong Since the publication of this gizetteei
the confusion has "become woise and ^orse Such umloimity as

may have been secured by the Rtcoid Committees fifty years a^o,
when the phonetic system TV as in the ascendant, has long since

disappeaied , and has given place to the most peiplexmg and

deploiable anaichy, than TV Inch, any system Tvould be pieferable

In 1858 the contioveisy bioke out afiesh, and was caincd on
with some spirit in the "Times "and other English newspapeis, with
Sii Ohailes Trevelyan, undei the signature of Indophilus, and Mi
Momer Williams on one side, nnd Piofessoi Gariett on the othei

Sii Charles went out as Goveinoi of Madias in the snme year, and
used his utmost influence to intioduce the scientific system there in

all official coiiespondence, but without iny effect That system
also found an advocate in Mi Eastvuck, who emted Muiray's
Handbooks foi India in 1859

,
and Keith Johnston adopted it foi

the maps of India in his atlas published m 1861 It was also

adopted by Mi Thomas in his system of tiansliteiation and

application of diacutic marks to English typo m the "
Histoiy

of India by its own Histoiians ,

' 1 and it is explained in a pimphlet
issued by the Philological Committee of the Asiatic Society of

Bengal It ilso foims the basis of the inks issued by Colonel
Walkei foi the guidance of officeis of the Gre it Tngonometricnl
Suivey, m spelling names of places The Syndicate of the Uni
veisity o Calcutta, in 1859, published a key to Professoi II H
"Wilson's system of tianshteration as modified by that body

3 In
this pamphlet it is observed that a geneial disiegaid of all fixed
lules of spelling prevails , and it is hoped that the adoption of a fixed

system by the Calcutta University and the Education Department
in Bengal will have the effect of giadnally seeming a general
uniformity of spelling throughout the country in public documents
and in literaly pioductions This key gives a complete and an

optional foim of Eoman equivalents to be used for the letters of the

A See page 342 * Dehia> Jan 27th, 1865, Dept Older, No 33
3 "A key to Professor H H Wilson s system of tianshteiation as modified by the

Syndicate of the Calcutta Umveisity, and oideied to be adopted m Umveisity pro
ceedings and records '

Calcutta, 1869 Pp 71
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Sanscnt, Bengali, and Aiabic alphabets Every Indian letter must,

in accoidance with tlie inle of Sn "William Jones, be lepresented

by its fixed Roman equivalent The voxels are to have poweis as

in Italian, but not as in English, diacntical maiks attached to

consonants may it option be omitted m -writing pi ope r names,

but accents on long voxels mast invaiiably be 11 seited

The best system for the tianslitciation of Aiabic and Peisian

names has also been much discussed The following is a statement

of the system adopted by the Eev Di Geoige P Badgei, D L ,

one of the most accomplished of om Aiabic scholais lie says
" My mam object has been to convey the coiiect bound, and, as

fai as may be, to piescivc the etymology of Aiabic ^oids, without

resoitmg to unfamihai expedients, such as the use of aibitiaiy

diacritical points
"
Nobody can be jxioie awaie than I am that neithei of these ends

can be peiiectly ittamcd without the aid of devices of some land

to indicate the sound of tho^o Aiabic letters which aic foreign to

GUI language But bcaimg m mind that persons unacquainted

with Aiabic would undoubtedly fail to pionounco such woids

conectly even \\ith that help, 1 have eschewed icsoiting to it,

lesting satisfied at piescnt with giving, thiough Roman letteis, the

ncdiest appioach to the light sound piactically attainable by the

gcneiality of English icadcis
" I icpresent both the . and 2 two ladically dittoiont letteis, the

liist a deep pectoral, and the seeond a slight aspnate by oui h

Whenevci the lattci occuis as the ieminme termination of a woid,

and preceded by the vowel a, as in Mellali JTeswah, the h is neaily

mute, as in our 7iew, how u^ 9 a sibilant, and ^ a faucial, I reprc

sent by $ , ^ and k, the formei oui t, and the latter like the same

letter as more emphatically enunciated by Irishmen, by t
,
and

the first a guttuial and the second like our A by that letter

only
"The other Arabic letteis, winch have no equivalents in our

language, aic ^ ^ t, ,
and

g
The sounds of c

and ^ aio

expiessed neaily enough foi all piactical puiposcs by kh and dh

icspcctivcly ^ I mito dz and k &t*> by >vay ol distinguishing them,

and also foi etymology's sake, lathci than because the expedients

convey any very dear idea oi the piopei native sounds Those

who aie puzzled by the combinations may content themselves with



392 DH BAD&E&'iS SYSTEM

pronouncing both, as z In oiclei, however, to pi event the bizaue

appeaiance of four consonants coming togethoi m the tianshteiatioii
into English, wheneyei eithei of these foui Ictteis is double in the
Aiabic, I sepaiate the combinations by a hyphen , thus, faM khfa ,

nadh dhddh, Joadz dzdf, munazh-zham
Fortunately,, such words

aie of lare occunence

"I adopt the same expedient with ^adequately icpieseiited by
sJi when that letter is doubled , thus, hash-shdsh,fash sMi Also
when it occuis at the end of a syllable and is followed by h, as in
Mash-had, which, othoiwise, English leaders might pionounce Ma-
shad And, -igam, when a syllable ends with h and the succeeding
one begins with s 9 as m All sd

" The guttural g
I expiess by gh, and the

g with an apostiophe
befoi e the vowels a, ^> n, when they follow that lettei m the
Aiabic, as

9Abd9 Itdk,
9

Ulamd, Sana' a, and qftet the vowels
when it occuis at the end of a woid 01 syllable, as ratio?, MadJia\
ez-Zaila

"The lemainmg Arabic consonants correspond generally with
those of the English alphabet The sound of oui c

3 as in cat, being
supplied by my use of A, I only icsort to it, conjoined with hs to

express the Persian ^ which is equivalent to oui ch in Chw les
" Theie are only thiee vowels in Aiabio, in sound like a, ^, u, in

far, pit, Unm, respectively The Aiabic equivalent of a takes' m
some po&itions, the sound of e in leg& giammatical nicety seldom
coirectly observed , and I should have piefeired expressing the

couespondmg Aiabic vowel sound always "by a 9 but the use of the
e has so long pievailed, especially in writing the definite aiticle el

(propeily, at) 9 and such woids as Ahmed sm&Jezuah
(conectly,

Jhmad, Jawrah), that I have regrettmgly retained it in such
cases For the same reason I have letamel the vowel o in names
which have become famihai by long usage, such as Omar, 'Onun,
'Othman, which should seveially begin with 'U

" To indicate the prolongation of a vowel, I place over it the
familiar ciicumflex (

A

), as in Bukhara, Twdn, JSaghddd, m
preference to the acute accent

( ) recently sanctioned by' the
Government of India, wheieby the hitheito universal use of that
accent by English lexicographeis to denote where a syllable should
be accentuated is overlooked, and its utility lost I retain it with
that object, which is one of gieat impoitan.ee in the pionunciation
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of Eastern names Tims, Eajw , Masqat, Ldkej, are sevoially

milked as lequmng the accentual emphasis to he given to the fiist

syllable
" The Arabic diphthongs aie a^, e^, aw

>
in sound like ie in pie,

ei in vew, and ow in how When doubled in the same woid, I

cxpiess the au by aww, as in Tawwdm
66 The Aiibic suffix ^, when used to denote an oidmary 01 gentilic

adjective, I icpiesent by y, which somewhat in the same wav"

constitutes the foimativo of many of oui English adjectives, as

windy fiom wmd, $01 my iiom stotm I pi efer thib expedient to

that which has recently been adopted, of cxpiessmg the suffix by a

ciicumflexed ^ (as in Sh,ndb)> because tint mailv is gcneially used,

as I use it, to denote a piolonged vowel, from which this adjective

teimination diffeis vciy essentially The y in such cases should bo

pionounced with a unging Italian ^ sound
<c I notice, lastly, tint in addition to the use made of the apostiophc ,

as stated above, I avail myself of it, as in English, to denote the

elision o a lettei, as in won't Its utility is gieat m this respect,

especially in tiansliterating compound Arab names, which generally

icquiie to be put into the constiuct case Thus, 'AM el Majid,
Ndsw ~ed J)M9

*

Ald-er-Hahmdn, should be wiitten and pionounced
*Abdu 7 MaJ^d^ Ndwu'dDw, 'Abdu V Hahmdn, the apostiophe

icpicsentmg the elision of the e ol the aiticle, m itb diffeient foims

here picscnted of el, ed, c^ and the junction in one syllable of

the *u, the final vowel denoting the nominate ol tlie nouns 'Abd and

"Now 9 with the ?, 01 second lettei o1 the aiticle, winch icmams

I

But however conect and desirable this style may be, I do not

advocate its adoption m names which have become famihai to the

oidmary English readei under a different ioim
" I wish it to be undeistood that my system is tentative only, and

designed to facilitate the introduction oC a peifect tianshteration

of Arabic into Boman chaiacteis, which shall coriectly lepicsent

not the sound only, but also the etymology of the foimei language
"

1 Mi Thomas, foi the " International Numismata Onentaha," has

, adopted a system both foi Aiabie and Persian, and gives a table

j
showing the systems of SH "William Jones (1828), Muza Ibrahim

f (1841), Mi E Johnson (1852), and M ChodAo (1852), in their

i
Pcisian. Gummais., Di Wught in his Arabic Giammai (1874),

Di Euerst in his Hebrew and Ohaldee Lexicon (1867), Mi Lane in
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his Aiibic lexicon (1863-74), together with the Peisian and Aiabic

methods adopted by himself foi the "Nunusmata Onentalia
" l

But the phonetic system, first advocated by Gilclinst, in spite of

tins great "weight of authoiity against it, continued to have powerful

snppoiteis chief among whom TV eic Mi Mai simian,
2 and Colonel

Meadows Tayloi It was advocated by the latter veiy high authoiity

on the giound that the English language possessed phonetic cquiva

1 Contested methods of transhtei ition \inou&ly advocated foi Ainbic ind Peisian,

with the systems finally adopted for the " International Numismiti Onentah i
5

7/ie diacritical dots may be emitted at option ha preferentially where the original text accompanies

theromamzed version

2 0bsei \ations on tlie est ibliblimc nt of i uniform oithography of Indian names

and places
3

(Louden 1870) A pamphlet by 7 C Maishimn,Esq
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lents for all sounds in Indian proper names But, in the phonetic

system, the sound rather than the othography of the Indian languages
must he followed Colonel Meadow s Tayloi drew up and submitted

to the Secretaiy of State a set of simple mles foi the use of English

equivalents foi Indian phonetic sounds l

The scientific system is essential to the scholai The phonetic

system is supposed to he hettei suited for the use of travellers, and
of the geneial public
Mi Barton deprecated the notion that the claim of linguistic

science and the necessities of populai usage weie so opposed to one

anothci as to he altogethei meconcilahle He, theiefoie, pioposed
that in a gazetteei 01 other similar work the scientific spelling
should follow the popular one in each case in biaokets He thought
that the lequirements of populai utility might thus be leconciled

with the claims of science 2

The present action of the Government of India originated with a

pioposal which was made by the Bombay Greogiaphical Society in

1868, for the pieparation of a "vernacuKr and English index ot

Indian gcognphicalnam.es On Apnl 30th, 1868, the Government
of India invited aid fiom the local goveinments in the piepiration
of such an index, aad suggested the adoption of a unifoin system
of transliteiation, at the same time diawiog attention to Professor

Wilson's modification oi the system of Six William Jones Di
W W Iluntei, LL D ,

of the Bengal Civil Service, was appointed
to compile the Gra/ettcer of Bengal, and he was instructed to use his

c\eilions to secure unifoimity of spelling in the piepaiation of the

othei ga/etteel s thioughout India, the system of Piofcbsoi Wilson

being again recommended as a model Di Hunter submitted a

plan, on Novcmbei 6th, 1869, m vilnch he lecommcndcd a com-

promise The "scientific system," though admn ably adapted for

scholai By was allowed to be too elaboiate for geneial use The
diacritical mails weie omitted in Di Iluntci's plan, and a

certain freedom was allowed in spelling names which were familiar

to the public, or had become histoiical, in an unscientific form

He divided such names into two classes Some, such as Calcutta,

1 With a lettei dated Sept ?6th, 1870 lie al&o discussed tlio question m the

preface to his tc Manual of Indian Ilistoiy
2 "Remarks on the Orthoyaphy of Indian geogiaphical Names, with especial

refeience to the proposed new Indian Gazetteer," by the Rev T Barton, M A
,
hte

Pimcipal of the Cathedral Mission College, Calcutta (Stanford, 1871 )
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Bombay, Luckncyw5 weie to have lemamed unaltered Otheis weie

to hare been biougkt a little nearer to the pitch of scientific

accuracy without losing then populai identity Thus Din^oie^
the conect foim of which was said to be Danapur, was to be

IDinapur Catvnpo? e, which should be Kanlipm 9 was to be Oawnpm
0^l,de> which should be Avadh, was to be Oudh The Groyeinment

must, Di Huntei submitted,, oonsidei, not what is best, but what

is piactical lie endeavouied to get nd of accents as much as

possible, but at the same time he attempted to show the true pro-

nunciation at a glance Di Hunter'b plan may be described as

the neaiest appioach to the "
scientific system" that it is believed

the geneial public, in the present state of education, are able to

endure a

The Government of India appioyed of Di Huntei's plan for

the Gazetteers on Febiuaiy 28th, 1870 A guide to the oitho-

graphy of Indian propei names was prepared in 187V containing

the" spelling of 2,186 postal towns and villages of India accord-

ing to Dr Hunter's system, and on Pebruaiy 28th, 1872, this

guide was ordeied to be circulated to all the local authorities

A second guide was printed m 1872 3 The plan of Di Huntei,

thus sanctioned by the Government, was adopted in legislation, in

the gazetteeis, by the Suiveyoi General, in the Post Office Guide,

in the Kailway Time Tables, in the Telegiaph Depaitment, by the

East India Bmlway, by the Government offices, and by several

1 The following are the poweis of the vowels m Dr Hunters plan They aie

identical with those of Sn William Jones and Piofessoi Wilson

Short rt as a in ^e second syllable of taitan, and as u in but

Ijono1 a as # in the first syllable of taitan

^ as z in in/vine

y aS U 111 lUlll

e as a in mate, daie

as o in note

ai as ^ m ride, ^ize

an as ou in cloud

He omits i and u of Jones

2 " Guide to the Oithogiaphy of Indian proper Names, with a List showing the

True Spelling of ill post towns 'ind villages in India, by W W Hunter, Esq ,
LL I)

Directoi General of Statistics to the Goveinment of India (Calcutta, 1871 ) Folio,

pp xm and 146 Dated at Simla, Nov 10th, 1871

3 Dr Huntei prepaied the second orthographical guide
" btandaid spelling of

Indian geographical names, by W W Hunter, Esq ,
LL D

,
Director General of

Statistics to the Go\ eminent of India' (Calcutta, 1872), pp 162, octavo

It is an anged in three columns I ISame as spelt n Di Keith Johnston s Eoyal

Atlas II Correct spelling III Column for local verifications from the vernaculai



DU HTJNIEE'S SYSTEM 397

newspapers Up to that time the spelling of tlie same place had

varied in the difleient local gazettes The Postal Guide spelt the

name of a town m one way, the Railway Companies in another

Even two officials, dating then letters fiom the same place, often

spelt it in a diffeient way The well known province of Smd was

officially spelt in no less than six difleient ways, namely 8cmde,

iSctnd, Scwdh, Smdh9 &nde and fond

On June 27th, 1872 the Secretary of State in Council, having

considered the above pioceedings of the Government of India,

addressed a despatch to the Yiceioy,
" on the orthography of the

" Roman charactei of Indian propei names " In this despatch

assent was given to the mcasuies which had been adopted, but it

was suggested
" that some extension should be given to that part of

u the scheme which peimits a depaituic front the new system, m
cc the case ol ihosc places of which the names have acquired a widely
"

recognized mode of spelling, eithei fiom popular custom or m
ec

consequence of histoiical notoncty
"

VeinacuHi lists wcic then piepaiecl of the names of distiicts,

towns, riveis, and places m the vinous piovinces, and carefully

translated, on the above basis, into the Roman chaiactei In the

case oi well known places which have obtained a popular or

historical fixity of spelling, this customaiy spelling was to be

retained Por other names the coircct transliteiation was to be

cnfoiccd In this wxy lists have been drawn up, appioved, and

published in the Gazette, foi Assam, the North-Western Piovmccs,

Oudh, the Punjab, the Ocntiil Piovmccs, the Bcixrs, Bombay and

Smd, Mysor, Cooig, and Bengal That foi Midias Ins not yet been

received, and for Buimah it is not known whethei any list will

be piepared Unfortunately the vanous compilcis of lists have

adopted no uniform rule m the selection of names which are to

retain an old and incoriect spelling In some lists the number of

instances in which old spellings have been retained is so laige as to

make the desired improvement a nullity It is to be hoped that

these inconsistencies will be eliminated before a gcneial and com-

plete list is sanctioned

Dr Huntei states that through the agency of the Gazettes,

official reports, the new maps, and the greatei pait of the Indian

newspapeis, the adoption of the scheme is gradually becoming

general
" But "

(he continues)
" the tangled growth of a century

" cannot suddenly be transfoimed into ordei 01 cleared away A
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" whole generation of Anglo Indians must pass before general"
-uniformity can be looked for, but meanwhile the old standing"
difficulties in the way ot a unifoim orthogiaphy foi the c

Imperial" ' Gazetteer
'

haye been lemoved "

It is vain to hope that there will be a geneial agreement as to the
best system of oithogiaphy foi Indian pioper names At the same
time unifoimity has become essential, especially between maps and

gazetteeis , and the official intioduction of one unifoim system, if

theie is a fau chance of its being geneially adopted and becoming
peimanent, is undoubtedly a veiy gieat advantage A lecension of

all the nameb in the Postal Guide of India was a veiy formidable
undeitaking , and that Dr "Huntei should not only have completed
it, but also have achieved so laige a measuie of success in his effoits

to secuie the adoption of the new system, aie stiiking pioofs of how
much good seivice may be done by the judgment, tact, and pei
severance of one man, within a comparatively shoit time It is veiy
impoitant that an authoiitative geneial list, giving the officially

adopted spelling foi all names in Biitish India, should be published
without further delay
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XXII

THE GEOGRAPHICAL DEPARTMENT OF THE INDIA
OFFICE

r the systematic utilization of geogiaplncal woik

lias been corisicleicd to be an impoitant axid indeed aii essential

element in tlic Home Government of a gieat Colonial Pc\\ei, ever

since Columbus fiibt sailed from Palos Bishop Fonseca was alive

to its necessity, and as soon as the Royal Council of tlie Indies was

foimcd, in 152 1, foi tliellomeGoyeinment of tlie \asttians Atlantic

possessions of Spain, a Geographical Depaitment was legulailj

oigimzed In those dajs it was called the Office of the Cosmo-

graplioi of the Indies, but, allowing foi the difference of time the

duties wcic Ihc same as those which should devolve upon a similai

Depiitmciit at the present clay The utilization of geogiaphical

knowledge was as impoitant, and tlie value of science in all hianches

o admmistiation was as great, then as now

It was the duty of the Cosmogiapher's Department, in the Office

of the Council of the Indies, to furnish geographical knowledge to

officeis and servants of the State , to supply instiurnents , to apprise

officcis in the Indies of the times foi obseivmg , to collect and enter

m books all ionics and journeys made in the Indies with caie and

iccmicy, to construct maps and chaits m accordance with the

descnptions leccivcd, and to iccord all siich clesciiptions, and other

icpoits of a like iiatnie finally, the Cosmogiiphei was called

upon to tram tip a class of efficient geographers ,
and this was one

of the most impoitant paits of his duty He gave three yearly

courses of lectures, which weie attended by young officeis and pilots

The course foi the first ycii consisted of thefom mles of aiithmetic,

the rule of thiee, oxti action of sqirue and cube loot, fractions, and

and Saciobosco's "Do sph^eia mniidi
" The second yeais couise

comprised the six flist books of Euclid, aics and choids, light snies

tangents and secants, the tables of King Alfonso, Geoige Purbach's

theory of the planets, and the fourth book of the spheiical triangles

of Mullei (01 Juan de Monte Eegio, as the Spaniards called him)

The thud yen's couise included the Almagest of Ptolemy, cosmo

graphy and the ait of navigation, the use of the astrolabe and its
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mechanism, the use and adjustments of othei mstiuments, and the

method ol ohsei ving the movements of the heavenly bodies 1

This wise care foi the instruction of their officeis as geogiapheis,

on the pait of the Council of the Indies, was one of the most ad-

miiable parts ot then system, and one which would he well woithy

of imitation Poi the rest, the labouis of then Geogiaphical De

partment were of inestimable value,, and a knowledge of them will

always be indispensable to students in the wide field of research

which they embiace The one great fault of the Spanish officials

was their love of seciecy, but even this aiose, m great part, fiom

their sense of the value of the infoirnation that had been collected,

and it ensuied, at all events, due caie in the pieseivation of the

records All branches of knowledge connected with geogiaphy were

not utteily neglected, noi weie piecious documents destioyed by

cartloads, 01 left to rot and perish

When the East India Company was fiist foimed in London, its

enlightened manageis had not then a gieat empiie to administer,

like the Council of the Indies at Seville ,
but very few days had

elapsed befoie they saw the necessity for a G-eogiaphical Depaitment

as part of then system of management Coiiect gcogiophical

mfoimation was, they well knew, as necessaiy foi a body of mer-

chants as foi the administrator of an exnpne, and two months

affcei the incorporation of the Company we find Richard Hakluyt,

the illustrious founder of the East India Geogiaphical Department,

preparing memoianda of the chief places wheic sundiy soits of

spices do giow, gathered out of the best and latest authois , of the

puces of precious stones and spices , of ^hat is good to bung fiom

the Indies by him that is skilful and tiusty , of ceitam commodities

of good lequest gathered out oi authois that have lived and tiafficked

in those paits ,
and of othei mfoimation of a like natuie A few

yeais afterwaids Edwaid Wright was added to the Depaitment, to

1 "Oidenanzas del Coiisejo Real de las Indias, poi el Rey Felipe IV, 1636,

ccxxxvm to ccxlm AUo in tlae
"
Kecopilacion de leyes de los leynos de H& Indus,

Carlos II
" Lib n , Titulo mi , Leyes i

,
to v (Tom i

, p 185 )

It should be lemembered that the Gosmographei s Deputment of the Council of the

Indies was quite distinct fiom that of the "Piloto Mayoi
5

at the " Casa de Contia

tacion The latter was analogous to the present Hydrographer s Depaitment at the

Admiialty
2 Divers Voyage^, by Eichard Hakluyt,

'

pnnted for the Hakluyt Society, and

edited by Mi "Wmtei Jones (1850), p lol
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compile the maps and cliaits , and the collection of gcogiaphical
information in the foim of logs and journals was commenced l

Wnght was the flist Englishman to publish the pimciple of Mer-
cator's projection, in Ins

" Collection of Enors 111 Navigation/' 1599

Poi a ccntmy and a half the labouis of the Gcogiaphical Depart-
ment weie chiefly confined to the piepaiitioii of chaits and the

iccoid of voyages , but with the acquisition of Bengal by Loicl Olive

commenced the land suiveys of Rcnnell 3

u thc Fathei of Indian

Geography
" "When Ma-joi Beimcll letuined fioin his seveie

libouis as a suiveyoi in Bengal, ho devoted the lemamder of his life

to the mtciests of Indian Geogiaphy at home lie was the unpaid
but most efficient head oE the Geographical Depaitment of the

India House His Bengal Atlas was alicady published by oidei of

the Company in 1781/ but in Maich 1788 Ins famous map of India

appealed, and the mcmoii followed in 1792 This is the staiting

point in the histoiy of Indian Government map making, and the

mcmou furnished a complete account oC the matciial upon which

Rcnueirs map 10 based The map of D'Anville, published in 1751

and 1752, was still the basis upon which the new woil\. was to be

founded, but llennell collected much additional material lie had

the loutc suiveys of Geneial Goddaid fiom the Jumna to Poona, of

Captain Reynolds thiough Malwa, of Colonel Fullciton in Coimbator,

of Colonel Call in Tmnevelli, and those made in the wars with Ilaider

and Tippu, besides the maiches ofBussyin the Deccan On the

Bengal side he had Ins own admnable surveys , but D'Anville's

map \^as still the best authonty foi the Punjab and the couise of

the Indus, as it was until veiy Litely foi the uppei basin of the

Brahmaputra Rcnnell's interest was excited by the accounts he

had obtained from the notes of Captain Kirkpatnck, of the remains

of old irrigation woiLs north of Delhi, the canal of Shah Piroz,

and the new cut of Shah Jehan, and he i egrets that the descriptions

of them weie so obscuie He also discussed in his memoii the

question of the identity of the Biahmaputra with the Sanpu, advo

catmg that view against a countei theory of D'Anville, and he

identified some of the Punjab riveib with those mentioned by Airian

and Pliny It is unnecessary to say that, though Hennell continued

i Calcndii of State Papeis (Colonel, 1513-1616), pat i 284

* "
Bengal and Eeliai All is,

'

by T iraes Rcnncll, 1781, pubhblied by order of the L ist

India Company The maps aic dedicated to the mcmojy of L>id Chve, to Wiricn

Hastings, &n Hector Mumo, Mi Verclbt, &c

(13441 )
C
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to laboui zealously m the interests of Indian geography for the

remainder of his Me, his works were by no means confined to

the scenes of his active service He welcomed all geographical
mi-

terial, and waimly supported all exploreis When the engineers who

accompanied the Indian aimies, in their various campaigns, pro-

duced new work, it was Uennell who piomptly brought it to the

knowledge of their countrymen at home 1 In 1798 be was assisting

Mungo Park in the arrangement of his African tiavels His groat

work the "
Geographical System of Herodotus examined and ex

plained," was published in 1800, and in 1816 it was followed by his

"Geographical Illustiations of the Eetieat of the Ten Thousand

He also devoted many years to the collation of the log books of the

Indiamen for 40 yeais back, and his valuable results, entitled "In

vestigations of the Curients of the Atlantic," &c , were published by

his daughtei, Lady Eodd, with several large chaits, aftei his death

Hennell lived to a great age, and nevei ceased to devote his tune

to the mteiests of Indian geography Aftei he bad reached his

87th year he possessed in full vigour all his intellectual faculties,

and, though suffeung little short of martyidom from frequent

attacks of the gout, he still devoted many hours of each day to his

favourite puisuit There is but one thing to legret in the great goo-

graphei's careei His early piejudice in favour of loute surveys led

him to withhold from Colonel Lambton that heaity support which

would bave been invaluable, from such a quaiter, when the Trigono-

metrical Suivey was in its infancy But he became convinced

of the supeuority of Lambton's method long before his death, and

welcomed with 3oy the 6-sheet map of India by Walker,
3 which was

partly based on triangulation He was lemarkable foi true, patient,

and peisevermg research ,
his cutical judgment was seldom at fault,

and his work is always leliable

Bennell died on the 29th of March 1830, at the gieat age of 88,

and was buried in Westminster Abbey, wheie there is a mural

monument to his memory
4

Major Eennell never held any official appointment after his return

i On the Marches of the British Amy in India, during the Campaign of 1791,
'

by

y vol = P 179 (1829)

t A memoir of Major Eennell, lepnnted from the "Address of the President of the

Eoyal Society, on Novemher TOft, 1830, ib given in Gleamngs in Science, m , p 409

C

SeTtlto "Notice Historique sur la vie et les ouvrages de James Eennell, pai M le

"Baron Wilckenaei
"

(4to Paris, 1842)
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to England His great services to India were all rendered from
motives of zeal His contempoiaiy and active fellow labouiei, Dal-

rymple, was the iccognised official Eydiogiaphcr in those early davs
Alexandei Dalrymple, the seventh out of 16 children of Su James

Dalrymple, was bom at New Ilailes on the 24th of July 1737 He
received little or no education, and it was not until aftei he had

gone out to Madras as a writei in 1752 that he taught himself

accounts and the French and Spanish languages In 1759 he was
sent on a voyage to the Eastein Islands, arid acqmied much
nautical experience In 1705 he icturncd to England, and pub
lishcd sovcial clmts and plans of coasts and anchoiages He went
bad to Madias as a Membei of Council,, under Loul Pigot, in 1776,
and finally wont home m 1777 Two ycais aftuwaids he icccivecl

the official appointment of Hydiographcr to the East India Com
pany Daliyrnple was a most indefatigable collector of gcogiaplucal
matenals Hennell acknowledges the assistance he received fiom
the Company's Ilydiogiaphei in the piopaiation ol his gieatmip
of Hindustan , and "Dr Ymcent \v is indebted to Daliymplc loi

the maps and chaits to illustial( his gicat woik, "The Voyiic
of Nearchus" Daliymplo was, indeed,, a most mdusluous and

untumg workman lie tianslatecl and published seveial voyages
fiom the Spanish 9

l and Admiral Buiney, in the piefacc to his

gicat woik on voyages m the Pacific, says tint the above tians

lations of Dahymple weie his vade mecim, and tliit he was laigely
indebted to then luthor Dahymple advocated the existence of a

southern continent, and TVIS anxious to siil with Captain Cook in

the
"
Endeavour," but was pievented because he had not been

bred in the navy He gave many tracts to the woild on vanous

subjects
2 In 1790 he made a useful suggestion to the East India

Company, which was approved and the sum of 20Q/ was giantedloi
the puipose The scheme was to publish tiacts fiom time to time on
the geography, commerce, and pioducts of the East The lesult was
"The Ouental Eepositoiy," in two volumes, which contains several

papers of considerable interest, especially those on the cultivation

1 " A historical collection of tho seveial voyages inA disco\ciics in the Soulli Pacific

Ocean, being chiefly a litaal hinshtion fiom the Spinish writei s, by A Dahjmpk,
London, 1770, 2 vols With an exti lordmaiy dcdicition, stitrnj, to whom it is not

dedicated lie gives Magellan from Ilciien md Binos, Tuin Icininde/ fiom the

Mcmoiulof Arias, Mindana andQuiios from lugucioi incl ioiquunuh, LeMmo md
Sclioutcn, Ta&m in and Eoggewein At Ihe end thcie ai e minv cunous woodcut

2 Bound up m three volumes m the Geogiiplucil Society's

Oc 2
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of vanous Indian products, by Di Eoxhuigh Dalryrnple's stuctly

official woik is lepieseiited by 58 charts, 740 plans, and 57 views of

coasts , in all, 855 plates, besides 50 nautical menious l In 1795

the office of Ilydrogiaphei to the Admiialty TV as cieated, and Dal

rymple was the fiist to hold it, togethei Tvith the same pobt at the

India House He filled it until 1808, when he was suddenly called

upon to lesign by Loid Mulgiave He declined to do so, and was

summanly dismissed on the 28th of May On the 31st he published

"The Case of A Dalrymple," bitteily complaining of the tieatmcnt

he had leceiyed It bioke the old man's heait, and he died on the

19th of the following June 3

On Dahyrnple's death Captain Huid succeeded him. at the

Admiialty, but his post at the India House lernained for some time

yacant, until an accumulation of nautical niatcnals led to the

appointment of Captain Hoisbmgh, who had made himself known

by the publication of seveial valuable chaits of the China Seas Sn

Charles Wilkms, the libianan, had chaigc of the onginal maps,

memons, and othei records, while Hoisbmgh peiformed the duties

of hydiogiaphei
James Hoisbuigh was boin of humble and lespectable parents at

the small village of Elie, on the south east coast of Eife He com-

menced his caieer as a cook and cabin boy, and eventually lose to

be captain of the "Anna," East Indiaman, in which he sailed from

England in 1802, letuinmg in 1805 In a papei punted in the
"
Philosophical Tiansactions

" he detailed his meteoiological obsei-

vations, and in 1806 he began to collect rnateiials foi sailing diiec-

tions After some years of indefatigable leseaich he completed
his "East India Directory," which has gone thiough eight editions,

and is still the lecogmsed guide foi the navigation of the Indian

seas * Under Hoisburgh's supenntendence at the India House,

1 A laige nunibei of Dalryniple s charts and plans aie bound up together in a

volume preserved in the Geographical Department of the India Office The number

is454
2 Theie is a memon on Dalryniple piepaied by himself in the "European

Magazine, Nov and Dec 1802
3 It was pieceded by Laurie and Whittle &

" Ouental Pilot The first edition of

Hoisbuigh s Directoiy appeared in 1808, the second in 1817, the fifth in 1841, the

eighth and last in 1 864 See page 44

Captain Hoisburgh became a Fellow of the Royal Society m 1806 In 1816 he

published his "
Atmosphenc Eegibter for indicating stoims at se\ Jn 1830 he

contributed a papei to the Royal Society on "
Icebeigs met with in the Southern

Hemisphere
"
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which be^an in 1810, many valuable chaits weie compiled and

published

Dalrymple was moie an mdustnous collector of matenals than a

compilci The map of India which succeeded Rennell's was by that

famous caitogiaphei, Aaion Auowsmith This was the last gieat

map based on loutc suiveys The matenals were furnished from

papers and diawmgs belonging to the Duke of Wellington, Six John
Malcolm, Dr Buchanan, and Colonel Colin Mackenzie It was

published m 1816, in nine sheets, on the scale of 16 miles to

an inch

But the labours of the topogiaphical surveyois of the Madras

Militaiy Institute, based on the triangulation of Colonel Lambton,
began to attiact attention as soon as their icsults airived in Eng
land, and the necessity foi the publication of more accurate and
detailed maps ol India than had hitheito been produced was soon

acknowledged Aaion Auowsmith was of couise consulted He
constructed a projection foi a new atlas of India, on the scale of

fom miles to an inch, and the Madias suivey maps were placed
in his hands The lesult was the publication of Ins atlas o South

India, fiom Cape Comorm to the Kuslma, in 18 sheets, on the scale

pioposed, which appeared in July 1822

The question of the publication of the icsults of the Gieat Trigo
nometucal and Topogiaphical Suiveys, which had now been in

piogicss ioi upwaids oi 20 yeais, was caiefullyand anxiously con
siduecl by the Couit oi Ihiectois, and Colonel Salmoncl, then

Militaiy Secictary, was, Ioi some yeais, in consultation with. Colonel

Mackenzie, the Survey01 Gcncial at Calcutta, on the subject
Colonel Hodgson, Macken/ie's successor, retained to England, in

the hope and expectation that the gieat work would oe entiustcd

to him It, howcvei, would no doubt have been given to Aaion

Arrowsmith, who had alieady made the piojection, and, indeed,

published sevcial sheets in the best style of the clay , but, just at

that time, the veteian caitogiaphci died The East Indian Diiectors

then appointed Mi John "Walku to compile and engrave the sheets

of the great Atlas of India

Mr "Walkei came of a family of map engiaveis His fathei

had hoiked Ioi Dahymple, and his name appears on the maps in

Vincent's Neaichus, on that in Salt's Abyssinia, on those in tin,

Aictic voyages of Pany and Pianklm, and on many others of. that

poiiod His name was also immortah/ed by Sn Edward Pany on
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a lofty cape m tlie fai north, wliicli is well known to many an

Aictic traveller The son was thoroughly trained,, and the amount

of judgment and ability he brought to the great task he undertook

is shown by the often disputed but evei approved excellence of his

work
The Indian Atlas was designed to occupy 177 sheets, 40 inches

by 27 5 and the globulai piojection and scale (4 miles to the inch),

oiigmally pioposed by Mi Aaion Airowsmith, weie adopted The

scheme embiaces the legion from Karachi to Singapore, and

includes Ceylon Piorn 1825 Mr Walker combined the various

documents sent home by the suiveyors in India, piepaied the sheets

foi publication, engraved them on coppei, and issued them to the

Suiveyor Q-eneial in India and to the London Agent
Sii Ohailes Wilkms, the libranan who had charge of all geo

giaphical lecoids, died in Bakei Street, at the great age of 85, on

the 13th ot May 1836 Captain Horsburgh, the Hydrographer to the

East India Company, died at Ilerne Hill, at the age of 74, on the

Idith of the same month of the same year Mr Walkei was then

engaged to take chaige of all the records that had previously been

undei the care of Sii Charles Wilkms, in addition to his othei

duties As Captain Hoisburgh
?

scoad]utoi and successoi Mi "Walkei

pioduccd nearly a hundred charts, many of which aie of a laige

size, and the majority are still the chief authonties followed by

navigatois m the Eastern seas to this day He also continued to

engiave the sheets ol the Atlas and other maps Engraving was

his special work The caie of records and conduct of geographical

business required departmental agency for its efficient discharge

None was furnished All geographical work ceased to be performed ,

the recoids weie lost 01 left to lot, and even the coriespondence

book was destioyed But Mi Walkei's duties as a caitogiapher

weie admnably perfoimed
The first sheets of the Atlas were of couise those for which the

Madias Topogiaphical Suiveys furnished the materials The first

was published m 1827 Then followed one of Bandalkhand from

Captain Eranklin's woik, and the Himalayan legion fiom Hodgson's
and Heibeit's suiveys These, however, have since undergone

complete revision In 1860, and again in 1863, remonstrances

were received from India at the delay in the execution of the

sheets after the materials for them had been sent home With a

view to obviating this delay, a proposal was made by the Surveyor
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General in July 1864 that the sheets of the Atlas should hence-

foith be biought out in quarter sheets Mi Walker concuired

that this aiiangement would expedite the work, and it was accoid-

ingly idopted There has always been the highest testimony to

the accuracy and excellent style in which Mr Walker has pro-

duced the Atlas sheets

But Mi Walkei s work is by no means confined to the sheets of

the Atlas He has engraved seven maps of the triangulations,

including Lambton's opeiations, Everest's great Arc Senes, and

Waugh s N W Senes, the last foiming a chart of five feet bb

six in extent Of general maps of India he has drawn and

enslaved one on six sheets for Messrs Allen, a skeleton map on

six sheets for the Government, a map in two sheets, and some

othus Simm's large plan of Calcutta, drawn in 1848-49, was

icduced and engiaved by Mr Walkei m foui sheets l Eiom 1846

to 1848 a number of maps of districts in the Bengal Presidency

weie icquiicd to be ieduced fiom the Revenue Surveys to a J inch

scale, and lithogiaphed Those of the Moith-West Provinces were,

is lias been seen, prepared and published at Allahibad, under

the orders of Mi Ilugh M Elliot, the Secretary to the Boaid

of EC venue But those of the Lowei Piovinces were sent home

to be lithographed in England Of these 31 were executed by

Mr Walker, and a few appeal to have been entrusted to Mr Wyld,

m 1818 Mi Walker also executed a Eevenue Map of the North-

West Piovinces, and one ol the Ajmii District

The most beautiiul specimens of Mr Walkei s lithogiaphy are

his pioduetion of Colonel Bobinson's lemaikable suivey of Jhelum

and Kwal Prodi m eight paits, on 2S shoots, ind Ins maps

showing the results of Captain Montgomeiie's suivey s m Jumu

and Kashmii Theie are four sheets on a scale ol two miles, and

four on a scale of foui miles to an inch

A map ol the Jalanclii Division of the Punjab, maps for General

Cunningham's and again foi Mr Vigne's tiavels, the map lor

Wood's Oxus, one of Gwalior in four sheets, one of Nagpur

and Wuidah, and a earefully compiled map of the North West

of India on two large sheets, are also among Mr Walker's

woiks

The manuscupt maps forming the results of the Ilaidarabad

the manuscript is deposited in tlio Geographic il Department of the India Office

Balasoie, Bynui, Ooiuckpui, Gha/iipui, Jounpm, Morachbid, Patna
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Survey were sent home aixd taken in hand by Mi Walkei, and he

completed 13 Clicks on a scale of a mile to an inch The rest

lemained to be done

Mi Walkei engiaved the two sheets of Colonel Scott's excellent

geneial map of the Madias Piesidency, and anothei geneial map of

the Bombay Presidency m thiee sheets He constructed a map of

Aiabia in two sheets, one of the lontes between Constantinople and

Delhi, and engraved a series of elaborate maps illustrating the

Assynan Vestiges, by Captain Felix Jones, in foui sheets, and the

Suiveys in Mesopotamia by Selby, Collmgwood, andBewshei, in

two sheets Add to this 87 out of the 200 ohaits published fiom

surveys executed by officers of the Indian Navy
Such is an enumeration of the -work peifoimed by the veteian

geographei of the East India Company It is woik of which he

might well be pioud, and places him in the fiist lank of the geo-

graphei s of the present century Mi John Walkei died, in his 86th

yeai, 011 April 19th, 1873, having been in the employment of the

East India Company and of the India Office foi 48 yeais He Mas

the depositoiy of official traditions extending ovei half a centuiy,

and his well-stored memoiy frequently pioved of gieat value to his

successois Just befoie his death Mi "Walkei had leceived a com-

plimentaiy letter, which was addressed to him by oidei of the Secie-

taiy of State, on the value of his long and zealous seivices

In 1868 the question was laised whether the time had not come

when the remaining sheets of the Atlas might with advantage be

taken up by the Surveyor Geneial himself, and engiaved at Calcutta

Hitherto the difficulties in the way of such a course had consisted

in the want of means and the absence of an efficient staff These

difficulties had to a great extent been suimoimtecl duimg the time

that Colonel Thuilliei hid been in eliaige, who had yeai by year

increased the efficiency of the lithographic and diawmg bunches

of his office, and continually introduced new improvements The

advantages of the anangemcnt weie obvious It was most desirable

that the sheets should be compiled and piepaied within easy distance

of the surveyors "who had made the original drawings, and to whoir

lefeience could at once be made foi the solution of any point that

might arise Much time might also be expected to be saved Even

in an economical point of view the change would probably be

advantageous, as soon as the natives of India had learnt the art of

pngracing and hill etching

The change was accoidmgly sanctioned, and Colonel Thuillier
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was deputed to make the necessary arrangements in England during
the year 1868 He arranged with Mi "Walkei that all plates of

sheets of the Atlas actually in piogiess, 01 foi which matenals had

been sent to England, should he finished by Mi Walkei , and that

the rest should be undertaken by the Suiveyoi Gciieial in India

Thus time was given foi Colonel Thuillier to oigamsc his inci eased

staff at Calcutta Up to that time Mi "Walkei had completed the

engiavmg of 84 of the Atlas sheets

Colonel Thuilhei letuincd to India with a staff of caiefully

selected English engiaveis, in Jamiaiy 1869 , and a notice of then

progiess has alicady been given at page 177 The whole woik from

the prcliminaiy leconnaissance foi the suiveys to the publication

of the maps is now done in India under the immediate eye of one

chief, while plenty of useful woik lemams to be performed in

the India Office

Since 1836 all geogiaplncal and kindred subjects had been

deprived of separate dcpaitmental supeivision, and the maps,

journals, and other lecoicls had been cast aside to lot and perish
Those which wcie not lost weie fiayed and dust stained, and finally

a quantity weie sold as waste paper Ancient journals of great

navigatois, abstracts of which alone existm the Pilgums of Puichas,

have disappeaicd , and many of the latei memons and suiveys of

the time ol Colin Mackenzie, and even a volume of the Cheat

Tngonometiical Suivey Scries, aic missing

Yet, aftei all these cbploiable losses, tlieic remained a most

valuable collection of maps and iccoids , and the le constitution oi

a Geographical Depaitmcnt at the India Office, such as had been

found essential to efficient admim&tiation alike by the Council of

the Western Indies m Seville and by the foundeis of the East

Indian Empne in London, was uigently needed The Suiveyor

Geneial, while lie was in England m 1868, icpiescntcd the necessity
loi such a step, and the great inconvenience that had lon^ been felt

fiom having no sepaiatc Depaitment of the India Office in clucct

communication with the Suivey Departments of Indu Such a

bianch of the Homo Government would attend to the hithcito

neglected duties of icceivmg, analy/mg, and ananging foi gcneial

reference and use, all geogiaphie il and geological documents , of

quickly disseminating all maps of a gencial chaiactei emanating
irom the gicat national suiveys of India, and of tiansactmg all

business connected with the suiveys and othci scientific blanches of

tiie service It was also repie&ented to be essential, m oidci to
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meet the incieasing demands foi geogiaphical information, that theie

should be proper airangeinents for leady refeience to, for the exhi-

bition of, and foi the immediate issue, foi public purposes, of all

geogiaphical mateiials The serious detument to the public seivice

caused by no Geogiaphical Department having existed for several

years was shown in the total loss of maps and memoirs repiesentmg

recent surveys, which can never be replaced , in the long delays

that had occuried in noticing ipojmtant pioposals for scientific

purposes, and in the failure to make announcements of great

moment to mariners 01 men of science, which had been duly

reported fiom India

In consequence of these lepresentations the geographical and

othei kindred business of the India Office, which had been placed in

charge of the compilei of this Memoii in June 1867, was formally

oigamzed, and Mi Tielawney Saunders was appointed Assistant m
the depaitinent in the autumn of 1868 Thus the labours of the

leconstituted Geogiaphical Depaitment of the India Office extend

ovei a period of ten years

Apemsal of the foot notes in the previous sections of this Memoir

will give a general idea of the value and importance of the maps

and lecords that have survived, and which are now preseived m the

Geogiaphical Department They were found in a state of inde

scnbable confusion, and undeigoing lapid dcterioiation , and it

occupiedMi Saunders, whose experience at the Geographical Society

had thoioughly qualified him foi the task, for 165 days, six hours

each dav, to reduce the chaotic mass to anything like ordei The

arrangement of this valuable, and in some respects unique, collection

of geographical recoids was completed in May 1869

The next woik was the establishment of a system for bringing

the maps emanating from the great national surveys of India

within the reach of geogiapheis and other inquirers in Europe

Hitheito, it had only been possible to procure the sheets of the

Atlas, and the numeious useful maps produced in India could

not be obtained by the public, and indeed weie unknown In

December 1869 thiee agents were appointed in London1 foi the sale

of all maps published in the Surveyor General's Office at Calcutta,

or in the office of the Superintendent of the Great Trigonometrical

Survey, and the whole of these maps are now within the reach

i 1 W H Allen & Co , 13, Wateiloo Place 2 Edward Staufoi d, 55, Charing Cross

3 Henry S King& Co, 65, Comhill 4 Mi Trubner, 57 Ludgate Hill, was added

m October 18*1
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of any pinchaser Mi Saunders completed
<c A Catalogue of Maps

" of the Butish Possessions in India and other parts of Asia,
" issued "by older of the Secretary of State for India," contain-

ing a synopsis of the political divisions of India, furnishing the

key to the arrangement of the catalogue, an index map to the

Indian Atlas, carefully and accuiately constructed , the catalogue

itself, giving the full titles of all the maps, and a general index

The fast edition of the present Memoir was completed and published
in 1871

The valuable collection of manuscript maps and othei documents,

including many cliawn by Hennell, Oolebrookc, Mackenzie, Buines,

Wood, and othei Indian woithies,, is now open to inquirers for

lefeience and inspection The study of comparative geogiaphy is

a necessity for the historian and the antiquary It is also of

piactical importance to men of science and engineers The ex-

amination of a sones of maps of a nver 01 of a harbour, from the

lust cvei cliawn to the results of the latest suivey, is a thing rarely

to be obtained, but one of gieat interest, and often of piactical

utility Effozts have been made towaids the improvement of the

manuscript collection in this respect A complete set oi copies of

ancient Portuguese plans of towns and poits along the west coast

of India,
1 the originals of which are in the British Museum, has

been made foi the Geographical Department There is also a very

precious collection of 110 maps and chaits oi the Indian coasts, the

dales of: which iange over a period of a centuiy and a half, among
the Royal Ai chives at the Hague The whole of these have been

copied Jtoi the Geographical Depaitment, thiough the kind intei-

vention oi Commodore Jansen of the Dutch Navy
Arrangements have been made lor a i egular exchange of maps

with the Russian and Netherlands Governments in duplicate, on

sot being sent to the office of the Surveyor General at Calcutta, and

the othei being retained in the Department The advantage thus

gained is twofold Geogiaphical inloimation is obtained, while, as

the Surveyor General has observed, "the possession of such splendid
"

specimens of engraving and lithography, foi the instruction of

" members of his Department, is exceedingly valuable
"

1 The list of them will be found in the "
Catilogo dos mannscixptofe de Bibliotheca

Eboiensc, Cunha Riveia,
'

i
, p 302

2 The list of thp ce Dutch mapo of the coast of India is given in the "Inventans der

Vcrzamelmg Kaarten berustende in het Eyks Ai chief,
*

(1867,) pp 130-64
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Exeitions hive been made to recovei some of the lost tieasures,

and not wholly without success The original manuscupt of a

lournal kept by Captain Knight duiing a yoyage towaids the

North Pole in 1606 has been discoveied amongst a heap of lubbish,

and has been punted and edited in a volume of the Hakluyt

Society's seues
1 This mteiestmg cnteiprize, which ended in

the mysterious disappearance of Knight himself on the Labradoi

coast, was previously only known through a meagie abstract in

Puichas

A like success attended an attempt to lecovei the results of

Captain Selby's survey of the sea of Ne]f, and pait of the course

of the Euphiates, which had been lost duung the time that there

was no sepaiate Geogiaphical Depaitment The ongmal maps and

field books had foitunately been left at Baghdad They weie

sent for, 14 maps and 5 field books weie duly leceived, and

Lieutenant Collmgwood was employed to lepioduce the maps ioi

engiaving The giound they covei is most impoitant, including

the luins of Birs Nmuoud, Cufa, Mashad All, and Kerbela, and

showing the legion into which the wateis of the Euphiates aie

being diamed The loss of such a suivey, executed at considerable

expense and with uncommon zeal by the able officeis in charge of it,

would have been most seuous Lieutenant Collmgwood completed

his woik in June 1870 Like success has not attended efforts to

recovei Captain Selby's surveys of part of the Shattu-'l-Aiab, nor

the original drawings of the Red Sea survey for the Hydrogiapher

of the Admiralty

The manuscupt maps in the collection, many of them most

piecious lelics of illustiious geographeis and exploiers, weie never

backed, noi adequately caied foi Duiing the peuod that no

sepaiate Geogiaphical Department existed they weie frayed and

toin, stained with dust, and left in a most disgraceful state No

blame whatevei attaches to Mi Walkei, who had not the means

of providing against this de&tiuction of the iccoids The whole

collection is now oemg gradually and steadily cleaned and backed

The map mountei was tempoianly employed fiom January 1870,

and leceived a peimanent appointment in July 1873, with the

assistance of an appientice The total superficial area of maps

mounted already coveis 17,535 square feet

1 In the volume containing Sir James Lancaster s Voyages (1877)
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The Geogiaphical Assistant has executed maps requiring much

caieful research, and has prepared seveial valuable geographical

memoiis His " Memoirs of the mountains and liver basins of

India/' with two maps, weie published in the form of a quaito

pamphlet eaily m 1870 The distinctive featuie of the maps is, that

the Himalaya mountains aic given in a new form, the great peaks

being icpiesented in a culminating outei range, sepaiated by a

chain of elevated valleys from an inner lange, which foirns the water

paiting between the basins of the Ganges and Sanpu The Tibetan

highland is also cleaily defined, and the vanous elevations above

the sea aic admiiably shown by varying depths of shading, and

by sections The map of the nvei basins shows then extent it a

glance, and the mernoii is accompanied by a table of the aieas of

the basins, and lengths of the mam sti earns His map of the

ceiitial part of Butish Buimah, to illustrate the Journals of Captain

McLeocf, Di Richardson, and subsequent tiavclleis, is also a valuable

addition to gcogiaphical knowledge, as it combines the loutes of

eight distinct cxploieis The collation of then obseivations, and

the combination of difteicnt and sometimes conflicting authoiities,

is work which lequues the cxpenence and sagacity of a piactiscd

geogiaphei foi its satisfactory performance The completion oi the

hthographv of the sheets of the Haidarobad Suivey, left unfinished

by Mi "Walkei, was also taken in hand l Ho prepared the admi-

1 Mi Willci hid lithographed 13 oi tlio Ilaidai ibad cncarb in vmoub sizes and

styltb namely
Bissim, Jiulna, Maihei, Pitiec,

Baythaiwaddy, Kowhs, Nuldroog, Puiimdi,

Dowlutabad, Kulhtnai, Nmnulla, Pylon

Gawilguili,

The Department Ins &mce completed eight cucais, "*- a unifoim mannu, on 92 bliects

of impciial size (30 inches by 22), which aie "beautiful specimens of lithography They

Bheei, Nandan, Warungul, Eilguadcl,

Daioor, Bedei, Medduck, Mulhngoie

There are still 16 ciicars unpublished, namely

Koolburga, Baichooi, Koilkondi, Kummumett,

Mull an, Moodgul, Gxinnipooie, Bonagheei,

Ycdngheny, Pongul, Davercondah, Hyderabad,

Suggur, Eamghcei, Nel
tooonda, Mahoie

But the drawings of these aie ticated difleiently iiom those ah cidy published, and

they arc often on different &c ilcs, and nioie or less impetfect Ihc tnoais of Suggin,

ivxichoor, and Moodgul are altogether -wanting at the India Office Among the circus
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rable maps for the " Moral and Matenal Progress Reports
"

of 1 873

and 1874, and has compiled maps of the famine distucts and

sereial other pieces of work of a similai character fiom time to

time, according to the leqmrements of the service

In February 1872 the Department was so foitunate as to obtain

the services of Colonel Walker, the Supenntendent of the G-reat

Trigonometrical Survey of India, for six months, to make a thorough

investigation of the condition of the plates of the Indian Atlas

remaining in England, and to decide what should be done with

regard to each plate The Department was thus furnished with an

unenmg guide for the future, in the conduct of a difficult and

complicated part of the business
1 Colonel Walkei also pre-

pared a memorandum on the projection and scale of the Indian

Atlas

There was urgent need f01 adequate space in the India Office f01

the priceless collection of maps This collection is intended to

serve two purposes 1 The ready supply of information for official

and general use ,
2 The lecoid and pieservation of original docu

ments In order to ensuic the first object theie are orders that

copies of every map of whatever kind that may be published in

India shall be foiwarded to England Accoidmgly the Suiveyoi

General arianged to send a box of maps to England every quaiter

These maps are leqimed in all Departments, and the efficiency of

the collection can only be attained by the piovision of adequate

space For the lecoid and preservation of original documents

space is of equal importance After the millions of money spent

on all the vanous surveys of India it is of paiamount consequence

that the results should be placed beyond the chance of loss, by

executed by Mi Walkei are foui which 11 e now included in Berar Two of these

were published when the suivey of them wife unfinished and ill four have undergone

considerable levision, besides being no longer actual administrative divisions of the

Nizam s Goveinment In continuing the publication of the Haidarabad Survey it is,

therefore, proposed to lepubhsh first the puts now included in Bern, with the levised

and additional surveys relating to them, arianged accoi ding to the present divisions

These should be followed by Mahore and Ramghir, on the S E frontier of Beiai, and

bordering on the Central Provinces The other parts of the 16 unpublished cucir&

will be proceeded with as soon is the drawings ire made complete

i See Memoranda by Colonel Walkei, on the piesent state of the airangements for

the publication of the sheets of the Indian Aths in England, ind on the projection of

the Indian Atlas, in the Abstract of the Reports of the Surveys 1870-71, p 72, and

1871-72, p 47 These are also printed at the end of this section See page 431
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keeping the originals or copies m England There has alieady

teen much loss, indeed, the loss of records in India repiesents a

waste of money amounting to thousands of pounds The urgency
foi giantmg this space was frequently represented, and it has at

length, in 1877, "been provided, foi the permanent collection, foi the

stock, and foi the map mounter l

Dming 1872 the map inountei got through a vast amount

of work Complete sets of maps weie piesented to the Royal
Botanical Gardens at Eew, to the Privy Council Office for the use

of the Judicial Committee, to the Royal Greogiaphical Society, to

the Wai Office, the British Museum, the Eadclyffe Libraiy at

Oxfoid, and to numeious scientific and othci bodies ]?or Kew
alone 175 maps were mounted, coveung an area of 1,000 feet

In order to show the economy that is ensured by the employment
ol a thoioughly efficient map mounter, I may mention that the

time occupied in this work was 120 hours at 61 , and the materials

cost 52 10s , total 11 1 10s The same work done outside would

have cost 25 1 As many as 850 maps have been mounted, of which

500 belonged to the permanent collection

On July 25th, 1872, I leceivcd a lettei from Mi Grant Duff,

then Unclei Secretary of State for India, requesting me to undci-

take the preparation of the Annual Repoit on the Moral and

Material Progress ol India It was Mr Grint Duff who secuicd

compliance with a clause in the Act cieating the Indian Council

whicli piovided for the pieparation of these annual reports It

was his object that they should not be meic colourless official

statements lie dcsucd that an mteicst should be aiouscd in

Indian affairs by the annual piesentation of a thoroughly readable

document 3

The giaphic illustration of statistics brings the Moral and Mate-

rial Progiess Report into direct and harmonious contact with

1 This subject is more fully discussed in the " Absti ict of Surveys for 1872, p 67

free also Despatch to India ol November 25th ^No 22), 1869 , to Madias, July 22nd

(No 1), 1869, and to Bombay, July 29th (No 2), 1869, ilso to Indu, January 5th

(No 1), 1871 , and to Madras, Novembei 2nd (No 3), 1872

2 Ihc chuse in the A<Hs is as follows "And such account shall be accompanied

by a stitcment pu pared fiom detailed icpoils liom eich Picsidency and DitJtiut m
India, in such foinx as shall exhibit the moi il ind maternl piogiess and condition ol

India in each sudi Piesidency
'

-21 & 22 Viet cap 106, see 1m
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geogiaphy Temtoml limits aie one of tlie bases of statistics,

population comes next, and these two statistical elements neces-

sanly iule all others Maps and diagrams both geneialize and

allow of abstiaction Thev enable inquiiers at once to detect

and often to lectify eriors, which, if undetected, would effect

lesults and thiow eveiythmg into confusion In the Geogra-

phical Depaitment theie is the efficient means of employing
this method to advantage, and almost all statistical facts can

be treated on the basis of geographical distribution Popula-

tion may be illnstiated ^ith lefeience to the physical aspects

of a countiy Agncultuial statistics may he shown, not only

with leference to the yield and aiea of ciops, but also to the

pioportion of that yield to population Fiscal aiiangements, as

regaids India, may be very cleaily explained on a map, bettei

indeed than by any system, of tabulation Manufactures, com

rneice tieated fioin vanous points of view, institutions, languages,

ethnology, leligion, education, ciime, medical statistics, political

questions, and distubution of tioops are all capable of caitogiaphic

illu-fetiation JSTot only is this method a necessaiy part of statistical

woik, but it selves to give aid, supply checks, and detect errois in

tabulation The two methods aie necessaiy to each othei

In designing the neYi seiies of Moial and Mateml Progiess Hepoits
I consideied that the usefulness of leports of this kind depends on

the systematic classification of facts in appropriate gioups, such as

eveiy accuiate thmkei 01 caieful histoiian necessanly adopts foi

his own. use The Uepoit of 1873 was divided into fifteen sections,

each tieatmg of a special admimstiative subject 01 gioup of sub-

jects as they affect the whole of India ,
the aim being to include in

each section those subjects which have more chaiacteastics in

common Tilth one anothei than any of them have in common with

any othei subject not in that section The Repoit was prepaied on

this plan, with fifteen maps, and, as commencing the series, a letio-

spective histoiy of each subject was given foi facility of lefeience

The Repoit was completed in good time, and was presented to

Parliament in April 1873 Its object, which was the promotion of

a geneial interest in Indian affaiis, \\as gained The plan ^as good
and only needed fuither development At the same time it was a

fust attempt at leal improvement and was veiy defective It is

no easy task to reach a point anywheie neai peifection in a report

embiacmg so wide a lange of subiects It lequires the close
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attention of several years, each year producing its special impiove-
ment, befoie such a document can be made satisfactoiy s and to
this task the energies of the Geogiaphical Depaitment weie now-
directed

In the year 1873 the Department did much useful woik,

including assistance to Sir Fiedcuc Goldsmid and the othei officers

who then retuined fiom "Eastern Peisii, m piepaimg the lesults of

then woik in the field, and especially to Majoi St John in the

compilation of his impoitant map of Persia

In this yeai -ilso the fmits of the action of the Depaitment with

regiid to Maime Suivoys weie fully reaped
1 The subject leceived

caicful consideration, and a despatch fiom the Goveininent of India
was icceived, dated June 30, 1873, which led to the establishment

of a Marine Survey Depaitment at Calcutta, under the able manage-
ment of Captain Taylor, and to the restoiation to efficiency of this

impoitant branch of the public seiyice

In July 1873 a special permanent appointment was sanctioned

of a " Clerk in the Geogiaphicil Department
"

At the same time the mci casing transactions with the agents, and
the requirements of the auditoi, necessitated the mtioduction of a

piopei system of book keeping , and foi this seivicc a temporary
clerk was appointed

Thus, in 1873, the Geographical Depaitment was for the fiist

time buppliod with *x sufficient staff, and a suitable organization
It consisted of six membeis, including myself The Geographical
Assistant has chaigc ol the collection of maps, supplies geographical
infoimation when requited, piepaics maps, and also has the duty of

passing the general catalogue through the pi ess The specially

appointed clerk was my personal assistant in many ways, but par

ticularly for correspondence There was also a yery efficient

temporary clerk, and a map mounter and apprentice who also

perform othei multifarious duties

The " Moral and Material Piogress Repoit for 1874
"
was arranged

to be a rerised edition of that foi 1873 Many improvements weie

introduced, the different sections were le wntten, and sixteen maps
were prepared Among them theie is one showing all the divisions

1 See pige 42

2
Pailnmentdry Papers East India (Maime Suivcys) Return, 21bt Much 1877

General Repoit on the opeiations of the Mirme Survey Department, 1874-76 with

Appendices

(13441 )
T> d
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of India, which is quite unique, and has received almost unqualified

praise fiom the leading geogiapheis of this countiy and o Ger-

many In addition to the maps, an appendix was mtioduced, con

sistrag of a seiies of statistical tables The India Office is indebted

to Mi Pimsep, who has foi many yeais piepaied the tabulai state

ments, foi the conception and annual improvement of the Statistical

Abstract presented to Pailiament, consisting of a seues of useful

tables But it was consideied desiiable that the caitographic and

tabulai illustration of statistics should he combined, and that both

should be comprised m the "Moial and Matenal Piogress

Bepoit
"

Foi the Eepoit of 1874 the subjects selected foi tabulation weie

fust the two statistical bases of area and population, next the

financial statement, then the trade letums, and, finally, tables

showing the progiess of education, and the nurnbei and distnbutioii

of tioops These might peihaps be added to, but in selecting sub

iccts for tabulai illustration those only should be chosen that arc

adapted foi that method It is also a gieat point to include as

much as possible
in one glance, and to avoid any unnecessary

multiplication
of tables, especially on the same subject I paid

very special attention to the latter point in the prepaiation of the

statement of Indian exports and impoifa.

The " Moial and Matoiial Progiess Eepoit of 1874
" was piescntctl

in good time, and icceivcd even more geneial and hearty common

dation than the formei one It was an impiovement, but it did not

doscive the praise that was bestowed upon it The plan for the

futuie was that the succeeding Eepoits should only contain the

tiansactions of one year, as a mle, but that m each ycai one

particular subject should receive special claboiation, \ihilo attention

was also given to the improvement of the Eeport as a whole Thus,

when at the end of a fixed period a new edition of the moio com

plete Eeport of 1874 was produced, it was hoped that it would

make some appioach to perfection,
and would ically descive the

piaise which its piedecessoi
received My plans foi futuie yeais weie

as follows For the Eepoit of 1875 special attention had been given

to the Education Section There would have been a geneial

xeview of Indian literatuie on the plan of the annual pamphlet

brought out byM Garcin de Tassy, and more complete infoimation

respecting missionary woik In 1876 the Census would have

been thoroughly discussed, Tilth a caieful map It had been

pointed
out to me that the Reports lost much of then value to
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real students fiom not being famished with those copious leie

rences to authonties -winch make the publications of Justus Peithes

so useful A system of lefeiences would, theieloie, liave been

commenced Tuth the Eepoit of 1876, and a copious index would
have been added That of 1877 ^ould have contained a com

pletcly ic wiittcn seel ion on a^iiculluic, with such a system of

illustiatmg agiicultmal statistics as T sketched m a papei lead

bcfoie the Society of Aih l Tims each Hepoit would have con

tamed some one specially claboiated subject, until the time came foi

the second edition of the complete Eepoit of 1874, when the whole

would have been condensed and combined togcthci in one hai

momous woik Meanwhile the most impoitant consicleiation was

the piescivation of exactly the same aiiangcmcnt of the sections,

in the successive Hcpoits Any depaituie fiom the onginal

auangement destioys continuity, and thus mais the usefulness of

the Hepoits foi puiposes of icfeicnee

The yeai 1875 was one of much depaitmcntal activity Among
othei things the collection of chaits, maps, and books foi exhibition

at the Pans Geogiaphical Oongicss had to be picpaicd loi Colonel

Montgomene ,
and a catalogue was diawn up in a compact foim

which seivcd its puipose adrnnably In this yeai also the Auditoi

called foi a detailed account of the stock of maps on hand, and the

staff of the Depaitinent applied themselves with vigom to the

laborious task, necessitating the opening of eveiy paiecl, and the

counting of its contents

The discovciy of the journals incl otlioi papeis of Mi George

Bogle, who wis sent on a mission to Tibet by Waiicn Hastings,

and of Mi Manning, the only Englishman who cvci visited Lhasa,

luimshcd a good deal of useful woik loi the Dcpaitmont dining

the yeai 1876 The piepaiation of an official work on Tibet was

sanctioned, which afloidecl an opportunity of bunging togethei

much useful geogiaphical mfoimation The maps weic pieparcd

by the Geogiaphical Assistant, who A\as also indeJati^able in identi-

fying names of places, and in conducting difficult bits of lescaich

The specially qualified elcik ga\ e assistance in many ways, besides

translating the nariatives of Grueboi, De&iden, and Delia Penna

1 "
Agncultxiril Statistics of India

'

Papci icicl at the Society of Aits, May 21st,

1875 No Il74,vol xxm,p 599

Del 2
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from the Italian Tlie tempoiary clerk's great experience m the

business of printing was most useful in all matters connected with,

passing the work through the press, and in securing economy
x

The Department also had much work, in 1876,, connected with

the Special Loan Collection of Scientific Apparatus at South Ken

sington Two sections of the Official Handbook5 one on Geographical

Instruments and Maps generally, and the other on the Collection

of Maps of India, were piepared in the Department ,

2
"but the

heaviest work fell upon the map mounter He had to frame and

prepaie for exhibition a laige collection of maps illustrating every

peiiod from the time of Poituguese ascendancy to that of the

most lecent issue from the office of the Surveyoi Geneial The

rough plans of the Poituguese and Dutch were succeeded by

more elaboiate charts, these by military route surveys, eaily

topogiaphical maps, sheets of the Atlas, and finally by elaborate

topographical and revenue maps adapted for all the wants of a

complicated system of government The exhibition of this series

of Indian maps excited great inteiest

The want of a simplified catalogue of the maps on sale had been

felt both for public and official purposes , and, as the stores were

kept under reference numbeis, it was thought advisable to combine

that system with alphabetical order, instead of adopting the elaborate

geographical arrangement This catalogue was compiled and passed

through the press by the tempoiary clerk, whose experience was

invaluable in the economical publication of such a work The cata-

logue is in a tabular foirn, with columns foi the leference numbers,

titles of the maps alphabetically ananged, dates, scales, size in

inches, and price It also has an index map to sheets of the Atlas,

with a key index By the use of this excellent catalogue any

membei of the Department can readily find any map m store It

has passed through two editions In future a supplement will be

issued every quarter, on the arrival of each consignment from

India, which will be incorporated at the end of the year

1 "Narratives of the Mission of G-eoige Bogle to Tibet, and of the Journey of

Thomas Manning to Lhasa, edited, with notes, an introduction, and Lives of Bogle and

Manning, by Clements E Mirkham, CB, G-eogi aphical Depaitment, India Office
3

(Trubner, 1876), pp clxi and 354, Maps, &c

2 "South Kensington Museum Handbook to the Special Loan Collection of

Scientific Apparatus, 1876
'

Piepared at the request of the Lords of the Committee

01 Council on Education, pages 230 to 277
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The year 1877 has been a time devoted to completing all the tasks
that remain unfinished One of the chief of these tasks is the

publication of the G-eneial Catalogue Much labour has been
encounteied in the classification and ariangemcnt for the press
of aiticles filling more than 600 pages , and the work has been
much hindeicd by the incoiporation of additional mateuals which
have acciued from time to time from various official quarters The
exclusion of these acquisitions would doubtless have expedited the

publication and prevented complaints on the score of delay , but
the pi \ctical value oi the catalogue would have suffered materially
fiom such omissions, and as several ycais must elapse before a work
of this kind is repnnted, it was determined to make it as complete
a& possible With this view, also, the Contents and Alphabetical
Index: aie carefully elaboiated, so that rcfeicnce may be guided
to the collateial illustration which aiticles under various titles

and heads icfleet on one anothci This General Catalogue con-

tains eveiy geographical document in the India Office, including
the oiigmal manusciipt v^oik ol Hennell, and many othei famous
Indian bur^eyois Among the tieasuics pieseived iioin dcstiuetion

aie the oiigmal manusciipt reports of the tngonometiical opeiations
oJ Colonel Larnbton, Sir Gcoige Everest, and Sn Artdiew "Waugh
The collection also contains a valuable series of maps oi the Ganges
and othci livers ol India, most of them in manusenpt, by Hcnncll,

Colebioolvc, "Wood, Ilodgson, Bedford, and Wileox Tlicie are also

manusenpt maps of Reimell and Buchanan Hamilton
, the maps

and memoirs of Mysor by Colm Mackon/ic , the icpoits andpapeis
of the mission of Sir Alexandei Buxnes , and the manusenpt maps
and field books of Lieutenant Wood, the discoveici of the souice of

the Ox:us
,

the maps and routes of Kirkpatrick, Ciawioid, and
Ochterlonv in Nepal, and many other valuable documents, in

eluding memoirs, joumals, and field books

It is anticipated that the India Office Geogiaphical Catalogue
will be of great scivice, not only to geogiapheis and map makeis,
but also to Government Departments, and to inquucrs into almost

all classes of Indian subjects It will convev a vast amount of

information as to the existence of precious manusciipt mateuals,
both in the shape of maps and of memoiis, which have hitheito

been buried and unknown A very complete idea can thus be

formed oi the existing materials foi the compilation oi gencial

maps, and ioi use in the study of special subjects
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Anothci task for 1877 has been the pieparatiou of tins second

edition of the "Memou on the Indrm Suiveys
" In each of the

five yeais that have mteivened since the publication of the fust

edition, an Abstiact of the SuiTeys foi the year, exactly on the plan

of theMemoii, has been prepaied and published The two last

weie yeiy ably compiled by the specially appointed cleilv There

has been a good demand foi these Abstiacts, and the eaily ones

are out of punt, so that they haye seived a useful pmpose The

mfoimatioii they contain has now been embodied m this second

edition of the Memoii

One moie task has been completed m the piesent year , namely,

the pieparation of an edition of the voyages of Sii Tames Lancastex,

the commandei of the fiist ventuie of the East India Company,

followed by a calendai of all the logs 01 journals which have escaped

destination, and aie pieseived in the India Office, from 1607 to

1700 inclusive l This woik will be a slight contribution towaids the

propci lecorcl and ariangement of the puceless though sadly muti

lated and neglected collection of eaily histoucal documents

The year 1877 will see the end of my woik as Head of the

G-eogiaphical Depaitment of the India Office It has extended over

a peuod of ten ycais, fiom 1867 to 1877 It has been pleasant

woik, because it has borne fiuit it has yielded lesults, and has

secured &eveial steps in advance which cannot well be lost again

But the pleasuie lias been mainly caused by the zealous and efficient

co opeiation of the staff which has ^oiked under me

The uses of the G-eogiaphical Depaitment will in future be to

keep up direct communication with the suivey and othei scientific

branches of the seivice in India, and to transact all business con-

nected with them ,
to disseminate and utilize the lesults of then

woik, to keep 011 lecoid, and leady foi Ike use of all inquiiers,

what lemams of the once magnificent collection of geogiaphical

matciials, and to add to it, and to produce all geogiaphical and

othci kindred woik that is lequned to be executed in England

The public seivice and the inteiests of science will be furthered in

no small degiee by the caieful peiformance of these duties Theie

i"The \oyages of Su James 1/incistc.r, Kt ,
to the East ladies,, with abstiacts of

louinils of voyages to the Eist Indies dunng the seventeenth cent my, pieserved m
" the Indix Office and the \oyige of Captain John Knight (1606) to seek the North

' < west Passage Edited, with an mtioduction, by Clements E Markham, C B ,
* R S

(Punted foi the Ehl luyt Society, 1877 )
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is, I sinceiely trust, a long and useful caieei befoie the Dcpait,
ment, dining which all existing TV oik will "be kept up, and many
plans f01 impiovcments, "wlncli I stiove vainly to cany out, TV ill

eventually beai fiuit In watching its continued piospeiity, my
hopes will, I tmst, be [justified, and all my liaicl work and anxiety

duiing the last ten yeais Mill be fully lepaid

CLEMENTS E MABEHAMf
Decembei, 1877
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POSTSCRIPT

Smce the above sheets went to press the Survey Departments of

India have had to mourn the loss of three of their most distinguished

ornaments, Sir Andrew Waugh, Colonel Hobinson, and Colonel

Montgomene

ANDREW SCOTT WAUGH was the son of General Gilbert

Waugh, the Military Auditor General at Madias, and was born m
1810 He enteied the corps of Bengal Engmeeis in 1827, became

G-amson Engmeei at Allahabad in 1830, and, when still a veiy

young man, joined the great Trigonometrical Survey, then under

the able diiection of Colonel Everest His nomination was dated

the 2nd of July 1832, and his fuend and contempoiary was Thomas

Renny, now Majoi Renny Tailyour, of Borrowfleld, co Porfar

The first woik which was entrusted to the two zealous young officers,

Waugh and Eenny, was the exploration of the wild, jungly country

between Chunar and the sources of the Son and ISFaibada, up to

Jabalpur They completed this seivice, and submitted a very

mteiestmg topogiaphical and geological report in 1834, with

coloured sketches of their route, the manuscript of which is still

preserved in the Geogiaphical Department of the India Office

Their next work was of a far more difficult character It was to

assist Colonel Everest in the impoitant opeiation of raeasuimg the

most noithern base foi the Gieat Aic Series, which was commenced

in the end of 1834 The icgion selected for this measuiement was

the Dchra Dun, a beautiful valley between the Sawalakh hills and the

Himalayas As soon as the base was measuied, it was re-measured

in leverse ordei by Waugh and Henny, the erior being 2 396 inches

in 7 42 miles On the 1st of October, 1836, Colonel Everest took

the field with both the large theodolites, dividing his staff into two

distinct paities, under himself and Andrew Waugh After two

yeais of incessant work, Lieutenant Waugh was sent, in October

1838, to levise the angles in the Deccan, and he completed a series

of triangles over a meridional distance of 260 miles, leturmng to

Dehra in June 1839 To show the wonderful accuracy of these
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observations, it may bo mentioned that the difference between the

length of the Dehra Dun base as measured, and as computed by

triangulation from the Siionj base, was 1 inches In 1840, Waugh
was engaged in fixing latitudes at stations on the Gieat Arc by

obseiyatioas of stais , and in 1841 he proceeded to remeasure the

Bidar base This brought to a close the operations for measuring

the Great Arc Series of India, which extends from Cape Comonn

to the Himalayas

"When Sir George Everest rctned, in 1843, he recommended that

his able and indefatigable assistant, Andrew Waugh, should succeed

him In doing so, Eveiest thus spoke of his successor
" He is

beloved axid lospected by all the suboidmate members of my

department, and held in honoui aud esteem by all who know him

personally His talents, acquuements, and habits as a scholar, a

mathematician, a gentleman, and a soldiei, are of a high order
"

In 1843, Captain Andiew Waugh was appointed Surveyor-General

and Superintendent of the Gieat Tiigonometrical Survey of India

His fiist woik was to complete Sir Gooigo Everest's piojcct for the

tiiangulation of the impoitant region between the Great Aic Senes

and Calcutta, and until 1848 he was engaged in the supeivision of

this woik, and especially in fixing the heights of the Himalayan

peaks The heights ol 79 peaks weie fKed, the loftiest of which,

29,002 feet above the sea, was well named by Colonel "Waugh after

liis old chief, Mount Eveiest It is still the loftiest measured peak

in the woild

Aftei the completion of this sciies, Colonel Waugh was free to

undertake a work originated by himself, and the acquisition of Sind

and the Punjab offered a v<ist hold ioi ficsh opeiations He con

cuvcd a project for forming a system oi tnangulation to the west

ward of the Great Arc Senes, to include the newly acquired

tuiitoiy His old friend and companion, Benny Tailyoui, was with

him when this woik was begun, but he retued in 1849, on succeed

mg to his father's estate of Boirowfield In 1851, Colonel Waugh

superintended the mcasuiement of the Chuch base in the Punjab,

and in 1854 he saw the base at Karachi completed He took

special pains in the preparation of the volume recording the

measurement of the Chuch and Karachi bases, and drew up a

memorandum to serve as a guide for measuring future base hnes

This volume, in manuscript, is preserved in the Geographical

Dopaitment of the India Office In 1856, Colonel Waugh msti-
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tuted 1 senes of levelling opeiations to determine the height of the

"base lines ni the intenoi, commencing' in the Indus yalley m 1858 ,

and he also oideiecl the commencement of the smvey of Kashnru

Great piogiess wns made in the Topogiaphical and Eevenue

Suiveys dming the admimstiation of Sii Andiew Waugh, who was

admnably suppoited by Majoi Thiulliei fiom 1847 In 1861 Sii

Andrew pnhlishecl his
" Instructions foi Topogiaphical Suiyeymg ,"

and besides the Kashmir Suivey, undei Ifontgomerie, that of the

Sincl Sagar Doab, under Eobmson, was due to the initiative of the

Surveyor General

Sii Andiew Waugh became a Majoi General and was knighted in

1861, and he letired in Maich of the same yeai, aftei having held

the appointment foi 17 yeais When he letuined to England, he

took with him tht, appieciative thanks of his Government, and the

attachment of a splendid stiff of suiveyois who had been tiained

undei his auspices The whole staff, 191 in number, presented him

^ith a seivice of plate in 1862 He had pushed forward the gieat

woik with such ability and cncigy that his successor, Colonel

Walker, can see his way to its completion within a limited numbei

of years His labouis weie brought to public notice in several of

the annual addi esses of thePiesidents of the Eoyal Geographical

Society, and in 1857 he was awaided its Gold Medal A histoiy of

the opeiations of the Gieat Tiigonometucal Suivey down to the

time of Sii Andiew Waugh
5

s lesignation, compiled by H Duhan,

will be found in five aitioles m the " Piofessional Papers on Indian

Engineering
"

(vol 11 , pp 285 and 398, and vol m , pp 94, 305, and

402)

On his aeturn to England, Sii Andrew Waugh became an active

and useful member of the Eoyal Geogiaphical Society, where his

advice was most valuable in all matteis lelatmg to instruments and

to Asiatic geography He became a Felloe in 1857, and was a

membei of the Council from 1861 to 1872, holding the office of

Vice Piesiclent during the list five yeais In 1862 he was elected a

membei of the Geographical Club He was also a Fellow of the

Eoyal Society

Sii Andrew Waugh was twice mained, and had one son by his

first wife, Gilbert William Benny Waugh, who enteied the army in

1867, and is now a Lieutenant in the 78th Highlanders For the

last five yeais the health of the veteran surveyoi had been failing

He was missed at his seat at the Council table of the Geographical
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Society, and still more was the absence of Ins genial smile and

kindly greeting legietted by the Geographical Club But his

friends had the pleasure of seeing him at the Athenaeum almost

to the last He died at his house, 7, Peteishain Teiiace Kensington,

on the 21st of Febiuaiy 1878, at the age of sixty eight

THOMAS G-EOBGI MONIGOMERIE, the third son of Colonel Mont

gomene, of Anmck Lodge, and nephew of the twelfth Eail of

JEglmton, was bom at Ayi on the 23id of Apiil, 1830 Whilst at

Addiscombe he gained the " Pollock Medal," awarded to the most

distinguished cadet of the season, and he enteied the East India

Company's service, as a Lieutenant in the Bengal Engmeeis, on the

8th of June 1849

Teiy soon aftei his arrival in India, young Montgomery joined

the Great Tugonometrical Suivey, in Octobei 1852 ,
and in 1853*

we find him assisting in the measurement of the Chuch base, neai

Attock In 1854 he accompanied Sir Andiew Waugh, to Karachi,

and took pait in that base measurement from December 1854 until

its completion on January 20, 1855

As soon as this woik was done, the survey of Kashmu, and of

the mighty mass of mountains up to the Tibetan fiontiei, TV as com-

menced Captain Montgomerie was only in his twenty fifth ycai

when this impoitant and most difficult seivice was entmsted to him

by Sii Andiew "Waugh He began woik in the spung of 1855, and

during; the first season ho earned the scries acioss the Pn Panjal

langc^into Kasbmn Two ot the stations weie 13,000 and 15,000

feet above the sea Building matemls had to be dug out of the

snow for the station pillais,
and the obseiveis TVOIC detained at one

station for twenty-two days, owing to snowstoims and foggy

weathei Afterwards, as the paity penetiatcd into the mountains,

the height of the stations aveiaged 17,000 feet, and luminous signals

weic used fiom peaks 19,000 and even 20,000 feet above the sea

Between 1855 and 1861, young Montgomene extended the triangu-

lation ovei 93,000 squaie miles One membei of the party took

observations from a station which was 20,600 feet above the sea,

and marks weie elected on peaks as high as 21,480 feet Mont

gomene fixed the height of a peak in the Kaiakoium range,

tempoianly called K 2, which is second only to Mount Eveie&t,

having a height of 28,290 feet This most difficult and laboiious

suivey is lemarkable foi its accuracy, and m a cucuit of 890 miles,
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only a disciepancy of TV of a second in latitude, and of TV in

longitude, was found The topographical filling in by plane table
advanced with the tnangulafaon, both being under the superintend
ence of Captain Montgoniene

After ten years of uninterrupted laboui in Kashmir, Mont
gomeue went home on leaye , and on the 22nd of May 1865, Sir
Rodenck Murchison piesented him with the Pounders' G-old Medal
of the Eoyal Geogiaphical Society The President said to him, on
the pait of the Council -" When we reflected upon the lemarkable
facts that you had passed from the hot plains of Hindustan to the
loftiest legion on the face of the globe, and that there, amidst
enoimous glaciers, you had made accurate scientific observations at

stations, one of which was 5,000 feet highei than the summit of
Mont Blanc, we could not fail to applaud and leward such noble
feats, displaying, as they did, the great abilities and energy with
which you conducted so aiduous a survey

"

On May 1st, 1867, Captain Montgomery resumed his labouis in

India, conducting the Eumaun and Gurhwal survey, and executing
a specially accurate survey of the hill sanatarium of Ramkhet
But the work by which Colonel Montgoraerie is most geneially

known among geogiapheis, is that comprised in his system of

employing native explorers to make discovenes in the unknown
legions beyond the northern fiontieis of British India He hoped
that by this means the whole country between Butish and Russian
territories would be laid open Natives are permitted to travel

without molestation, as traders or in other capacities, thiough
countnes where Europeans would ceitamly be legaided with sus

picion, and most probably would he mmdered Montgomery s

plan was to employ Pathans to explore the Hindu Kush, the yalley
of the Oxus, and Eastern Turlustan , while for the exploration of

Tibet he engaged Bhutiyas and inhabitants of the upper valleys of
the Himalayas within Butish terntoiy He taught them to make
loute suiveys by taking bearings with a compass and pacing the
distances to take meridian altitudes with a sextant to determine
latitudes , and to observe with a boiling point thermometer But
he did not teach them how to reduce their observations, and they
weie not supplied widi astronomical tables, in ordei that they might
not be able to fabricate fictitious woik

There was gieat difficulty in training these native explorers, and
theie were many disappointments Out of six or eight men that
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wcic mstiucted for years, only two 01 thiee tuined out fiist-class

obseiveis Nevcithcless, this system lesulted in the acquisition of

a laige amount of new mfoimation, and the work of "
Moatgomeiio's

Pundits
"

is well known to all gcogiapliors They penetiatcd to

Lhasa and the mtenor Tibetan lakes on one side, and to the unex

ploied regions of the TJppei Oxus on the othei On his icturn,

each explorei biought his ciude woik to Montgomery who leduced

the obseivations, piopiied the journals foi publication, compared
the woik with all that was pieviously known, and finally completed
a seiics of invaluable lepoits

Colonel Montgomeno was senior Deputy Supeimtendent of the

Gieat Tugonometrical Survey, when ill-health obliged him to retue,

to the great regret of the Depaitment, in 1875 An appreciative
notice of his services by his colleague. Mi Hennessey ippeaied
in the Annual Eepoit for 1875-76, which was reprinted at page 123

of the Geographical Magazine for May 1877 Colonel Montgomerie
became a Eellow of the Royal Geographical Society in 1865, and

a member of the Geographical Club in 1873 He was elected a

Fellow of the Royal Society m 1872

The last time that he was officially employed was in 1875,, when
ne acted as Her Majesty's Commissionei at the Geographical

Congress in Pans But his long and severe scivice had shortened

his valuable life He never seems to have leally recoveied after his

return to England , and he died at Bath on the 31&t of Januaiy
1878, leaving a widow and three cluldien to mourn his loss Thou

sorrow will be shaied by many friends and adnmcis, both in tins

country and m India The Indian Suivcy Depaitment has lost one

of its brightest ornaments, and all googiaplicis will Eecl that a Me
has been cut short, which, had it been spared, would yet have done

much precious service in furthering the objects of their science

By the retirement of MAJOE GODWIN AUSTEN the Suivey Depart
ment has sustained another serious loss

Henry II Godwin Austen, son of Eobcit A Godwin Austen,

Esq_, of Shelford House, neai Guildford, the eminent geologist,

received his first commission in December 1851 He served in the

Kashmii Survey, undei Montgomene, and sketched some most diffi

cult ground with gieat taste and skill, including the enormous

glaciers of Little Tibet, one of them 36 miles long His notes on

the valley of Kashmir, and on the glaciers of the Mustakh Range
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weie published in the "
Transactions oi the Eoyal Geographical

Society, 1861," p 30, and 1864 p 19 He next accompanied Mi
Eden's Mission to Bhutan, seivmg afteiwards with the Duar Pield

Poice He then headed the sixth topogiaphical party foi the

suivey of the foiest covered and pestilential G-aros, the Khasia and

Jayanta hills, Naugong, and ~N Cachai In 1873 he was engaged
in the Naga lulls, and in 1875 he accompanied the Duffla militaiy

expedition, pioducmg an out town of woiiiepiesentmg 1,705 squaie
miles of entnely new topogiaphy This woiL on the noithein

fiontiei of Assam is of great geogiaphical impoitance, as thiowing
light on the vexed question of the course of the Biahmaputra , and
Godwin Austen lias contuhuted to oui knowledge a map ol the

Duffla Hills and the couise of the Subansm He letiied fioin the

seiyice on the 12th of June 1877

Eefeience to Colonel ROBINSON'S suiveymgsei vices will be found
in the Index
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APPENDIX

MLMORANDUM ON THE STA.TL l or THE ARRANGEMENTS TOR THL PUBLICATION

or IHE SITLLI or JLILE INDIAN ATLAS IN ENGLAND LY COLONEL J T

WALIvLR SUPDRINTLNDENT Gl EAT FRICONOMFIRIC 1L SURV) 1 OF INDIA

In Section XVII of the Meraon on Indian Suivejs
'

Toy Mi Maikham,
the an mgcinents mo descubed -which wac mide in 1868 foi having the

icm nmng sheets of the atl is engiaved at Calcutta undei the iramcdiatc supei

intendence of the Surveyoi-Geneial An engiavmg ofhcc w\s to "be oigamscd
in India by Colonel Thuilhci who had been given a staft of English

engiaveib selected by himself an this conntiy to fonn the nucleus of the new
olhcc and tiain nitives of India in the ut of engraving and hill-etching on

coppci plate To pi event any deliy in the publication of the atlas while the

new oflicc wis bung oigamsed it Calcutta it wis ananged that all the plites

oi the atlis which weio actuilly m the hinds of engixveis in Fnglind, 01

foi winch geogiaphical matenals weie available should be finished in England
Tins woik was necessauly to be perfoimod undei the superintendence of Mi

John Walkei the Geogiaphci to the India Office, by whom the itlis had been

commenced in the yeai 1820 tncl had been earned on evei since dm ing a

period of moio than 40 yens, m a highly sitisfactoiy inannet but who had

now attained a gi eat age and \\ashed to letiie fioru business as soon as the

engi wing anangements in C ilcutta weie sufficiently mitured to peimit of his

sei vices being dispensed with

In fact it wxs the cncumstance that Mi WalLci could not natmally be

expected to bo physically able to eariy on his woik much longci, which had

shown the necessity loi making some othei provision lot Ihc completion of tho

itlis and thus led to the formation of the engi wing onice in Indi i Ihe new

aiiangemenis weie not made a day too soon, Mi Walkei vciy bhortly afiei-

wauls became unable to attend to xny fuithei details of business his com-

munications to this office became moie and moic niteimittent, and it list

ccised altogethei 9 vciv few of the atlas she< ts which in 1868 ho had undei-

taken to complete weie lendcied to this office and nothing was kno'wn of the

condition of the lemaindoi foi latteily his medical attendants hive not

permitted him to be spoken to on the subject

In January la&t I was asked to move in the mattei and to asceitam the state

of affaiis I found that veiv little moie had been done than what had aheady

beeniendeiedto this office, and that much the greatei poition of the woik had

not yet been commenced It soon became evident that the collapse had arisen

1 This wis written in 18/2 feec
c Memou '

(fiibt edition) p 283
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mainly from the circumstance that Mi John Walker had been in the habit of

conoti noting the projections and compiling the materials of the atlas sheets with
his own hands He alone knew anything about the theoretical principles or

the practical details of the system of projection on which the atlas had been
constiucted hitherto, and which necessarily would have to be adhered to in

completing it When his health bioke down there was no one to take his

place consequently most of the new sheets had not yet been commenced for

he hid not been able to constiuct the projections and put the materials

together On the other hand, the completion of the copper plates which weic

actually in the hands of the engravers was progressing very slowly foi want
of funds to pay the engravers Mr Walkei had "been in the habit of paying
all the expenses of the engiavmg from his private means in the fii&t instance,
and sending in bills to this office aftei the completion of the work

, but, for

upwaidb of ten yeais, he had not taken any stepb even to leimbuise himself
for the large advances which he must have made, and hence the opeiations

languished foi want of funds

Thus it appealed that a work which is of gieat national impoitance
though neithei very difficult noi very costly, was almost at a standstill foi

want of some one to initiate the successive stages of the operations and to

exeici&e a general supervision over the whole and also foi want of the moderate
funds which weie requiied to defray the cuirent expenses

l

Out of deference and regard to the gieat family of geogiaphers and
engravers, by one of the membeis of which the atlas had hitheito been

brought out so admnably I proposed that an anangement should be made
with Mr John Walkei 's younger toother, Charles who had once been in

partnership with him but had long retued from business, for the completion
of the plates actually in the hands of the engravers, but Mr Chailes Walkei
died very suddenly and unexpectedly while the arrangement was undei

discussion, there was no othei member of the family who was in a position
to take his place, and thus the connexion of the Walker family with the great

geogiaphical woik with which its name has been associated for a penod of

nearly half a century became dissolved

On Mr Charles Walkei 's death the coppei plates and geogiaphical matenils
were collected togethci and made ovei to this office

I was then on the point of letuinmg to India, but in consequence of

1 In connexion with this subject the following paragraphs of a letter dated 18th June 1828 from
the Court of Directors to the Madras Government are of much mteiest Noticing an announcement

by the Surveyor General of India (dated 29th March 1823) that a map of the Peninsula was being
constructed by his deputy at Madras on the scale of Arrowsrmth s large map the Court writes

We desire that such a work be not persisted in To the attempts which hive heen made at differ
' ent times by the Surveyor General at the seveial Indian presidencies to construct maps embracing
e a large extent of country and the consequent retention of documents in India we impute the little
*

progress that has yet heen made in the formation of a general Indiin atlas All projects of that
' nature begun in India have failed from the supervening sickness or death of the projectors or from

' other obstructions occunmg m the progress of the work whilst the lequisile documents having
been retained in India contrary to oui reiterated orders, we have been prevented from taking the

"
necessary measures for the completion of a general Indian atlas in this country
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Colonel Thurlher's earnest representations of the inadequacy of his engia
vmg office m Calcutta to undertake all the oneais of work which had "been

accumulating m England, as well as to keep pace with the operations of the
field suiveys in India, I was detained in England for a few months in
01 dei to mxke urangementb foi the completion in this countiy, not only
of the coppei plates which ^eie in the binds of the engraveis, but of several
new phtes foi which geographical materials weie available Foi this pur-
pose it was necessary that I should ascertain the principles on which the

pi ejections had hitheito been based and tins was not a \eiy easy matter for
there was no one who could give me inj information on the subject, excepting
Mi Walkei who was too ill to be spoken to Eventually, I came across a

manuscnptmemoiandum book in Mi WalLoi s office m Castle Stieet,Holboi:n

containing tables and otliei cUtx on which the pi ejections must have been
based, as appeiis fiom internal evidence, though theie is nowheie anj state-
ment to that effect Phib book was lent to me foi a blioit time, aftei which
it had to be letumcd to Mi Walked firmly ,

but meanwhile all the mo*t
important poitions had been ti inscribed, sutiicient to permit of the projec-
tions of the iem lining atlas sheets being constructed in such i manner as to
be in exact correspondence Mith those of the sheets already completed, pro-
vided only that the scale 01 unit of length fiom which all the measurements
had been hitherto laid oft on the copper plates could be procured After
considerable difficulty and delay I succeeded in obtaining tins scale from Mi
Walker's family, but only on loin ind under a piomise that it should be soon
letnmed These difficulties, I im peisuaded merely aiose from a natural

feeling of hesitation on the part of the family to do anything which Mr John
Wilker might foi aught that was known to the contrary have disapproved,
there can be no doubt they would not have occunecl had he been well enough
to be consulted, foi it was afterwards ascertained that he had allowed Colonel
Thuilhei to tike a copy of the manuscript memorandum book above specified,
ind hid famished him with in e\.\ct copy of the scale

It is desirable that some more permanent record should be made than at

present exists of the details of the constructron of this gieat geographical
work winch has already been gorng on foi neaily half i century md is still

far fiom complete I ha\e therefore, drawn up the following memoranda
icgaiding the principles of the projection, the data on which it is based, and
the practical details of its application, and also on the unit of the adopted
scale of measurement

The Pt qjectwn

This is one of the numerous modifications of the conical development ,
it

repiescnts the parallels of latitude by concentnc aic<* but the meridians b%

aics concave to the centixl mendun, and not by straight lines xs in the tiue

conical development A cone is assumed to roll o\er the spheroid tangentially
to an adopted cential parallel of latitude the distance fiom the vertex of the

cone to this parallel (= noirnal x cot in lititude) is the ladms of projection
of the parallel, and may be consideied is the fundamental radius of tho pro

13 1
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jection, foi the radii foi all othei paiallels aie deteimined by adding to or

subtracting from it tlie distances between those parallels and the cential

parallel

The angle subtended at the veitex of the cone by a longitudinal arc of 1

in length is called the "
angle of the projection

'
foi the parallel of latitude to

whieVfche arc appeitains ,
a& this angle vanes with the latitude, its value is

computed ^or each parallel

These data constitute the fundamental elements of the piojection, and aio

gi\ en in the following table

TABLE or THE ELEMENTS OF THF PROJECTION

The elements of the figure of the earth which are here employed are not

stal ed, but there can be no doubt that they mu&t have been those which were

determined by Colonel Lambton from his measuiements on the gi eat Indian

Aic, and are given in vol xiu of the ' Asiatic Researches
'

This will be
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seen by compiling the differences between the leigths of the ladu of piojection
with the lengths of Colonel Lambtons mendional degrees, and al3o by com-
paring the lengths of the longitudinal dcgiees of the pi ejection with those of
Colonel Lambton as in the following table

Ee 2
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The accordance is sufficiently close to leave no doubt that Colonel Lambton s

data must have been employed ,
the longitudinal degrees of the pi ejection ire

all but identical with Colonel Lambton s and the differences between the radii

of projection piactically coi respond with lu& meridional degrees in eveiy case,

excepting between 33 and 34
,
where there is a coiisideiable ei rot, which

however, hab been allowed foi in the practical construction of the piojection,

and has not very materially influenced the accuracy of this poition of the

atlas

With the data m the table of the elements of the piojection the lectangulai

co-ordinates of the points of inteisection of the pimcipal mendians with the

principal parallels weie computed with lefeience to an adopted central

mendian and the points of its mtei section by the parallels Putting foi

the c

angle of projection
'

for 1 of longitude on any iven paiallel ind ? foi

the coiresponding radius of projection then the co oidmates of the extiemity

of an arc of n degrees on that parallel, as referied to the cential mendian and

the point at which it is intei^ected by the paiallel, will be

r Sin n9 and i veisin nd

the foimer perpendiculai and the latter paiallel to the given meiidrm

It is unnecessaiy to give in this place the values of the co ordmates which

weie calculated for the piojection 3 they weie found on examination to leqime
to be checked by a lecoinputation which has been commenced but is not yet

completed

The meridian which has been adopted as the central mendian 01 axis of the

piojection is 76 30' east of Gioenwich ,
this is not only stated to be the case

in Mr Walker s memoiandum book but can be deduced fiom the calculations

of the co ordmates I have not been able to asceitam why a mendian which

is so far from being central was selected as the cential mendian

What parallel was adopted as the central paiallel of the piojection is no

where stated md the data by which it might be ascertained are incomplete

but the value of the ladu of piojection. cleaily show that it must lie between

24 and 25, and most probably is 24 30'

The sheets of the atlas are rectangular then dimensions is taken between

the marginal lines on the coppei plates being 38 by 24 4 inches lepresentmg
a distance of 134 850 fathoms lengthways on the peipendicular to the cential

meiidian, and a distance equivalent to the length of a meiidional aic of 1 28

breadthways
The sheets aie situated unsymmetrically with leference to the cential

meridian, foi it passes ovei the central sheets at a distance coiresponding to

37100 fathoms fiom the west, and 977oO fathoms fiom the east margin
This is exceedingly inconvenient entailing separate computations for the pro-

jection of the sheets eist and wevt of the cential mendian which would have

been avoided if a symmetrical anangement had been adopted

The ongin of co oidmates is at the inteisection of the parallel of 5 with

the central mendian ,
but each of the points at successive intervals of 1 26'

on the cential meudian^ fiom lat 5 upwaids may be said to be origins of

co ordmates, and employed as such m the calculations for the coiiesponding
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belts of sheets, right and left, and this is a veiy convenient aiiangement
which lessons the labour of the calculations

The following table gives the
distinguishing nmnbeis of the cential sheets

and the parallels of latitude whose intersections with the central meudian aie
the points tluough -which the peipendiculais arc diawn which aie the top and
bottom marginal lines of the sheets m each belt

Plie dimensions of the sheets fiom top to bottom have been raido to coaie-

spond with lengths of 86 716 fathoms to the south of the pai illcl of 21 and
86 788 fathoms to the north ot that paiillel ,

the corresponding values of the
mendional degzees aie G0,o<)0 fithoms to the south and 60

?
5oO to the noith

which differ appreciably fiom those on which the calculations foi the piojec-
tiori aie founded, though not to any material extent

None of the documents to which I have hitheito had access give any
mtoimation as to who was the ongimtoi of the pi ejection of the Indian Atlas
Thcie is a lithogiaphed pamphlet in this office entitled '

Construction of the
"

graticule for a Goneial Atlas of India' which ib believed to have been
wntten by Col Blackei, who was Surveyor Genenl of India, but it does not

give either tht name of the authoi 01 the date at which it was wntten It

piopo&es a method of pi ejection which m pimciple is identical with the one

actually adopted and is based on the sxme geodetic elements, but diffeis in all

othoi details, the central panllel the xdoptcd value of "which influences the
whole of the caleuhtions being lit 20 instead of 24^, ind the cential

meudian being that of 80 instead of 76] The si^e of the sheets was
intended to be 38 38 by 27 53 inches

,
the ougm of co oidmates was placedm the centie of the xtlas, at the point couespondmg to lat 20, long 80 the

mtei section of the cential paiallcl with the cential nu udian
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" Tables are added^ giving the natuial lengths of the co ordinates and their

lengths on the scale of the map This scale wasm the fiist instance intended to

ha\ e been rnnnr^1 Pai t of natuie, but afterwards was altered to x^-jihnT which

is the same as that of 1 mch=4 miles ,
the tables give the values of the co-

ordinates foi both scales All the calculations seem to have been carefully made

out and vended, and the lesults aie tabulated in a convenient foim foi use^ which

is very fai from being the case with the calculations foi the actual projection

The design of the atlas is believed to have been influenced to some extent

by Mr Aaion Arrowsmiths Atlas of Southern India, from Cape Cornorm to

the liver Kistnah which was published in the yeai 1822, and was evidently

designed by its author as the commencement of an Atlas of all India , foi it

is accompanied by a sketch map showing
c how many sheets of this size would

" be iequiied for a map of India on a scale of 4 English miles to one inch,

"
any one of which may be engiaved independent of anothei when matenals

"
offei and may be united to the lest by keeping coriectly to the lines as

< diawn on this map, the sheets as fai as N 1(> aie already engraved on the

c< above scale
'

But on a close examination it will be found that this atlas has little or

nothing in common with the Atlas of all India the publication of which com

menced five yeais afteiwaids, the lengths of the sheets may have been

intended to coirespond, and there is an agreement between the limiting

meridians of some of the southein sheets which can scarcely have been

foituitous, but there aie no othei points of similarity Mi Airowsmith's

cential mendian appeals to have been not 761 but 'ZS and the elements of

the eaith's figiae which weie adopted foi his piojection cannot have been those

which resulted from Majoi Lamhton's operations and weie used as the basis

for the calculations of the second atlas foi they appertain to a figure of which

the polai axis is matenally longei than the equatoreal the diminution of the

length of the longitudinal degree between lat 8^ and 14J being only 1 07

uiotead of 1 44 of a mile, a circumstance which may very possibly have

caused the subsequent abandonment of this atlas In both atlases the dirien

sions of the sheets appear to have been regulated by the si^e of the double

elephant sheet of diawmg papei ,
m the eailiei one the details are carried so

close up to the edges of the paper as to leave no loom foi borders with the

degrees and minutes of latitude and longitude, which aie therefore only given

on ceitam extenoi sheets
,
in the subsequent atlas the extent of the details is

less and peimits of a bordei being placed round each sheet

The whole of the sheets of the Atlas of Indix have been engiaved by Mr

John "Walkei ;
the 24 sheets fiist issued comprise poitions of Noithem India

and Eastern Bengal as well as a reproduction of Mi Arrowarmth's Southein

India , they were published between Februaiy 1827 and November 1833,

undei the name of James Hoisburgh Hydiogiaphei to the Honourable East

India Company The next sheet was published in Septembei 18S6 undei the

name of John "Walker, Geogiapher to the Honourable East India Company
Mi Hora

-burgh died in that year, and Mi Walkei was appointed to succeed

him in his duties, letammg the engraving of the atlas
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The Scale of the Ind^an Atlas

The working scales winch have been used by Mi Walkei are engraved on a

thin brass bai, about 17 inches in length by 1-J in breadth with a scale of

fathoms on one edge ind a scale of minutes of latitude on the other There

can be little doubt though it is nowhere stated in words on the atlas sheets

that the scale of the atlas must originally have been intended to be that of

1 inch to 4 miles, 01 the -yyj-j-oth pait of nature fox this, the entiie length

of the fathom scale, horn to 60 000 should be 17 045 English inches, but

on comparing it with a standard yaid by Tioughton and Simms, which apper-

tains to the Observatory it the India Store Department, Lambeth, I find that

it r& only 10 904 inches , the scale of the %tlas is therefore the TTgr-oTtl1 Part

of natuie 01 somewhat less than 1 inch to 4 miles as has hitherto been sup-

posed The value of the meridional degree on Mi Walkei s scile is taken at

GO,500 fathoms, and the actual length oi this degicc on the scale is equal to

17 55 inches of Tioughton indSimms stanchidyaid or veiy ncaily what the

length of the fathom scale should have been On the other hand, the f\thom

scale has been prolonged to i point beyond tire 60 000 fathom division, at a

distance from the /oio of that scale which is almost exactly equal to what the

length of the meridional degree should have been Hence it seemo probable

tint the lengths of the scales were laid off with all clesuablc accuracy in the

fiist instance, but by some mistake the fxthom scale length T\as mistaken for

thai of the meridional degree ind sub dmdcd accordingly, and vice versa,

In consequence ol this eiroi the dimensions of tlie copper plates, which

should have been 38 31 by 24 65 inches within the bolder lines, are only

38 00 by 24 45 inches The eiror necessitates a reduction of scale of all

geogiaphical materials which are drawn on the quarkr inch scile, before they

can^e coirectly inserted on the coppei plates, but otherwise it is of little

importance, m the punted sheets oi the atlas larger enois anse liom the

shiinkige of the paper, which, unfoitunitely, is unequal, being invariably

gteiter lengthways, rn the direction pa&secl ovei by the roller during the

process of printing, than breadthways, at right angles to that direction, the

dimensions of several sheets which I have measured vary iiom 37 OG to

37 50 inches in length, and from 24 12 to 24 22 inches in breadth, the

orrcxtest contiaction having probably occurred when the paper wa<3 most

moistened before being passed through the pre&fo
To facilitate accurate

measurements from the atlas sheets for ceitam specific purposes- as for

instance, for compiling geographical
materials for new maps -it would be a

oreat idvantage if a second scale of rmlcb were given m either of the side

margins at right angles to the one at present given at the bottom of each

sheet
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List of Officeis attached to the Admmi&tiitn e and Drawing Blanches of the
buivcyoi Geneials Office on the 1st Apul 1877 cont

BRANCH, SUKVLITOR GENII AL'S Onioi, 1st Apul 1877

1 Native writer on Rs
10 Native f n mors on s ilaiics i in in ftom Rs to Rs 120

lu Native apprentice (nf,iaveis oti alancs ranging from Rs 10 to Rs

and NAIIVI "KiAi IISIIMI NI ittichcd to the Sun KINIINDINP of

HFVJNUI SuRviYb Oincijlbt April 1877

Names

COKR18POKDI JSCE DPPAItT
MINT

J 1 Adds

A C Cmimnf,h wn

14 Nati/<^ Assistants

Remarks



( 454 )

Ofhceib and Nitive Ebtabli&hnaent attached to the Supenntendent of Revenue

Survey s Office, 1st April 1877 cant

OIIICLIS ittached to the MATIIEMIIICAL INSTKUMINP DLIAIIJMLNP,
1st Apiil 1877

OIIICLIS attached to the Lirnor i AI me BKANCII of the SurvLior GINIRAI
Oiiioi, 1st Apul 1877



( 155 )

OFFICERS and ASSIST INTS aitiched to the PIIOIOGPAPIIIC BRANCH of the

GLNERAI*S OIIICL, 1st Apul 1877

I Mi Mini s 01 uii Crioioaiovr Suftvi \ OL Ismv



( 156 )

MEMBERS of the GEOLOGICAL
(Those who have died in the Seivice are in Small



SURVEY" ot INDIA
Capitals those xetired from the Service m Italics )

( 157 )

1 rave-Hint,
and Horso
Allowances

Distiicis m wlncli lie has served with Dates Remaiks Pievious Seivice &o

Rupees

130

00

UO

UO

HO

UO

UO

1 M)

1 JO

UO
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Ranoegunf,o cool iicld Iblb 47 Pun lim 1818

Bo do do

Do do do
Ivuhurbali and Rajmalml Hills

Ramghm 1818 Rajinahal Hills 18 JJ (lunjab IS ) 1 i]
nuhal Hills 18 4 Buimi 1851 55 Oussa 1S5 ( Noibuddi
Valley Ib b 7 Kattywn 1S57 b Gin^esVallev 1858 M) 1 c u
andAiracm 18G" 70 Bi itish Bin ma 1S70 73 Siwihk Hills 1S71
7f Sub Himalaya 1876 77

Calcutta and Coss> ah Hills is 1

India judicially and Euiinah

laimihal Hills 18 1 3 Nubuddi "N illcy IS 1 Midmpooi
IS 7 5S Sonthal poigunnahs md Bohu 18 8 00 Sono Vill<v
llowah 1800 0'

Rajmahal Hills 18 3

Ntrbudda Valley IS 4 r Sub Himilayn 18f (> Rundelauid 18fl
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ISO 63 Behar 1863 1 1 Assam 18( 1 ( Rajpoot ina 18( r ( ( SW
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71 Satpma 187173 Gai o and 1 jijmihil Hills 1S73 71 Satpura
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Ntibudda Valley
Oiissa 18 T8 Raimahal Hills IS i T7 Rianeeguiif,e IS 8 ( lof,u
and Aiiacin 1S(0 (
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Tlnjmahal Hills 18 ( T7

Madiasliesidoncy IS 7 C) Ivadipm IS CodivciiDistiut J871 77

Bcn^il 1857 C Conti il India 186670 N"W and C liovmces
1S70 72 Banda and R< w ill 1S7 5 Bnndell und 1871 77

Madias liesidenty !W7~r8
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Madias liesidoiuy lSfS-70 KaUd^i iiid Bol^ mm 1870 71 tlppoi
Ivnstna Valky 187* 7i South Maratha Gountiy Ndloio and
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llanLCf,unf,e 1853 South Mn /<ipui and Sinj;rowh 1870 / Hi/an
bi^li 1873 Sikkmi 1871 Assam 1S7 7( Oiliee 1S77

Itffu 1SOO (3 Bengal 1S( 1 Iknu 1S(( (7 Cutch 1SC7 CO Ni^
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Bengal 186* Cwalioi and Ka)pootana l%j C8 Tibalpui 180 70
TabUpur 1870 South Rowib 1871 Noibnrta Valley 1872 73 Raj
putam 1871 1 urlou^h 187f Raiputana 1870 77

Bombay I residency Mnlwa and Ncrbudda Valley 18( (5 Culdi
1867(9 Salt Ranpro I uujab 18( 71 Ha/aia 187 I uniab and
Kohat 1S7* Eawil Imdi 1S71 Imloiiffli 1S75 Uppoi luninb
1876 77

Bombay 1 1 csidcncy 18( > f

Bengal 18t ' 68 Contril lio\mces 1S(0 70 InstBcim 1870/1
] oavo 1872 Warelha coalliold 187 Nagpur and Ni/ams tern

"

Goda\da\cri and liaulnta valtones 1874 "Wai dh i co ilfield 1875

lejs 1876 77

bone Valley 1863 61

Himalaya Baikal

Bengal 1861 e8 Cbota Napjpui 186S 7* Sitpnn 1S7A Simbilpm
1875 JPalehn coallicld Bistu and Jupui 187G 77

Bengal
OcntialPiovnicob

Office C ilcutl i

Office ( aleutti

Cilia Ciloutti

Saltlan^t 1S7 73

Bengal 1871 73

Office 187 ii Hnnuaya 187 77
-

Pieviously on Ceological Survey of Great BJ i

tain Died of iiin^lo lever
Died of geneial debility and liver t"he result of

exposure
Died of ]iinglo ievei aftei a Fow days illnoss

Of Bengal Medical beivice lomporaiil\ in

charge of Sun ey altei death oi Mi "Willi im
Died oi fevoi

Still nlwo New Conir of Sundu bunds
LLD ms 1Gb loimcily Directci C

logical burvey of Iiduid
IJ A Tomed 1 dueatioml Dcputmcnt is In

speetoi ol Schools

35 V Cl Joined last India Hailwi ab
I nt,ino< i

MA 1GS CE IRS

BA Died oi level hvci anddjsontorj
A. R S M i C S IRS

AllSM 1 C b Now MoteoiologicalB.( potter
to Govcinmont of Indi i

B A Died of blood poisoning fiom gum i

woim conti acted on sorviee
Diod oi livoi abscess
BA

Died fiom sunstioke
Died of choloia

BA CL
A "RSM
1 S

1 GS

ARbM

A 11 S M 1 S

loviou ly on C ec IO^K al Sni v< y cf Trent J n
tain Died oi phthisis a {3^1 a vat edby oxposuio

1 OS

A R. & M Health bioke down resigned in < on
soqueneo

A 11 b M 1 G S

B A M D Health biolodown lesigned in
coi sequence

IhD 1 C S Pioviously 011 Geological c ui

vcy of Austim Died of meningitis eausod
l>y exposure it hifeh elevations

-VM 1C b

1 1 D 01 Died oi dobihl/y induced b> bun
stuko ind liver

Pli D Health broke down iesif,nod in con
sequence

Now tutor to the Dmbang i Rajah
Joined the Educational Department as Iro

fossor of Physical Science
AB
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at 2/ y
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iven bj Loid Vuleuti i 8

ihtionomcis 323

^eo^riphcis 342

AKABIA suivoy oi south coa&t 18 24

AKAKAN, buiveybyD Ko&s 11 icvciiue sm
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Ai cnixi GTtmi m India 238 Fcrgusson s clas
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Siriccmc 2^8 Di Foibes Wifeon on meins
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ARCH i OLOCY puchistouc 248 connection of,

Auth ph^sicnl gcogiaphy, 342

A] urnoiocicAj buivcy of Indu 262-26^

ibohshcd 2Gu its icbults 216 Lieut Coles

suivev, C i Guiei il Cimnm^ham s second

smvcy 268 >< 9 suivey in Western Indn 70

j)ioposcd loi M uli \k 27

ARCOI aceounl of the oldioit it ^j>

ARMSIRONC Mi at woik on the Ivarn iMcn
dionil Senes, 103 IIunhon Mcndiom1

Senes executed by 103

AHMVLKONG Di T Sm^eon and Kitiualist m
the Milmo burvcy Department 4-Stt ^3

ARROAVSMILJI Aiion his mip& of India iOj 4J8

ATUMIIA &CIKS 114 124

AJIYABIIVIA istionomy of 322

A SIAI re Society of Penpal 37 feu Wm Tones

the fust liesulent 237 Jamcb Pimsep Secie

tuy 243 Tomnal of 213 mctcoiolo^ical

obseivationsmthc Toumalof 277 278 Bombay
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Tones Jl
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AirAsol Indii longitude of Madi ib idoptcd for

66 cn^i ivinj, in ludn 177, 408 arrange
meiits tor public ition 40^,406 414 431 pro

jection 433 bcale 430

AUGUSHA ^U AOrllASLl V

AirsUN Mi")oi (jodwm on the IvaHhmu feur

vey 121, 132 with the Bhutan Mibsion, 168

bin vcj in^ the G 110 xnd Khasia hills 168 Na/ a

hillb 172 with the Duffla expedition 173 hib

iccount of glacicis 34J his retncment 429

AYIOXJN Lieut on tho^eolo^y of 1 cl&aum 214
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BABIN&I:ON Di on pi sehistonciemamsm Malabar

248 his account of the Mavahpuram rums 254

BADGER Di G P hi Astern of transliteration

for Arabic and Peisi in names 391

BAB-GLLY Captain his surveys in lippeiah and

the Lushai countij- 171 his exploiation of

the Naga hills 174 hs boundary survey be

tween the Garo ind Khasia hills 174

BAHAR levenue suney of begun 97

BAHREIN surveys of 34 43

BAIKIE Dr his meteorological obseivitions m
Cooig 284

BAILEY Captain foiest sunc^s by 134

BAIRT* Captain his tidal obseivations m the Gulf

of Kach 318 319 appointed to the charge of

all tidal observations 321

B\IT Harboui suivej by Tayloi
9o

BAI ARGANJ survey 82 histoiy of 360

BAKER Sir William lesearches as regaids the

Sa-walakh fossils 210 meteoiological obser

vations 276 account of Smd 355 levels

between Jumna and Sutle] 3u /

BvirrcmsTiN praehistoi ic remains in 49

Gazetteer of 35

BA^DALKIIVND suney 81 9 / 168 timblation

of an inscription in 239

BANOALOR baseline 67 le measmement 126

meridional senes 17
BANNU woik on bj Mi JChoibuin 3o2

BARAI UR coal beds 221

BVRKLR Sir R his account of Tai Sing s m
struments 32 f

BARKER Captain m the led Sea suney lu

survey of Suez lo in the Mildive uivey

16 expedition to Ab>ssima 26 mcmoii on

the African coast 27

BARFER lieutenant sur\cym undei Captain

BAROGIIIL lass journey of the Mullih to 160

B VRRACKPTJR base line 86

BARRETT Mr Clifford with the Lushai Expedi

tion 171

BARRON Iieutenint topographical survey m
Lalhimpiu 169 cndistral smvey of Moiada

bad 184

BARROW Mi head of the mstmment iictoiy

at Calcutta 89 his theodolite 105 111 199

meteorological observations by 276

BARTON Bev J system of orthognphy lecom

mended by 395

BASF LINES nieisuicment by Ross fui manne

surveys 11 method in the 1 er mn Gulf sur

vey 13 Bed Sea stuvey 15 Major Lamb

tons first base line 66 Bangalor 67 1 '6

Tanjore 67 Tionevellt 68 Bidar 68 JO

Tafcalkhera 70 84 measured by Colm

Mackenzie in M} soi 73 at Eamas 7, on

borders of Golan lake t / Siron] 84 90

Barrackp i 86 IVhi i 88 90 Sonakhodi

104 106 Chuch 110 Ivuachi 111 Vizagi

patam 124 Cipe Comoim 127

BASEvi Captain on the Great Indus Series 112

succeeded Colonel Strange in chaige of the

Coast Senes 115 124 on the Kashmir sur

ve> 121 at the Vizagapatam base 124

leconnaissance in Jaipui 12 j at the Cape
Comoim base 17 in charge of Pendulum

Observations 141 his death 141

B^SSVDOIE head quaiters of the Indian navy
in the Peisian Gulf 12

B vui RM vx Mi icpoit on the iron of India 24
BDDBOMF Colonel his Flora Syhatica of

Madias 372

BEDFORD Captain Re^ enue BUI vey m the Doab
97 Superintendent of Revenue Surveys m
Bengal 98 100 exploration of the Brahma

putrahy 98

BEGLAR Mr J D Assistant to General Cun

ningham in the Aichsoological Suiveys 269

his smvey 01 Delhi 2/0

BLJGUJM geology of 214 meteoiological
obsei vations at 288

BE i r ASIS Mi his account of Brahmmabad, 259

BLIS VRES Re\enue survey 97 tran lation of

mscuptions at 239 meteoiological observa

tions at 276 Jai Sing s observatory at 326

BENCOOLFN 6

BENGAL Statistical suivey of by Di Buch man
80 suivey by Rennell (see RENNELI ) Revenue

smvey begun 97 98 Bay of survey by
Ritchie 4 chart of by Topping 6 survey by
Maxfield 9 bj Lloyd 27 by Fell and Ward,
28 by Ilcathcote 8 29

Bi NGVTI aichitecture 256
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survey01 to meet at Allahabad 98

BERAR suney 98

BrvLRiDGE Mr his \\ orK on Bakarganj 360
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BEYI UR iron ^ orks at 324

Bn VGIRA.TIII liver map 9"

Pir RUITJT discoveries at 70
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BHOI a suney 81 171
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BILLA comet of detected bv Mr Pogson 334

BuvruR ruins described 287 by Sydenham
240 Moor 240 Sj 1 es 241 M ickmtosh

240 Di Biid 2o8 woil on 259

BIJAY VN VGAR rums described 237 inscriptions

239

BIRB Di J account of ins( nptions in cave

temples 2u3 of Bijapur 258

BIRDWOOD Di on the economic products ot

Bombay 309 {note)

BiRNtr Captain Revenue survey in the Doab 97

Bi viR Lieut A suivcj oi Anclimans 6
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BIACIIR Colonel Valentine suivejoi geneial

96 death of 96 98 his O i iticule ioi an Atlas

of India 437

BLAOI WOOD Ilaibour 9

BIAGRAVL Captain Bevenue buivcym the Talan

darDoab 119

BiANroRD Mi 11 1 his account of cj clones
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icxl

leportei in Bengal 293 294 his sense of the

importance of a umfoim system 2 6 and of

the necessity of central control 297 his pvpei

on the winds of Noith India 297-301 on the

fluctuations of tmometiic piessiuc 303 his

issue of meteoiolo^ieal memoiis 306 on the

sun spot theory 307 appointed, meteorologie il

repoiter to the Government of India 307 his

repoit 309 his woik on phy sical geogr tphy

374

BIANPORD Mr W 1 his division of coalfields

into aioups 218 on the geology of Cxttack

219 btudymtt
the Rimganj eo il fields 220
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231 J>7 Ins exploi ition of the Uppei list i

valle> 3;2

Boon Geoi^e mission to Tibet U3 3 ;3 pub

lication of narrative of 11 J

BOILIATT Colonel, on the lansnath mciidionil

series 93 107 his tivveise tibles 117 his

meteoiolo^ieil obseivatums it Simli 279 280

Boi ARO eoil field MB 220

BoiANiswAit th( best (ximples of Ben^ili

aremtietuie it 2>G

BOMBAY branch of the Asutie Soeiety, 237

Botany 208

Geology 214 229 230
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Ilarboiu suiveys o 13 (note') u 31

Longitudinal series 71 92 130

"Marine early serviees 4

Meteorology 284 288 30j

, Observatoiy 23 138 28j 287 288 339

,
Kevenue survey 82 100 119 135 193,

196

Survey of town ind island 82 190

,
Tidal obseivations 313 316

Bo iANY 364 to 3.70 fiist works on Indian

botany 364 Dr Boxbuigh 36^ Dr Walhch

366 Di W Griffith 367 Dr Wifeht 368

I)r Graham 369 Hooker ind Thomson 369

370 arrangements for a floia of Butish India

370 Torestflorxs 372

BOSWEIL Mi on last v lens m Knslm i distnct

250 on archaeological remains 2/1

BOTANIC VL GARDLNS Calcutta 36^,366 baha

ranpnr 368

Bow Dr tiom Chmm his volunteer meteoiolo

gical icpoits 292

BoYD Captain survey in the Deccan 100

BRAIIMAPTJTI s. liennells map of 54 explored

by Bedfoid Builton ind Wilcov 98 Om
manney 99 Pemberton 99

BrAUMAiuTRASeiiefc 128 completed by Captain
C aiter 129

BRAIIMLGUII v, Indian astionomer 323

Bu VIIMINABAD i urns 259

BKANDIS Di on foiest conseivancy 371 his

Eoiest Eloia of N W ind Centi il India 372

BKS.NIILL Captain at the Viza^ap itam base 124

his icvision of Lambton s woil fiom Madras

to Bangilor 120 measuies the base at Cape
Coinoim 127 on the south seetion of the

B
uij.,

ilor Mendion il Senes 12/ connexion of

Indian tiianguUtion with that ol Ceylon 127

128 c lines on the M ingalui Meiidional

Senes 130 obbei vecl eclipse ot the sun 137

BEFFI s Mi T W" woik onMgm antiquities 273

BRICGS Colonel aiclntectural pliotogiaphs by
2jb 2,8

BROUN Mi Allm astionomer at the rrivindrum

Obseivatoiy 282 337 338 his obseivatory on

the A^usti 1 1 eak 283 notice of, 337 list of

his woik 338 (note}

BROWN Capt unW lievenue uuvey in the N W
iiovmces 97 deseiibed the watei parting

between the Jumux and butlej 3u7

BROWNIOW Ciptain Elliot on the To^i Iila

benes 112 on thcKashmii suivej 11 slam

it the siige of Incknow 121

BiurcKS Captain his suivey of the Peisian Gulf

11 his method 12

BUCHANYN Di in the mission of bymes to Avi
)1 Ins toui mM}bOi Gl 362 bis statistical

suivey of Ben^il 80 378 papei on Buddh

Giyi 2iJ 264 his woik on Nepal 343 on

Milibu 364 his eommentaiy on the Iloitus

M ilabaricuH iG >

BUDAON Meiidionil Series )3 102

GAYA 239 243, 263, 264

lemams 2uO 2^1 the pillar called

Iniu/ Jjat 239 pillai at Allahabad 243 in

scriptions decipheied by J imes Prmsep 243

banchi Tope 243 2uO Stupas Lits temples

2jO Amravati Tope 2ol Jalalabad, Punja6
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BUISJC Di study of huincaneb 37,290 on the
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Col iba Observatoiy
J86

BURGESS Mr Tames his descuption of Jama

temples 257 Aichcjcological survey of Western

India undei 270,271 first md second leports,

271 his Indun Antiquary 271

BURLTON Captain, woik on the Biahmaputra, 98
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BUPMSLT Mr A C his, to
ieat 1 no\\lcdae of the

archeology of Southern India 2/2

BURMA (see IRAWADI) journeys of McLeod and

Richardson 99 413 tuangulation commenced

in 129 Pegu sui\ey 168 geological suivey

220 229

BURNES Sir Alexander mission to Kabul 21

map of Smd compiled fiom obseivations of

101, 214 account of the Gieat Deseit 356

BURROW Mr Reuben employed as a surveyoi

in Bengal 56

BURT Mr with Colonel Stiange on the Gheit

Longitudinal Series 108

BURT Lieutenant his account of the Buddhist

pillar at Allahabad 243

BURWAI Ironwoiks 224

BUXTON Lieut suivej of C attack 82

CACIIAR survey of by Pembeitou 99

CADASTRAL Surveys (See RLVENUE Sui

VETS)
CALCUTTA map of by Upjohn o/ by Simms

407 meteoro ogical observations at 278 279

meteorological observatoiy it, 302 botanicil

gaiden& 365 366

CALDECOTT Mi a&tiononiei at Tnvandium

282 337

CALDER Mr on geology of India 209

CALL Colonel John Suiveyoi Geneial of India

55 his great map 56

CALVERT Mr histvoik on Kulu 3^3

CAMBAY Gulf of survey byEthersey 20 fossils

on shoies of 211

CAMPBELT Di woik m IS'epal and Darjilmg
348 (note) 350

CAMPBELL Lieut J on the Euphiates smvey
undei Lynch 30

CAMPBELL s Tamil Dictionaiy Jonesian system

adopted for 385

CAMPBELL Captain W M on the revision of

Lambton s triangulation 126 at the Yiza^a

patam base 124 lelieved Ciptam Bi infill

128 observed the eclipse of the sun in 1868

137 his measuiement ot difference of longi

tude by electnc telegiaph 137 138 139 as

sisted in the observation of the tiansit of

Venus 339

CANNING Lord placed the Geological suivey on

a propei footing 217

CARLESS Captain (R I N ) in the Bed Sea survey

15 his memoir on the Gulf of Akaba 16

survey of African coast 18 survey of Karachi

22 Somali coast 26 longitudes m the Persian

Gulf observed by 35 remarks by on the

hurncane of 1847, 37

CARLLELYLE Mi A C L
, assistant to General

Cunningham m the Archseological survey, his

suivey of Agia 269

CABNATIC maps 56

CARPING-TON Mi R C, supeimtendent of the

drawing branch of th Marine Suivey Depart
ment 45 46 wreck chaits to be pieparedby
47 chaits by 47 annual list of lighthouses

piepaiedb} 47

CARTER Di H T F R S
,
on the Arabian coast

suivey 24 his woil s 24 (note) on the geology
of Bombay 214 his services to geology 215

CAPTER Captain T T R E , completes the Brat

maputra series 129 in the Kashmir survey
132 Kumaim suivey 133

CAPY theodolite foi Lambton "3 Tugonometrical
suive}, 63

CASHMERE ( See KASHMIR )

CATALOGUES in the Geographical Department of

the India Office 411 420 421

CATTACF suivey 82 119 geology 219

CA.VE temples, 237 252 paintings copied by
Majoi Gill 2o3 complete suivey of 270

history of by Feigusson 274

CENTRAL INDIY Topogiaphical suiveys under

C iptam Melville 167 (Sec TOPOGRAPHICAL
SUPVEIS >c)

CEILON connection of trian ulation of with the

Indian system 129

CniGOS aichipelago survey by Moie&by 17

CIIALUKYA architectuie 2^6

CHAMBERS Mi 3? R S , m charge of the Bombay
obseivatoiy 138, 288 his meteorological ob

seivations 295 his paper on the meteorology
of Bombay 30^

CHAMBERS William his an iquamn lesearches

238 240

CHANDA co il fields 220 222 230

CHVIMAN Mr his suivey of Bahiein 43 44

in the M nine Survey Department 48 (??ote)

his plan of Kol ichul Harbour and survey in

the Manai Strait \nd to Coconada 49

CHVRTS delay in publishing 26 wreck charts

38 47 m the India Office handed over to the

Admnalty 40 manj lost 40 examination of

by Ciptam Tayloi 45 46 compiled by the

Marine &mvc> Department 47 enors m dis

coveiedb} Ciptam Tayloi 52

CHAPT office at Bombay 23

CHATI&G-ARH lepoiton coal and on lead ores 230

translation of coppei plates found m by Wil

son 239

CIIEDUBA Island suivey 28

CHERA dynasty 241 254

CHINV surveys by Daniel Ross 8

CniNBWAR Meridional series (See CHUFBWAR )

CHINESE pilgnnis 263 (SceFAHiANancl HWEN
THSANG )

CHITTAGONG survey 98 171

CIIIITAGONG river Lloyd s suivey, 27 levision

of 44

CHOLA dynasty, 254

CHOTA NAGPUR suivej 168

CHRISTIE Dr on the geology of the S Mah
ratta country, 214



INDIA

CimiSTOPiirr Lieut BIN in the Keel Se i

survey lu in the Maldive suivey 16 in the

Gulf of Mmai suivey 17 1 illed it the siege

of Multan 22 his-joumil 27 his account of

P umsvi er im temple 2jo (note)

CIIRONOLOGI Indian discovcij by Sn W Jones

239 illustiat dbj coins 260

Cirocii hase line 110

CHUNIJWAR Meridional series J3 103

CLARI SON Mr, employed on theGoibt seiics,

114 completed the Sambalpui senes 114

CLEGIIORN Dr Hugh on the forests of India

364 foi st administration of 371

CLP in in the GeogiaphicilDepaitment appoint

ment of 417 assist inee from in picpum&
woil on Tibet 420 Abstiactb ol surveys by

422

COAKD Mi duel en^nver m the Siuveyoi

Geneial s omee 177

COAT in Tndu 209 eaily icseaiches 209 216

^cneial descuption of the coalfields 218 221

chu tetei of the coal 218 Narbadx Coal Com

piny 219 Godavui fields 219 22 > Assam

villey incT Ivhasi i hills 21) e\ uuiii ition of

coal fields 220 221 Clundi fields 220 22 >

subdmsion oi co il beann^ locks 21 pits it

the Wud i coal fields 222 the Sm& iiem

(most southuly) field 223 utuins of coil

raised 223 lignite in bind 230

Co vsj ch mges in the 3/3

Co isr Senes 107 in chirge of Colonel

Stiange, lit Captain Bisivi, II* 121

completion of by C iptim Bianfill, 12 >

COCHIN suivey 70

CoeoN VD v B \y huivcy 4J

COUVN Tieut m the leisian Gulf feiuvey l>

his plan of Bomb \y H ubom 1 3

COQIIIA.N "N ivinati% I luituuut 1\ N suivey

of the shoals of the llu^li 49

COINS 259, 260 261 biisbiuuin 5 0() 262

JmuhPrmseps papers on 2^9 260 Sir

Waltei Elliot on eoms of S India 260

(See KUMISMAIA ORILNIALIA and IHOMAS,

lu)

COLABA observatory ( SVe BOMBAI )

COLAIR lake base line, 77

COLBY Colonel invention ofcompensation h us BJ

COLI Lieut his archaeological suivey m the

N W Provinces, 266 takes ca&tb ofgateways

at the Sanchi lope 266 photogiaphb of Kash

mmm temples 267

COLFBROOKE Mi Sanscrit scholai on the

height of Ilimalay in peaks 80 notice of

238 (note) on Indian a&tronomy 322 the

Jone&i m system adopted by 380

COLLBHOOKE Colonel u6 map of Mysoie by

57 Surveyor Generil, 78 labouis of 78

examm ition ofthe G in&e& by 79 death of 80

COLVIN Colonel his horary meteorological obsci

vations, 276

COILINGWOOD Lieut (R I N ) on the Mesopoti
mian buivey 31 32 employed to icpioduce

maps of Mesopotimn 41

COLLINSON Admnal Su Riehaul KCB hi

testimony to the excellence of Indun Marine

smvcys 9

COMLT of BieH 33 j

COMORIN C ipe base line 67 127

COMI LISTS VPION bus % 106 111 124 tenth

base me ismed by at C ipe Comonn 127

CoMiUTiNC bunch of the Gieat Tn^onornctrical

smvcy 143 14 i 14 /

CONGI i M Ciptnn on cromlechs on the Nil

^1118 248 uul in the Camitic 219

CONNLR Lieut surve} of Soandi and Cooig
7u liivincoi ind Malibar 76

CONS i un L C iptaiu (PIN) sm veys of Kaia
elu 2* on the Ai ibun Coast suivej 24 ou

the suive>b of the N Ivonl m coast 2u his

leMsioiioi the leisiml alt suivey 3u 47

COOK Mi Oroitlon topoeiaphicl suiveyoi m
N CIuttx&onto 171 with the lushu expcdi
tion 171

Cooi i ind Sous ofYoik mstiumcnts mule by,
138 200 203

CooMnrs Tieut W IT UN m the Mamie

Survey Depaitment 48

Cooiit suivey of 7o mcteoiolo^ical obsei \ations

in ^4 aecount oi 364

Coi^Ar Isles by D iiwm 17

CORINGA ( S6< IlORANGI )

COROMANDI r Co ist smveys 28

CossiAH hills ( S( 6 K.II vsi v )

CRAWIOIIO, C iptun with JLoitl Vilcntu m the

Bed Sei 8 suiveymto
uudei D Ross 10

CRAWL ORJD Colonel measuiement oi Ilimalay in

peal s item Nepal 80 345

CRVUIUUD Mi lound fossils on the bmks of

thelixwidi 211

GJ i L u i ous foim itions in South India, 213 227

2)1 in the Khisu lulls 317

CRISI C iptam on the llndaiabid smve> 100

CROW Mr in advoe ite of the Jonesi in system
388

CRUJ LLNDI -N Tieut (KIN) visit to Sana it 1 (
)

ports on feomali coast 26 menions oil the

Afne in coabt 27

CUDDAIA locks, 227 icports on the antiquities

oJt 2^^

CCTLLLN Geneial hib discovery of h
to
nite in the

latcnte of Travaneoi <il3

CuNiiin Mi Brooke on the ci et iceoub fossils

of South India 213

CUNNINCII VM Geneial Cbl on Prmsep s m
teipret ition of Buddhist inscuptions 240

leseaiches 246 on the Sanchi Tope 2ol

Sannath 2o2 his woik on the ancient geo

graphy ol India 342 his view of Himalayan

geogi vphy, 346 on the Indufo nvei system

354 his archaeological suiveys, 263 to 266

and 269 to 270 on coins of 1ST India, 260



464 INDEX

Geneial CSI cont

his repoits 270 meteorological observations

in his work on Ladal 2/7

OURNIK ML Bombay observatory it Colaba

established b}
98

PUSHING Mi Colonel Stian^e s assistant 204

succeeds Colonel Strange m charge of the

supply of instiuments 206

CUTTICI (See CATTACI )

CUTCII ( Ske KACII )

CICLONES at the Laccadiyes in 1848 descnbed

by Captain Selby 2o study of 36 37 38

DAIRIMILE Alexandei plans engrave d bj 4 5

10 account of 403 Irjdiogiaphei to the East

India Compact} 403 his Oriental Heposi

tory 403 his work and death 404

DUL/LIL N A Bombay Koia by 369

DAMODAP Yalle} coal m 209 218 219 lepre

sents Permun period 2 clay non ores of 23
D ANVILLL map of India 54 / 9

D vi WIN Mi on C01 al islands 17

DANGEJIIIELD Captun survey m Malwa 82

geological woik 208 361

DVNIELL Mi the aitist visit to Srmagai 79

his drawings 242 2u5

DAVIS John his i ales of navigation 1

DAVY Major his system of oithognphy 385

DECCAN suivc}sh> Lieut Emmitt o7 by Giaf

ton and Boyd 100 tiap formations of 212

28 Colonel Syl es on the plateau t i 36

DEHRA DUN base line 88 90 108

DELHI antiquities 239 70

DFOGARH coal field 212

Dt PENNING, Mi Colonel Lambton s assistant

71 retirement 73

DLPRLE Colonel his burveyof the Gattack Mehals

119 of Chota Nagpui 168 of Kewah 1

DHAWAR worl on architectui e of 2j6

DPSLRI the Great 356 leport on by Mr Blan

ford 231 357

DIAMOND heds of S India 228

DICKENSON Colonel survey of Bombay Island

82

DIHQNC- nver mouth visited by Captain Bedford,

99

DINDIGUL buivcy 76

DINWIDDIE Mi astionomei to Lord Macartney s

mission supplied the first measuim chain foi

Colonel Lambton s suivey 63

DIRECTORY Ilorsburgh s 10 Taylor s 54

DISA meteorological observations at 288

DIXON Lieut (R I N ) survey of ports south of

Bombay 24

DOAB N W Piovmces survey 97

DOBABLTI i peak meteorological observatory on

281 288

DOMINICETTI, Lieut , survey of Bombay Har

bour 5

DONNELLY,Mr in chaige of levelling operations

DOWNION Captain memorial of the voyage of

m the India Office 3

DOWSON Piofessor on the Chira dynasty 241

History of India by its own Histonans edited

by 342

DRWTDIAN aichitecture 254 255

DPEWEII Lieut account of the imns at Gur

beppah 25 u

DRURY Colonel Hebei his woik on Indian useful

plants 371 372 (no te)

Dun?, Mr Giant M P his arrangement foi the

Moial and Material li ogress Heport 41 j

DtrrrLA expedition 170

DXTNN Serjeant tidal obseivations at Bombay 313

DuiiAND feirHemy discoveiyof Sawalakh fossils,

210 meteorological obseivations by 276

DUTCH maps obtained foi the Geographical De
paitmcnt 411

DDTIIIE Mr in chaige of the Sahaianpui
Botanic ii Girdens, 368

Du VrKNcr Captain connected the Gieat Aic
Series -with that of Eanghn 94 on the

Haidaiabid suivey 100 connectedtheAm.ua

ind Kaiora seneb 103 105 began the

GUI \\ani Meridional series 103 began the

N W Himalayan series 108

EAIIHQUAILS list of byDi Oldham 233 361

Allah Bund caused by 214 356 list of by
Colonel Baird Smith 361

LASIMIN liontier senes 129

juASTwicic Mi an advocate of the Jonemn
system 390

ECLIISLS 137 333 334 335

EDGAK Mi C S I lepoit on the Tibetan fron

tiei 352

EDGCOMBK Captain on the Pegu survey 168

EDOLWOKTH Mi botanical collections Multan

369 (wofe)

EG-ERTON Sn Philip described the cretaceous

fossils of S India 213

ELEcrnic telegiaph measurement ofdiffeiences

of longitude by 137 138

ELI i HANI v Cave 237 240, 241

ELLIOI Sn Henry system of orthography foi

the Revenue survey N "W" Provinces 388

ELLIOT Sir Waltei 246 sent home sculptures

fiom the Amravati Tope 251 Mavalipuram
254 his collection of mscuptions 260 coins

of S India 260

ELLI& btaff Commander R N Deputy Super
intendent of the Marine Survey Depaitment
48 (note) his woik in the Gulf of Manai oO

ELLIS Mi s \mtary commissioner at Madras

his scheme for recording meteoiologieal obsei

vations 29 o

ELLOR survey 77

ELLOR caves 2j/ 240 241 Darnell s drawings
of 242

ELIHINSTONL Major in charge of the Revenue

survey ofthe Haidarabad assigned distucts, 195
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Cxptam suiveymg the Keel Sea 14

Capta-m repoits on the antiquities of

Cuddapah 2o5

FMMIIT Lieut snivels in the Deccan u7

PNG.RVV ING bianch Suiveyoi Geneidb office 177

ERSIUNL Mr account of Llephanta 241

>iirLB&LY Lieut (BIN) in the Peisnn Gulf

suivcy 12 survey of the Gulf ol Manar 17

suivcy of the Gulf of Cambay 30 47 his

description of the boie 314

IVLHE&T Six Geoige chief assist nit to Colonel

Lunbton 70 piostiatetT by ievei 70 retain

horn the Cape 71 connects Bombay with the

Great Aic Senes 71 succeeds Colonel

Lambton is Supeimtendent of the Gieat

Iii^onomctncal suivey 83 notice of 83 m
1 upland supenntendmg eonstiuclion of mstru

meuts 84 Surveyoi GenenL, 8> 96 measuie

ment of the Bairaekpui base line 86 eon

tuvancesfoi eauymg on the survey 87 88

sufftnngb fiom ill heilth 8J woil in pa
icctm

ta
instiuments 89 his completion of the

(jtieat Aic Senes 91 lemonstiance against

the Council ol the Boyil Society 92 letiie

ment incl death 94 his services 91 woiks

) j 101 his Oiicluon system 92 93 102

I- vi BI &T Kev K on the geology between C il

cutta, and Ghuiptu 208 his metcoiologicil

o"bserv itions 279

"Pvi K.ESI Mount lOb

I'XiTOBFBS nitive beyond the Butish fiontier

148 to 16u tramrae 148 m Lastein Nep il

1;6 (See PUNMI NAIN &INO MIR/A Hun
.DAK MUILAH)

rAHr\N tnvcl&of 263 342 347

Jj AI CON J i Bi on the S w\ il il li lossils 20 )

ti ivcls in I id il 34 > on the Indus flood 3 A
at b ih uanpur ya. dens 368

IAIII Mr P J ,
m the Maime suivcy Depaxt

ment 48 (note)

1^^MIN3 s question of the causes of 289

IJDIXLN Mi 1 ol the Geologic il buivey in

Buima 229 in the Oential Piovmcts 230

an bind 2SO colleeted fossils an the Gieat

Dcseit 231

> i ISIMANII i Mi appointed to the Geologic i

survey 232

Iijt.ii Lieutenant (R I N ) on the Arabian Coas

survey 24 in the Bay of Bengal 27 on the

Coiomandel coast 28

Ti TL, Captain tianelation oi mscuptions by 239

IIRGUSSON Mi James 3TR&, his sketch sui

YC> of the Lower Gin^es, 100 notice of 246

nchitectuial studies 247 classification o

Indian aichitectuie 24& Iree and Serpcn

vvoiship 251 Anirava-ti sculptuies 2j2 cave

temples 252 account of Diavidim aichi

tcctme 2^5 memon on Brjapui 259 list of

objects of which photogiaphs might betaken

267 work yet to be done 269 his history of

(13441 ) 0-

371

'EBOUSSON Mr James IRS cont

Indian 0,1chitectuie 273 274 proposed histoiy of

the c we temples 274 papei on the Ganges 358

'EPGUSSON Lieut (RIN) driughtsman of

the IDdim na\j 23 his wind md cunent

ehuts 36 his iceount of the cyclone of 1862

37 mchaige of the Bombay Obseivatoiy 288

PLRISIIT i on the fe i"w al il h fossils 210

?IIL Colonel his account of Smd 355

FINCH Mi fust f xetor at Surat ]

FESTNIS Lieutenant ^eologieal work of, lound

Nagpui 208

FIBOZ III fossils in the Sawalakhs discovered in

the time of 210

Eir/ Roi Captain m chn
to
e of the Pegu suivey

168

rLMiNer DJ on the geology of the Sulmnn
ian

ta
c 21 t

Foon Mi 1\ BIUCL of the Geologic il suivey in

Midi is 27 K uchiu Doab 22 S his lectuies

on geology atM \di is 228 on the Deccin tup
28 discovery ol stone implements by 232

orBLS Piofessoi Ldw ud deseiibed cietaeeous

fossils in South Indi i 213

OKDICJL Captain on the Revenue suivey of

the N W Piovmces 97

femvey Dcpaitment 97 conservancy
flons 372

Sn Dou^lis ^cognphical lesults of

the missions of 3j2

IOS&ILS m the Sawalal li hills 209, 210 in femd

11 on the li uvidi 211 in Perim 211 in

Spiti 211 Di Malcolmson s collection, 212

cietieeous in South India 213 petiified wood
neii londichcuy 213 fossil plintsmKach
2H niimmuhtie limestone 214 217 326

Him ila} in fossils, 226 231 collected by
Mi I'cddcn 231 of Salt ixi^c 231 (Set,

PAO ONIOIOC i\. INI>IGA. )

losni Iicutenmt Chules (RIN) com

inindin& i tcndci undei Captain Selby 2u 26

Ins deep se i soundings on the West coist 34

liitANiniN Capt un lv N his sui vey in the Gulf

of Maim 18 his account of storms at Madras

37

PiU-NKLiN Ciptxm James survey of Bandal

1 hand 81 &eologic il woik 208 209 361

T?BASLB Colonel propoRils respecting wreck

chaits 38

PRASEK Mi engmeei of Coimbatoi 255

FB \.SJ B Ciptam Revenue suivey in the NW
Piovmces 97

FuBRF, Sn II Baltic &c on the Kan of K ich

214 356 on prsehistouc remains in Baluchis

tan 249 his account of caves at Wai 353

FKYEr Mr M irk mining engmeei sent out to

the Chanda coal field 222

FULLJAMES, Captain fossils found on Peiim m
the Gulf of Cambay 211 on nummulitic lime

stone, 214

g



466 INDEX

FYFRS Colonel Superintendent of the Ceylon

suivey 127

GANGES Bennell s map 54 position of source

/9 suivey by Wood /9 by Webb 79 by

Teigusson 100 mvestig vtion of alluvial de

posits 224 Mr Peigusson s papei on 3o8

GINGRI ( See KAILAS )

GANJAM suive} 97 168 170 leport on in

inscription in 2 >5

GARrORTir Lieutenant, on the Goi a Meridional

senes 103

GARLING Lieutenant his survey of Goa 75

measiii ement of base at Hamas /5 on tbe

Haidaiabad survey 100

Gvroil 11s survey 168 171,174 1/5

GARSTIN Colonel Suivcyoi Geneial 80

GARWANI Meridional Series 93 103

GASTRELL Colonel his account of c> clones 38

in chaigc of the surveys 168 the cadistril

smveys organized b> 183 woil in the Sun

darbans 119

GAYA cadastial smvey of undeital en, 187 (SV>6

BUDDH GAIA)
GA/I PILLR of Cential India byColonelM ic&ie^oi

3^2 of Mysoi 36 Hamilton s Fast Indii,

379 Pharoah s South India 379 Thornton s

379 387 Di W W Hunters Impeml
Ga/ettecr of Indi i 38

GIOCRAIHICU Deputment of the India Office

effoits of to obtain a icsumption of Mimic

suiveys 43 417 mcmoiis of Madras sune^s

pieservcdin 77 memoirs ol the Ilaidai ibid

suivey m 100 plans for cartognphic illus

tration 376 the depaitmcnt m the Spanish

Council of the Indies 399 Richard Hakluyt

founder of the Geographical Depaitment of

the Indu House 400 necessity for the

ci cation of the Geogiaphical Depaitment 40*)

its cieation 410 amn ement of maps and

records 410 appointment o agents for the

sale of mapfe 410 work of the Depaitment

410 411 exchange of mips with the Russian

and Netheilands Governments 411 Poitu

guese ind Dutch maps added to tlie collection

411 disgraceful state in which the maps wuc
found 412 appointment of a m ip mountci

41 urgent necessity for adequate space for the

map collection 414 Moial and Materul Iro

gress Eepoits 415 to 419 staff of the Depait

ment 417 "catalogues 411 420 421 422

work conned ed with the collection of scientific

apparatus at South Kensington 420 results

obtained by the Depaitmcnt 422 future use

fulness 422

GEOGRAIIIICAL MAG-A/INB articles on the Hima

layan system in 353

GEOGRAPHY Physical airangement of the sec

tion on 341 work on, by Mr Blanford,

374

GFOGRAPHY Comparative 341 connexion with

aichseology 342 Sou

Botanical 341 364 to 3/0

CEOLOGTCAL SURVEY of India 217-35 com
menced 217 field of work 234

SUPERINTENDENT (Set OLDIIAM

MEDDLICOTT )

MUSEUM 233

MAPS Mi Greenough s 21 u

PUBTIOVTIONS 21 u 234

GLORCE Navigating Sub Lieutenant B N his

sei vices ind death jl

Gi ocnraAN Mr
, Geological Suiveyorm Madras

his death 227

GFRARD Di on fossils of Spiti Valley 211 343

345

GURSEPPAH account of rums at 25u

GIIV/IPUR I)r Oldhimswoil on 360

GIBBS Lieutenant J E on the Gu^rat Suivey
13,,

GIBSON Di botanical work 369 conservatoi

of Bombay foiests 371

GiLcimisi Di J B his system of oithography
386

GiLciiRifoT nitteoiolo^ical obseivations at Ilunsui

284

GILT Majoi employed to copy paintings m cave

temples which wcie biunt at the Crystal

Palace 2^3

GIRDLES TONE Iictit surrey on the Makran
coast 43 169 woik m the Narbada valle)

170

Gn N vit Jama temples at 2o7

GrAD\\iN Irancis ti mslatoi of tho Aym
Alban >W

GLAISIIFR Mi icport on the meteorology of

India 290

GLTANINGS IN SCILNOE 242 278

GOA survej 7o

Gor>ATARI smvcy of the mouths by Topping C

coalmvillc) oi 210 222 icpoitson 3C3

GOLD INC jrAM Mi istionomcr it Madias 64

his account of nuns at Ma\alipuiam 240

ol ElcphanU 210 mctcoiologicalobseivations

at Madras 80 astiononncal obseivations at

Madias 328 329 notice of 329

GORV Mendional scues 93 103

GORDON Colonel his woik on the Pamir

tiblc Und 3^2

GORJ Lieutenant lopogiapbacal Surveyor undei

Captain Kiddell 171

GOUR architecture at, 2u8

GRAPTON Captain suivey in the Deccan 100

G-EAIIAM l)i cxtalogue of Bombay plants "by

368

GRANT Captain bis examination of the plant

bearing formations in Kach 214

G-RLAI ARC SERIES (See ARC )

GRLAT TRIGONOMETRICAL SURVEY ( Ste TEI

OONOMETMCAL STJRVET )
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GREENOTJGII Mr, his geological map of India

215

GRIDIRON system of tnangulation J2 93 102 106

GRTEVF Captain Albany (E I N) m the Gulf

of Manar survey 17 worl 011 the Arabian

Coast 10 suuej of the coasts of Kach and

femd 22 his death 23 completed the Aribian

Coast survey 24 Coast of Afuca surve},
26 47

GROUNDS Lieutenant (RI"N) suivey of nvers

m the Punjab 21 m the Mesopotxmian sur

vej 30

GUJRAJ suivey by Colonel Monier Wilh uns 82

Topogiaphical survey 13j

GUJLH iGARH senes 114 123

GURII\\ IT suncy 81 133 ( Ste KUMAON )

GURWANI Meridiem il seiies (5"fc GARWANI ;

GUTIIRIL Captain his visit to Snnagar / 9

GUI Captain sun ey of the I eisun Gulf 11

HACI Kir Mi of the Geologic il survey on the

limits of the tiappean rocks of S igar 2^
HAIDVRABAD suivey commenced il 100 sin

vey resumed by Mr Mnlhcrm 119 coal m
22 prsehistonc reniuns 249 assi&ned dis

tncts Kevenue survey of 119 19* comple
tion of lithographing of the imp of 413 md
note

HAIC Colonel report on the Godavan 363

IInc Captain revising \soik in the Bombay
liesidency 130 accident to his theodolite

130 in charge of the Katiwai suncy 134

in charge of the Gujrat survev 13^ observed

the 1868 eclipse 137 inchir^e of tidal ob

seivations 321

HAINPS Captim (R I N ) in the leisian Gulf

suive) 12 on the Mclian coist 12 his

suivey of the south coist of Arabia 18 his

services vnd unfortun ite end 18 his memoirs

on the Arabian coxst 10

HAKLXJYT Ihchard Instonogiaphei to the last

India Company 1 his geographical labours 2

founder of the Geographical Department 400

HVLABID rums u6

HAJHLD Mr system of orthogiaphy in his code

of Hindu law 385

HALL Lieutenant 7

HALL Professor researches at &ai math 2^2

HALSTEAD, Captim survej of Chcduba 28

HAMILTON Dr Buchanan (See BUCHANAN )

HAMMOND Navigating Lieutenant R N Marine

Survey Department 48 surveying Coconada

Bay, 49 on the Onssa coast ol

HARBOURS of India report by Mr Robertson

on 373 374

HARDIB Mr on geology in India 209

HA.RDWICK Colonel visits Srmag u 79 343

HARDWICK Geneial meteorological obscrv itions

by 76

HARRiivGioisr Captain lepoit upon an m&ciip
tion in Ganiam 25o

Captain on ciims on the Nilgm
lulls 248

HARMYN Lieutenant levels in the Madras

Presidency taken b\ 136 in the Duffla

expedition 173 17^

Hums Mi survey of the Onssa coast 44

Ilvrns Mr G A woil m Assam and death

130

HARP-OID Serjeant foimerly in the Abyssinnn
Expedition assisted m the plotogiaphic work
in observing the transit of Venus 340

HVSTIN&S Marquis give the name of Gieat

Trigonometncal Suney 70

HAVILDVT jouineys to Badili-shan and Daiwa7
1^7 Io9

HA\\IIXS Captain jomney to A^ra 1

HEARSLI undci C iptam Webb on the G mgcs
survey 80 wsits Mansaiowar 111 c 347

HEATH Mr iron compuiy foimed in Midi as

bj 223

IIEATHCOTL Captun (BUST) suiveys m the

B ly of Bengil 28 with Phayrc s mission to

Ava 29 his chart of the Bay of Bengal 29

his wind xnd current chait 36

HIA^ISIDI Captain his latitude obseivations

137 measurement of difference of longitude

by electnc telegraph 137 m charge of the

pendulum obseivations 141 142

HJLBI it Bishop his account of the seven pagodas
2j4

HEMA-HIL in India 23

Hi NDLRSON Di his worl on the Tail and
mission 3j2

IIiNNLS&n Mr I R fe , icmeasuicmuit of the

Bangaloi base 126 m chai
to
e of the com

putmg branch 143 his set vices 143 vcnh
cition of the stand uds of length 143 photo

zincography intioduced by 176 voluutcei

mcteoiological icportci 202 obscivation of

the tiansit of Venus 339

Hi RBI 1 1 Ciptain Ihmahyan Smvey 81 343

report on the &awal ihl s, 200 in ch uge of the

Tucknow observatory '42 38 editoi of

Gleanings m bcience 242 his \iew of

Himalayan geography 344 345

HLRSCHLJ Sir John his cncular suggesting

horiry meteoiological obseivations in India

276 283

HLR&CTIU Lieutenant F R S on the Sutlej

series 124 at the Cape Comonn base 127

latitude observations by 137 observed eclipse

of 1868 137 longitude by electric telegiaph
138 139

Hi ssn Colonel Madras Revenue saivey 190

smvey of \Vyimd 190 succeeds Colonel

Pliesthy 193

HILL Captain 1 hoiold on the S Malancha

seiies commenced the Coast sencs 10/

HILL Lieutenant survey of Kosi v illej 133

HIMALAYAS mcafeuieincnt of peaks by Colonel

C i iwfoid 80 height of peaks according to

(13441 ) II
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HIMALAYAS tont

Ileibcit and Webb 34^ suivo by Hodgson

and Herbert 81 North east Himalayan seiies

94 104 106 severe seivice on 104 height of

peaks fixed by Sii A Wough 105 Noith

west Himalayan senes 108 Ro>lcswoik on

210 geology 211 226 231 tructiueof 34

journeys of Italian missionnncs 343 Hubert s

view of Himalayan gcogiaphy 344 tiavelleis

in, 3 45 views of Di Ixoyle Gener xl Cunning

ham H Stiachey 346 discussions on the

limit of bnow line 347 vie\\sofDx Thomson

347 vie^\& of Mi Bnan Hodgson and Dr

Iloolei 348 of Mr Tieliwney Saundcrb,

3^0 3u3 Htu tuveller and miters 3ul

3o2 3;3 si etch of the system explained in

the intieduction to the woik on missions to

Tibet 3^3 irticlcs m the c

Geogiaphical Ma

gazrae 3 j3

HINDUSTANI dictionary fehakespoai s Jonesian

system adopted foi 38j

HiSLOP Kev & ou the ^cology lound No^pui

208 pa,pei on the coal fields 00

HOARD Lieutenant ordered to huivey the

Jumm 57

HODGSON Mi Bnan icsearchcs mTStepil 34 >

his views of IIimiHyan ^eo nphy S48 his

woil s 348 (notL)

HODGSON Colonel Sui\eyoi Genei il 80 92

hislliniiliyan smvey 81 343 used Ins own

instruments, 199 astionomical obsuvitions

327 notice of <J28 (wofc) disnc to be en

trusted with the public ition ol the Aths ol

India 40 >

HOICOMBI Licutenint murder of by the Nagas

173

IIor-Dicu Captain smveyfe m Gwalior and ionic

169 m the basin ot the Godavan 1/0

IIoitSBinioir C xpUin ehaitfo of, 9 notice of <)

10 16 new editi ni of his dne,clory by Captain

Taylor 44 survey of Iwoy published by

u2 his appointment in the Indi i HOUHC md

notice of 404 death 400

IIOOCrllLl OS66IIUGJI)

HOOKLB Su Joseph K C S I C B Niraimu

htes in Iibet found by 26 meteorolo^ic il

observations by 277 j,co^r iphical discoveiies,

343 345 his views on Himalayan geogxaphy

348 description of the Kymor hills 361 Bora

Indica 369

IIoMrRAY Mr on the coal fields of the Bamodar

valle> 209

HOEABY meteorological observations 276 283

at Madras, 280 at Bodabetta 281 by Drs

Gilchrist and Mouat 284 at Bombay 288

rouGHJON Lieutenant (BIN) diaftsman of

the Persian Gulf survey 12 23

HUBBA.RD Mr Egerton M T? bpeech on Indian

meteorology 310 (note)

HITDOART Captain marine surveys of o

HUGEL Baron yon exploration of Kashmir 345

HUGHES Mr Geologieal suivey on the area of

coal fields 218 examining Jherria and Ivar

hibari coal fields 220 at woik on Waid i coal

fields 22 with Mi Blanfoid in the Central

Provinces 230

UTICLI River suivey 9 Lloyds survey 27

Ileithcote s suivey 28 9 survey of shoals by

Lieut Coghlan UN 49 i eoi gamsation of the

suivey 53 map by Mr Mi} 97 map b>

Chailes Joseph 100 tidal obseivations 313

IltiMON Dr account of the Kun i Muiia I&le&

19 his deith 10

IIuMBOJDr Baion his \yoik on CentialAsi i 349

Humi Mr Joseph stitistieal detulb cilled foi

respecting the Indian navy 39

HUNILK Di mdustrul school at Midi is 2uo

IIuiuEit Di loutc siuveys of 57 metcoiolo

gicil observations 277 account of Jiibmgb
instruments 326 3 7

IIuNiLR Di W W LLB investigation of the

connection between sun spotb and laml ill o06

01 gamsation of the statistical suivey ol Indu

377 system of orthoyaphy of nitive names

30 j to 398

limiLAONG Meiidional seiies 93 103

BicANi s ( ^e STOIIMH )

ibi Lieutenant 7 8

luiroN Ciptam on fcos&ils of Spiti valky 211

on limit of snow line in the Him ilay \ 347

wiNlirsviw Chinese pilgrim 2( \ 343 3),

I\ ROMLUJt Captun Katei s C3 Qiotc} Mi

liuill s 271 Di loibcsWitbonspipci on -JG

Di memoir on the Nilbid i 303

INDIAN Nw 14 to 3 ) its sei vices 38 hibtoiy

ot 3 ) (7*0/6)

("NDUB sene& 112

INWI& sui ve>s work of I K uten int "Wood 20 22

floUlh 2

INDUH n\cr system desenption by Genet xl Cun

mi 34 > 3 >u

uoiss in ludu 239 2uJ Colin Mncken

/ie s collection 341 2^9 m cave temples 2j3

m Madias 1 residency 3u> 259

SIKUMINIS ioi Majoi Lanibtons survey 63

injury to theodolite i ep medby Majoi Limbton

67 bxo%ht out by Colonel Eme&t 84 89

199 accident to CxptainIIa% s theodolite 130

ainval of Colonel Strange s zenith sector 137

instruments designed by Colonel Stiange 138

140 pimciples of supply 1 98 Colonel Hodg
son uBedlus own 199 Mr Cushmg succeeds

Colonel Stiange m chaise oi 206 account of

JaiSmgs 326 (SeeBABKOW SYUD MOIISIN

IRAWAIVI liver suivey by Ileithcote 29 by

Wood 57 rexched by Wilcox 99 fossil re

mams on banks 211 Dr Oldhana on 217

IRON" ores in the Khasia hills 217 extent of

iron pioducing minerals m India 223 descnp
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IRON ores cont

tion of ores 223 iron company m Madras,
223 2*4 m Kumiun, 224 Buiwai 224 Mi
Bau main b report 224 views of the Geolo

gical suivey 224

ITKUBI coil field 219

JABALPUR senes 131

JACKSON Lieutenant suryey fiom Midnapm to

ISTagpui 82

JACKSON Mi Lowis meteorological statistics 306
JICOB Majoi astronomei it Madias 6^ (note)
330 levised the Bombay Longitudinal scues
92 notice of 330 dcithol 331 his plan for

an astionoinicii obseivatoiy on the Bombay
side of India 339

JAOARNATII examples of Bengal architectuie
lound 256

JAINA religion leseuches of Colm Mackeime
74 temples it Abu mscuptions translated "by
Wilson 239 irehitectuie 2*7

JACOTILMONJL M oniocksmluwih 208 tiavcls
in the HimaU) i 34* Naibida 361 p] ints

collected bj 369 (note)

JviSiNO the istionomei 35 to 327
JAII UK meruon by C iptam Basevi 1 >

JALAIABAD topes 2;2

TALANGI nvei map of 97

J VLL VN \R Doab suivey by Bl igiave 110
JAML, Lev II 1) obseivecllhe tiausit of Venus

S39

TAMESON Di in ehirgeof Sihirinpui gauluib
368

JAI i u> Nivi^itm^ Lieutenant KN Muim
Suncy Deputineiil 48 (nott) sutvcy of llu
Jxin&oon nvti ,0 of AI j ib ^0 A oiMoul
mini ^2

JAYAN rA hill sin vc) 108

Jjbitvis Majoi his ittcmpt to sucocod Coloiitl
Lveitst is buivtyoi General 91 his &Uiviy
of South KonUn 100 hib meinou on the

buiveys of Indii 101 notice of 101 (wo^)
tr msUtoi of IIu&d b travels 34^ (note)

JJLSSOB A\oikon "by Mr Westland 360
JHEIIIA coal field 18 220 232
JODIIIUB Meridional senes 132
JOG i TILA series 114

JOHNSON Captain suivey of Bhopal 81
JOHNSON Mr m the K ibhmn survey 13^> visits
Khotan 133

JOHNSON Mr with a party surveying A i a sent
to undertake a eadibtial saivej of Patna and
Gaya 187

JOHNSJPONE Colonel with the IIizualieldlToice
169 his suivey of Bannu and Du-vpt 187
Kohat pass 187

JONJL& Sir William his interest in Indian anti

quities founded the Asiatic Society 237 dis

covery of a date in Indian history, 240 his

system of oithography 38^

JONESIAN system adopted by various authorities
38u

JONES Mi on coal fields 209
JOIP Captain deputy Suiveyor Geneial at

Bombay 92

JOSLIJI Mi Chailes his map of the Hugh loo
JUBIL Straits of suiveyed by Captun Marshall

1 5

JUMNA surveys of 57
JYNTLA Hills (Sec JAYANTA )

II h

K peal 114

Koch coast of Middlcton s suivey 9 Grieves
suivey 22 laylors survey <>5 survey by
Colonel Monici Williams 82 fossils m 211
30 234 feu Butle Preieon the Ran of 214

itpoit of Mi Wynne on the geology of 231
tidal obbeivations in the gulf of 319

IVAILAS peak height fixed 133
KALIAN v. observ itory 89

KANGPA geology by Mr Medhcott 26
lOiucinbaso line 111 survey by Carless 22

suivey by Grieve 22 tidil observations 7t
316

meteoiological observations at 288
IVAII \Kiirit hills geology 220
KAIAKOHIM piss reached by I)r Ihomson 34,,
IVAR uvii rmi coal field 219
KARARA Mendionil senes 93 103
IvvniABAiti coil field 219 220
Kuiri civc 237

lock 227 S^S

tr femveysbyielix Tones md Selby 32

suivey 113 120 133 Jicquomont
and llu

to
el m M, sencs completed 13^

dcscnption of tcmpleH 2<>7

K va ui MINAR 239

KAUJI C iptun las liun^uhtion icioss the
p< rmisul i 67 His hy^i omctu 63

(note')
wf simcy byJiuit Bha 6 and

Wlnti loci >0 suivey bj C oust iblc ind Siifft
2 b^Ii^Joi *, wu\cy by ColomI Monici

Williams 82
thelopogiaphutlsmveyoi UI

AIB C Imton l^sq on fossxbferoub lime
stones m Southern India 2U

luutNS Rev T J picBhibtonc lununs m
JCinnevelh 219

Ki \riNCji Colonel eollcetion of fossils in the
]Narb ula vallc> >08 Bui wai iron works undci
the auspiccB of 224

KLLIAN Mr completed the Rahun Mendionnl
senes 123 m chaige of the Sambalpur series
131

KILLING- Captain voyage of 1 journal 3
KILLI Mr on the Midnapui suivey 187
KFMITIIOKNE Lieut (RIN) m the leiwan

Gulf survey 12 his paper on the voya e of
Neaichus 12

IVIALS William his suivey of Bindigul and
Madras 76 of Coimbator and the Nilginb 77

IVLIS, Captain, hi& quarrel with Lord Valentia 7

2



470

seues 106 124

Hills survey 168 174, 1/8 geology
-217 iron 217 Nummulitic limestone 217
coal 219 Megaliths on 249

IUIOTAIS visited by Mr Jr hnson 133
JviNGr Mr Willnm Geologic il Sun c> exploi

ing the coil fields in the Goelavail valley 23

discovered the most southcin coal field at

feingarcni 2<>3 in Midi as 227 tiaem^ the
bound iry of Ivainal and Cuddapi rocls\37
repoit on 2 8 lectures on geology at Madi is

28 m the IungaT>adia villc) 22b discoveiy
of stone implements 232

KIRKI vntiei Colonel his woik on Nop il 343
Kisrvvmu (6?t KRISHNA )

Ivinoi Gaptun Mukhim Ins cxcivitions at

feu-math 2)2 his ^orks 241 (wofc)
Ivi AiRoiir mip of Cential Asia, 349
IVNICIII Ciptam M & Journal of his A ictus

voyage found in the India Office 3 printed
and edited 412

Ktfox Cuptun suncj of the Stmdiibaris
K.OJ ICHLTL ITuhoui pi m bj Mi Chapman 40

KonvNciBi) suney by Miclnel Jopping C

by T lent Wautn 7 OeCocoNVDA) b>
Giptim JCiylor 34

Kosi Valley suivey 133

Kiasnvv pijciistonc iimunf. 2 smvt} of
nvei by lopping 6

KUMAON survey by W ebb 81 md Giuhwil
commenced by Ciptun Cutei 133 uoiioich
023 2 '4 3

KtmnABAiu coalfield >16

Kum i MURIA Islands 1 J

KUKRACHFB (Set, KARACHI )

KUKSONDYS MIDIIOMDVS woik on Bijipui
published at expense of 2o9

KUIUB MiNvis ;8

KYD Mijor map of part oi Mysoi by, 7
IVYD Captain Times tidil

obseivitions, "ill

notice of 311 (note*) commenced the Botim
cal Gardens at Calcutta 3Gu (note)

LACAM Ciptam miuno suivey of

LAOCVDI\ES &uive> by Wed^boiough ^ by
Moresby 10 by bclby 2

LUIB Lieut (BIN) survey of portb south of

Bombay, 24

LAMBL Br abstiact of meteorological icii&tcrs
278

fo

LAMBTON Colonel notice of CO 62 his pio
posalsfora tugonometncal suivey 03 men
surement of the first bise line CC pielmimaij
hboiu% 6G second base in Mysor G6 com
mencement of the Gieat Aic 67 repairs
miury to the theodolite 6, enjojment of his
work 69 his difficulties 69 want of offici il

encouragement GO minute of the Go\crnoi
Genenl 70 desciibed by Everest 70 deith
71 his woik 71 72 notices of 72 Ins

102 icvision of his woik 1 6

I UIBTON s 1 cik i ingc 77

LYXGHSIIR birJime Ins fiist\o>n?e 1 his

manusciipt lournals lost 3 public ition of his

voyages 422
I \TSL Mi on the Midmpui suivcj 187
I ANJ Mr Clnrles completed the eastein end of

the Ilimil i^an senes 10 106 on tl e Gie it

longitudinal senes 108 begins the Listtin
Irontiei cues 1 9 leveling opentions 13G

LVRMINIL Lieutenant tningiiUtion m Assam
129

LvrLRin Ciptun NoA\bolel on *>1 213 re

portb on mOiissi 219 non obt lined fiom
223

LA.TIIUDL obscrvitions in conn xion \vith tlio

tiigononietneil points 137
L UK in ON Colonel sun ej of Bomb ly town and

linboui by 1 )G

LA^vjLNei I ord put a stop to the fu t Vichx.o

logic il feuivcj 26
I \wai NCI Captain II Kexemie suivey m tlu
Doib 97

Tivoir Mi 1 V Snrvejor^ith the Lu lui

expedition 1/2

I 1 AD 01 es m Oh
itisg- uh 30

Ir L Loo I mice
IT MTIING opei ition 11^ 13 j 1J(

Tinis Iieiitcnmt smve\in
rt on the A\csteoist

33

IIIVSA jomney of the Pundit to 140
Limiua of the computm^ hi meh of the Gieat

In^onometneiHuivcy 14 ^eolo^u 1 ^3

Kiuuoubis h tsof pu paicd b> 3\ti Cumr
ton 48 > 3

LKNIII (S^ COAT Gcncul Cur TIN)
Innoduimebranehoitk Stnveun OuiciaU

office, 176

ITOID Captain, survcyuiff undei D uncl 1 OSB,
11 Minne Survejoi Genci il 7 R \ f lee
of the bund ubins 2 Chittnnonto n\ei 37

TOG BOOKS destuietion of m the India Office 3
Io< VN Mi C executed the UuntU is Men

(lion l senes 104 md pait of the Nl
Him day m series 10* 106 dc ith of 10^

TOCAN Mr G on the NW llmiila) ui senes
103 it the Chueh bise 110 hi s death 110

LoiiAit v Hematite iron neir 23
LONGJTUJDI of Madias 64 6 86
IONGHUDL mea&uiement of difference of by

electne tele^i iph 137 138 334
LONGITUDINAL scries of the Great lugonome

tneil survey Calcutta 81 Bombay 71 92
UO NI Ilimalijan 94 104 severe ser
vices on 104 completion of 10 106 N W
Ilimilaym 108 Great longitudinal SeriesW section 108 Eamnad 127 last Cal
eutta 128 Bidir 131

LOVE Ihomas Mb journal m the India Office
3

Low Lieutcnmt OR (KIN) his histoi* of
the Indi in Nivy 30 (7*0^)
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IOWJCR CIRCLE of the Eevenue surveys 187
188

ITTBBOCK Sir John on tid il observations 312

LUCKNOW Obsenatorj 328 visited by Colonel

Stiange 114

LUSHAI siuvey 171 1/2

LTJSHINGTON Captam E N Commandei in

chief of the Indian Navy 24 2j
LYDI i KT n Mi E Geological smvey revi

sion of the tertmy locks of the Punjab 226
LYI LL SH Chailes Bait on the Allah Bund

214

IYNCH Captam H B CB (RIN) in the

Icrsian Gulf smvey 12 on the Mildne
suivey 16 Mesopotami in suivey 30

Tio>, Ciptim senes of orelnteetmal photo
giaphs m South Indu 246 of Tama temples

MACAULYY lieutenant suiveymg on the coasts
of Kdch and K itiw u 2^

McCiY Mi Sm vc) 01 with the Lushai expedi
tion 1/2

MCCLEILANB Di geologic il r^poit 216 his

meteoiologicil tables 27 J

McCLUEit Ciptun smvey*? j \oynge to the

lelewlshnds u suivey of put of the New
Guinea Coast 6 deithof 6

McCuLLVGii levelling in the Madias Presidency
136 JVIysoi suive> 17o

McCuLiocn lieutenant in chu e of the Gujiat
suivey 13^

M \CDON VLB Lieutenant Rodei lei on the Bud ion

Mendioual &enes his death 93 107

MveooNviD Colonel with the Lushai expedi
tion 171

MVCDONVJD Ciptam on the Mikhvc suivey
16

MvcGiiL Mi on the Gieat longitudinal
senes, 108

MvcGitLGOR Colonel Gazetteers of Cential
Asia by 3ul 3u 9

MVCKLNZII Colonel Colin his suivey 61 73

Suivcyoi ^eneial 74 80 Lib auhqu man col

lection /4 38 240 941

MvciiNTOsn Sn Junes founds* the Bombay
bianch of the Asutic Society 237

MAGLLOB Colonel explonn to loumey of m
Btiinu 99 413

MvcMuKDO Geneial on Smd 214
MAOIIILRSON Captun on the lUiduabacl snr

"vey 100

M \DDOCK Sir Ileni} injudiciously du& into the
S inchi Tope 2oO

MADRI& Botany 368

Geology 227 2 8

, Iron Company 223

Jouinal of Literatui c 2 3 7

Maps 191 manuals (clistnct) 380

(note)

Metcoiological obsenation<5 280 29^,
332

Revenue surve} s 188-193

Obseivatoiy 64

Military Institute 7u /7 333 336
1 line signals foi shipping ,334

Mu>i vs Co ist sencs 128

MVDUJU suivc} 76

MIGVDHV icscaichcb of Genei il Cunningham
263

MAGNLHG obseivations at Bombay 339 On
^ indium 33 338

MuiVNVDiEnei 363
Masci Colonel ai chaslogical researehes 241

it the Smchi lope 2^1

MvLAuvr smvey /6 piachistonc icmains 2t8
Mvr ICG v shoil 20
M VT \NCIIV Mci idion il senes 93 104 107
MVLCOLM &n Chirles Commandei in chief of

the Indian Navy 14 23

MALCOIMSON Di on basalt in the Deccan 212
214

MVLDIVI Isles 6uncyBy Moiesby 16 memoir
on 17

MviLr bu C account of Elloi i Ca% es 240
MATLII Mi Geologic il smvey exploied the

Ivota co il field 222 22,, ^agi Hills lustoij
of the Vmdhj in ioel s by 22o colleetm
linn ih} an fossils 2 >k>

MAiwvsui\ey 171

MUSTYR Gnllof smvey by lowell mdEtheisey
17 by Ciptiin Eranllm 18 leconnoitiecl
bv( iptun Bi infill 1 7 Stilt Commandei
Ellis ^0 Mr Ohapmin 49

MANGAIUR Mendionil scnes 130
MANIIUR smvey by lembeiton 99 iccent
&m veys 171

MANNING Mr I public ition of jomnil of 420
MVNSITT Ciptun KN suncy of Stunts of

Jubal l,

MVNUVJ of Smvejme by Colonel ihiullier 117
foi Aladi is distuets 3 so

MAIS (S'tr ATLVS 01 INJ^II GLOWIAIHTCIT
Djul V11TM1NT )

MAI MOUNTER appointment ol in the Geo^ia
phic il Department of the Indi i Office 412 \is
woil J-lj 417 4^0

MVKVTHI Dictionaiy the Gilcliiibtum sj tern

adopted for 388
M a co POLO ( Ste YULI )M \RINL survejs i a seq discour igemont of

3 stopped 38 futile an moments 40
uihency ofresumption 42 Suivcyois ^enei il

8 10 >"7 office iboh&hed 28 Superintendent
of and new Depaitment 4, 417 snivels
required 46 duties of the Department defined
47 staff 48 (note) first repoit 48

MUIKHAM Clements E CB IBS repoit on
Wyniad 364 on the inland navigation of
Tiavancoi 364, 373 (note) on the effects of
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MAPI HAM Clements cont

the destination of forests m India 373
m chiige ofthe Geogiaphical Depailment 410

piepared the 1872 ind 1873 MoialandMateiul

Progress Repoits 415-419 woik on Tibet

420 (and note) farewell to the Depaitment
423

MARSIIALI lieutenant (E I N ) survey of the

Andaman Islands 34

MVRSIIMAN Mi an advocate of the Gilclmstian

system 398

MvRrABYN Coast suiveys 10

MARTIN Mi Mont
toomeiy publication of Mi

dias memoiis 77 of Bengal statistic xl sinvey
378

MvsrEriNr Nevil Astionomei Rojal letter

from cheeied Colonel Lunbton m his aiduons
^orl G9

MASSON Mi examination of JaHlabid Topes by
253 collection of coins 260

MAT uni VNGA nvei map 97

MUJGIIAN Captain Maime Sm \eyoi 8

MAVAI 11 ur YM 240 2u3

MixrirLD Ciptara 7 with Loid Valcntia m
the Eed Se \ 8 suiveym^, the Bay of Beng il 9

MYVWELL Captun on the Benaies Revenue

&mvey 97

MAY Lieutenant (RIN) suiveymg with Cap
tarn Selby 2^ and Tayloi 35

MAV Mr J fe maps of the Hugh and other

Ben^il meiB by 97

MEDIC YI Officeis mcteoiolo^ical ic&istcis kept
by 27,1 \

MLDIICOTI Mi H t Geologic il Suivcy m
Ceritial Indu 22^ exwmnation of Sawahkli
hills 22 , 349 and Kan^ia 226 on 9 eh

efflorescence, 226 Supeimtenclent of the &ui

vcy 23^

Mri>ncoj?T Mr T G Geological Suivoy 216
on the

ft
eolo&y of Cittick 219 examining

Karhahari coil fields, 220 in Asstm 20
Mohpani coal fields 2 m the Naibada

yalley 224 229 ICMSIOII of tutiaiy loci s of
the 1 unj ib 26

Mria AN Coast suivey Lieuteu int JIaincs 12

Lieutenint Criidlcstone 43 new ehirt by
lieutenant fetific 14

MLLVILIE Cnptam A B on Kashmir suivey
121 in Central India 167 177

MrMOiR on the Indian sun cys 422
MERGTJI Archipelago Lionels suivey 27 to be

visited bj Ciptain Tiylor ^3
MERIDIONAL SLMJ s (see Great AEO SEiiirs)

designed by Everest from the Calcutta Longi
tudmal Sene 93 Calcutta Meiidional Series

104 ^^BUBAON RANGIIIE AMUA KARARA
GAKWANI GORA HURILA.ONG CHANDWAR
PARISNATII MALANCHA PILIBIT South Kon
kan series, 106 Khanpisura series 106
Coast series, 107 114, 125 Indus senes

MERIDIONAL SERIES cont

112 Jogi Tila senes 114 Guihagaih
series 114 123 Aiumha seller 114 Sana

"balpui series 114 Kahun series 123 Ban
galoi senes 127 Biahmaputia scues 128

Mangalui series 130 Jibilpm nnd Sambal

pui senes 131 Jodhpui senes 332

MESOIOTAMIAN suivey 29 33 recovery of
lesults 412

MFTJLORIC stones large collection m the Geo
logical Museum at Calcutta 233

MPTEOROLOOICAL obseivations then impor
tmce 276 by Colonel Peaise 2/u by Tiaill

Pnnsep Haidwicke Colvm Duiand Biler
276 horary suggested by Sn J Heischcl
276 by Hunter Eveiest Cunningham IIool er

Strachey Eoyle 277 Di Iamb 278 Messrs

Schlagmtwcit 278 at the office of the Sui

veyor Gener il 278 q 79 Di McClelland s

tables 279 Boileiu at Simla 2/9 280 at

Madias Obseivatoiy 80 at the Doda-betta

Obseivatory 81 on the Nilgms 281 il

Tnvandruni Obseivatoiy 282 at the A
gustia Peak observatory 282 283 Di Gil
chribts 281 Di Mouat Bi Arnold bimth,
284 Colonel Sj kes s papeis on 284 28*/ 288
289 Mebsis Nortons at Bombay 284 Cap
tain Mine un s 284 Br Bmst 285 Mr
Qilebar 286 Di J Munay 287 Mi C lai

shersrepoit 290 in theMidias Presidency
29 j m Bombxy, 29) 296 30, necessity
for a unjloim system and centril contiol 287
296 observations m 1873 302 statistics by
Mr Lowis lael son, 306 enumei ition of

stitions, 308 lioiuly at Madru 332 ob
sci vat 01y it (alcutti 30 icpoiteis ap
pointed 291,292 293 307

MIDDLI TON bir Henry his voyage 1 his MS
jouinal lost 3

MIDDLEION T leutcn mt smvey of lv ich J

MIDNAIUI? Miivtjs by Captain Sconce Mi
Roll} Mi I me 187

MIT i r vitY Institute of Midr is 7 , 77

MnsroniN C iptim meteorolo^ieil obseivations

mW}nud 284

MIHINC ( Set COAT IRON )

issioNArn s publication of native books m
Roman charaetei b} 387

MiR/a journey of toW U han 1^^, i u c

MITANDER Mi Swedish
metalhugist at the

Bnrwai non -woiks, 224

MOJESWORTII Mi adopted the Gilchnstian
system for his M irathi dictionary 388

MONGRILI i Captain, suivey of Canari ,8

MONTGOMERII Colonel FKS at the Chuch
base 110 it the Karachi base 11] chaige
of the Kashmir survey 113 121 133 349
trims native exploieis 148 149 168 349
at the Pans Geographical Congress, 419 his
death 427
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MONTRIOTT Captain (BIN) Diaughtsman of

the Indian Navy 23 suivey of tlie ports

outh of Bombay 24 sun cjmg in the Bay of

Bengal 27 m chaige of the Colaba obsci

vatory 287 his tidil observations at Bomba}
313

MOOKCROFT Mr Himalayan tiavels 343 347

Mom VNI coal fields 219 222

MORVL AND MATERIAL PROGRESS RrPORTS foi

1873 and 18/4 account of 415-419

MORESBY Captain, suivey of the Taccadives

l\cd Sea survey 14 15 suivey of the Mai

dives 16 sm\ey of the Ghagos banl 17 of

SayadaMalha 17 of Tavo} /2

MORIAND Captain on the llaidaribad survej

100

MOILAND Mi in chaige of the Bombay ob

servatoiy 288

MORBII SONS Lieuts thui survey of the bundai

bans 81 deaths 82

MOUAT, Dr hoiaiy meteoiolo^ical obseivattons

tal en at Pangaloi 284

MouNTroRB Lieutenant suivcy of Flloi 77

MUHAMMAD i HAMID the first native exploier

his death 149

MULGPAVE Lord hibtieatnicnt of A Dalryniple,

404

MiiLin RAN Mi lesranption of II \idaiabad sair

vey 110 in the Uppci Godavari district his

death 167

MULLAH his -journey to the Baro
to
lul pass 160

MULI INS C ipt un F E iccount of cyelone in

the Madus Piesidency 38 icpoit on m
senptions m Nellor, u^>

MuNiPOitr ( %e MANII UB )

MurcirifeON Di editoiofDi Eileoutis pipeifa

210

Muiti AI Cipt im fiuney m J\cwih 168

MifRitA\ Di Times Meteoiolo icalobseivations

m the Deccan 287

Mi SOB, map by Colebiookc and Kyd, 57 Muvcy

by Colin Mackenzie, /3 survey parties or

gam/cd foi 17o aichitectmc in 2o6 Qiott")

^uettcei 362

NAOA Hills, 172 muidci ot Lieutenant IIol

combe "by Ni^as 173 coil m 222

NAGPUR survey 98 119

NAIN SING Pundit Touiney to Lhasa 149-1^4

to Thok Jalung gold fields 154 thiough

Tibet 162 retirement 16^

NARBADA repoit on wild countiy near sotnces

by Wiu^h and Renny 98 coal in the v illey

o 209 219 22 iron 223 224 geogiaphy

of the valley 361 repoits on 362

NASMTTII diptain at Karachi base line 111

m charge of the Gujrat suivey, 13*, his

death 135

FXILOHEKS (See

NIVY Indian 14-39 history of by lieutenant

C R I ow 39 (iiote)

NEABCIIUS Voyage of paper by Lieutenant

Iierapthorne 12

NEIL Dr A Meteoiological reports in the

lunjab 291

Hills (See NILGIKI )

Mi A C B architectuial photographs by
2^6 (note)

NELLOR report on mscnptions in 255

NBPVL Colonel Crawford in 80 obstmctive

Government 105 exploieis m 155 (See
BUCHANAN BJRKPATRIOK HODGSON)

NERBUDD v (bee NARBADA )

NETHERLANDS Government ariangement for the

exchinge of maps with 411

Ni WBOLD Captain geologic
il leseuches 212

213 on latentc 212 on bHcl cotton soil

213 his pipeis 213 (o/c) on the pisehistonc

leniaim m Noith Aicot 249

NE/WBOTD fen John loimdei of the Madias

I iterary bociety 237

Nionn SON Mi Mastci of HM & Lh/abeth

hife plan of Bombay Hirbour 1787 13 (note)

NieOLLS Captain on the fossils loimd b%ai 208

NieoLSON Mi completed the laiisnath Men
dional beries 104 sent to fix the position of

Andaman Mes 1 16

NILC IRI Hills discovered by the surve} ois Ward
md Keyos 77 memon by Lieuten mt Ward
77 suive} 190 geology 227 pisehistoric

lemims 248 249 273 meteorological obser

vitious 281

NIXON lieutenant suivey of poits south of

Bombay 4

NIZAM b tenitoiy (Sec, HAIDARABAD )

NORI is lieutenant on the suivey of Berai and

Nagpur 98

NOTUON Messis mcteorologieal observ xtions at

Bomb ly "*8 A

Noi TON Benjunm tidal observations at Bombay
313

NORTH "WIST IROVINOIS Ivevenue surveys 96

97 the Cadastral suivcys IS 3

,
183 184

NUMISMAIA OJRJINTALIA new edition edited by
Mi Tliomis 61 different parts 2G1 (note')

its impoitance 262 uithois 63 system of

orthography 393

NTJMMUIIWO LTMESTONL in the Suhman range

14 in the Kajpipla hills 214 m the Khasia

hills 217 north of the baw<ilakh<* 226 m
Tibet 226

NUR&INCROW his meteorological observatory at

294 29^

OAKLS Colonel suiveys m connexion -with the

Son irrigation works, 187

OBSERVATOBILS Madras, 64 6^, 66 329-336,

340 Kilianx 89 Kalianpur 90 Lucknow,
114 328 Bombay, 23, 138, 28a, 287, 288
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OBSERVATORIES emit

339 Dodabetta 281 Tiivandunn 28 337
338 meteorological it Calcutta 302 it

Limbeth (Colonel Stiau es) 201 of Tai

Si% 326-37 of Nmsmgiow 294 proposed
Solai obseivatoiy 340

ODoNEr Mi Ee\enue suivey in Arakin 119
OGLE Mi suivcyoi with the Lusliai expedition

172

OLDIIAM Di 1 Ii S Supenntendent ot the Geo
logical survey notice of 216 his lepoit on
the Khasu hills 217 Rajinehal lulls 217

accompanied the embassy to Ava 217 views
on Indnn coal beds 2^ repoit on the coil

lesoiuces ol ludi i 223 disco\ eiy of the Vmd
Irymiocls >24 his sei vices 232 retueraent
235 his list oi Indnn e u thquil cs 233 3C1

OrDimi C m Mitfias is i & coloto ibt, 227
his death 28

OLDIUX Di W on the lost iivei of the Indi in

dc&eit 3o8 on the distuct of G-ha^pm 300
OIIVLII Ciptam Sn Robeit RIST Coinmmdci
m Chief ot the Indnn N ivj 23 hib dcith
24

OLIVIII Ciptim on the I\evenue binvey of the
N W lioviuccs 97

OJLIMI Mi Joseph m chuge of the Calcutta

lon^itudm il seiies 84 85 assist int to feir

Geoine 1 vcust 87

OMMANN i Iieut siuveymto between Goalpu a

ind the 1 r dim iputi i 9 )

OitiiNiVT upositoiy of Dahjmplc 403
Oiab&v Coist siuuj 44 ol suivcy 98 IGu

latonto of 52 ) intiqmties 2/3
OUT i BAR Mr Astionom i it Bombi} 23 286

287

OUTIIOCRVIHY of Indnn piopei names 384

systems of II ilhed iud Sn William Jones
384 18; Di Gilehnsts ^stcin 38G scheme

adopted by the Ixceoid Committees 387 the
1 nnsep and hevelj in contiovcrsy 387 sys
tern f01 the N W Iiovinccs xevenuc smvey
u88 lot &imc}ois 389 system oi liofessoi
\\ilson 38 J in Ihointous ( i/etteei JS>

system of Di 13 ul^ci VJl system ioi the
Numisin it i Oi lent ih i 39 J Mi B u ton s

pioposxl 3)j iction ol the C oveinment of
Indii 3)0 Di Iluntei system 39j-3J8

OUSIIIY Colonel his tml ol Nubidi coil

209

OUCIITIRLOM Colonel siuvej of the Nilgin
hillb 190

Oxu& discovery of the bouice by Wood 21

Colonel lule on the geography oi the 3ol

1 ALAMAU coal field 219

PALj>LONToroc>iv IisBici conducted by Dr Sto
hc^ki 30 account of 2d4

PiUuOMOLOGibife ( %6 Srouc/i A WVAGJ v )
PVLK Strait, suivey bj Powell and Etheisej 17

PALNAI hills account of tylient Wud 77 12
364

PvNcnrr coil beds 2 1

1 \.NDY VN dynasty 4 1 2/4
1 uasir Iieufc pipei on the influence of foie tt

3/1

I aiiSNAin Mendional enes 93 104 107
1 vmis Mr W tide tables 31^ 316 317
1 v&eoi Niv Lieut BN Maime Survey DC

p utment 48 (note)
PUNY Cadisti il suivev of undci taken 187
1 AI\\ mi system ( S<?<? PUKJ vit )

PLUiLbinks phn by Capt un Pi inkhn 18
PLUISI Colonel his suueys o, meteoiologieil

obsei \ations 27u
Pi GU sui\ey 168

PJ LE\V isles 5 6

PJDMBIRIOIS Ciptam Boilcxu sui\ey of Mam
put md C ich u 9 )

PJNDULUM obstivitions 140 141
li j IM I&lt m the Gulf of Cimbay fos ils 20

211

I j jua Sn I< 1 fakme notice of Asol a by 246~
-aau nup of by Mvjoi bt John 417

PIRRIVN Gun chut by McCluer ^ survc>
commenced byCiptunGuy 11 officeis em
plo>cd m the stmey 11 3 nglish policy in
11 the fiist suivcy J3 icvision of the sui

\eyb} Constibk uul Stiftc 3.
I in its I icut suivcy of Bomb iv haiboui 1 }

1 J in Y N ivin itnv I icut R ~N M ume Suivey
Depntmcnt 4b (note) buneyinrt Coconmli
Piy 40

ii IRII ^Ti suppoited Mijoi lambtoufe pio
posilsioi \ In^onomctiicil survey 6)

PHI ON Mi J succeeded C ipt un Hill on the
Coist serich U)/

I mi>iN( TON C ipt un study of the law of stoi ms
36 37 >70 Geoh ieil Museum bcb un b\
233

Piroiooi vins of the S inehi lope >, of the
Ami u iti sculpture s 2 >

> C ipt *m 1 1 ipc s

sci us m Midi is 2>j pupils at Madi is

tinned m 2> } stucs by ( iptim Ijons in
S Indii 2^.(> o J una temples by Messis

SyUsandDyu ^n mJJhaiuu tnd Mjsoi
b} l)i IIDOU 2u( (noti) by Colonel Bn^s
2^6 2>fe of Bijipm 2>J ioi I icut Coles
survey G6 of Kashmin m temples 2C7
lergusson s list o( objects to be photoffi iphed
267

PHOIOOI viincbiuich of the Gieat Ineonomc
tiicil Suivcy 143 in the Suiveyoi Gcneial s
oft cc 1 / /

'noro^iNCOGiinm 143 14U 175

iiYfeic VL geography of India 341 (See <

GJRAIHY)
'icou Di irchucctmal photoftiaphs by



PINCHING Lieut in the Persian Gulf sun 03 12
in the Red Sea survey 1^

PISGAON coal pit 222

PLAYPAIR Professor reviewed Colonel Lainbton &

work m the Edinburgh Review 69

POGSON Mr Astronomer at Madias 6u (note)
138 meteorological obseivations forwarded to

295 notice of 331 astronomical woil 332 to

335 catalogue of stais 332 his detection of
the cornet of Biela 33^ discovery of new
planets 333

1 OLIER Colonel desci ibed the Buddhist pillar
Firuz Lat 239

PONDICHERRY ciet \ceous formitiorib neai 213
POONA meteorological ohsei vations at 288
1 CPU VM Sn Home s ulnig directions m the Red

Sea 7

PORTUGUESE mips md plans copies piocured
for the Geographical Department 411

POWPIL Iieut BIN in the Keel Sea suivej
15 survey of Mil dives 16 smvey of the

gulf of Minai 1 Indus Tlotill i unda com
mand of 2 wrecked when m command of the
MemnoD 26

PREHISTORIC lemoms 48 249 ,j

IruraiTA coil in the villey of 19

PIUTT Archdeacon on pendulum observations 140
PJREMGIIUND BAMCHUM> his contnhution to

wards the publication of photogr xphs of Ah
medabad 2u8

PitENDLKGvsr Captain his account of the old
fort at Arcot 2 ,<>

PRICE Lieut translation of in cnption in Ban
dalkhand 239

PRILSTLEY Colonel superintendent of the Madr is

Revenue survey 188 letirement 193
PrwoLi Captain maps of Cainatic oG
PIUN&EP Edwaid A scries of illustiative mips
by 37u

PIUNSEP H Thoby suppoits the Oilchnstun
system 387 his contioversy with Sir C lit
velyan 387

1 niNsri Jimes on fossils in the Nirbad i % alky
208 notice of 242 editor of Gleanings in
Science 8<> deciphers Buddhist inscriptions
203 Sanchi lope 2^1 collected nmm nutic
publications o9 meteor ologicil observations
bj 276 tidal obscrv itions 311

I ULL VN Captain in chirge of the Kitiwir sur

vey 134

PULNEY HILLS (See 1 ALTS u )

IUNJIB suivcy of nvers 21 Revenue Sui vey?
lafrwan system 119 184 185 antiquities
265 meteorology 291

PUNNTAE station (See Ti:sNL\rLii B IBB
PUNDIT (See EXPLOPERS K\iis SING )
1 URCIIAS Rev Samuel His Pilgnmes 2
PuiiNA valley geology of 230

QUADRILAIEIUIS of
triangulation, 107, 11

475

RAHUN Mei idional set les 1 23
RAINFALL Colonel Ihuilher on the at Calcutta
2/9 iu the Midias 1 icsidency 281 (ee

R u UIAIIENDRI sun ey / 7

EAJMEIIAI Hills coal strata 16 examined by
Dr Oldham 217 description of the coalfields
218 fossils great extension 2^7

RA.JPIPIA HILLS nummuhtic limestone 14
RVJPUTANA survey 171 17^
KAM vs base measured at 7a

RAMISWLRAM temple, 255 (note)
Rut KIT essiy on architecture 54
RAMNU> longitudinal senes 127
KAMSDEN s zenith sector for Lambton s survey 6 J

RVNGHAR coil field 219
RANGHIK Mendional series 93 94 102
RANcooNiivei survey by Lieut Jarrad ,,0
R \NiGANJcolheiies 209 co il fields 218 221
RAN of Ivach 211
RVMII Iieut under Ciptun Webb on the
Ganges survey 80

IXAVJNSIIAW Mi discos eiy of inbcnptions at

Bijiyanagir 239
RAVI an Mijoi tianslation of the Tabakat i

Nisn by 342 (not()
KiwriNSOY Sir Henry Iv C B woil on Central
Asia 3^,1

IvAl PRVCJhC 87 119

Si v c\ imin itioa of at the time of the
lV)ptian expedition 7 sailing directions by
Six Home 1 ophim 7 chart by Iieut Robert
White 7 14 lord Valentia s ^ish to survey
7 urvcj b> Moiesbv andFlwon 14 lu publi
cation of the cluuts 1 loss of the ordinal
druvmgs 412

RKUR (blicl cotton boil) studied by Captain
Ncwbold 213

IVIK efflorescence report by Mi Medhcott

Ri NDI T Mi
issistnig C ipt un E ur d m his tid U

obscrv itions 300
RINNLIL Major, 4 io notice of ,4 his woik

in tlieiield ,4 Ins maps of theGniges md
Biihmaputia ,4 * surve>s ,, tailed to sup
port Lambton 69 is to position of Sim i ar
79 hib woil is a geo mplicr 401 his death
402

RINNIL Lieut suivc} of the N Ivonkm coast^ m the Bay of Berigil 2 with Phiyre b
mibsion to Ava 29

RrisNY TAirYouit Ciptun assistant to Colonel
Everest 87 mcasmcment of the Dehia base
88 finished the Budaon Meridional series 93
lopoit on the * ild country near the source of
the Nub ida 98 on the Malancha series 104
at the battle of Maharajpur 94 assisted at
the Sonakhoda base 106 commenced the next
section of the Great Longitudinal series 108
retirement 108 (note) geological work 208
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HEVENTTE SURVEYS NW Provinces commenced
undci Colonel Blacker 96 97 Majoi Bed
fold supeimtendent in Bengal 98 system of

conducting 118 Patwan system in the Pun
jab 119 attempts to connect the Gloat Tn
gononictncal Smvey with the Bombiy woil

135 uses and importance of 180 NW Pro
vmces 181 Cadastial smveys 182 Punjib
system 184 uppei and lowei cucles 187

extent under the Government of India 188

Madias 35 stem 188 to 193 Bombay system
193 Ilaidiiibid assigned distucts I9u My
sor 196 sj stein of orthogiaphy foi 388

REWAII simcy 168 Jacquemont on the rocks

of <>08 coal in 222

RICE Mr Lewis Gazetted of Mysor bj 362

RICHARDSON Di cxploiin^jouineymBuima 99

RICHELILTI Captain of the Siamese Navy his

sui vey of Salm^ i 52

RiciiTiiorEJiF Baron on Ccntial Asian googi iphy
353

RiDDELju Copt im sui vey of Phopal and M ilwa

171

RIDDLE Lieut (RIN) on the Maldive sin vey
16

RIICIIIE Captam J hydroariphu to the Last

India Company 4

RIITLR Girl collections foi Ilmufoyan gco
graphy 349

RIVERS Lieut II on the South Ivonlnn senes

10G on the Auimlii senes 114 124

Jlivi J B mips of ( Ste Gr VNG-T s Bi A-riMAptTTiiA

HUGLI IRAWADI BiiAGiRArtu TVTAWCI MA
TV.BVNGIIA Kltt&llNA INDUS MLSOIOTAMIA
CniTiAGONG )

ROBERTS Mi surveyoi with the J uslui cv

pedition 172

ROBPRTS Mi of the Niutical Aim uric Office

his aid m computmto
tidil oto&m itions 321

ROBI i ISON Mi C L repoit on the h ubouis of

Indii 373 374

ROBINSON- Lieut on the Maldive sui vej 16

ROBINSON ColoncJ Ins suivey of the Sind Saga
Doab 120 notice of Jus seiviees 1~1 (?iot<)

Roue cur IPMJ ii s (S<e Civi iiMjiiy;
ROGIJS Lieut commenced woik m the Gicit

Ingoixometncil fouivey at the Ban^ iloi base

16 it the Cape Comoim base I
1

/ noith

section of the "Banj., iloi Mci idioiul sents 17
in c"feir

to
e of the Todhpui Mendional senes

132 Fi&tcrn bind senes 132

Roc FRS Mr Alexander on the nummuhtic lime

stone neir Surat 214

Ross Captim Daniel sune>s on the coast of

China succeeded C iptim Court is Maime Sur

veyoi Gencial 10 11 method of surveying 11

proposals foi tidal observations at Bombiy 313

ROSSENKODU Mi attended on Colonel Lambton
m his last houis 71 assistant to Colonel I vc

rest 87

ROSSENEODE Mr J on the Greit Longitudinal
senes 108 109 selection of the giound for

the Kuachi base 111

ROSSENKODE Mr W C commencement of the
Indus senes 112 on the Coast series 114
on the Fastern Piontier scnes 129 enteied
Buirna 129 retnement 129 completed the
Bidir Ton^itudmil senes 131

ROUTT SUJRVElfo ^4tO j8

"KOYBUROI Di his botanical woik 365 his
niticles m the Onental Repositoiy 404

ROY IL Soon j?i tudy lecogmtion of the value
of Colonel lambtons woil 69 injustice to
Colonel Everest md his slafi 91 lemon&trances
of Colonel Fveiest igainst the conduct of the
Council 92 pendulunis lent b} 141

Roiu Di descnbed the Sasaki h fossils 210
metcoiologic il observations by 27 / on Ilmia
liym geoaia]>hy 3^6 Sihumpm Girdens
368

LUNN 01 Curdi (SC^KAN)
RUSSIAN Government uiarinement foi the e\

change of maps with 41 1

KYATJ Mi at woik on the Sutlq senes 124

tnau^uhtion to Poit Cmnme 12 J on the
Kumion smvcy 133 134

SADRI Jaina temple it 2^7
ST GLOIIGL Mi of the Geological Sun ej 216
ST JOHN Mijoi diffeienceol longitude between
Jondon md lehcnn b> elcehie

tclc/,1 iph is

cu tuned by US mipoCPusn 41 /

bAii Ivin^s of ( uji it then COIIIB 260 371
S \HAKVN i UK Goveinment ^uclens 20 (

) 3G8
SVTIM non deposits 227
SUMOND Colonel (Milituy Secieliry India

House), amazements for the publication of
the Atlas of India 40 >

bvLHnu suivey by Lieut Blair G cives"~of
37 241

SATI Mi sccieliiytoJoulValentn Ins ic count
of UK eives oi S ilsette 241 Ins mission to

Ab^ssmn b

SuiKvNO 120 217 fossils >31 232
Sun AH mi senes 131

SAIVUH T i b Captain m the Nj^a Hills 173
bvNeni Ion (Buddhist) copy oi msciiption

deciphered by Pmisep 2W >jO 2,1 ex uumed
by ( entral Cumimgh mi 251 c ists taken by
Lieut Cole 266

SANDIRS Captam (KIN) smvey of theAribian
eoabt, 19, 24 21u

SINITARI CommiSbioncrs meteoiolofficil uports
b} ,294

SANKEI Colonel on Cooig 364
biiiACi NIC irchiteetuie 2 ,8, 2 j9

SAKNVTTT rums 2 j2, 264

SAEASWATI nvei 3u7 3^8

SARIS Capt im voyage to Japan, 1
, his MS

jouinal missing, 3
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b\.&SANi IN coins 60 2C2

S VTFUFA coil fields 222

S-A-irtrNGYA Jama temples at 2^7

SATTNDER& Mr Trela^ney Assistant m the Geo

giaphic il Department of the India Office 410

on the physical stiuctuie of the Himalayas 3jO

353 his aiianaement oi mips ind lecords

410 completion of catalogue of mips 411

his Memon. on Mountains and Bivei Basins of

India 413 maps "by 413 420 geneial cata

logue 421

SvwviArn Hills discovciy of fossils 209 210

geology by Mi Medlieott 226

SAXION Colonel survey m Grinjim 119 168

170

S nrr C iptim Touinal fiom luauclo to Cochin

Chnu (MS m the Indu Olhce) 3

SOA^LAN Mr icpoits b} 169

bciiLAG-i'NTWLiT Messrs then volume on Indian

meteorology 278

SCINDL (Sec SIND)
SCONCI Mijor sutveys in the Lowei Provinces

287

Scon Mr Andrew suppoited Mgoi Tambton

m his propos il for i tii^onoinctiicil survey

63

SCOTT Colonel map of tlie Madias Picsidency

191

Scoa i Major Be Couicy m charge of the Madias

Kevenuc surveys 193

SCITTLY Mr on the Kiran Mendion il series

103 dcith 103

Si T/BY Captain (I\, I N ) survey of the mouths

ol the Indus 22 of southern pait of -west

coist of India 25 Liccndives 2j Bombay
b ink of soundings 2; 111 the Me^opot umin

suiv<j 32 \i ucovuy of the ic suite of

his Mcsopot uni in woil tl

SEIWI s (Iii^onomclnc il) (S<t I ONCH UDINAT

andMrmoiONAi )

SiyraPAComs 40 253 2 A
SrvAin s (^66 SAWAI AIGIS)
Srwrii Mi E leseirchcs itAmiaviti 72

SHVRITI Ciptam loss of his blnp 1 MS
joninals (Indn Olhce), 3,

SHAW Mi woik touching on ILmal ly in geo

to
i ipliy 3j2

SmiYiRTON Mi cxeeuted the Guiln&irh

series 111 124 on 11 secondary senes Ironi

Chill i laic to Bilasoie, 114 on the Sutlq

series 14 in clur^e o 1he Tibalpui senefe

131 his death 131

SIIORAPUH geelo^y of 214

SUORTI i BE Lieut on the Bombay Longitudinal

senes indulge of the Iv nor i Meridional

series 103

SIBDONS Lieut II
,
tidal obseivitions at Chitta

gong 313

SIMT v meteoiolo& ico,l observations 79 pro

pos il foi a solai obsexvatory at 3iO

SIMMONDS Captain on the N W Piovinces

Ecvenue smvey 97

SIMMS Mr Ins map of Calcutta 407

SIMPSON Ee\ Mi photogiaphs tal en by 266

SINCLAIJ Mr P G tidal observations by 312

&IND coast of suivey by Grieve 22 map of

101 (See INDUS) fossils m 211 geology
214 230 geography 35o East Smd series

132

SIND SAGVR DOAB, survey by Colonel Eobmson
120

coal field most southern in India

SIRONJ base line 84 90

SrwAi ii s (See S VWAL vi us )

bMiin Sir Thomas fiist Governor of the East
India Company 2

SMI in Mijoi Lucie discoveiei of the Chanda
coil field 232

S-MIJLII Di W Ainold his diagiam of the

mcteoiology m Sil andrabacl 284
SMITH Colonel Band list of carthqual es by

361

SMITH Lieuten int on the Ganjam survey 98

Captun K joint author of the Manual of

suive}ing -with Colonel Thmlliei 117 (note)

&NFLT, Ciptun survey of Eajamahendu 77

Gnn-jam 100

So VMDA smvey 7^

bocnius (SU ASIATIC EOYAL MADRAS,
Jjlll RAKY )

SOMVTI eoast suivey 26

SON vi IIOPA base line 104 106

Mr tepoit on iron ores of Kumaon

visited by C uthne Ilardwicl e and
Dmiell the aitist /9 position fi^ed 80

Si \ci nigent riceessity loi the mip eolleetion

of the (x-eo^i iphieal Department of the India

Ofhec 414

SiiiirN( (S, Omno( TAIHY)
Sj j USJIM ii>i i Mi G m ch \]^( of the 1m an

282 3i7

Dr geological reseaiches 208,
211

foimVxlley lepoits on fossils 11 226

bjonis^oo-nr Mi "W PR& on the ancient

astionorny of India 322

SIANDARD seilcs md bus 91 verification,
143

Si uisiicvT survey ol Bengal by Dr Buchaniu
80 of India 377-385

S rn HEN C iptain on the Kcvtnue survey m the

Doib )7

Sum Lieutenant Survey of Ivaiachi 23

eoistoi Katiwar witliTiyloi 2> levision of

the JPersnn Gulf sun ey with Const ible 3^

sei vices 36 new ehait of Mel ian coast 44
47
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STOLIC/I i Di T revising fossil fauna of Ilmaa

laja 2C 231 in the Kashgar mission his

death 23 1 conducted the Pateontologia
Indica 231 publication of his TV 01 1 232

STONE implements disco\eied in India 232

SiOHMS study of the 1 iw of 30 37 38 _90
biRVCHEi Henry on Western libct 211 34j

his view of Himalayan geogiaph^ 346 347

SrrAcniT Richaicl (Geneial C&I) coiiect

estim ite of the height of K ill is 133 cxaimna
tion of pait of the Ilirnalayxs 211 meteoro

logical obsen ations by 277 explontion 34 j

347 plants collected b} 369 (note')

STKAITOT Captain suryejm& etst of Nimich
169 m Baiputana 171 17 j Mjsoi 17^

obseived the tiansit of Venus at Lahoit 339

STKVNGE Colonel 1 ~R & on the west section

of the Grcxt longitudinal senes 108 it the

Chuch hase 110 at the Karachi base 111

in chaige of the Coast series 114 ictnement

his great abilities 115 aim il of msfiumcnts

designed by in India 13b tool cli uge of the

supply of mshuments for Indu 200 his oh

sei^atoiy it Tambeth 201 his system 20 5

his dcith 206 testimony is to the vilut of

his 8} stem from Colonel Termint 340

S u OIAN I leutenant (R I N ) siu vey of I unj ib

livers 21 92 dexth of 9
/

feuDii v reached by Captain Burlton 98

Suj / Gulf of sum> b} Bui er 1 j

Stri VIMAN i mge gcolo&} 2H oitho^iaphy
3ul

IbtTN inanecmeiit foi tilan duly photogi iplis

of 340

SUN siois connexion ol "With amouni of i im

fill 300 307

SLINDUU vivs selfice of suivey b) Knox

byllo)d >7 suivcy by the Momtftoiib 81

by Gastull 110

s, memou on the 422 ( Si<, HLVJ Mil
,

conference of at All ih ib id OS

system of 01thogiaphj ioi 380

SujttJTiOit GLNI RVI (S^c Ki NNI 1 1 C VTT

WOOD Con urooi i C AKSIIN M VCKI N/IL

CUV.WIOKD HOD r SON PIACIIK WAI ion
FVJKLSI WAUCH IIIUITTOR)

S0RV1 YOU Gi NI R vr s Ornci lithogiaphic

bunch 176 photographic bi ineh 1/G en

griMng bi inch 177 photo/mcogiaph} 176

publication of maps 177-178 meteorological
obsei\a,tions tal en at 278 2^9

SWINY Lieutenant (II IN") suiveym^ under

Captain Selby 25 on the Corommdel coast

29 -west coast of India, 33

SYBENHAM Captain account of Byapur 240

Si i ES Colonel on the trap formation of the

Beccan 21 on Brj xpm 241 on c ivcs neai

Joonui 2j3 his papers on Indian meteoio

SIKES cont

log) 284 28 j 288 289 ontheDeccanphteaii
362 statistical lepoitei in Bomb i} 377

Snis and DYLR Mes&is photogiaphs of
Tuu a temples 2j7

&\UD MOII SIN skill as an mstiumcnt mil ei 89
103 at K irachi base 111 199

1 vir i ouii (/See Iu N\Y T VILYOUR )

T vi AT i IIEI v b ise line 1 84

lALcimt coal field 219 name gncn to the

&ioup of loel s 220 221

TA-VJIT dictionaiy, Jonesian system adopted for

38 j

TVNJOI i base line 67

TVNNEI Ciplun ^ith the Tushu expedition
171 his iccount oi the opciations 17-

I a H \alle} ^eolo^j 230 aecounts of, 3 02

I vs IN Mi T B iths published it Caleutta

by TOO

T v 1 1 Cnpt \m smvcy of Bomb ly Isl md 8

i u OY snrvc y by IVfoie&b} ^2

i v^rojt Colonel Meadows C ST Ins syst m
of icvuiue sm\e}ing m the ITndiribul xs

fti^ucd districts no on the geolotoy of

Shonpm 214 ue-h lologicil leseuehts 246

piochibtonc uiiumsin Shoi ipiu 24) memou
on the uehiteetme oi Dhu^ u md Mysoi
>
>6 on Bij pui ')) idvocite of the Gil

elmsti m s\ stem of spellm^ 30 )

JVUOR Mi Lhomis ( Umille astiononui at

M idnih ( > his longitude of M idi is >

assisted it the measmemcnt of the B m lei pur
b ise line b(> meteotologK il obsd \ations at

jM vdi ib 280 est ibhbhed the JJoel ibett i Ob
buvatoi) 281 notiee ol 329 obsenations
at Mxdi\s 3 JO

1 vn on Comminelei A I) (1\ T N ) his disco

-seiy of lost pirns it Bomb iy 21 33 sui\e}s
01 the mouths of the fnclus 22 suivey of

poits south oi Bombiy 24 ol the Lace \ dives

2 , ol the coasts oi Kach and Ivatn\ ai >

ol the west eo ist oi Indu 33 34 his -wind

md cm lent chut 3G deputed to Calcutta

with \\ie\Yto the lesumplion of nmme sui

-ve^s 43 Ins Fast India Bneetory 44 ip

pointed supenntendeat ol Mume survc}S 4^

on the impoitince of iicquent suiveyi of the

IIubh jO tom of inspection ^2 on the

causes of tidal ine^ulaiities olo value of

his eh ut of the Gulf ol luich to Captain Baird

m tal mrt his tidal obseivations 319

ILMIII bir luehaid his dcsenption of the Ma-
banadi valle> 363

iDMron UIY CLEHK m the Geographical Depart
ment 418 cat ilo^ues by, 40 4^1 issistmcc.

from in the piepai ition of the \\ oil on libet
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TENGUI NOR hkc m Tibet exploied \j {

TjLNN-Aisr Colonel astronomei at Midi as Go

(note) 331 with Colonel Str mge on the

Great Longitudinal senes 108 atthe Kanchi
base line 111 on the Togi Till senes 11

commenced the Gurhagaik senes 114 ob
served eclipse of the sun 137 observed the

transit of Venus 339 pioposals for a solar

observatory 340

IIIEOBUD Mi Geological survey repoit on
the Salt range 217 on the alluvi il deposits of

the Ganges valley 224 icvisionof the tcrt 113

rocks of the Punjab 26 collectm
rt fossils in

the Hmulayis 226 suivcy of Burma 229
tone implements found in Buini i 232

TfuoDorijTi s by Cuj foi I mibton s sum
3.

63 repauol byLimbton 67 Laiiowbtheo
dohtc 105 111 199 icciduit to Ciptun
Hai, s 130 now great theodolit used for

obsemng the tiansit of Venus 389 (Sec
STRANGL EMRIST IINSIKUMLNTS )

TIIOM Di i cm irks on hunicine oi 1847 37
200

lno^rvs Mi Edunrd F ft S icscirches it

Sirasnath ,j2 coins 260 26^ 271 system oi

orthoflfinphy 300 393 394 (S<6 NuMiSMvrv
OBJDNTAIIA)

TIIOMISON Mr smvoting midei Mi Clupmm
at Bihiem 43

IIIOMISON Dr Ivobeit on the geology of Bom
ba} 14

THOMSON Di
, journey to thr* Ivuakonm piss

345 geological notes 2P views 011 Ilimt

hyan geogiaphy 347 I Ion Indicn 3C9
IIIOMSON Di Muniy meteoiolo ieal repoitcr

in the 1ST W Piovmccs 291 292
riiOJimiR^ Mi his woil on Binnu, 3^2
luoi NION fa Gdzctteci 377 389

TiiuULnnMa] Gen CSI IRS Sunejoi
General of India, entered the sei vice and enn- i^ed
in the Ganjain survey 97 succeeded Colonel

Wroughton in charge of the Revenue surveys
101 his Manual of btnveymg 117 buneyoi
General 1^3 notice of 166 on duty m En^,
land 168 his org imzation of the Central

Office, 17o retirement 179 on the i imfall at

Calcutta 279 his system of orthogriplry lor

smveyors 389 arrangements for engraving
the Atlas m India 408

IUIHLLII.R Captain mchirge of the East Cal
cutta Longitudinal senes 18 ol the Brahma
putra senes 128 ofthoKumaon sune> 133

survey of the Dehra forest tracts 134

TIBET map by Lamas 78 -journey of the

lundits 149 luO lol 1^7 162 163 164
II Strachey on Western 211 missions to

Tibet 343 public ition ol n in itives of Bo^le
and Manning 419

TIDVT OBSLII\ VIION& lyCiptimKyd 311 by
Jtnies Irmsep 311 iceommendeel by Dr

TIDVT

Whcwcll 31 by Mi bmchn 312 at Mi
drab and Chittagonto

31 at Smgapoie m
the Ilu^h 313 at Bombay 313 wave on
\\estcoast of Indn 314 315 tables by Mi
lules 316 317 aiiangenients b> Colonel

Wall ei 318 tidal giuge oidered 318 319

Captun Band b opeiations 319 30 321

TIIILNTII VLI R on the the course of the Ganges,
97

TINNLVELI i base line 67 suivcy 76

PHI EI \n suiveys in 171

PODD Colonel onRijisthan 2u7 (wofc) xccount
of the Gie it Desert 3^6

ToiiiNr Michael sm\cys of 6 ehief bin \eyoi
at Midi is 7 64

JRAITT Mr nieteoiolo^icilobseivitionsb} 2

1 R IN si i of Venus 339 3iO
Jiivx formations m the Decc in 213 28 in

Si& ir 22 j o:> 9

Tuvv \Neonsurve} 76 obseivatoiy 282 3i8
IIIIBFCI Mr Ilmialayin ti ivels 313

1m \iriVN Sir C abolished the Dodabelti

obsenitoiy 281 suppoiter of the Jonesiau

system of spelhii^ 387 388 390
li rcmis vi vi IT suivc> 77 fossilifcious lime

stones 213 27
Ti i< oisoMi n xe u Suivcy commencement ^9

rccencs the title of Great /O geneial

pimciples and ob-jccts ^7 OS to^veib for

fet ilion 8/ 109 nj tiacin^ S7 88 flish

si n ils 88 tttemptfe to connect with Bom
tny Iu%cmic suivcy 13 j histoiy by Colonel
Willei 144 difficulty md importance of the

-worl 146 (SJbLiiii GIUBII ON SYSILM
I VMBTOIS I yi RI R i W vur ir W vi i i it )

Jjiin C Jptun employed to photo to
i iph Di i\i

dnn uchitectuie 3jj

li rv VNDI TiBt obsei \atoi > S8 7 J37 338
li omit Ciptun Ilcni> K I in elnige of the
Mm

ft
aloi Mcridionil senes 130 in ehnge of

Kit u survey 134 joined Sn Dougl is

Joisyths mission to Kash^ u 134 le\cllmg
operitions 13u latitude observations 13/

gieat gcognphieal serviecs m Ccntial Asia
101 his geogiaphicil reports 102 3*2 (note)

PuuisBiriT Ihonus suivcy of Iinnevelh and

Dmdigul 76

TURNIK Ciptim mission to I ibet 343

UruGiiBrc astionomy of 324
UPJOHN Mi map of Calcutta by ,7

TJi PLK Cmu i of the Re\onue sui\cy 187

YAIIAEA MIIIIRA an Indian istronomer 3^3
VALINIIV lord chut of the Led Sea / on

the coist oi Abjssmu 8

VAN I j NLN Colonel Revenue survej 01 m N ig
PLU 119 Cidistul sm\e> of Moi idabad 184
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VANSTAVERN Mi conducting coil boimg in

the Grodavm -\alley 22
VENTURA General examination of the Punjab

Topes 252

VLNTTS transit of 339 340

ViG-NEj Mi tiavels in Lidak 345

VINDHYAN rocks 224 225 hibtoiy of by lir

Mallet 225 228

VIZAG-AIAIAM pi in by Lieutenant Wanen base

line 124 meteorologic il obseiv itoiy 294

295

VOYSJDI Di geologist undei Colonel Lunbton

70 death, 83 his geological woik 207

209

WAAGLN Di on the fossils of Kadi 32

fossilb of the Salt i inge 231 succeeded Di

Stohczka is paleontologist 232 letnenieut

232

WAKHAN 30iunev of the Mn/i to I*j6

WAU i K Colonel Jimes 1 C B 1\ L T L &

Superintendent of the Cieat iii&onometneal

Survey it the Chuch "base 110 ontheGieit

Indus seiies 112 it the siege of Delhi 112

levelling opeiations in the Indus A illey 113

on the Jogi Till seiies 1H his mihtuyie
counnssance of the li ins Indus ieyon 1>

succeeds Su Andiew Waugh 13 notice of

12 } icvision of L inxbton s tn in^ul xtiou 17
ineisuieinent of the Vi/an ipat im bise 14
diffeienee of longitude between lomlon ind

lehnn 138 senes of pendulum obseivitions

planned bj 140 veiincition of stmduds of

lenath 143 his histoiy of the Gieit lnno

nometiieil buivey 144 import mee of hib

chaise 14G \\orl s of 147 111 in&ements foi

tidil obsenations 317 318 obsened the

timsit of Venus 239 ui m^emeuts for en

giavm^ sheets of the Atla^ mJn^lind 411

memor induna on the projeetion and scale of the

Atlas of India, 431 to 439

WALKLR Mr John engraver ol Ilorsbui h s

chaitb 10 set of m ips by to show 1 uiopc m
connection \\ith India 37^ notiec of 405

Atlas of India cntiusted to 40u hib othei

mapb and ch uts 407 hib death 408 in mge
ments with 432

WALKLE, Mr Chirles, irrangement with 432

WALKLK C G- E&q ,
observed the 1868 eclipse

of the bun 338

WALKLR Lieutenant Reginald completed the

Pansnath seiies 104 death of, 105

WALLIOII Dr his botanical woik 365 366

WAiioLFj Mijor II Acting Surveyor General

96

WARD Lieutenant 77 127 364

WARD Lieutenant survey of Iravancoi ind

Cochm, 76 of Malabar and Midura, 76

77

WARD Commindei (R I N ) his Gulf of Aden
pilot 20 siuvey of the coast of Sind 22 on
the Anbun coast survey 24 Bay of Bengal
28 17

WAPD i co il in the valley of 219 922

WAIOI i coil pit 22
WuuiLN Lieutenant burvey of Koringi and

Vi/i^apatam 7

WAKPLN Lieutenant as&istant to Lambton in

chaige of thcMidras obseivitoiy 64 mei
smm^ th baseline itBangiloi 66 examined
the petuhed wood ne u 1 ondieheny 213

WARJII Di on the Ti ins Indus Salt unge 231

W^TLIUIOU&L Captun m the ehu^e oi the pho
to i phic biancli of the feiuveyoi Generals
onice 177 his photognphs of the feinehi Tope
2ul assisted m the obseivition of the ti in sit

of Venus 239 in ehugc of the mithem itieal

iiibtumieiit dep 11 tine lit 206

WATHLW Mi mscuptions desciibed by 2j9

WVISON Di >orbes lepoit on the me ins of

illustiatnij. u ch ue iiehitectuie 267 20)

p iper on the conditions undei whieh wet ind

dij bulb theimometeis should be employed to

&i\e iccui ite icsults is i h}giometei 2)/

Wurein bn Andiew bcott issistmt to Su
Su Geoige LveicRt 87 me ismement of the

JDcln ib ise 88 woik on the C teat Aic seiies

90 le me isin erne nt of the 1 id 11 bise )0 ou
the J oiubiy 1 on^iludmil seiie 02 on the

K inghii Meiidioml sent s )3 eonueetid the

H m
to
lm md Amu i hems (

) 1 30^ sueeceded

Su Geoi
to
e I veiest is Supunitendent of the

Gieit IiiDonoinetncal ^une^ )4 lepoit on

the wi^d eount> > neu (he souiee ol theNir
bad \ 98 bon il hod i base

,
Him il i} ui pe \\ s

104 106 piojeets the system of trun^ul ition

west of the Great Ate enes 107 me isuie

mt.nl of the Chueh bise ! 10 ol the Jv u ichi

bise 111 his muiiou on the me tbiucment of

babe hius 111 eoinmuHed lc\ilhn
tt opeia

tions 11 J leluemeiit 11 j public itions 11^

lib his iiistiuetions foi topon i iphic il sm\e^

mg 118 pioaiessof Kevcnue sui\e)s undei

119 Ivashmir suivey 1H his &eologieal

woik 08 hih death 424

WIBB Ciptun faiuvey of Gin&es 79 of lui

niaon 81 343 fiist to discovet fo&silb m the

bawalakhs 20J height of Ilmuhym peakb

345

WLDGBOROUGH Lieutenant suiveys of 07

WELLS TJLD Lieutenant (R I N ) in the Ixed feea

survey u aceount of the suivey by 16

CoASi of India smvey 5 2) 33

ifoiERN lieutenant on the lansnath Men
dional seiies 93 on the feouth 1 ui&nath

series 107

WLSTLAND Mi woik on Jessoi 360



INDEX 481
WESTON Lieutenant on tho Nagpm and Berar

survey 98

WimwELL Dr on tidal observations 312
WHISII Lieutenant (RIJST) on the Aiabian

Coast survey 24 siuvey of poits south of

Bombay 24 of the coast of Ivach with Tayloi
2* with feelby 25 of Bahrein 34 ofBom
bay haibour 34 47

"Wimr Piofessoi system of orthography foi
Institutes of Timoui 38o

WHITE Lieutenant his chait of the Bed feea 14

WHIULOCK Lieutenant (E I N ) in the Peisun
Gulf survey 12 burvey of the Katiwai coast
20

WHFTL Mi e\plonnrt coal fields m the Nizam s
aoinmionb 222

Wianr Di account of I alnai hills 364 bota
meal worl on South India 308

WILCOX Captain cxploiation of Biahmiputu
98 99 m charge of the Lucknow observatoiy

WILI INS Sn Charles 238 notice of 238 (rc^c)239 Jonesun system adopted by 3So m
charge of maps &c at the ludii Office 404
his death 406

WILKINS Cantam 187

WILIINSON Mi Geologic ilsui\ey 229
WILIIAMS Mi icpoit on the Kaui ani coal

field 09 his death 209

WILIIAMS Lieutenmt (BIN) On the West
Co ist survey undei Ti}loi 33 47

WILLIAMS Colonel Momei survey of Gunat
anclKatrwar 82

WiiiiAMb Piofessoi Momei on the oithogi mhy
ot Indi in pioper names 390

WirMn Ciptdin topogiaphicil siuveyoi undei
Captim luddell 171

WILISON Mi W G Geological Uivo3 ox
ammmg coal fields 220 m Jhms >3u
meteorological woik deith 308

WILSON Hoi ice II hi fa iepOJ t on the Mackenzie
MSfe 74 notice of 238 (W0fo) history of
thePaudyans 241 cnticism of Inn&cp 246
} stem of

orthography 389 390

WILSON Di (of Bonibaj) Eock cut temples
252

WILSON Captain wrecked on the Pelew Islands
5

WIL&ON Mr Andrew his woik on the Ilimala} as
Abode of Snow jB

WINGATL fen Geoi^o foundei of the Bombay
system of Kevenue siuveys 193

WOOD lieutenant John (BIN) suivejs on
the Indus 20 diseoveiy of the source of the
Oxus 1 new edition of his woik 3^1

WOOD Colonel Survejoi Gencial ^6 ^7
WOOD Lieutenant feiuvcy of the Iiawadi by 7

of the Ganges 79

WOODTHOKPE Lieutenmt sunejino- m the
Gaio lulls 171 172 his nau itivc of tho
Lush u expedition 172 m the N^i hills
173 174

to

LB Captain istionoma it Midras 6^
331

meteoiologicilobscnations 2SO
WEI OK chxrts 38 47
WIUGIIJ Ldwaid caitographei to the East

Incli i Company 400 401

WIOUGIITON Captain on the Kevenuc survey of
the Noith * est Piovma s 97 sum eds Capt tin
Bedfoia m chuge of the Kevenue suiveys 101

WIBUID Licutonint (BIN) lost in Ccntul
ASH 2

smvey ,6 map 6 (wote) 190
mcteoioogicil obsciMtious 284 uport on
364

ANNL Mi & eologieil suivcy m Bombiy 2>9
mlvieh 231 mtUlnnjuub 231

YOUNG Captun on the Hawluibad sune> 100
OUNO Capt un Janu s (K I N ) in the Keel bca
sumj lj in the Maldive biuvey 16 m
the Ba> of Ben^il 2/

YUFL Colonel Huiiy CB BE iceount of
m^ ditluc monuments on the kh su hills
2U has edition of- Mueo lolo 3>1 ess lyon the ^0^1 iphy of the Oxus A ille) 3ul

feLeioit Iviinscknh (01 Itmihtoub
Burvey 63 199 Colonel Stungc s ainvilm India 137
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