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ADDENDA ET CORRIGENDA.

Page 1_3 The height adopted for South-End Calcutta base-line, 13°0 feet, is the value above mean sea

level at Kardchi, and is deduced through the spirit levelling operations from Karéchi vié Kydd’s Dock Calcutta to

the terminus of the base-line above named.
Page H__3 The East-End of Dehra Doon base-line was connected with mean sea level at Karchi by the

spirit levelling operations in 1862 (see page 1I__ 4’7).
Page VI__ 3 The South-West-End of Chach or Attock base-line was connected with mean sea level at Karé-

chi by the spirit levelling operations in 1860 (see page VI—;,).

Page VII_g It may be understood from what is stated on this page, that the height of the base-line adopted

in reducing the measured length to mean sea level, was deduced b
base-line with Manora tide-gauge; whereas, the values of height
ling operations of 1860 (see page VIL _30).

J.B. N. H.

!

emp.

means of the vertical angles connecting the
oyed are those obtained from the spirit level-
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PREF.ACH.

Tar Chart which faces the title page of this volume is an Index to the principal triangulation and the
geodetic operations of the Great Trigonometrical Survey of India, from the commencement of the ¢ Mathe-
matical and Geographical Survey of the Peninsula’ in the year 1800, up to the termination of the field
season of 1869-70.

The net-work of triangulation in the southern Peninsula, which is shown on the chart by fine lines,
was executed during the three first decades of the progress of the Survey, and was completed before the year
1830. Up to that year the instraments which were respectively used for the linear and the angular measure-
ments, though good for the time, were much inferior to those which were then constructed for the Survey,
under Colonel Everest’s superintendence, in England, and which even at the present time are scarcely sur-
passed by the best modern instruments. And, with the introduction of the new instruments, a new system
of observation was introduced, which was more rigorous and refined and better calculated to give accurate
and precise results than the less laborious and unsystematic methods of procedure which had been previously
followed. .

Thus the year 1830 marks an epoch of transition in the history of the Trigonometrical Survey of
India which is of very considerable importance. The Index Chart has therefore been prepared so as to per-
mit of the operations before and after that year being readily distinguished; it shows that the net-work
system of triangulation was succeeded by a system of chains of triangles, following certain obligatory meri-
dians and parallels and the coast and frontier lines, and forming what is known as ¢ the gridiron system of
triangulation’. These chains are indicated on the chart by strong lines. In order that the chart—which is
necessarily on a very small scale, viz. W’;W — might not be confused with too many details, all secon-
dary triangulation—both before and after the year 1830—has been omitted, with the exception of that to the
peaks of the Himalayan and the Soolimani mountain ranges, which lie beyond the chains of the principal
triangles. But the stations at which the latitude or the azimuth has been determined by astronomical obser-
vations, and those at which pendulums have been swung to determine the force of gravity, are all shown.

Of the several operations the only portions which have hitherto been published in detail are those relat-
ing to the central meridional chain of triangles which extends from Cape Comorin to the Himalayas—
generally known as ‘the Great Arc’—and the triangulation which was executed in the southern parts of
the Peninsula, shortly after the commencement of the Survey. By far the greater portion of the work has
not yet been published in detail, and a very large portion has not been published in any shape whatever.
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For many years it was the custom to prepare three copies of the results of the operations, in manuscript,
" one for the use of the Geographer to the India Office in London, another for the Surveyor General’s Office in
Calcutta, and a third for the Head Quarter’s Office of the Trigonometrical Survey in Dehra Doon ; copies of
such portions as were required for the use of Topographical Surveyors were also prepared in manuscript when-
ever wanted. But of late years preliminary charts of the triangulation, containing full numerical data of the
latitudes, longitudes, azimuths and distances of the stations and other permanent points of reference, have
been photozincographed for general use. Thus the requirements of all the persons who were most directly
interested in the results of the operations have been fully satisfied, and any further publication of the result
has been postponed until the operations were sufficiently advanced to permit of final results being arrived at.

Tt is obvious that every operation of a survey must necessarily be fallible, and therefore that all newly
obtained facts of observation, that are susceptible of being combined with those which have been previously
acquired, are liable to disturb the results which were previously arrived at: every additional base-line and
every new chain of triangles must necessarily exercise some influence on the operations generally, and more '
particularly on those in their immediate neighborhood. Thus therefore before a triangulation can be finally
reduced and all it’s parts harmonized, it is necessary either that the whole of the angular and of the linear
measurements shall have been completed, or that they shall have so nearly approached completion that what
remains to be done may hereafter be fitted into what has already been done, without any serious violation
of principle. It is only of late years that the operations of this Survey have been sufficiently advanced towards
completion to justify the commencement of the final reductions; these reductions are however being now
proceded with, and the time has arrived when publication may be commenced.

The present volume is intended to be the first of a series which, when completed, will give full
details of the operations of this Survey, from the preliminary stage of the actual observations and measure-
ments to the most probable—and therefore the final—results. It commences with a general account of the
early operations, or those executed during the first thirty years of the existence of the Survey, mostly under
the superintendence of Colonel Lambton, but partly under Captain Everest. These operations must even-
tually be reduced on the basis of the modern triangulation, but this will probably be one of the last stages
to .be taken in the general reduction of the operations of the Survey. The remainder of this volume is de-
voted to a consideration of, first, the Standards of Length, their thermal expansions and their relations to
the European Standards, and, secondly, the Base-Lines, both those which were measured with chains before
the year 1830, and those measured with the apparatus of compensation bars and microscopes after that year.
It is intended that the details and results of the triangulation and of the astronomical and the pendulum obser-

vations shall be given in the subsequent volumes.

As regards the present volume I must express my obligations to Colonel Thuillier, the Surveyor General
of India, for the accompanying Index Chart of the operations of this Survey, which he kindly nndertook to have
engraved at his office; also to Major General Sir Henry James, Director of the Ordnance Survey of Great
Britain and Ireland, for permitting certain standards, which were constructed in 1864 for the Trigonometrical
Survey of India, to be compared, in his Office, with the Ordnance and with other European standards.
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To Captain A. R. Clarke R.E. of the Ordnance Survey, I am very much indebted for his most
elaborate and exact comparisons of the new Indian standards of length with those of the Ordnance Survey,
for his determinations of the thermal expansions of the principal of these standards, and for calibrating a
new thermometer as a standard of reference for this Survey. The whole of these operations are fully described
in sections XVI, XVIII, XIX and XX of his Comparisons of the Standards of Length of England, France,
Belgium, Prussia, Russia, India and Australia ; London 1866. Captain Clarke’s labors have materially faci-
litated the operations in this country, and have not only relieved us of much labor, but have supplied us
with results which apparently possess the utmost accuracy that is practically attainable.

To the Officers of the Great Trigonometrical Survey who have had a share in the operations discussed
in this volume, I am most indebted to J. B. N. Hennessey, Esquire, who has for many years past been in
charge of the Computing Office at the Head Quarters of the Department, and whose constant self-de-
votion to his work, and accurate and conscientious discharge of his duties, I cannot praise too highly.
He has either supervised or taken a principal share in the whole of the comparisons of standards which have
been made in India since the year 1866, and are here described; he has also re-investigated the factor of
expansion of the principal standards of length of this Survey, his account of which operation is given in
Appendix No. 6; and he has superintended the reduction of most of the ten base-lines of which the details
are given in this volume, and has prepared the whole of them for publication. 1n these duties he has received
much and valuable assistance from W. H. Cole, Esquire M. A., to whom several of the appendices to this
volume are due.

To Captain J. P. Basevi, R.E., I am indebted for the Appendix on the Practical Errors of the Measure-
ment of the Cape Comorin base-line; he supervised the operations of the measurement, which were
purposely so conducted as to ascertain, in every possibly way, the probable errors of the linear measurements
with the compensation apparatus. To Captain J. Herschel, R.E., I am also much indebted for his assistance in
the practical operations of that base-line, and in the reduction of the observations, in which his ready aid and
thoughtful suggestions were always very valuable.

Dekra Doon, J. T. WALKER, Colonel, R.E.,
1st December 1870. Superintendent Great Trigonometrical Survey of India.
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AN ACCOUNT OF THE OPERATIONS FROM THE
COMMENCEMENT OF THE SURVEY TO
THE YEAR 1830.

1.

Origin, and proposed objects of the Survey.

Towards the close of the year 1799, Major Lambton, of H. M’s. 33rd Regiment of Foot,
drew up a project for a Geographical Survey of the southern Peninsula of India, from the coast
of Coromandel to the Malabar coast, which was submitted, with the approval and recommenda-
tion of his Commanding Officer, the Hon’ble Colonel Wellesley—afterwards the great Duke of
Wellington—to the consideration of Lord Clive—afterwards Earl Powis—who was then
Governor of Madras. The Trigonometrical Survey of India owes its origin to Major Lambton’s
proposals, and to the circumstance that at the time when they were submitted to the Madras
Government, a large accession of territory, in the centre of the Peninsula, which opened a free
communication with the Malabar Coast, had been recently acquired, by the success of the
British arms in the Mysore Campaign; thus the Government was readily convinced of the
necessity for a survey to be undertaken with the object of furnishing a basis for the geography
of the Peninsula, and for connecting the local surveys which were being commenced in the
newly acquired provinces, with those of other portions of the Madras Presidency which had
been completed or were then in progress.

The earliest document in the records of this Department is a letter—dated 10th Feb-
ruary 1800—from ¢ Brigade-Major’ Lambton to the Madras Government, communicating his
proposals for a ¢ Mathematical and Geographical Survey’ to be extended across the Presidency
under his direction, “ with a view to determine the exact positions of all the great objects
“that appeared best calculated to become permanent geographical marks, to be hereafter guides
“for facilitating a general survey of the Peninsula.”

In this letter he alludes to previous correspondence on the subject, which had led to his
being called on to submit a definite scheme of operations, and he observes that  the utility of
“ such a work, and the advantage and information which the nation would derive therefrom,
“are so clearly understood that no argument is necessary to demonstrate it's advantages.
“ The Surveyors of particular districts will be spared much labor when they know the position
“ of some leading points to which they can refer, because when these points are laid down in
“the exact situations in which they are upon the globe, all other objects of whatever deno-
“ minations, such as towns, forts, rivers &c., which have a relation to those points, will also
“ have their situations true in Latitude and Longitude.”

He then proceeds to give an exposition of the principles on which he proposes to carry
out the operations. And first he discards all attempts to fix the positions of obJects by astro-
nomical observations only, observing that such determinations are liable to great inaccuracies
—three, four, or perhaps ten minutes”—unless the observations are very numerous at every
station. He then proposes to execute a triangulation emanating from a measured base-line,
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and verified from time to time by other such base-lines; all the most conspicuous geo-
graphical marks in the Peninsula were to be referred to the Astronomical Observatory at
Madras, by a net of triangles which was to be thrown over the entire surface of the country ;
the lengths of the sides of all the triangles were to be computed from the base-lines, and the
azimuths of certain sides to be determined by astronomical observations; thus data would be
forthcoming for calculating the latitudes and longitudes of the trigonometrical stations with
reference to the corresponding elements of the Madras Observatory.

But in order that the results of the triangulation might be correctly employed in de-
termining the spheroidal co-ordinates of the trigonometrical stations, it was necessary that the
figure of the earth, and the length of the polar or of the equatorial axis, should be accurately
known. Major Lambton was fully aware that at that time these elements were not known with
sufficient accuracy for operations of such extent and magnitude as those which he was about to
undertake, and that. it would be incumbent on him to execute a geodetic survey pari passu with
his geographical survey, as a necessary preliminary to the determination of the elements of the
trigonometrical stations and other geographical marks. He appears moreover to have acquired
an impression, from the results of certain pendulum observations (by whom taken is not stated)
in inter-tropical latitudes, that there is a sudden abnormal diminution of the force of gravity
in the parallel of 10° north of the equator, and consequently that “a degree on the meridian
“ from that parallel to the equator must be very short compared with a degree immediately to
“ the northward of 10°”. Hence he observes that it will be necessary to “ attend to this cir-
“ cumstance”, not only as influencing the operations of the geographical survey, but as an object
of interest with regard to the determination of the figure of the earth ; he remarks that as the
operations of geodesists had hitherto been restricted to regions which were upwards of 33°
from the equator, there was yet something left as a desideratum” which his operations might
supply ; and he adds “1 shall rejoice indeed if it should come within my province to make
“ observations tending to elucidate so sublime a subject.”

His report closes with the following observations; “I have now adduced what I con-
“ ceive to be sufficient as being illustrative of the principles of my intended survey, which, on
“ the scale of general science, will I perceive involve many more objects than what immediately
“ appertain to geography. But as that is the principal end in view, and more particularly a
“ knowledge of the extensive acquisitions in Mysore, it will be my aim to anticipate every wish
“ the Right Honorable the Governor in Council may have, towards forwarding a work so useful
“ and so desirable to the nation.”

These were the objects which Major Lambton proposed to accomplish by his ¢ Geographical
Survey of the Peninsula,” and the principal objects of the varied operations of what is now
known as the ¢ Great Trigonometrical Survey of India’, are still to furnish leading points, as a
basis for the operations of topographical, cadastral and fiscal surveys, in ail India, and at the'
same time to contribute materials for further geodetic investigations. Commeuced by Major
Lambton in the year 1800, they have never been entirely suspended, though they have
frequently been greatly retarded by the paucity of officers available for their prosecution.
- The exigencies of the State have often necessitated the removal of certain officers to other
duties, and the places of other.oﬂicers, whose failing health had compelled them to seek the advan-
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tages of a change of climate to Europe or some other quarter of the globe, have frequently
remained unfilled. But, whatever may have been the exigencies of the public service, the
objects proposed by Major Lambton have never been wholly lost sight of, and the operations
have invariably been supported, as adequately as circumstances would permit, first by the
Madras Government under whose auspices they were commenced, and afterwards by the Govern-

ment of India, with the steadfast support and cordial approval of the Hon’ble Court of Directors
of the East India Company.

2.

Commencement of Operations.

The earliest operation of the survey was the measurement of a base-line in the vicinity
of Bangalore, which was effected towards the close of the year 1800, The instructions communi-
cated to Major Lambton by the Madras Government on receiving the report of this operation
may be here quoted, as indicating the lively and intelligent interest with which his proceedings-
were regarded, and the early recognition of the necessity for aiming at the utmost possible
accuracy. In a letter dated 24th September 1801 the Chief Secretary says

“] am directed to acknowledge the receipt of your letter of the 24th June last and of the sketch: of your.
“gurvey which accompained it, and to inform you that the Right Hon'ble the Governor in Council is entirely satisfied
¢ with this further proof of your assiduity, zeal and talents. :

. «[t being of importance that the fundamental principles of your survey should be established with the greatest.
« practicable degree of precision, the Governor in Council is desitous that the measurement of the base-line, transmit-
“tod with your letter of th®22nd December last, should be supported by the observations for ascertaining the latitude
“gand direction of the meridian, and that all the operations shall be detailed exactly as they were taken, with such-
« remarks as occurred at the time, and also that the method observed in your computations should be briefly -explained..
«] am therefore directed to desire that the explanations and documents may be transmitted to me for the information
“of His Lordship in Council, so soon as you shall be enabled to complete them. -
: “ As it appears from the plan of the base, that some interruptions occurred in the measurement of it, it may.
* perhaps be of importance to repeat that measurement, or at any rate it will be expedient that a base of verification
¢ ghould be measured, which may afford you the means of judging of the accuracy of the original base.”

Major Lambton eventually rejected this base-line, and measured another on more favor-
able ground in the neighborhood, in the year 1804. :

At the commencement of the operations the only instruments with which the Govern-
ment appears to have been able to supply him, were a steel measuring chain and -a five-feet Zenith
Sector, both by Ramsden; no satisfactory instruments for measuring the angles of the proposed
triangulation appear to have been forthcoming in any part of India, and it was necessary to
send to England for instruments, which were received two years afterwards. Meanwhile Major
Lambton determined the latitude of certain stations with the Zenith Sector, and set to work .on
the preliminary operation of laying out the triangulation and selecting stations at which obser-
vations were to be taken, when suitable instruments were received. These instruments arrived
towards the end of 1802, by which time the preliminary operations had been carried over the
newly acquired Province of Mysore, and extended eastwards to Madras.
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3.

The snstruments and the methods of observation and reduction.

The new instruments were a three-feet theodolite by Cary; an eighteen-inch repeating
theodolite by the same maker ; two steel measuring chains by Ramsden, a standard brass scale
by Cary, and several small theodolites, by different makers, for minor purposes.

Of the three-feet or ‘ great’ theodolite, by Cary, a brief description may be here given,
ag it was employed in the measurement of the principal angles. It was a fac-simile of the one
made by Ramsden for the Board of Ordnance in England, and was originally a very noble piece
of workmanship and seems to have been divided with great accuracy”.* The azimuthal circle
was 36 inches in diameter, but it was read by two microscopes only, which were placed at 180°
apart; the vertical circle appears to have had a diameter of 18 inches, and two microscopes; -
the focal length of the telescope was 37 inches, aperture 25 inches, and the magnifying powets
were 36,45 and 66 ; a micrcmeter, adapted for vertical measurements, was fitted to the eye—pwce

MaJor Lambton has given the following description of the system which he pursued in
measuring the borizontal ano-lesT and in apportioning their errors.

« Ag to the angles in general they have been taken three and four times, and every time
“ that the object was observed, both microscopes were read off thrice, and two separate field-books
« kept for making out the angles. 'What are here made use of are the means taken from two
“books. In case a difference of those angles, noticed at the time, left any reason to suspect an
“ error in the instrument, the division between the dots was carefully examined, as well as those
“to the right and left, and if any error was discovered, allowance was made accordingly.
« Difficulty however very frequently arose from the haziness of the weather, which rendered the
“objects at the very distant points extremely dull, and occasioned some irregularity in the
“angles. Whenever that happened the observations were often repeated, and in case any one
“in particular was different from the other so much as ten seconds, it was rejected till the three
“angles of the triangle had been observed. If the sum of these angles was near what it ought
“to be.} mno further notice was taken of it, but should the sum of the three angles be nearer
“the truth by taking it into the account, and that there appeared an irregularity in the other
“two observed angles, I have made it a rule to take each observed angle as a correct one, and
« divide the excess or defect between the other two, and then compute from the given side the
“other two sides; and after doing the same thing with each of the angles successively, a mean
«of the sides thus brought out was taken, which to certain limits will always be near the truth.
¢1 then varied the selection of the observed angles, réjecting such as I had reason to doubt, and
“by correcting them and computing the two required sides of the triangle, those which
“the sides nearest to what had been brought out' by the other method, were adopted, let the
“error be what it would. This however has rarely happened, and when it did, great precaution
“was used, and no angle was rejected without some reason appeared to render it doubtful”.

L

® Seo Colonel Everest’s Account of the Measurement of an Arc of the Meridian, 1830,
4 Page 63 of Vol. I of the Genersl Report of the Trigonometrical Survey, in manuscript.
3 In such cases the error of the triangle was so divided that each angle received a correction proportioned to it's magnitades
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Such a system of operation is not calculated to elicit results of the full accuracy which
an instrument can be made to give, and the method of treating the results was somewhat arbi-
trary and would not now-a-days be considered justifiable; but the processes were quite on a
par with the contemporary operations of European geodesists, and it would be unreasonable
to expect a higher order of accuracy, or more scientific methods of analysis and reduction, in
a work which from the outset was beset with many difficulties, and was carried on at so great
a distance from the centres of civilization and science. '

The difficulties which Major Lambton alludes to as arising from the haziness of the
weather might have been materially diminished had he been supplied with luminous signals,
such as heliotropes and lamps, to erect on the stations which he was observing; but such
signals were not employed in the operations of the survey until after the year 1832, when they
were introduced by Colonel Everest. For very many years the signals were * masts, flag-
staves, and other opaque objects, and then days and days often passed away without a glimpse
of the distant object.” As the atmosphere in India is usually most favorable during the rainy
season, for viewing such objects, it became the practice to wait for the first heavy fall of rain
and then take the field, and, so long as the operations were restricted to the southern portions
of the Peninsula, the practice does not appear to have been attended with any other detriment
than the great personal inconvenience of the Surveyors. But on proceeding to the north, into
the basins of the Kistna and the Godavery rivers, though at this season the atmosphare was
still most favorable for the operations, the climate was found to be very deadly, and Colone]
Everest, who had then been recently appointed to the survey, and was commencing, in those
regions, the operations which have won for him such honor as a geodesist, was one of the
many sufferers ; he has left on record the following remarks on this subject,—

« Tt is easy to conceive what a reckless waste of life and health was caused by this ex-
« posure to the pitiless pelting of the tropical rains, in forest tracts teeming with miasma: no
« constitution, European or Asiatic, could bear up for any length of time against such a com-
« plication of hardships as thence arose,—eternal watchings by day to the prevention of all
« regular exercise—tents decomposing into their original elements—servants—cattle—baggage
« —clothes—bedding—all daily dripping with rain—oevery comfort which the indwellers of
« cities and leaders of regular lives deem essential to happiness and even to existence, re-
« morsely sacrificed.”

« The introduction of lamps and heliotropes has totally changed the face of things, and
« by rendering the rainy season the least fitting period for observing luminous objects, espe-
« cially those dependent on cloudless skies, has afforded an opportunity of which I eagerly
« availed myself to spare the health of my valuable subordinates, by ordering them to desist
« from field operations at the very period which, in the early part of my career and my four
« years’ heavy apprenticeship, used to be chosen par ezcellence for their commencement.”

| 4,
Geodotic investigations a necessary part of the operations.

It has already been stated that one of the objects which Colonel Lambton had in
view was the determination of the elements of the figure of the Earth, as a preliminary to the
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calculations of the latitudes and longitudes of the trigonometrical stations. The necessity for
so doing is indicated by the erroneous values of the best determinations of those elements
which were known to him when he was commencing his operations, and which he was obliged
to employ in the calculations of the spherical excesses of the triangles, until he had himself
succeeded in makmg better determinations. The adopted value of the compression—or ellip-
ticity——was 1, or about twice the true amount, and the adopted lengths of meridional arcs in
latitude 13° were too small by about 4-85 parts in 1000, while the lengths of the arcs of paral-
lel in that latitude were too great by about 1°43 parts in 1000.*

Colonel Lambton decided on determining the figure of that portion of the earth’s surface
to which his operations would be restricted, by measuring the lengths of meridional arcs in
successive parallels of latitude, from Cape Comorin northwards, and the lengths of ares of
great-circles perpendicular to the meridians, on the parallels of Madras and Bombay. He
intended to apply the results to the triangulation, with the expectation that the latitudes and
longitudes of the trigonometrical stations would thus be determined “to a certain extent from
actual measurement, and in a great measure mdependently of any hypothesis of the earth’s

figure.”

.

Determinatson of the lengths of ares of great circles perpendicular to a meridian.

: One of the first objects to which Colonel Lambton devoted himself after obtaining the
great theodolite from England, was the determination of the lengths of arcs of great circles
perpendicular to the meridians of certain of the principal stations. Stations for the triangulation
westwards from Madras to Bangalore and thence to Mangalore had been previously so selected
as to present several pairs of reciprocating stations in nearly the same latitudes and at distances.
of 52 to 64 miles apart. The exact distances were determined by triangulation from the near-
est base-lines, which also furnished data for the calculation of the latitudes from the nearest
astronomical stations ; the mutual azimuths were determined by observations of the pole-star ;.
and with these datathe great-circle arcs corresponding to the distances were determined by
spherical astronomy, and then the lengths of degrees of great-circles perpendicular to the
meridians were computed.
The results of these operations were as follows,}
length of the perpendicular degree in Lat. 12° 32’ 12” 61061°0 fathoms
» » 12 55 10 607438
” » » 60751'8 »

Of these operations, which were carried out in the years 1802-5, Colonel Lambton re-
marks that «the more we investigate this interesting subject, and the more ample means we
*“ employ to ascertain the exact figure of the earth, the more seems to be wanting to satisfy
“our research; and if we feel reluctant in giving up the elliptic hypothesis, because it is

® Beo page 65 of Vol. I of the Greneral Report of the Trigonometrical Survey, in manuscript.
+ Bee Asialioc Researches, vol. VIII, pege 198, and vol. X, page 866.
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« consonant to that harmony and order with which we are familiar, the discord which these
« results indicate affords by no means sufficient evidence to induce us to abandon that theory.
“ The great nicety in making the pole-star observations is well understood, and it will be made
“ more manifest in the case before us by increasing or diminishing the half sum of the angles
« with the meridians, reciprocally taken at Mullapunnabetta and Savendroog, by one second only,
“ when it will appear that a difference of nearly one hundred and fifty fathoms, in the perpendi-
« cular degree, will be occasioned thereby. I am fully aware of the delicacy necessary in
“ taking these angles. and I am also aware that some eminent Mathematicians consider the
“ method of determining the difference of longitude by the convergency of meridians as in-
“sufficient in these low latitudes ; yet I am of opinion that by repeating these observations,
“ whenever stations can be found either in the same or in different latitudes, the truth may
“ ultimately be very nearly attained.” *

For several years Colonel Lambton computed the latitudes and longitudes of the stations
of the survey with the elements of the figure of the earth which were afforded by a short
meridional arc in the neighborhood of Madras, and by the mean of the two values of the per-
pendicular degree in latitude 12° 55’ 10” above indicated. But about the year 1812, by which
time he had carried the great meridional arc from Cape Comorin northwards to Gooty—a dis-
tance of about 7°—and had received the results of recent geodetic operations in Europe, he
ascertained that—assuming the earth to be a regular spheroid—his adopted value of the per-
pendicular degree was about 120 fathoms too small, for the most probable value afforded by
the new data was 60867 fathoms. Colonel Lambton accepted the new value, and employed it—
with an ellipticity =1 ., nearly, and {or the meridional degree in latitude 13° 34’ 44" the value
60491°4 fathoms,—in recomputing the latitudes and longitudes previously determined,{ and in
all computations of the elements of the stations which were fixed in the course of the opera-
tions of the subsequent decade. '

No record is forthcoming of any further operations to determine the lengths of arcs
perpendicular to the meridian, but Colonel Lambton was for many years favorably disposed to
such investigations, as is appareant from the instructions which he gave to Captain Everest in
the year 1822, when that officer was commencing the triangulation, on the parallel of 18°, which
was to be extended from the Great Arc to the island of Bombay. Captain Everest was en-
joined to lay out the triangulation in such a manner as to give distances “between sixty and
“ seventy miles in length, and as nearly from east to west in their direction as possible, so that
“the difference of longitude between the two extremities of such distances may be determined
“ by pole-star observations.” The triangulation was duly completed, and several azimuths were

observed, but the proposed determinations of differences of longitude do not appear to have been

carried out. .

* Bee Asiatic Researches Vol. X page 366.

+ See pages 7 and 22 of Vol. IIT of the General Report of the Trigonometrical Survey (in manuscript) of which there is a copy
in the India office.
1 All the values of difference of longitude between the Madras shservatory and the stations of the trian, ion, which are given

in volumes X and XII of the Asiatic Researches, are too great, by about 7” for 1° of longitude, as the adopted values of the corresponding
perpendicular degree were t0o small.
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Determinations of the lengths of meridional arcs.

Of all Colonel Lambton’s contributions to geodesy, the most important are his measure-
ments of meridional arcs, the results of which have been employed up to the present time, in
combination with those of analogous operations in other parts of the globe, in all investigations
of the figure of the earth.

As the instruments with which he was supplied when he commenced his labors were
merely a measuring chain and a zenith sector, his first operations were necessarily restricted
to the measurement of base-lines, and to taking astronomical observations for the determina-
tion of the latitudes of certain stations on the proposed meridional arecs. The zenith sector®
was constructed by Ramsden, and is stated by Colonel Everest to have been a beautiful
instrument for that time;” it had an arc of 18° to a radius of 5 feet, and is described by Colonel
Lambton in the Asiatic Researches ( Vol. VIII p. 180), and is similar to the zenith sector
described by General Roy in the Philosophical Transactions for 1790.

The first meridional arc which was measured was 1° 35’ in length, between the stations
of Trivandeporum and Paudree, and lies at a distance of about 35 miles to the west of the
meridian of the Madras observatory. It made the length of the degree = 60494 fathoms in
latitude 12° 32°.%

The arcs subsequently measured were all portions of what is now known as the great
JIndian Arc. In the first instance an arc of about 2° in length was measured from the station
of Dodagoontah—near Bangalore—southwards to Patchapolliam ; it made the length of the
degree = 60530 fathoms in latitude 11° 59’ 55”. This arc was then extended northwards to
Paughur, making the length of the degree = 60466 fathoms in latitude 12° 33" 9"}

Thus it was evident either that the elliptical hypothesis of the earth’s figure was erroneous—
for the lengths of the degrees were apparently decreasing instead of increasing with the latitude—
or that the operations were not reliable, being erroneous either intrinsically or from circumstances
beyond control. Similar anomalies had perplexed most of the geodesists of that time, and
have given rise to much discussion; it is now well known that they are due, for the most
part, fo deflections of the plumb line, by local attraction, at the astronomical stations; but at
that time many persons supposed that they arose from errors in the observations, and it was
not until the operations had been repeated in several instances, with more perfect instruments
and better modes of observation and reduction, and exhibited the unmistakeable reality of the
discrepancies,§ that the cause became generally recognized.

But Colonel Lambton appears from the outset to have conjectured that the discrepancies

in his operations arose from local attraction; and thus, instead of revising his triangulation or his
astronomical observations, he immediately proceeded to select new stations, which were less

® Bee Asiatic Researches Vol. X, for a discussion of numerous obscrvations which were taken with this instrument by Captain
‘Warren at the Madras observatory.

+ Bee Asiatic Researches Vol. VIII page 185.

1 Bee page 274 of Vol. I of the Genersl Report of the Trigonometrical Survey, in manuscript.

§ See Principal Triangulation of Ordnance Survey, page 560.
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liable to the influence of the attraction of hills and superficial irregularities, and he observed
their latitudes. Thus Paughur being on the “northern extremity of a range of rocky hills
running north and south” was rejected, and the station of Bomasundrum, in an open plain
about 10 miles to the S.E., was adopted instead ; the arc from thence to Patchapolliam made
the mean length of the degree = 60451 fathoms, in latitude 12° 29’ 51”. Colonel Lambton
remarks on this result that « when, after a very excellent set of obseryations, the degree due
“to the middle point of the arc between Bomasundrum and Patchapolliam was found to be less
“than what was deduced from the arc terminated by the parallel of Paughur, I own I felt both
“gurprise and disappointment.”

He still however had an intuitive conviction that the discrepancies were due to local
attraction, and he attributed them partly to the influence of the great table land to the south of
Bomasundrum on which Dodagoontah is situated, and partly to “a vein of dense ore lying
between the two stations”. He concluded that it would be impossible to arrive at more accurate
values of the measures of meridional degrees, until the operations, both in Europe and in India,
had been further extended, but that what had been done up to that time “had discovered to us
“an agent unthought of in former days, viz., a disturbing force occasioned by the attraction
“of mountains, and by diversity in the density of strata under the surface, all which will more or
“less cause some deflection of the plumb-line”. The words here italicized, and other passages
in his writings to the same effect—as for instance where he hesitatingly expresses a hope that
the sandy plains of the Carnatic may be *“free from those inconveniences which are found in
“mountainous regions”—show that Colonel Lambton was prepared to recognize the influence not
only of mountain ranges and other self-evident irregularities of the earth’s crust, but of variations
in density under the surface, such as half a century afterwards were proved to exist below the
plains on which Moscow is situated, and which are very possibly of more importance than the
superficial irregularities to which the attention of geodesists has hitherto been chiefly devoted.

The next meridional arc which was measured lies between Patchapolliam and Punnce,
and is an extension of the former operations southwards to the vicinity of Cape Comorin. The
amplitude of this arc was 2° 50/, and it made the length of the degree = 6047283 in latitude
9° 34’ 44". Operations were subsequently carried northwards to Namthabad, in latitude 15° €',
completing an arc of 4° 6’ in amplitude from Patchapolliam, which made the length of the
degree = 6048756 fathoms in latitude 13° 2’ 55".*

As the results afforded by the arcs Punnce-Patchapolliam-Namthabad were very fairly
accordant ¢nfer s¢ and with those of recent European arcs, on the elliptic hypothesis, and as the
three astronomical stations were to all appearance much less liable to be affected by local
attraction than the stations of Dodagoontah, Paughur and Bomasundrum, Colonel Lambton
decided on rejecting the last mentioned stations, and retaining the others only.

Bessel, in his investigation of the figure of the earth, has employed Colonel Lambton’s
observations at Dodagoontah, but he has rejected the observations at Paughur and Boma-
sundrum, and in this he has been followed by Captain Clarke ; but all, if any, of the stations

# See page 6 of vol. ITI of the Greneral Report of the Trigonometrical Survey, in manuscript.
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should be used, if Colonel Lambton’s hypothesis that the plumb-line is deflected in opposite direc-
tions by intermediate masses between the northern and the southern stations is correct. That the
deflection to the north at Dodagoontah is probably very considerable has been recently shown,
on the completion of the modern principal triangulation between Madras and Bangalore; the
geodetic latitude of Dodagoontah, as referred to the astronomical latitude of Madras, is found
to be 8”4 in excess of the value which was deduced by Bessel from a discussion of Colonel
Lambton’s zenith distances, and which has been closely corroborated by Captain Herschel's
recent zenith distances. :

It is unnecessary to enter into the details of the operations for extending the Great
Arc northwards ; by the year 1815 they had been carried up to Daumergida, in latitude 18° 3/,
under Colonel Lambton’s superintendence, and afterwards they were advanced to Takal Khera,
in latitude 21° 6’, with Captain Everest’s assistance; and by the year 1825 they had been
extended by Captain Everest up to Kalianpur, in latitude 24° 7". '

The sections from Daumergida northwards to Kalianpur were re-measured by Captain
—then Lieutenant Colonel—Everest, after his return from Europe in 1830, with the aid of
the best modern instruments and appliances, which he had been most liberally supplied with
by the Court of Directors of the Hon’ble East India Company. The comparative results of
the ancient and the modern operations are set forth in Colonel Everest’s Account of the mea-
surement of two sections of the meridional arc of Indiz, 1847. The angles which had been
measured with the old theodolites, before the introduction of the systematic method of elimi-
nating errors of graduation, were found to differ by 3” to 6” and even as much as 10” from
the values by the new theodolites, while those which had been subsequently measured usually
agreed within 1” and rarely differed by more than 2” to 3” from the new values.* By the
old triangulation and base-lines, tbe difference between the computed and the measured value
of the Beder base was 6'58 feet,} or rather more than the five-thousandth part, by the new it
was only 036 of a foot]. The unit of length of the old operations was not known with any
certainty, and the base-lines, having been merely measured with chains, were unreliable§. Never-
theless these errors had fortuitously tended to cancel each other, in the meridional arc from.
Daumergida to Kalianpur, and the total length, 2202926:2 feet|| by the revised operations,
differed (in excess) from the original value by 106'7 feet only.

A still more remarkable instance of fortuitous cancelment of error is presented by the
old value of the corresponding astronomical arc of amplitude, which differs from the new
by only o”29.9] The original observations had been made with a zenith sector, the arc of
which was too small to permit of any of the stars which had been observed up to that time at
the southern stations of the Great Arc being satisfactorily observed higher north, most of them
falling quite beyond the range of the sector; thus it was necessary to resort to the method of

See Everest's Arc Book of 1847—page XL

» » ”» »

» 2 3 » 42
See section 7 of Chapter V of the present volume.
See Everest's Arc Book of 1847 page XLIV, and Ris Arc Book of 1830 page 112.
Amplitude by original operations, 6° 8’ 55”°78. See Arc Book of 1830 page 112.
” revised » 6 3 66 97. ”» 1847 191.

A=+ #
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absolute latitudes instead of differential arcs, which introduced the—in those days very large—
errors of star’s places ; moreover the observations were comparatively few, and they were without
barometric readings for the determination of the refractions. On the other hand, in the subse-
quent operations, the observations at Daumergida and Kalianpur were very numerous and
strictly differential, the same stars being observed at the same times with two colossal astronomi-
cal circles, one at each station. '

The sections of the Great Arc from Daumergida southwards to Punnce are being re-mea-
sured at the present time, at the recommendation of the President and Council of the Royal
Society,* but the undertaking is not yet sufficiently advanced to permit of the results being
closely compared with those of the early operations, excepting at the Bangalore base, the error
of which has been found to be about the th part of it's length. There is however every
reason to expect that the discrepancies in these sections will be of greater importance than in
those which were re-measured by Colonel Everest, and which being the latest were probably
the most accurate. It is known that in the early operations the observations were very few and
not so systematic as afterwards; in several cases only two of the angles of the principal
triangles were measured, whereas subsequently all three angles were measured, and the trian-
gulation was further strengthened by adopting the form of a chain of polygonal figures in the

place of single triangles. .

7.

Injury to the Great Theodolite.

During the year 1808, Colonel Lambton’s great theodolite met with a very serious mis-
fortune ; in being hoisted, in it’s case, to the summit of a lofty pagoda on the plains of Tanjore,
the bearing rope, which kept the weight from striking against the side of the building, snapped,
and the instrument, case and all, struck with a violent crash on the wall, breaking the case and
so distorting the azimuthal circle as to render it to all appearance worthless.+ Colonel Lambton
took the instrument to pieces, and after six weeks of anxious and unceasing exertion, he suc-
ceeded in drawing out the injured circle to it’s original shape, by means of wedges, screws and
pullies. To what extent the graduation was injured does not appear to have ever been definitely
ascertained ; but the accident led to the eventual introduction of a systematic method of obser-
vation, giving readings of the azimuthal circles at numerous equidistant graduations and thus
eliminating the effects of errors of graduation to a very considerable extent. This method of
observation has been attended with very great success, and since it's introduction the principal
angles of this survey have been measured with a degree of accuracy which is probably not
surpassed by the best European surveys, and is approached by them only ; but it was originated
by Colonel Everest, and during the operations before the year 1818—when that officer was
appointed an assistant to Colonel Lambton—there was no systematic ¢ change of zero’, and

frequently no change at all.

*  See Report of the Committee, composed of Professors Airy, Miller and Stokes, which was assembled in 1861 at the t of
the President and Council of the Royal So,ciety, to report on Colonel Lambton’s surveys. ’ request ©
+ See Everest's Arc Book of 1830 page 46.
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8.

The General Triangulation of the southern Peninsula, up to the parallel of 16°.

The geodetic operations which have already been reviewed, formed but a small portion
of thelabors of Colonel Lambton. Though executed with greater care and attention to accuracy
of detail than other portions of the operations—in order to furnish the elements of the figure
of the earth which were required for the calculations of the latitudes and lpngitudes of the tri-
gonometrical stations—they were merely the basis of a vast net-work of principal and secondary
triangulation, which was thrown over all the accessible portions of the Peninsula, from Cape Co-
morin to the parallel of 16°, covering an area of which the length is about 8" in latitude, and
the average breadth 5° in longitude. This region is, for the most part, exceedingly favorable for
the rapid execution of a net-work of triangulation ; it presents numerous hills, either isolated
or clustered in ranges with broad vallies between, and as the summits of these hills are gene-
rally bare and free from forest, the surrounding country can be viewed to great distances from
them ; thus they were admirably adapted, not only for the stationsof the principal triangulation, but
for enabling observations to be taken to fix the positions of pagodas, minarets and other perma-
nent objects of reference, in the subjacent plains and on the lower hills, for the use of topogra-
phical surveyors. Wherever the ground permitted the formationof triangles with long sides—e. g,
twenty miles and upwards —the angular measurements were invariably made either with the great
theodolite or with an 18-inch repeating theodolite, the second best instrument with which Colonel
Lambton had been supplied; these were considered as the principal triangles, and they are
shown on the Index Chart facing the title page of this volume. Smaller triangles, emanating
from sides of the former as bases, were generally measured with inferior instruments, and are
not shown in the Chart. The triangulation was verified and controlled by base-lines measured
at distances of 90 to 250 miles, full details of which are given in chapter V of this Volume.*

Wherever hills were numerous, the operations were carried on with great rapidity ; but
in the plains of Tanjore, and generally in the low lands which trend inwards from the east
coast, south of Pondicherry, they were greatly impeded ; and it was while the great theodolite
was being hoisted to the summit of a pagoda in Tanjore that it met with the accident which has
already been described. In these tracts there are considerable gaps in the principal and also
in the secondary triangulation; the surface of the country was very flat and destitute of
commanding positions, it was also densely wooded, and these difficulties were found to be
insurmountable. Thirty-five years afterwards the principal triangulation of this survey was
being successfully carried—under the superintendence of Colonel Waugh—through a far more
difficult country, the well known Terai, bordering the southern slopes of the Himalayas from
the meridian of 79° eastwards to the Assam Valley, which is as flat as Tanjore and is moreover
covered with dense and deadly forests and jungle. But then the means and appliances of the
survey, and it’s command of skilled labor, were far greater than they ever had been in Colonel
Lambton’s time.

# The whole of the triangulation below the parallel of 16° is shown in a chart on the scale of 8 miles = 1 inch,—in 8 sections—
entitled, “ Plan of the Trigonometrical Operations carried on in the Peninsula of India, from the yeor 1802 to 1814 inclusive, under
the superintendence of Licut.-Colonel W. Lambtos.” Pulished by J. Horsburgh, 1827.
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9.

Objections raised to the system of operations; proposals for am astronomical instead of
geodetic basis for the Survey of India.

“Shortly after the commencement of his labors, Colonel Lambton was called on to
“ demonstrate the utility of his work. It was assorted that surveys on an astronomical basis
“would be equally accurate, and more economical than geodetical operations. The futility of
“these views was ably exposed by the Colonel, and being supported by the Astronomer Royal
“of the day, the Reverend K. Maskelyne, all open opposition was withdrawn, and Major
* Rennell, who was the chief advocate of the astronomical basis, afterward concurred in the
“ trigonometrical system. As this view of the subject has been confirmed by the practical
“ testimony of every nation in Europe, and the importance of trigonometrical operations is now
“universally admitted, by all practical scientific men, as the only trustworthy basis for exten-
“ sive national surveys, it is unnecessary to discuss the first principles any further in this place,
“and they are only adverted to in illustration of the formidable prejudices the trigonometrical
“survey in India has.all along had to contend with. Colonel Lambton’s operations detected
“an error of no less a quantity than 4o miles in the breadth of the Peninsula, as previously
“laid down astronomically in the way Major Rennell proposed. All the principal places
“ on the old maps, which had been fixed astronomically, were found considerably out of posi=
“ tion. For example, Arcot was out 10 miles, and Hyderabad no less than, 11’ in latitude
“and 32’ in longitude. In fact for the survey of an enormous empire, the trigonometrical
“ gystem is not only the most rigorous, but the cheapest in the end.*

10.

Geographical Operations.

About three years after the commencement of his operations, Colonel Lambton was called
on by the Government of Madras to furnish all possible information regarding * the appearanca
“ and resources of the country, it’s roads, it's supply of water, and whether favorable for military
“ movements ; also to represent it's general features, such as rivers, vallies, passes, mountains,
“ the state of fortified places &c; and in short to notice every circumstance that may afford useful
“ information in time of war.” Eventually four officers, who had been trained in the Madras
Military Institution, were appointed to assist Colonel Lambton in these operations; they were em-
ployed in delineating the principal geographical features of the country, on the basis of the
triangulation, in such a manner as to indicate every thing that was considered to be of impor-
tance for military operations. The runs of the mountain ranges, the courses of the principal
rivers, and the lines of the great military roads, were laid down in a general manner, by determin-
ing the positions of the principal points and places on them, and more particularly the positions

¢ Very little information on the eubject of these proposals is to be found in the records of the Department, and the above details
are taken from a Report on the Progress and Expense of the Great Trigomometrical Survey qf India which was prepared by Colonel A.
Scott Waugh—then Surveyor General and Superintendent of the Great Trigonometrical Survey—fot the information of the Houses of
Parliament, aud was printed on the 15th April 1851, by order of the House of Commens.
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which were or might be halting places for troops. In fact, whenever the triangulation entered
a district of which no regular survey had been or was being made, and political reasons, or the
physical difficulties of the country, rendered it improbable that such a survey would soon be
made, Colonel Lambton and his few assistants were required to make a generalized preliminary
survey, and report on the condition and capabilities of the country; also to furnish sketches of
forts, and supply all other information which would be useful for military purposes. Thus
by the year 1814 he was able to furnish the Government with a series of Maps exhibiting all
the most prominent geographical features of the Peninsula, as far north as Goa on the west and
Musulipatam on the east coast.

These operations were fr equently suspended for a while ; the assistants were removed,
and Coloznel Lambton was on one occasion instructed to restrict his operations to the prlnmple
triangulation only, and to stop all secondary triangulation and all measures for acquiring
geographical details. Some alarm appears to have been felt of evils which might result from
multiplying copies of maps or other materials connected with the survey of the country; in
1810 Colonel Lambton was directed to transfer all the geographical and topographical materials
in his office to the Quarter Master General ; he was even prohibited from retaining any copies of
those documents, but he was graciously informed that the Governor in Council did not require him
to render any account of the materials which he had collected at his private expense, during the
progress of the general survey. Eventually however these objections were overruled, and
Colonel Lambton was requested to combine his materials with those of other surveys into a
series of geographical maps.

The operations were also frequently interrupted by the disturbed political condition of
the_country ; in some of the Native States, though the Rulers were anxious to render all neces-
sary assistance to the surveyors, there was no sufficient authority to prevent opposition, which
was manifusted sometimes actively by hindering the surveyors from erecting stations on the
most commanding points in the country, sometimes passively by refusing to allow them to
purchase food and endeavouring to starve them away. The Travancore war brought matters
for a while to a stand-still, and Colonel Lambton took a share in the military operations; he
served at the capture of the Arumbulli lines, the fortifications which protect the neck of the pro-
montory on the extremity of which Cape Comorin is situated.

11.

The Survey transferred from the control of the Madras Government to that of the
Government of India.

The success which had attended Colonel Lambton’s early labors had naturally induced
the Hon’ble Court of Directors of the East India Company to desire that the Survey should
be gradually expanded, so as to embrace the whole south of India, and then be advanced pro-
gressively to the north. Thus by the year 1817 the Great Arc had been carried northwards
as far as the Beder base, in latitude 18° 3/, while the general triangulation had reached the
parallel of 16°; the operations had passed beyond the limits of the Madras Presidency and
entered into Prox /inces which were politically connected with the Bengal Premdency, and the
British Authorities in which were under the sole orders of the Governor General in Council
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«the Supreme Government of India. These circumstances appeared to the Marquis of Has-:
tings, who was then Governor General, to indicate that the time had arrived when expediency-
required that the Trigonometrical Survey should be taken under the direct and immediate
control of the Supreme Government, and this measure was carried out on the 1st January:
1818*. The Governor General moreover directed . that the Survey be denominated the Great
« Trigonometrical Survey of India, and Lieutenant-Colonel Lambton the Superintendent thereof;
“ that a duly qualified officer be appointed Chief Assistant to the Superintendent; and that a
« person skilled in natural science, and capable of affording medical and surgical aid to the
« gurvey establishment, be permanently attached to it as Geologist and Surgeon.”

As regards the appointment of a Chief Assistant, the Governor General observed that

“the intense mental and bodily labour of conducting the Trigonometrical Survey has been performed heretofore by
« Colonél Lambton alone, and the runk and the advancing age of that zealous and distinguished person now demand
* gome relief from such severe fatigne. But independently of the consideration so eminently due to the individual, the
¢ Governor General is decidedly of opinion that the strongest reasons of public expediency exist for associating an assis-
“tant in this great employment. The mathemetical qualifications for conducting such labours are of a very high order,
* and possessed by few in India ; they require to have been kept up by habitual exercise ; and moreover the.extreme
“accuracy indispensable in trigonometrical calculations on the scale of Colonel Lambton’s undertaking, demands a
“ dexterity in the use of the instruments, and a scrupulous degree of attention in what may be termed the practical part -
“of the labor, which can scarcely be conceived by persons unaccustomed to it, and which is to be learnt only by a
“ rigorous apprenticeship. The regretted time must one day arrive when Lieutenant Colonel Lambton’s task is to de-
“ volve on a successor. It would not be wise to trust to chance for producing one fully equal to the duty .at the
“ moment when he is wanted ; neither is it right that this important Survey should thus hang on the life of a single in-,
“dividual. Lieutenant Colonel Lambton himself has urged this point to the Governor General and has pressed on his
“ Lordship the propriety of giving him an associate. The Governor General therefore has selected for this Office, Cap--
“ tain Everest, of the Artillery, of whose eminent degree of science-as a mathematician he is assured, and whose talents-
“are known to the Vice-President in Council, both by his surveys in Java, under the Quarter Master General’s Depart-
“ ment, and by his successful exertions as an Engineer, in recently clearing the navigation of the Matabanga and other
¢ rivers.” :

In May 1818 Dr. Voysey was appointed to be Surgeon and Geologist to the survey.

Hitherto Colonel Lambton had been carrying on the principal triangulation and the
geodetic operations almost single handedt, for the officers of the Military Institution, who had
served under his orders for some years, had been solely employed in secondary triangulation.
and in the geographical operations. His normal establishment consisted of a sufficient number
of the natives of the country to carry the instruments about, and a few chain-men and signal-
lers ; also three European or East Indian subordinates, who were originally employed as com-
puters in carrying on the several calculations of the triangulation, but eventually were trained-
to render assistance in the field also. All the principal operations hitherto, whether in the
field or in recess quarters, whether in the actual observations and measurements, or in the

# The instructions were conveyed in a letter No. 111, dated 25th October 1817 from the Governor General to the Madras Govern-
ment, from which the above extracts are taken.

+ “In his early operations Colonel Lambton was assisted by Lieutenant Warren of his Majesty’s 38rd, and Captain Kater, of his
¢ Majesty's 12th Foot. e first named officer belonged to the ancient noblesse of France, to which country he returned after the peace.
‘“ His stay with Colonel Lambton was of short duration, as he was, at & very early period of the work, .[gointed to the charge of the ,
“ Madras observatory. Captain Kater’s health having failed, obliged him to quit the department. This officer afterwards acquired an’
* Ruropean reputation as a sciertific man, having become a member of almost ever{ academy in Europe, been emplo%zd on every business’
“ of national research, appointed a member of the Board of Longitude, and finally elected Vice-President of the Royal Society. Thus it
‘ appears that, during the greater portion of his career, Colonel Lambton worked nearly single handed in the extensive and arduous opera-
« ghhm. which he Miel:i on, amidst tih,e fo;nidnbl:d mn.lsf and Iobstaclee thnt the baneful nature of the cliuemate and the want of resources in
“the country everywhere presented.” Extracted from Colonel Waugh's Parliameniary Report on Progress and Ezpense of the
@reat Trigonometrical Survey of India. i )
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calculations connected therewith, had been performed by Colonel Lambton and his three subor-
dinates. Thus simultaneously with the transfer of the survey to the direct control of the
Supreme Government, the strength of the establishment was materially increased, and the Mar-
quis of Hastings, so deservedly celebrated for his happy selections of able men for public
business, made a fortunate choice in his selection of Captain Everest as Colonel Lambton’s
chief assistant.

12.

Continuation of the narrative to the death of Colonel Lambton in 1823 ; the operations embracing
the country between the parallels of 16° and 19°, and the meridians of %7° and 80°.

‘When the survey had been carried to the north of the parallel of 16°, and had reached
the basins of the Kistna and the Godavery Rivers, it’s further progress was much impeded, and
for several years the advance was very slow in comparison with the rapid strides which had
been made in the southern portion of the Peninsula. The scene of the operations was now the
country of the Deccan, the Dominions of a Native Prince—the Nizam ot Hydrabad—whose
authority was at all times very feebly exerted over his subjects; many of the petty Chieftans
were in open rebellion against the native government, and all were more or less suspicious of
the operations of the surveyors, viewing the planting of flags and signals with much jealousy
and apprehension, as mere preliminaries to taking possession of the country.

Thus it was a matter of some delicacy on the part of the Britislr Resident at the Nizam’s
Court to support the surveyors, and on that of Colonel Lambton of some hazard to venture into
these regions, which did not settle down into repose until the Marquis of Hastings had destroy-
ed the Pindara confederacier in 1818; and even after that event the survey parties had to be
strongly guarded, and it was frequently necessary to send soldiers of the Nizam’s army with

- the native subordinates as well as with the European officers, for their protection.

But the chief causes of delay arose from the physical difficulties and the comparatively
meagre resources of the country, and from the deadly nature of the climate atthe season of
the year when—for the reasons already explained at page XIX—it was considered necessary
to carry on the principal triangulation.

The face of the country was covered with extensive forests which had spread over the
sides and the summits of the hills, so that several days and sometimes weeks had to be spent
in clearing the hill tops and preparing them for stations of observation; the commanding posi-
tions which were most favoraole for the operations were frequently situated at great distances
from the nearest inhabited localities; and, worse than all, the heavy rains which cleared the
atmosphere sufficiently to permit of observations being taken to distant signals, were invariably
followed by a deadly season of some months duration, caused by the influence of a powerful
sun on a moist soil and rank vegetation teeming with the germs of malaria.

Captain Everest joined Colonel Lambton late in the year 1818, and was deputed in
June of the following year, at the commencement of the rainy season, to extend the general
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triangulation eastwards, from the sides of the Great Arc near Hyderabad to the meridian of 80°.
He has given vivid descriptions of his operations in the Introduction to the Arc-Book of 1830,
and in his reports to Government. One of his first duties was to quell a mutiny of the de-
tachment of Nizam’s troops which formed his escort ; he had to carry the operations through
a country which he describes as a “ dreadful wilderness,” a region than which “no part of the
earth was more dreary, desolate and fatal” ; he had to improvise means for crossing numerous
streams which had been swollen to rivers by the heavy rains; at some of the hill stations
nearly a square mile of forest had to be cleared away before observations could be commenced ;
- and when all these difficulties were successfully surmounted and he was hoping to complete
the observations in course of a few days—and thus, in Colonel Lambton’s words, * have per-
formed a very magnificent work 4ndeed to Btart with”—he and his assistants and the entire
native establishment were struck down by a malignant fever, many perished miserably by the
road side, and the survivors had to be carried into Hydrabad, whence the whole of the public
elephants, litters and vehicles of all descriptions had been despatched to their succour, on the
receipt of the first intelligence of the calamity. ,

Captain Everest’s constitution suffered so much that he was obliged to go to the Cape of
Good Hope for a year, to seek the advantages of a change of climate. There he employed
himself in investigating La Caille’s meridional arc, which had presented an unaccountable ano-
maly when compared with similar measurements executed on the opposite side of the equator,
giving rise to the hypothesis that the opposite hemispheres of the globe were of different
forms. Captain Everest showed* that the discordance most probably arose from the disturbing
influence occasioned by the attraction of the mountains in the neighborhood of the two termi-
nal stations of the arc; and twenty years afterwards his views were fully corroborated by Sir
Thomas Maclear’s operations for the verification and extension of this are.

Doctor Voysey, who had joined the survey a few months before Captain Everest, shared
all the perils and privations of that officer’s first campaign as a surveyor, but fortunately with
less harm to himself. He remained with Colonel Lambton, and was of great assistance to him,
aiding in the measurement of the Takal Khera base-line, in the year 1822, and completing the
surrounding principal triangulation, while his chief was engaged in observing zenith distances,
Colonel Lambton earnestly recommended that Doctor Voysey should be formally appointed to
the Survey as his assistant, but the Governor General * doubting the expediency of combining
in one individual the functions of Surgeon, Geologist and Surveyor” withheld his consent from
the measure. : ,

After the year 1819 Colonel Lambton ceased to take an active part in the triangulation,
which was then chiefly carried on by his principal sub-assistant Mr. J. De Penning; and the
operations at Takal Khera, in the year 1822, were the last in which he took any personal
share. He was proceeding from Hydrabad to Nagpore, to make arrangements for extending
the operations of the Great Arc northwards, across the Mahadeo and the Vindhya ranges and
into the plains of Central India, when, on the 20th January 1823, he died at Hingunghat, a
now well known commercial town which is situated about 50 miles to the south of the city
of Nagpore. '

® See Grant’s History of Physical Astronomy, page 147.



XXXI1 INTRODUCTION.

Colonel Lambton was 47 years old when he commenced the operations which have now
been reviewed ; he had thus already reached an age when, in India, men are mostly thought old,
or at least are considered to have passed the prime of life, and are within eight years of the
age at which the servants of Government are liable to be superannuated; but he was still
in the prime of his life, and the full vigor of an unusually robust and energetic manhood. Until
within a few years of his death, at the age of 70, he seems to have scarcely known what it was

_to have had a day’s ill-health, though he never spared himself, nor shrank from accepting his
full share of the privations to which all the members of the survey were exposed, and which
even Captain Everest thought reckless and almost unjustifiable ; he accepted these as a matter
of course, and seems to ha.ve thought little, and said less, about them, rarely alluding to them
excepting when he was endeavourmg to obtain promotion for his subordinates who had shared
them with him. His life was an entire devotion of self to the interests of the public service
and the advancement of science, without a thought of ever ceasing from his labors while life
lasted ; and, as he had ever looked forward to dying, so he died, at his post.

_ By far the greater portion of the operations hitherto had been performed by Colonel
Lambton with his own hands, and it is much to be marvelled at that he should have succeeded
in doing all that he did, with the limited means at his disposal. He had however contemplated
extending his researches to other subjects than those to which his energies were so unsparingly
devoted ; he had formed a project for the investigation of the laws of terrestrial refraction, and
was making arra.ngements for the determination, by pendulum observations, of the relative force
of gravity at the several stations of the Great Arc, and at  corresponding stations in the same
latitudes on the sea coast.” But it was only permitted to him to complete a part of the pro-
gramme of achievement which he had set before himself; the rest he was compelled to bequeath
to his successors, The investigations into the laws of terrestrial refraction were made a few
years after his death by Colonel Everest and Captain Waugh. The project for investigations
of the force of gravity was set aside for several years and eventually forgotten; but in 1864,
General Sabine, then President of the Royal Soclety, recommended that pendulum observations
ghould be taken at the stations of the Indian Are, in conjunction with the operations of the sur-
vey, and the measure having been approved of by the Government, has been subsequently
c¢arried on by Captain Basevi, and is now all but completed the principle, which was origi-
nally enunciated by Colonel Lambton, of