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TO

HIS. MOST GRACIOUS MAJESTY

MAXIMILIAN IL,

KING OF BAVARIA,

SIRE,

Your Majesty, with that gracious sympathy cver so readily evineed on behalf of
geographical science, has again been pleased to distinguish us with Royal favour by
accepting the dedication of the present work, in which it has been our endeavour to
contribute to the knowledge of physical geography by collecting the measurements of
heights hitherto made in India and High Asia, and combining with the results of
former observers the determinations made by ourselves” during three years travel in
those regions.

The mountain.systems of the Himdilaya, Karakorim, and Kuenlien, include the
highest elevations of our globe; yet their geological character, so different from the
volcanic nature of the Andes, and their climate so rapidly approaching with inereased
clevation that of the temperate, and even frigid zone, presented to us, though on a
larger scale, surprising analogies with Alpine forms, and suggested, notwithstanding
the distance from home, many a cheerful remembrance of the highland territovies of

your Majoesty’s dominions, our own native country.

With entire loyalty and profound respec® we are
Your Majesty’s

most faithful and obedient Subjects

JXGERSBURG, Sept. 1861.
THE AUTHORS.






PREFACE.

The compilation and computation of the existing hypsometrical
materials for India and High Asia being now terminated, we are in
a position to indicate by a few figures the data upon which our
knowledge in this branch of science is based, up to the present month
of November, 1861. This enumeration may he considered at the same
time as a general outline of the labours hitherto completed in hypso-
metry by our predecessors and ourselves.

The present volume contains, in all, the heights of 3,495 points, of
which 1,615 belong to India, and 1,880 to High Asia. The area over
which they are distributed extends from the southern parts of Ceylon
to the environs of Kdshgar in Turkistin (from 6° to 39° Lat. N.), and
from the eastern boundaries of Assam to Sindh (from 97° to 70%°
Long. E. Gr.).

Of the 3,495 points mentioned above, there are 1,113 for which
we had no other determination but our own; of these new data 378
belong to India and 735 to High Asia. Besides these, we had occasion
to add 144 points, some of” which were determined anew; others are
points for which differential values only had been formerly given,
and which we had now the opportunit).r of connecting with the level

of the sca.
II.
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With reference to the transeription aaopted, a detailed explanation
was presented in Vol. I, pp. 66—70; the table of the alphabet used is-
also given at the beginning of this volume. For the transcription of .
the Tibetan names, we are greatly indebted to our brother EmiL, who
for some time past has been occupied with the preparation of a work,
in which he will separately publish a selection from our Tibetan
materials. |

We begin this Volume, in Part L, with the theoretical considerations
on the method of observation and calculation; two diagrams are also
added, showing the variation of the barometrical heights in the daily
and yearly period. As practical results of this part, we may mention
the remarks on hypsometrical instruments in general, and especially
our careful comparisons of-barometers and of boiling-point thermo-
meters, which were constructed with the greatest accuracy, and on
which each degree of the Centigrade scale was divided into 50 parts.
We had occasion to make such observations atea camp on the
ibi Gamin, still at a height of 19,323 feet. The barometrical and
trigonometrical tables (pp. 71—90) may, we hope, be found acceptable,
especially for scientific gentlemen in India.

The heights are contained in Parts 1L, Ik, and TV. It was a matter
of serious consideration, how to arrange so large a number of heights.
In accordance with ‘the system detailed p. 93, the extensive districts
of India, the Himdlaya, and Tibet, with the Karakorim and Kuenlien,
have been kept separate, and each of these groups was subdivided into
areas, the limits of which are laid down’ on a map included in the
present volume. In this map the arrangement and succession of the
heights is indicated by lines drawn across the several areas. To facili-
tate, however, the forming of any other combination which might be
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required for special purposes, an “Alphabetlcal Register of Heights™
has been given, pp. 506—25.

‘The materials collected in this volume were, at the same tune,
the basis for a “General’ Hypsometrical Tableau” (pp. 473—505), i
which we have attempted to compare the principal features of Indla
and High Asia with those of the Andes and the Alps.

In our Atlas of Panoramas, Views, and Maps, seven plates of
“Panoramic Profiles” are: engravings, having special reference to the
hypsometry of High Asia. The profiles are parts of the large panoramas,
the most important of which will subsequently be given as complete
landscapes, coloured, with foreground and lateral scenery. The repre-
sentation in profile of numerous crests of snowy peaks in immediate
succession, and their combination with the hypsometrical details given
in this volume, are as yet, we helieve, a novelty of the kind, and, it
is to be hoped, will prove useful in completing the orographical tablean
of these regions.

Following the principle adopted in our first volume, we here also
present the details of our observations, as far as we consider them
necessary. This is a plan which, though materially extending the
typographical matter, is generally followed in similar works, as it
renders possible a subsequent application of any, even minor improve-
ment which may arise under the gradual progress of science, We
have also taken care to give a list of the different observers, together
with their important labours; to these must he added the recent
operations of the Great Trigonometrical Survey, under Captain T. .
MoNTeoMmEeRIE, in Balti and Laddk, the results of which, we venture
to hope, will shortly be published.

It affords us particular pleasure to repeat our acknowledgements
for the valuable assistance, both official and private, that we have
received in furtherance of the work eontained in this volume: in
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ingland, by Logrp StaNiey, his successor Sir Cuarnes Woop, and the
heads of the various departments of the India Office; in India, by
General Sk ANprew Wavett and Colonel H. L. TouiLniek.

This  volume was on the point of being published, when
Lorp WiLriam Hay communicated to us the important news, that he
had succeeded in his endeavours to recover Adolphe’s manuscripts
relating to his last and fatal journey to Turkistdn. An account of their
discovery by Lorn Hay, to whom we have repeatedly had occasion to
allude for his kind services in connection with our publications, is
contained at the end of this volume. It is preceded by a report, in
which the testimony of the several native witnesses examined in
reference to -the laméntable fate of our brother, has been carefully
sifted by Mg. Tuorxron, in conjunction with CoLoNer Laventon and
Mussks. Scrivin and Switi, two gentlemen of the Indian medical
serviee,

The topographical portion of Adolphe’s manuscript, which reached
us January 10, 1862, will be embodied in our third volume. '
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ERRATA

Page 9 hine 21 and 2, for Macardieu read Marcadieu. ' Page 253 line 1, after Adams peak add *Sumanala™.
« B2 1Y, for Loaka read Loika. . 261 ., 17, for Nilgirvis read Nilgiris.
o 39 Ly for 1L vead 1L o 2667, for 199 to 203 read 202-6
o D2 010y for 18O read 18D ©.28h o 3 and 6, for Pemiongchi read Pemidngehi
o 6T 3Loafter 21 20 16" 6 add »or about 1,469 | 287 . L4, for 30° 415 Loug. K. Gr. 77" 48" read

|

-

miles™, | 307 98" Long. K. Gr, 777 100,
o B9 2Dy for 3 QOB3IRO read T 9U33480. b uRe L 28, for Chinda reed Chindu.
A 1 LT 8 for Herm., AL O, read Schl, A, O, Loow 292020, for 1,906 read 11,956,

L1320 10, after 310 feet add “Schl, AdY W S0t 24 for Neph’\ read Nepil.
W 19 Band 12, for Kussinlgirh read Khish-halgarh | L 83056 ., 17 et seq. for Narayini read Nardyani.
W L6820, after SUT LY B¢ add o Bandelkhand” L 308 & after 11 Marrl add <12, Kanaur”.
s 18R 8 after 1OGR ft add »Schl, AdD ‘ 31 L 12, wfter 11LI3R ft add “Schl, Ad”
W2 O U6, for KL oread Schl, 1) : L 322 3, for Deo read Déo,
5 227 L oafter LDt add <Schl, Ad T, Line 23, ;o 310 ., 4 for Bayy Ghit read Ruj Ghat.

after 23124t add “Schl, Roh 403 6, for Knj Nig read Kaj Nag.

W 220 27, after 320 L. add »Schl, Ad”

W2 L 2 for Karmatik read Karnatik; line 11, for

« 424 . 4, for Changehénmo read Changehénmo.

W A3 22, for Sehl, Ad. read Steach.

W 436 L 8 add *Subsequently, Dr. J. G, Gerard
W 2T L 1D, for Natarwmpalli cad Natharmupadl, i reathed u beight of 20,400 £t

Piduru read Péduru,



) ALPHABET USED FOR TRANSCRIPTION,

a (& aaa) d; b (bh); ch (chh); d (dh); e (¢ ¢ &) f5 g (gh); by i 0 Dy Gl k (kb kb 1y
m; n; o (6 8), 6; p {ph); r (rh); s; shy t (th); u (0 @), @i viy; %

RULES OF PRONUNCIATION.

The systene of the transeription adopted
Vowels.

a, ¢, i, 0, u, as in German and Italian,
i, 0, i, as in German.
Diphthongs give the sound of the two component
vowels combined.  Diweresis is marked by the

accent falling on the second of the two vowels,
1. - above the vowel makes the vowel long.

In general we considered it unnecessary fo add
this sign when the aceent coineided with it and
the omission would not influenee the correctness
of the pronunciation,

Short vowels are not separately distinguished.

“above a and ¢ (a, ¢) Is aosign of imperfeet

J.
phonetic formation, similar to the open « in b,
and ¢ in herd.
6. - below o indieates the deep sound, like « in
L)

teall.

7. T above o and o indicates a nasal sound, like
a and o in the Freneh words gant and son:
also ¢, T, and @ had to be introduced for
marking the nasal sound of ¢, 1, and u; in the
nasal diphthongs an and ai, we make the sign
over one only, though both <ounds have the

nasal sound.

GENERAT

The measurements of heights and distances are {

given in Fnglish feet, and the miles also are English.
All the heights given are absolute, referring to
the level of the sea.
The readings of the barometer are given in
English inches, of the thermometer in Fahrenheit.

s fully capluined fe Vol Lo pp. v 70

Consonants.
Lobydo £ bk Lo g porg <ot are pronounced
asin German mud - Foghsh [the variations
occurring in the pronunciation of g and h (m

Englishy excepted).

P20 Dy oafter o consonamt ix an audible aspiration,
: exeept in ch she and k.
c3ochy as in English (elooreh).

"4 shy as i English (shade).

|
6,

kb, as ch in German ¢hock).

3y as i English (just).

| 7. veas the e m Gernian ¢ Weassery, hemg different
: from e i oo and e in water,

,4\'. yoas g in the Foglish word ges. or yoin the
! German ja.

E!L 7, soft, as in Knglish.

Aeeents.

+marhs the syllable on which the aceent falls,

whether the syllable he long or short

Aiphabetical Begisters.,

I our alphabetical vegisters the letters follow

“the order of the alphabet, irrespective of the signs

attached to them, .

REMARKR.

All the latitudes arve North, the longitudes are
Adopted

"longitude of the Madras Observatory: s0° 13 56"

“referred to the meridian of Greenwich.

{ Fast Green,
! Abbresviations and signs used for the observers

[ see pp. 4—10.






PART I

METHOD OF OBSERVATION AND CALCULATION.

. ENUMERATION OF THE MATERIALS OF OBSERVATIONS.
1. BAROMETRIC AND THERMO-BAROMETRIC INNTRUMENTS.
IL - CORRESPONDING METEOROLOGICAL STATIONS.
V. CALCULATION OF BAROMETRIC HELGHTS.
V. TRIGONOMETRIC MEASUREMENT OF HELGHTS AND DISTANCES.

VL TABLES USED IN THE CALCULATIONS.






. ENUMERATION OF THE MATERIALS OF OBSERVATIONS.

Comparison and combination of the heights obtained. -~ Abbrevintions used for the observers, books, and maps
A. India and Himilayn in general: B. Indin; €. Himilaya and Tibet .

COMPARISON AND COMBINATION OF THE HEIGHTS OBTAINED,

It being our aim to present a general tablean, as complete and correct as possible,
of the hypsometric conditions of India and High Asia, we have combined with our own
observations' a cavefully detailed compilation of all the existing materials which we were
able to collect, thongh it has proved a much more laborious task than we had anti-
cipated, on*account of the materials being scattered throughout a great number of
books, pamphlets, and maps, and even manuseripts, a'ul provincial publications of India.
We have. besides, embodied the results of previous observers, not only for such places
and localities which we were ourselves unable to visit, but also for those actually
determined by ourselves. In the latter case former determinations, when based on
detailed measurements, offered at the same time a valuable control for our own obser-
vations, and could, moreover, be included in the means. The instancos, however, where-
means could be taken were much less numerous than we had expected; they were,
indeed, comparatively speaking, very rare, since for a critical examination it is of im-
portance to know the original observer, and the nature of the method upon which
his result is based, and _these two points it was often very difficult, and somctimes im-
possib'le, to elucidate. We were also prevented from taking means at a vast number
of places, becanse the spot of observation, or the “locality”, as we propose to call it,

! Our barometric observations are contained in Nos. 13, 14, 15, and 16 of the manuscript volumes quoted in

Vol. 1, p. 8; the trigonometric determinations in Nos. 7 and 8.

l*



4 METHOD OF OBSERVATION AND CALCULATION.

had not been properly defined and described b).' the observer. The omission of the
precise locality is often the occasion of much confusion and uncertainty, and many
apparent discrepancies between the results of different observers at the same place
would disappear, if the locality were known to which cach observer’s determination
refers. In hilly, rocky, or much broken ground, it is possible for ditferences of several
hundred feet, to exist between “various localities™ within a very short distance from
cach other. '

In the selection of the locality, care should ;llWays be taken to fix upon a well
defined object, such as the level of a river, tank, or spring, the floor of a house, or
compound, the top of a hill, &, in fact, any spot which may be casily recognised by
a subsequent observer! As, however, it is often impossible to put up the instruments
in conspicuous positions, a local correction should then be applied, the amount of
which can in general be casily ascertained by direct measurement, or in extreme

. :
cases, by minor triangulation.

In deducing the final results tor places which had been determined by various
observers, we have omitted the carlier observations, when evidently wrong, and, other
things being cqual, give the preference to trigonometric, over barometric, deter-
minations.

Places near the sea shore, or very little above the sea level, and those situated

in the deltas of rivers, have been in general omitted. .

ABBREVIATIONS USED FOR THE OBSERVERS, BOOKS, AND .\1.4'\1’.\'.'-'

The observations made by ourselves during our travels are marked so as to

distingnish the observer, or our establishments, when on a separate route.

sehl, e, Hormann, ‘ Sehl, Mark.  Harkishen,

Sehl., Ad. Adolphe, | Schl, Til. Kleazar,

Sehl, Roh.  Robert, i Schl, Man.  Mini.

Sehl, Lt. A, Lieutenant Adams, ' About our establishment, sce Vol. L, pp.

|
: J6—38,

' When the nature of the object measured leaves no doubt as to the locality, we Lave omitted it altogether.
Thus, when the height of o penk, or pnss, is given, the sumnnt is the locality siguified; when we give as locality
dak bingalo. the floor of the bingalo must be alwuys understood.

* The anthorities here quoted ave arranged, not alphabetically, but geographically, according to the thvee prin-

cipal divisions adopted by us.
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A. INDIA AND HIMALAYA IN GENERAL.

For the materials collected, we use the following signs:

G.T.8. The heights of a large number of places, peaks, &c. have been determined
by the Great Trigonometrical Survey of India, in “connection with its other operations.
The values obtained, however, have not yet been published in a separate form, but
are to be found dispersed throughout the Revenne maps, the maps of the Indian
Atlas, and various provincial publications. Besides those alveady published. we have
been. allowed, through the truly scientific zeal of Colonel Wiaugh and Major Thuillier,
to extract a great number of original records. The locality for the places in India
Proper, called “Tower Station,” xcems generally to be the top of the station mark. viz,
on an average about 30 or 40 feet higher than the survounding plain.  In all cases
where it was known, we subtracted the height of the tower and gave as locality:
T.5. base = base of the tower station. |

Schl,A.0. For the vallev of the Brahmapitra, and the adjoining countries to the
north and to the south of it. somo heights, which had been determined hy Assamese
officers, were commmmicated to Hermann from Colonel Jenkin’s Central Office at
Gohatti.

Thon. - Thornton’s well known Gazetteer of India, London, 1857, gives some heights
nowhere else found by ns.

ook Hooker's cateful observations are contained in his “Himalayan Journals™.
London, 1854, Vol 11, pp. 465—473.

A Joand name. Nome isolated observations, made by various observers, and contained
in the volumes of the Journal of the Asiatic Socicty of Bengdl, or in the Asiatic
Researches, ave quoted ax above, with the respective name of the observer.

L A and No. of sheet signifies: heights contained in the sheets of the Indian Atlas,
without any further particulars heing commuuicated.

P.Coand mame. Private communications, received from various officers and gentlemen
during our travels, will be found quoted under this head, together with the name of

the senders.
13, INDIA.

Oldh. The heights in the Khissia Hills ascertained by Professor Thomas Oldham

are given in his report: “On the Geological Structure of part of the Khasi Hills,”
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. ¢
Calcutta, 1854. This report is reprinted in the “Memoirs of the Geological Survey
of India,” Vol. I, Calcutta, 1859. Determinations of a few points made in the
Khassia Hills; 1827, by Licutenant Fisher (see “Gleanings in Science”, 1830, Vol. IL,
p. 69), have heen omitted.

kv. William Evans, Fsq, Deputy Chief Lngineer of the Kast Indian Railway,
kindly gave us, in May, 1855, a manuscript-map containing the levels from Howrah
(Caleutta) to Raniganj, a distance of 122 miles.

Turnb.  We are indebted to George Turnbull, Ksq., for a manuscript-map of the
Rajmahdl line of the Kast Indian Railway; this map, received in April, 1857, shows
the levels of the line between Bardvan and the river Kurumnisa. The levels of the
Fast Indian Railway are all referred to the Howrah dock sill.

MMam.  Nir Robert Hamilton communicated to the Asiatic Society the level of the
different. stations of the proposed railway Dbetween Sivat and Agra (see Journal of
the Asiatic Socicty of Bengdl, 1856, p. 221).

Frankl.  Capt. James Franklin adds to his memoir, “On the Geology of Bandelkhand”
(Vol. 18 of the Asiatic Researches), a table of barometrical heights, determined Nov.
to  February 1826-7. His point of reference and comparison was a G. T. N,
station at Sager, which he assumes as 2,195 feet above the level of the sea. But,”
after a careful examination, we find, that this G. T. N. station has only a height of
2,121 fect. Moreover, a comparison with our own obseryations shows Captain
Franklin’s determinations to be too high; we therefore have deducted from ecach of
his observations 74 feet (2,195 — 2,121 == 74 feet), so that his heights will now be
found nearer the truth.

Flem.  Dr. A, Fleming, in his “Report on the Greological Structure of the Salt
Range”, gives a list of approximate heights for various places situated in or near the
salt range. Some of his observations were made by a Fahrenheit thermometer divided
into '/°, others by mountain barometers. The corresponding station was Caleutta, being
more than 1,000 miles to the east. See Journal of the Asiatic Society of Bengal,
Vol. XXIL

Walk.  Licutenant J. T. Walker, Bombay Engineers, gives a considerable number
of heights, trigonometrically determined, and based upon the operations of the Great
Trigonometrical Survey, in his maps of the “Military Survey of the Northern Trans-

Indus Frontier”, Calcutta, 1853. Thesc maps, consisting of several sheets, are drawn
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in the proportion of two English mi]oes to the inch. We have applied to all heights
on Walker's map a correction, the amount of which is indicated Ly himself. An
account of Lieutenant Walker's Survey is published in the “Selections from the Public
Correspondence of the Pianjib Administration”, Lahér, 1855, No. XXV. It is to be
regretted that his elaborate account does not contain a list of the latitudes and
longitudes determined.

Bomb. Cal.  The Bombay Times Calendar for 1851 contains, in its third part, p. 6,
a list of heights of various places situated in the Bombay Presidency. The source
from which the heights are derived is not mentioned, but as some of them are also
to be found on the respective sheets of the Indian Atlas, we belicve them to have
been determined trigonometrically. We have kept a separate mark for them.

Buist. In our manuscript journals we found some observations, copied by our late
brother Adolphe from a source which is not specially named. These observations,
based partly on baromecter, partly on thermo-baromcter readings, refer chiefly to
Southern India, und were made, if we are not mistaken, by the late Dr. George
Buist.

Syk. Some of the places determined by Colonel W. T1. Sykes, in the Dékhan

“and Southern India, are given in the Proceedings of the Royal Society, 1850, p. 354.

A considerable number of heights are collected and graphically represented in
the “Barometrical Sections of India”, by Dr. Kdward Balfour, Madras, 1853, In
addition to these hypsometric observations, the book contains many interesting and
valuable data on the populations, products, &c., of India Proper. The observers
mentioned by Balfour are:

Wils.  Licutenant Colonel J. Wilson.

Cull. . Major General Cullen (now Resident at 'Travankir).

Mountt.  Captain F. Mountford.

Bab.  Mr. G. 1BB. Babington.

Ger. Captain A. Gerard. Besides the heights given in Balfour, Gerard’s © Account
of Koonawur”, in the Himalaya, edited by George Lloyd, London, 1841, con-
tains a great many heights.

Scott.  Various heights are also to be found in Major F. W. Scott’s map of the

Peninsula of India, accompanying the “Routes in the Peninsula of India and of the
adjacent Territories”, Madras, 1853. Neither the locality to which the heights refer,
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nor the authority. is given. Many are evidently taken from Balfour’s barometrical

sections; the rest seem to be approximations.

Fastw.  Kastwick’s Handbook for India, 2 Vols, London, 1859, contains several
hoights which we could find nowhere else.  Mr. Bastwick does not quote the source
from which they are derived.

Godd.  Levels exceuted along the Goddveri, by Lieutenant Goddard, are contained
in the “Selections tfrom the Records of the Madras Government”, Madras, 1855, under
the title, “Lieutenant Haig, Report on Navigation of the Godaveri”.

’

Baik. is the abbreviation we use for Baikie’s book, “The Nilgherries”, 2nd edition,
(aleutta, 1857, In the Appendix, p. 1, he gives a table of heights of mountaing in
the Nilgiris, without, however, mentioning the source from which they are derived.
Some of the heights quoted seem to be approximations only. There are also various
data, dispersed thronghout the pages of the book, which have been collected by our-
selves,

F.oand 8 Professor Schmarda’s intm'ésting book, “Reise nm dic Welt, 3 Vols,
Braunschweig, 18617, contains (Vol. L, pp. h87—-590) a list of heights determined by
M. de Fridan and Professor Schmarda.  The locality is given in a few cases only,
nor does it appear which was the corresponding station.

Fras  The wmap of the Central province of Ceylon, exhibiting the situation of
Coffee Kstates, by General Fraser, contains a number of heightsfabout which no further
particulars are known to us.

Tenn.  Heights are also found in Sir James E. Tennent’s well known «Ceylon™,

2 Vols, London, 1859, in Vol. L. p. 1h.

(. HIMALAYA AND TIBET.

Pemb  Nome heights in Bhutin are contained iy Captain R. B. Pemberton’s
“Report on Bhutan”, Calcutta, 1839. '

Robins. Captain Robinson’s heights in the environs of Kathmandu are calenlated
from observations taken by a native; the vesults are given in the Journal of the
Asiatic Nociety of Bengil, 1837, Part 11, p. 699,

strach.  The Strachey's (Capt. Henry, and Major Richard) huve published a number
of heights for Kamdon and Gndri Khérsum in ¢ Physical Geography of Western Tibet”,
London, 1854, and in the Journals of the Asiatic Society of Bengil, Vols. XVI. to XIX.
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Russ. William Howard Russell, the well known correspondent of the Times during
the Indian rebellion, gives some heights in his interesting book My Diary in India™
2 Vols.,, London, 1860. The authority from which they are derived is not mentioned,

The Asiatic researches contain in Vols. 13 and 14 various heights, chiefly for
the Himilaya of Kamion and Garhval, trigonometrically dctormi'nod.by:

lHerb. .and Hodg.  Captain J. D. Herbert, and Major J. A. Hodgson.

Webb. 3uptaiu Webb. To each of his heights we have added 72 foet for cor-
rection of the starting point from which they were derived. Sce Journal of the Asiatic
Society, Vol. XVIL, p. 532,

A considerable number of the points determined by Herbert, Hodgson, and Webh,
have been recently revised by the G.T. S,

Muh.  Mr. J. Mulheran, first Assistant of the Great Trigonometrical Survey,
presents, as Appendix to Mr. Barnes’ “Report on the Settlement of Kingra™, Lahor,
1855, a list of trigonometrical heights in Kingra and Kulu.

Cunning.  Several heights of places, peaks, &c., of the Western Himalaya and Ladik
are given by Major A. Cunningham in his “Ladik”, London, 1854,

Thoms. In Thomson’s “Western Himilaya and Tibet”, London, 1852, we find
many heights quoted, some being those of the Gerards, Cunningham, and the Stracheys,
the remainder being determined by Dr. Thomson himself,

Earlier observations made by Moorcroft and Trebeck,' Higel* Vigne, Jacque-
mont,’ Macardien,* Griffith) and others, ave in general omitted, as they have been
for the greater part corrected by later obscrvers. When any of them, however, are

mentioned, we give to them the following abbreviations :

M.and T. = Moorcroft and Trebeck. Juey. Victor Jacquemont.
Iug. — Baron Higel. Mac. Macardicu.
Vig. ~- Vigne. . Grft. - Griffith.

! Travels 1 the Himdlayan provinces of Hindostin and the Panjab, from 1819—1825. Edited by 11 H. Wilson,
2 Vols., London, 1841.

* Travels in Kashmir and the Punjib. Translated from the German by Major T. B. Jervis.  London, 1845,
* Voyage dans Plnde. Journal. Paris, 1841.

¢ Selections from the public correspondence of the administration for the affuirs of the Panjib.  Lahor, 1853
Vol. I, p. H39.

* Journals of Travels by the late N. Griftith, E«q., arranged by J. M<Clelland, Esq. Calcutts, 1847, CGriffith's
heights are also coutained in Major Hough's expedition to Affghanistan. l.ondon, 1841.

11, D)
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The hypsometric vesults  contained in the works of Mountstuart Elphinstone,
Wood. Burnes, Lord, Lemessurier, and others, have also been omitted, as they refer
? b ] )

to countries which we do mnot include in the hypsometry of India and High Asia.

Ab o To o heights which are evidently  approximations only, the abbreviation
“ah.” abont, is prefixed.

The following abbreviations ave inserted between the name of the place and
the latitude.

1.8 means Tower Station.

T s base, stinuds for the base of the tower (see . ).

1L s, inserted inoamanner similar to the preceding 1.8, — Hill Station.

To the hypsometric stations the latitude and longitude is generally added, or

.

places in” their immediate neighbourhood are veterred to such determinations, xo that
the position of every locality can be considered as sufficiently defined.

These values are derived from various sources:

& Latitudes and longitudes of places determined by the Great Trigonometrical
Nurvey, arve distinguished by this mark.

FE This sign is attached to those places. for which we have ourselves deter-
mined the geographical co-ordinates, .

< The latitudes and lougitudes for places not distinguished by a sign are most

carefully taken from the best existing maps (for India, from the Indian Atlas, for
Bhutin, from Pembertons own determinations, given in po 208 of his Report on
Bootan, Caleutta, 18390 and from Tassin’s map. &c.).

Al the longitudes in this volume have been veferred by us to the Madras
Observatory. for which we have adopted the value: 809 13" 56" K. Gr,

The heights are wiven in Knglish feet,



[1. BAROMETRIC AND THERMO-BAROMETRIC INSTRUMENTS.

I Bawomerers: . List, b Constraction, ¢ Made of packing . l'('h-rmn.mtmn of the corveetions ¢ Geueral
Table of the covrections.
I Takrwo-BawoMeTERs: a. Deseviption. b, Last. e, Deternunation of the corrections by comparisan \\'!th huro-
meters,  d. Fundamental determination of the Yeorrections,
I, Axrroibs

IV, TuerMoMETERS

L. BAROMETERS.

a. List of the bavometeis.  During our different journeys we nsed in all sixteen
barometers. When starting from Burope, 1854, we had with us one syphon and two
cistern barometers frqgn Berlin, and three cistern ba ometerg_from Lowdon,

In March, 1855, we received at Calentta, through the kinh«-a.\ of Major Thuillier,
three mountain barometers by Newman, which were used by our assistants for corre-
sponding observations.

In the following year, five cistern barometers by Pistor of Berlin, which ha
been most: carvefully exccuted under the superintendence of owr friend, the late Baron
Humboldt., reached us in Caleutta, and lastly, before starting for his last fatal journey,
Adolphe received two more small mountain barometers by Troughton, probably from
his friends at Peshiur.

The following are the Nos. we use for the barometers in our observations, to-
gether with the makers’ Nos. and signatures.

We mark with an asterisk those which may he considered as standard  baro-
meters, from their having a large diameter of tube and cistern, and from keeping

their correction unaltered.
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No. Maker's No. Maker’s No. Maker's No. | Muker's
given by | Name and [given hy| Name and |[given hy| Name and [given by | Name and
boous, No. us, No. us. No. us, No.
i
1| *Greiner 1 5 | "Adie 9 | *Pistor ¢61 13 |Newman 2
2 ¥ Pistor ] 6 | "Adie 6 10 | * Pistor 962 14 'Newman 3
3 Ocrtling 1 7 *Pistor 959 11 * Pistor 963 15 | Troughton 1
! 4 ! Adie 4 8 | *Pistor 960 12| Newman 1 16 | Troughton 2
I |

Barometer 1, Greiner, was a syphon, 2 to 16 were cistern barvometers. Nos. 1
to 11 had millimetre seales and centigrade thermometers attached ; Nos. 12 to 16
had the seales divided into English inches with Fahrenheit thermometers,

The scales of Adie’s barometers, Nos. 4, b, and 6, had been engraved from a
correct standard, but without taking into account that the metre must be reduced
to 32° Fahrenheit as its standard temperature. A carcful comparison of their scale

division with a standard measurement has given the following resnlts:

Scale reading: Correction Scale reading | Neale reading: Correction Neale reading
Millimetres. to be applied. correeted.  © Millimetres. “to be applicd. corrected.
760 0 -0h o h l 490 0 - 02 489 8
00 0 0t 6996 ‘ 380 0 =01 379-9
GO0 0 — 03 Ho9-T i 300°0 00O 300 0

b, Constraction of the barometers.  With reference to the general construction
of the barometers, we add the following remarks:

Barom. 1, Greiner, had two microscopes with their magnifying glasses crossed with
wire as in theodolites, By aid of these microscopes the relative position of the two
arms of the syphon could be ascertained with the utmost nicety. When the instro-
ment was inverted for transport, the shorter arm of the syphon was protected against
the possible introdaction of air, by the insertion in the orifice of a cork, through
which a capillary tube was passed, so as to allow the mass of mercury to expand
withont resistance.

Kach of Adie’s harometers had a circular spirvit level in the upper end, by which
the vertical position of the instrument could be easily ascertained.  Greiner’s syphon
barometer necessarily had its point of suspension eccentrical, for, at ditferent heights,
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the relative position of the point of gravity was altered by the distribution of the

mass of mercury in both arms of the syphon: though from the general size und
weight of the wooden frame to which the syphon was attached, the deviation was
too trifling to be appreciable. For tho fundamental determination of errors, how-
ever, where the greatest possible accuracy must be sought for, or at very great
heights, the exact vertical position of the barometer was always ascertained by means
of a plummet.

The glass cisterns of Pistor’s barometers were surrounded by metal cases with
large apertures to admit the light. Of Adic’s cisterns but a small part conld be
seen, being, as they were, almost cntively covered by the "metal; nevertheless, they
received light enough for the adjusting of the zero point, which was cffected by
meany of broad edges. These “edges we do not consider to be so serviccable as the
large, but thin, korn points of Pistor’s barometers, which never altered their form, always
kept remarkably clean, and allowed of the greatest nicety in the adjustment, )

The barometers 12 to 16 had narrow tubes, and no point for adjusting the zero
in the cistern.  We occasionally used them for a series of observations, but on cach
occasion had to comparve them with standards, and apply the covrections thus directly
ascertained to the readings. From the nature of the instrument, the correction varies
with the height of the column, but it might also be deduced from the relative
dimensions of tube andecistern, always provided that the primary error of the instru-
ment remains constant. It s, however, impossible to alter the scale in perfect coin-
cidence with the rise or fall of the level in the small cistern; and we were consequently
obliged to use barometers ol this construction as differential instruments only, the
absolute values being as often as possible ascertained by direct comparison. The ther-
mometers attached to the barometers we took care to have made not too sensitive;
an over-susceptibility heing caleulated to interfere with their more immediate use,
which iy to indicate the temperature of the mercary in the barometer, without. at

the same time, being influenced by external canses of a trifling character.

¢. Mode of packing. The safety of the instruments was in great mcasure
due to our mode of packing them. Indeed, in three instances only a glass tube
was broken.

Every barometer had a strong wouden case for itself, and rested, in every dirvection,

/::"““7’*5’"‘““’4\7‘7\0\}
/ , :..A .

AR
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on soft elastic springs. Two short springs were placed vertically above and below
the case, and four larger ones pressed equally u])c;n the four sides. The instruments
were generally carried by kl{lih‘, and, when we travelled by dak, were placed upright,
but inverted, in the carriage. We found it possible, though not without difficulty,
altogether to avoid packing them upon horses, elephants, or camels.

When borne on a man’s back, the wooden case was packed in a bag of strong
cotton cloth with the necessary straps attached, and on the end to be kept uppermost
was fastencd a rough piece of wood—a mechanical contrivance which effectually served
to prevent the bearvers from carrying the instrument in a wrong position, it only from

the very inconvenience of doing so.

A, Determination of the corvections of the barometers. During the whole of our
journeys, the barometers were repeatedly subjected to- careful comparisons. 'The gencral
table of comparisons (p. 21) will show that we werce fortunate in keeping the cor-
rections pretty uniform, and that we always had in use onc or more instruments in
capital working order, though it is necessary to add that, on some occasions, which
will be mentioned hereafter, several of them became useless by the sudden introduction
of air into the tube. In the examination of the barometers, if soveral arve found con-
stantly to preserve the same difference, a very valuable criterion of their correctness
is afforded, as in this case there is the greatest probability of mone of them having
undergone any material altevation; for, if air should have introduced itsell into one
or aore of the tubes, the indications of the mercury would decidedly be alteved in

an wnequal degree, .

1. Hermany, Aporrur, Roperr. Bomsay ro Cavncurrs, 1854-5.

We had with us barometers 1, 2, 3, 4, 5. Barometer 6 had been broken on
the overland journey in the desert between Kairo and Suez.

We chiefly used barometers 1, 2, and 4; barometer 5, Adie, leaked so much, that
we were obliged to empty it at Pina, January 4, 1855,

Barometer 3, Oertling, which, already at Berlin and at Kew, was found to con-
tain some air, had a very variable correction, and was given up altogether from

Februarvy 15, 1855,
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Barometers . . ... 1, Greiner. 2, g‘ist.ur. 3, Oertling. 1 Adie. Oy Adhe
1854, Dee. 10, to 1805, Jan. 3.
Corrections (millim.) | 01 01 t 0T [RETHT + 03
(8R0S, Jan. 4 to Jan. b,
09
183D, Jan. 6 to Febr. 14,
FH

Barom. 1, Greiner. Its correction is based: (@) on comparisons made at Berlin
with Professor Dove’s standard, 1854, June 13, corr.  0:0: (5 on 20 comparisons
with the Kew! standard Newman No. 34, 1854, Nept.. corr. | 01 millimetre

This instrument was one of the best we had: the mereury always gave a cloar’
metallic sound, on touching the glass: the later compavisons will equally show, that
its correction remained the same until it was broken near the Sasser pass. 18H6,
August 3.

Barom. 2, Pistor. The correction («) at Berlin, with Dove’s standied, was — 0-1
millimetre; (6) at Bombay, 185 1, November 25, with the observatory’s standard No. 38
(which stands 0:014 lng. inch too highh—0-1 millimetre.

Barom. 3, Oertling. The corrections were (a) at Kew, ISHE September, | 001
millimetre: (0 at Bombay. 1354, December 28 and 29, | 07 millimetre: (¢) during
the journey, the corrections, given above for the different periods, were aseertained
by comparisons with barometer 2, Pistor.

Barom. 4, Adie.  Its correction at Kew was | 04 millimetre, but we found
comparison with bharomoter 1, Greiner, after owr arvival at Bombay. that the correction
had become |- 0+6 millimetre,

Barvom. 5, Adie.  We adopted the Kew corvection, | 0-3 millimetre. The -
strument was emptied, as mentioned above, at Pana. and filled againg Maveh 1855,
at Caleutta,

The following comparisons of the bavometers, made doving the  jowrney from
Bombay to Madrax, will show that, after the application ot the corrections. the vead-
ings of the barometers perfectly agree. When making compavisons of” the Tavometers,
we considered it advisable not to take the reading until after they had been moa
fixed position for some little time, and also took care to place the instruments close

! Before we left Fngland, our meteorological mstruments were all sent to the Kew Obrervatory qunder the
charge of General Sabine) and their errors carefully ascertained by the late Mr. Welsh, who fully coddained the well

deserved reputation of that establishment for accuracy and energetie attentton. The compavivony wade by us during

our travels, are for the most part contumed m Vol. 5. of our munuseript volumes,
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together, in order to secure for them an equal temperature, so that reduction to zero

became unnecessary.'

1855, Jan. 4, Pina. 1805, Jan. 6, Sdssur. 1855, Febr. 3, Koghfra.
Barom. 3, Oertling. h, Adic? 3, Oertling. 2, Pistor. 1, Greiner. 4, Adie.?
Millim.  717°2 N8 696 9 6985 41 136
Corr, |09 b oo + 15 — 01 F ot +06

TR 7181 6984 608 4 Tre . Tde

9. Hermann: Cancutra, 1855, ApriL, 10 S{mLa, 1856, May, INcLUDING S{KKIM
AND AssAM.

Barom. 1, Greiner. During the present journey, | used this barometer almost
exclusively, as it always remained in good order. Upon my return, I was fortunate
cnough to be able to compare my instrument with one belonging to the late Dr. Tritton
of Ambala, a standard barometer by Newman with very large tube (diameter 055 inch)

and cistern, and in' perfect condition.

Tritton’s Newman. Barom. 1, Greiner.
28.796 inches — 731.40 millim. 741.29 millim. — 28.791 inches.

Resulting correction for barometer 1, Greiner, | 0-11 millimetre.

Barom. 5, Adie. This barometer, after being re-filled in the Surveyor Generals

Office at Caleutta, kept the same correction as it had in London, viz. — -} 0-3 .
millimetre. .
We found:
1855, March 23, at Calcutta. 1865, April 16, Pankabédn, in the Sikkim Tardi.
Tronghton’s Standard in the Barom. 1, Greiner . . . 7116 millim.
Surveyor General's Office . 760 ¢ millim. Corr. . . . . . . .4 01
Barom. by Adie . . . . . Y6, Barom. 1, .corrected . . 711'7
Corr. for barom. 5, Adie . . |04 Barom. 5, Adie . . . . T11'H

.

Corr. for barom. 5 . .4 02

Mcan of the correction for barom. b, Adie =— + -3 millimetre.

Barom. 14, Newman, was only occasionally used. See general remarks, p. 13.

! In the comparisons with the thermo-harometers, ns well as in the tables of barometric measurements, the
readings of the barometers are of course reduced to 32° Fuhr. and corrected for instrumental errors, capillarity, &c.
The tables we used for the reduction of the barometrical column to 32° Fahr. are referred to a dilatation in volume
of 0 000180180 for 1° C., as uscertnined by Dulong and Petit  This is also the value adopted by the Committee
of Physicx und Meteorology of the Royal Society. Regnault (mém. de I'wmstitut XXI, p. 318) found 0 00018153 ;
Militzer (Pogg. Annal. LXXX,, p. 84) 0 00017405.

? The correction of seale for these instruments is already applied. Sec p. 12.
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3. AporrHe axp Roerr: 1855, March, to 1856, May. Namnrin 1o Misstnn

AND SournkrN INpDIA O Nimpa.

'

We had:

Barom, 2, Pistor, 4, Adie. 6, Adice.
Corr. (millim) — 0-1 0.6 -+ 1.0

Barom. 2, Pistor. This remained in perfect order and kept its correction
— 0-1 till 1855, Sept. 30, when an air bubble made its appearance, and it was no

. longer used.

Barom. 4, Adie. This barometer vemained unaltered till 1855, June 8, when it
got out of order. It was repaired at Déra. but the correction was found to be un-
changed. A few months later it began to leak so much, that I (Robert) was obliged
to empty it, 1856, January 10, when [ continued my observations, as far as Simla,
with thermo-borometer 8, Geissler. The instrument was then repaired again at Dera.
and used from Aprily 1856, till June 18, 1856.

Barom. 6, Adie. This had been filled again March, 1855, at Caleutta, where, from
comparisons made with barom. 1, Greiner, by Hermann, before sending it to us, the
correction was found to be - 1:0 millim. The list of the comparisons here com-
municated shows that its correction remained unaltored nearly till April, 1856, On
the way from Bangalir to Madras, March 18 to 21, 1856, Adolphe was obliged to
take it with him into fhe dak carriage, where, though stowed away with the utmost
are, it became disordered from the ecficcts of the violent shaking. It was filled a
sccond time at Calcutta, April, 1856, and kept the same correction,' as will be seen

from the comparisons made after leaving Simla.

DETAIL OF COMPARISONS.

1855, March 23, Caleutta. 18065, Apnml 12, Futigarh.
Barom. 4, Adie. 6, Adie. Burom. 2, Pistor. 6, Adie
Millim. 759°3 59 0 Millim. 749 5 18 4
Corr. + 06 + 10 Corr. — 01 F 1o

759 9 760 0 494 T

! In this instance, as well as in many others, we repeatedly found that barometers, after being boiled out a second
time and properly re-filled, showed the same correction as before. This, indeed, is no more than might have been
expected, for, when the scale, zero point, and cistern remain unaltered, and the same gluss tube 1w filled with pure,
properly boiled mercury (of the same specific gravity), there is every probability of the correction remnining un-
changed.

1L
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C
1855, April 18 to 26, Nainitél.
Barom. 2, Distor. 4, Adie.? 6, Adie.?
Millim. 6031 602 4 602 0 -
Corr. — . 01 + 06 - 10
603 0 603 0 6030

1855, June 1 to 15, Milum in Johér.

Barom. 2, Pistor. 4, Adic. Barom. 2, Pistor. 4, Adie.
K - 18 com- . . 22 com-
Millim. 507 H H06 8 R Millim. 5070 5063 .,
. parisons. .\ parisons.
Corr. — 01 + 06 Corr. — 0°1 - 06
Ho7 4 H07 4 l 506 9 HOG-9

Barom. 2, Pistor. 6, Adie. )
. Millim. 5061 5050 16 comparisons.
Corr. — 01 4+ 10 S

S B06 0 506 0

1855, July 6, A'Tilla Shilong. 1855, July 7, Uta Dhira pass.

Barom. 2, Pistor.

Millim; 4778
Corr. — 01
477

G, Adic.
4768
I 10

Ry

1855, July 8, A Lokka.

Barom. 2, Pistor.

6, Adic.

Barom. 2, Pistor.

Millim. 4011

Corr, — 01
T 010

6, Adie.
399-9
+ 10
400 9

1850, July 12, Kiungar pass.

Barom. 2, Pistor.

6, Adie.

Millim. 427 4 426 3 Millim. 405 0 408 9
Corr,. — 01 10 Corr. - 0-1 + 10
Y 4973 4049 04 9

1860, November 12, Dérn, in the Field Office of the Surveyop General.

Barom. Newman No. 84, 4, Adic. G, Adic,
27693 inches, | =T703"4 millim. 7038 703 4 , Mean of 2 compa-
]‘t('su]ting (-orr.f + 10 - + 06 Lo risons,
for Newman &4, R L
04 4 04 4

185D, December 14 to 18, Siger.

Barom. 4, Adie. 6, Adie.

Millim. 720-2 7198 g Mean of 20 comparisons.

Corr. {06 + 10 ’
720 8 720 8 ~

Our guide Kleazar had, from Calcutta up to Nainitdl, barowmeter, 13, Newman,
which got out of order, 1855, May. The correction of this instrument for low
heights, determined in the Surveyor General's Office by comparison with the Calcutta

standard, was -} 0-021 inch.

! Mean of 28 comparisons with barom. 2, Pistor.
? Mean of 22 comparisons with barom. 2, Pistor.
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4. Hermany, AvorpHe, AND Roserr. 1856, May o toE KEXD 0F THE JOURNEYS

CORRECTIONS OF THE BAROMETERS USED.

Barometers: 1, Greiner. 4, Adie. b, Adie. 6, Adie. 1, Pistor.
Jorr. (millim) 0-1 09 F 16 f 13 4 13
Barometers: 8, Pistor. 9, Pistor. 10 Pistor. 11, Pistor.

Corr. (mllim.)  + 06 + 07 t 06 t 0bh

Barom. I, Greiner. This was Hermann's bavometer, and kept in perfeet ovder
from 1854, September, till 1856, August 3. We were obliged, on account of thoe
great height, exceeding 20,000 feet on the Siasser peak, to take a considerable
quantity of mercury out of the shorter branch of the syphon. Upon inverting the
barometer, a large air bubble introduced itself, and from thix time the instrument
was uscless.

Barom. 4, Adie. This instrument, after heing out of order from 1856, January 10,
was sent to the Surveyor General's Field Office at Déra. A new glass tabe heing
put in, and the zervo-point altered by replacing the original edge with another, its
correction no longer remained the same as before.  In Simla, where it was generally
kept stationary, it continued in pertect order, but when we were travelling it hegan
to leak, and had to be given up June 18, 1856.

Barom. 5, Adie. This was filled again in Caleutta after my (Hermauns) return
from Assim. A new zero point being made, the correction changed to | 1-6 millim.

Barom. 6, Adie.  Adolphe’s chief barometer, which he must have had with him
at Kishgar, up to the very last period of his journeys. Thongh the correction was
a large one, it always remained without alteration.

Barom. 7, Pistor. Chiefly used by Robert as far as Ceylon, where it was broken
on the 29th of April; 1857, through the carclessness of a kali.

Barom. 8, Pistor. Got out of order 1857, KFebruary 2, and was then used no
longer.

Barom. 9, Pistor.  Brought back to Europe without accident, and found to be in
good condition when last compared with the standard of the Berlin Observatory.
Hermann used it as his standard barometer from 1856, December.

Barom. 10, Pistor. This instrument was occasionally used by Hermann for com-

3
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parison, and wus generally kept as a spare in.strument in case of accident to the
other barometers.

Barom. 11, Pistor. Used by Adolphe from Peshaur to Sultinpur; it was then
handed over to Iirkishen, when he separated from Adolphe, 1857, May 31. Harkishen
took observations with this instrument till Dec.,, 1857; we have now received it in a

dilapidated condition,
DETAIL OF COMPARISONS,
1856, April 26 and 27, Simla.

Barometers: 1, Greiner. 4, Adic. 6, Adie. 7, Pistor.
Millim. H91°3 590 5 590-1 590-1
Corr. 4- 01 4+ 09 F 13 413
5914 Coe9l 4 s Rora
8, DPistor, 9, Pistor. 10, Pistor.' 11, Pistor.
Millim. 5907 HHo 6 590°8 H90 9
Corr. 1 06 F 07 + 06 o 0h
\ Tonary TR I T A L4
1856, June 19, Bira Licha pass. [ LBOG, June 26, Taklang pass.
Barometers: 5, Adie. 8, Pistor. Barometers: 5, Adie. R, Pistor.
Millim. 419-9 4209 Millim. 3970 398+ 1
Corr. - 16 I 06 Corr. - 16 1 06
200 s TR BECE
1856, June 23, Licha Lung pass. 1806, July 2, Leh.
Barometers: 5, Adie, 8, Pistor. Barometers: 5, Adie. 8, Pistor.
Millin. EYHEY 4111 Millim. Hlt 6 hlH 6
Corr, o1 .,’,';.0'.“_ ; Corr. 16 + 06
4148 414 7 \ H16 1 G 2
1856, July 3 and 1, [ch.
Bavometers: 5, Adie, 8, Pistor. ! Buarometers: 3, Adie. 8, Distor.
Millim. hldh 4 H1h'h i Millin, hih 3 ho 3
(‘orr, |07 4 06 Corr, ‘ 107 + 06
T I T 5160 Bh Y

1856, October 29, Srinaguer. st series,

Barometers: 7, Pistor. 8, Dlistor. 11, Pistor.
Mullim. 6346 63H°2 6354
Corr, 4+ 13 4+ 06 + 0hH
6359 635 8 635 9
1856, November 1, Srindgger. 2nd scrics. )
Barometers: 7, Pistor. 8, Pistor. 10, Pistor‘. 11, Pistor.
Millim. 636 6 637 4 637-3 6374
Corr. - 13 I 006 - 06 [ )
TomT e T8 0 T T T
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1856, Pecember 2, Raulpindi. 1857, January 25 to 29, Peshiur.

Barometers: 6, Adie. 8, Pistor. Burometers: 6, Adic. 11, Pistor.
Millira. 721 1 219 ‘ Millim. 732:0 28
Corr. 4+ 13 - 06 Corr. + 13 - 0'h
ey s 1 Ty T3
1857, April 14, Bombay Observatory.
Barometers: Newman, B8, 7, Pistor.

We add:

¢,

No. given by us.

30077 iuches.

— 7639

Maker's Name,
and No.

millim.

Millim. 7626
Corr. | 1'3
7639

General Table of the corrections of the barometers.

All the barometric readings given in this volume, have heen corrected from this table,

Periods.

' Correctiony

Barom. 1, Greiner.!

4

, Pistor.!

" 3, Oertling.

o b Adie

" O, Adie?
" 6, Adie?
s 7. Pistor.?

x

, Distor.!

9, Pistor.!

“ 10, Pistor.!

" 11, Pistor,?

“ 12, Newman,

" 13, Newman,
" 14, Newman.
” 15, Troughton.
w 16, Troughton.

¥ Standard barometers,

Greiner 1.

Distor 1.

Ocrtling 1.

2Adie 1.

Ade .

2Adie 6.

ony,

960,

Pistor

Pistor

61,
062,
96.3.
Newman 1.

Pistor
Pistor

Pistor

Newman 2,
Newgann 3.
Troughton 1.

Troughton 2,

Nee | 12,

|
|

1854, October 20, to 1806, August 3;
not used subsequent to this date.
1804, September 20, to 1800, September 130
not used subsequent to this date,
(8564, December 10y to 1800, January 3.
1805, January 4, to 185D, Junuary hH.
[8O, January 6, to [RLH, February 14,
not used subsequent to this date.
1854, September 200 to (856, January 10,
18H6, April b, to 1856, June IR,
not. used subsequent to this date.
1804, September 20, to 1835, January 1.
180D, March 15, to 1856, October 115
not used subsequent to this date,
1855, Murch 18, to 18DG, March 22,
1856, April 4, to the end of the journeys.
1856, May 3, to 1807, April 29,
1806, May 3, to 1807, Februnry 2;
not used subsequent to this date.
1856, May 3, to the end of the journeys.
1806, May 3, to 18D, April 29.
1856, May 3, to the end of the journcys.

|
|
|

Millim

|

!

0

]

The corrections of these barometers are not con-
stant, but vary with the elevation. The amount of the
correction for these instruments, which were rarely
used but for corresponding ohservations, wns always
agcertained by direct comparison with one of the
standurd barometers at very nearly the same atnos-

pherie pressure, See p. 13,

14717,

* These instruments have algo a correction of seale, Sce p, 12,
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Il THERMO-BAROMETERS, OR BOILING-POINT THERMOMETERS.

.
Besides harometers, we had with us several thermo-barometers, or boiling-point
thermometers,! which were constructed with much greater nicety than the ordinary
thermometers, and answered their purpose exceedingly well? When travelling in dis-
guise, and under the necessity of concealing our instruments, we were obliged
to leave our barometers behind, and to limit ourselves entirely to the use of thermo-
barometers.  Travellers placed in circumstances of similar difficulty will, we think,
find these instroments preferable to barowmeters, as they are more portable, can
be carried with greater case and safety, and are much less liable to get out
of order. Great accuracy, moreover, is attainable with them in the determination of
heights, and their general advantages, which we can speak to from experience, are
such as to induce us to give a detailed deseription of their construction and use.

a. Deseription of the thermo-barometers.  Our thermo-barometers were made at
Berlin, by Geissler, and by Greiner.  They have a length of 1 foot 9 inches, and
range from 100° C. down to 78° (., so that they can be used from the sea-level to
a height of about 22,600 feet. Although the range of their division did not gencrally
allow of their being nsed at the same time as ordinary thermometers, yet we were
able to employ them occasionally for the exact determination® of the temperature of
hot springs, and for experiments on insolation.

The scale does not consist of brass, but of milk glass, half an inch in width,
which is placed inside a cylindrical glass tube.  The great length of the instrument
admits of cach d{'gree being divided into 50 parts, which are yet perfectly clear and
distinet to the cye, and with a magnifying glass even tenths of these fifticths may
be casily and correctly read off. '

! Le Monicr, s physician, who made g observations in Perpignan, in the year 1739, was probably the first
who used thermometers for the purpose of uscertoining heights. In India, Mr. Prinsep, Lieutenant Robinson, and
Colonel Sykes, were among the very first who made comparative obscrvations of the boiling-point at different
heights.  Scee Colonel Sykes' Memoir in the 8th Vol. of the London Geographical Society, and J. Burgess, Esq., in
Journal As. Soce. Bengal, Vol. XXVIL

2 On the continent, these instraments ave oceasionally called hypsometers, o term which we also adopted
in our researches on the Alps, and in the first volume of the present work. But we have now thought it better

to use the nume thermo-burometer, us one giving a better definition of the construction and purpose of the in-

struinent.
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The thin tube, up which the l.nercury passes, enlarges at its lower extremity
into a cylindrical reservoir. The bulb is of an elongated cylindrical form, 1Y, inch
long and %, inch iy diameter. A cap, or perforated cylinder of brass, 3 inches in
length, is screwed to the lower end of a brass collar (1Y, inch long) which, fastened
to the tube about an inch above the bulb, and connected with a surrounding mantle,

serves to keep the thermo-barometer in a vertical position, when placed in the hoiling

apparatus. This cap also protects the bulb from being affected by the presence of

any foreign matter accidentally introduced into the water, and which, if slightly
overheated by contact with the sides or bottom of the vessel, would be the occasion
of errors.

The bulb stands, not in the water, but in the upper part of the boiling apparatus,
which is filled with steam only, and cannot become overheated, on account of the
vapour having a free escape at the upper end.

When the water is boiling, the steam passes off through the interstice betweon

the collar and surrounding mantle into a cylindrical brass tube placed at the top of

the collar. This tube is very important: it encloses the glass scale, and, heated as it
is by the steam, possesses the great advantage of screening the column of mercury
from the Jowering influence of the external atmosphere. It is composed of several
pieces, moveable like the slides of a telescope, so that the observer, who knows before-

hand the approximate height of the boiling point, is able to regulate the length ac-

cordingly.  The steam finally escapes through a lateral aperture at the upper end of

the tube, the top of which is covered by a flat piece of cuoutchouc to prevent the
condensation of vapour on the upper parts of the (‘yfim]er, where the scale is to be
read.

The hoiling vessel, which is filled with water to a depth of about 3 inches, con-
sists of a cylinder, 6, inches by 2%, The upper part of the sides is perforated
with several holes, through which the steam passes into an outer cylinder of the
same length, but of a larger diameter. This mantle, which, as far as we know, is
very rarely, if cver, made use of, serves to prevent the cooling of the apparatus by
contact with the outer air, and if not applied, it is occasionally impossible—as in a
strong wind—to obtain a steady reading.

The boiling vessel, provided with three legs, which are made to unscrew, for con-

venience of packing, may be placed either over charcoul, or vver an ordinary spirit lamyp.
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The method we adopted was to place it over a small vessel filled with charcoal,

of which a comparatively small supply would last for a considerable time. This
vesscl—a square iron trough, with sides 3 to 4 inches long, and 4 inches deep—was
1!, pound in weight, and was firmly connected with the boiling. apparatus, for which
it formed a good support, by a bayonet joint. Through two small holes, perforated
in the ‘sides, the lighted charcoal could be kept alive by means of a bellows, or by
blowing upon it with the mouth.'

With such an apparatus the observer is always sure to succeed in making the
water boil properly.  Spirit lamps we never employed, the use of them being
attended with many disadvantages. Not only is it a serious additional encumbrance
to carry about a sufficient supply of spirits of wine, but sometimes it is exceedingly
difficult to get the water to Dboil at all. It may even happen, that an observer
may consider his experiment as concluded, when he sees the thermometer no longer
rising, even thuugh'tlm mercary may not yet have reached the boiling-point.  Such
a case may casily take place during strong winds, when more precaution than usual
must be observed.

In the plains of Indin we used distilled water only for boiling, of which we
always bad a large supply with us; in High Asia we occasionally had recourse to
melted snow. Before -making an observation, the boiling apparatus was carefully
cleaned out. ‘

An overheating of the steam was not to be feared, the fire lighted being very
small in comparvison with the water to be converted into vapour. Solution of salt in
the water employed-—ordinary spring, or river water, for instance—would not, it is
true, directly affect the temperature of the steam developed; but in consequence of
the comparative proximity of the vessel of the thermo-barometer to the surface of
the boiling water, radiation could not be sufficiently excluded, and might perhaps,
though to a very small extent, erroneously affect tho temperature.

b. List of the thermo-barometers. Upon our departure from Kngland, in 1854,
we had with us eight thermo-barometers of this fine and delicate construction. Two

of them were broken on the overland journey, and two others got out of order on

! We may here mention, that the natives engaged by us, and more cspecially those of Sikkim, employed for
this purpuse a kind of cyhnder. This tube, which was generally a bamboo cane, they held at some distance from
the mouth, applying it with considerable dexterity.
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our way from Bombay to Madras, so that, during our travels, we could only make

use of three of the instruments, marked respeétively: 5, Greingr, 7, Geisslor, and
8, Geissler; and with these three the greator part of our thermo-barometric observations
were taken. Seeing the good results obtainable by thermo-barometers, we subsequently
used two of our best thermometers as thermo-barometors. .

In India we received, through the kindness of our friends, several additional
thermometers, which, however, were of a somewhat less delicate construction than
those already mentioned. '

The following table contains the list of the thermo-barometers used, with their
scale division and the name of the maker. The asterisk distinguishes those with the

more delicate construction as detailed above.

| T : T 1 .
No. | Maker’s Name, Seale. ; No. Mnkor‘annw,; Seule.
i : and No. !; aud No. i
— ' | 3,
ik : Greiner 23 | French Lines ” 5* | Geissler 5 | Centigrade I}
| 2% Greiner 132 | Centigrade | 6 | Geissler 20 | Centigrade |
|' 3 | Unknown Fabrenheit ' 7% | Goissler 7 Centigrade
1g | Geissler Centigrade t' B* | Geissler 8 | Centigrade l
I N S } i B B i:

Thermo-barom. 1, *by Greiner of Munich, was given to us at Calcutta, March,
1856, by Baron George Licbig, and had already been used by him in faking obser-
vations. It was employed by our assistants, Mr. Monteiro and Eleazar, from June to
September, 1856, when they marched from Simla, through Kingra and Jdmu, to
Kashmir.

Thermo-barom. 2, Greiner. A spare instrument. but oceasionally used during our
travels in Turkistan.  Bach degree was divided into 50 parts.

Thermo-barom. 3. Weo were furnished with this instrument by Professor Halleur
at Caleutta, in March, 1856. Some comparisons, however, showed that this thermo-
barometer, which was divided into half degrees of Fahrenheit, was affected with great
irregularities, so that we never made any use of it.

Thermo-barom. 4, Geissler, an ordinary, but very good, thermometer, divided into
tenths of a degree, was uscd and made over to Lieutenant Adamns, who kept it as a spare
instrument in case of an accident happening to thermo-barometer 6. ’

IL 4
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¢
Thermo-barom. 5, Geissler. With this instrument we made nearly all our deter-

minations of heights in Turkistain. Each degree was divided into 50 parts. It was
generally with Hermann. : "

Thermo-barom. 6, Geissler. Originally an ordinary thermometer, which, on "account
of its accurate division and small error, was very successfully used by Lieutenant Adams
during his travels in Assim and along the river Béri Dihing. The instrument was
divided into tenths of a centigrade degree, and, with a magnifier, could be read off in
fiftieths with sufficient accuracy.

Thermo-barom. 7, Geissler, and 8, Geissler. "No. 7 was generally with Adolphe,
No. 8 with Robert. The greater part of the heights in Gniri Khérsum, and some
also in Mailva, have been determined by them. Subsequently the columns of mercury
parted, and all efforts to unite the divided threads proving unsuccessful, the instru-

ments were given up as useless.

c. Determination of the corrections of the thermo-barvmeters by comparison with barometers.

The corrections were ascertained in the usual way for those two of our instru-
ments which had originally been ordinary thermometers, viz., Nos. 4 and 6. Their
error at freezing point (0° C. —: 32° Kahr) was determined by placing them in
pulverized ice; for higher temperatures, by comparison with standard thermometers;
and for corrections near boiling-point, recourse was had to simultaneous readings of
the barometer. T'he error for each degree of the scale was then found, either by
interpolation, or by simple construction of curves.

The definitive determination of the errors of the delicate thermo-barometers, as
Nos. 1, 2, 5, 7, and 8, presented much greater difficulties, if due allowance was to be
made for the full value of their scale divisions. Such inquiries could be followed out
with two distinet objects in view, the one practical, the other theoretical, and each
independent of the other.

For practical purposes, the most dircet way of operating was to procure numerous
direct comparisons of the thermo-barometers with a barometer at different heights.
Such series, if sufficiently detailed, served to eliminate the error of the scale division,
and even made us independent of any slight error, which might possibly exist in the
numeric tables generally used for converting the boiling-point into the corresponding

pressure of the atmosphere.
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The two following elements of disturbance, may, however, interfere with the

limits of the nicest accuracy in such observations:

a. An alteration in the size of the bulb by gradual contraction, or expansion.

b. A temporary, or permanent alteration in the size of the bulb, from long ex-
posure to atmospheres of different pressure. ,

In our instruments neither of these causes of error were appreciable. Although,
after our arrival in India, repeated determinations of the boiling-point at low elevations
were made at different places, both at the commencement and middle of our Jjourneys,
as also at the station near the lcv::l of the sea, which we reachod on our return
from the interior, yot we were never able to detect any appreciablo increase of the
corrections, a result which would certainly have followed from a contraction of the
bulb with time.!

With respect to this regularity of their action, something is due te the fact of
the instruments having left the maker's hands some months previous to our departure
from England. A comparison of the corrcctions determined at Kew with thoso
ascertained by ourselves a few days after our arrival in Indin showed a very slight
expansion to have taken place. It was of no importance, however, in itself, and did
not undergo any subseduent increase:

The thickness of the glass used in the construction of the instruments proved
very useful, and entirely excluded temporary expansion of the bulb at groat heighté.
My brothers noticed variations of this character in their thermo-barometers on Monte
Rosa,* and afterwards proved by direct experiments with the air pump, that the
lossening of the atmospheric pressure has the immediate effoct of somewhat expanding
the bulb, when the glass is too thin. The observed boiling-point is thus lowered;
but if the glass is made thicker, this disadvantage may be obviated. The thermo-
barometer, by this modification, is certainly rendered a little less sensitive, though iu

an experiment where the instrument, from its general dimensions, must remain in

' Flaugergues was the first who drew attention to this iteresting “fuct.  The amount of the contraction, in
extreme cases, exceeds 1° € See “Bibhotheque umverselle de Genéve, 18237 Mr. d’Abbadic has proved, that even
Person’s method of boiling the mstruments m u solution of nitrate of potash previous to taking ohservations s not
sufficient for the due, regular expansion of the bulb to its normal liniits, See “Cosmos” 15th livramon, October 12,
1860).

2 Newe Untersuchungen.  Lepag 18501, p. 276

44
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steam for a considerable time, such an alteration is a matter of absolutely no im-
portance. )
In the following tables we give the full detail of our numerous comparisons, of
which several have been made at heights exceeding 18,500 feet; in them we’ include
only those delicate instruments that were originally constructed as thermo-barometers
(Nos. 1, 2, 5, 7, and 8 of the list p. 25). The simultaneous barometer readings, completely
corrected (for temperature, scale error. capillarity, &c.), are reduced to corresponding
boiling-points according to Regnault’s revised tables!; and, as our fundamental deter
winations, given p. 33—35, will show, these tables may be considered as in perfect ac-
cordance with the results of absolute comparisons. We therefore obtain, as their im-
mediate vesult, the instrumental errors of the several thermo-barometers,

Mr. Wisse, who also took simultancous observations of the temperature of the
boiling-point of water and the height of the barometer, had 430 millimetres - - 16-929
inches as lowest barometric pressure at the summit of the volecano of Pichina?
Dr. Hooker, who during his travels also made thermo-barometric observations, found
his lowest hoiling-point at the Dénkia mountain to be 179-9 Fahr. -, 15234 inches.?
His instruments were not, however, of a construction to furnish data for ascertaining
the correctness. or otherwise, of the thermo-barometric tables hitherto in use.

The greatest height at which we compared thermo-barometers with barometers,
as will be seen hy the following tables, was at Ihi Gdmin camp, 19,323 feet dabove
the level of the sea. where the barometric pressure was 37506 millimetres  14- 788

inches (see p. 31).

" Regnault’s tables, revised by A Monitz, in the Jowrnal de Plustitut, 1856, These tables are given wn detail
m part L, No. VI, of this Vol

¥ See Annales de Chimie et de Physique, Fom. XXV, p, 123,

b See Hooker's ¢ Hhimdloyan Journals,” Vol 1L, p. 158
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CORRECTIONS OF THE THERMO-BAROMETERS, ASCERTAINED BY DIRECT
COMPARISONS WITH BAROMETERS.

Thermo-barometer

1, Greiner.

e I - L S . - -
. Thermo-barometer Simultaneous
Place of Obse: . . ; vorrecti ;
e bservation, 1, Gremer. barometric Readings. Correction of |
- 7~ ——-| Year, and Observor. ——-—6—— ;1\{ - - 'l'lmrnnu‘-barmm‘wr
Date. Fronch | 00l Nooof | Mimni. |1 Gremer.
Name. Height. inte in Millunetres
) Lines. | Millimetres, | Barometer. | metres,
I Feet. ’
Peshaur 1,280 11857, Jan. 26 | Adolphe | 324 3 BRI 11, Pistor 62 51
Kashmir 5146 1856, Oct. 29 | Robert | 279 0 6249 4 6, Adie 631 4 120 '
| Simla 7,067 1856, April 12| Robert. 2074 HR0-7 1, Adwe O8R5 K 1 b
!I.

From these three comparisons is caleulated the corrcetion of thermo-harometer 1, Greiner, af

various boiling-points.

‘The following are the values obtained:

s e - )
l Thermo-barometer. Thermo-harometer. Y Thermo-harometer., ”
} B Correction —— . . _ | Correction I - Correction
| ] .
’ French ('on.v:rtml n French (‘m!\ xt-rtml n Freneh (‘l)l.l\’:‘l ted m
into Millimeties. . into Millimetres. — nto Millimetves,
Lnes. Millimetres, Lines. Millimetres, Lines Millinetres,
200 I KD -+ 14-6 250 5G4-0 < 6.6 ‘i 300 6768 - 1
210 173.7 +4-o13:0 260 H86-H J- 5.0 310 G993 - 3.0
220 4963 4- 114 | 270 6091 1- 3.4 i] 320 7219 -6
|20 5188 |98 250 636 | 1.8 | 330 T4 6.2
240 5414 P82 |o290 654 -2 |02 | 340 7670 7.8
‘ i
LI S - i B - ;
Thermao-barometer 2, Greoner.
= - - S B B - -
| , .
N N ’ . Simultancous harometrie
} Place of Observation. Rendimgs. !
‘ v . Thermo- - s : ' Cor- )
i i, e Obseryver, barometer | No. of Millimetres, rection, |
Date. M- reduced to )
Name. Height ‘ Readingx Baro- Boihng-Points, . degrees
| | N metres, .
;' | neter. C. degrees,
' Feot. | " . '
i Bombay 38 | 1857, April 14 | Robert 10051 |7, Listor | 97 L 0w cohe |
Kashnir | 5,146 1856, Uet. 26 Hermann 9 11 |6, Adie 6316 ’ I ~ 0 ) {
i Lok 11,72 1856, July 6 Hermann 89 11 1, remer ) 500 1 1 88 71 013 f
| ﬁ |
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From these three comparisons, which are taken at different boiling-points, we obtain the fol-
lowing corrections, to be applied at the intermediato points of the scale.

Boiling-points. Corrections. Boiling-points. Corrections.
C. degrees. C. degreos. C. degrees. C. degrees.
100 to 95 — 0.51 9199 to 90 — 0.46
94.99 to 92 — 0.49 89-99 to 50 — 0-43

Thermo-barometer 5, Geissler.

Simulta barometri
Place of Observation. m ;Z‘::lsin g‘: metrie
e Thermo-
Year, and Obseryer. | Parometer | No. of | Millimetres, Correction.
Date. Readings. | Baro- Milli- B’_‘iflucelg to | C. degrees.
Name. Height. . {Boiling-Points,|
ame eig C. degreos. | meter. metres. C. degrees.
Feoot.
Simla. 7,057 | 1856, May 20 | Adolphe 9319 | 1, Greiner| 5888 9300 —0-19
Leh 11,532 | 1856, Oct. 2 Robert 88 89 | 8, Pistor | 5001 8871 — 018
Leh 11,532 | 1856, July 14 | IHermann 88:76 | 8, Pistor | 4984 8862 — 014

Mean correction for all readings — 0°-17 C.

\ AT

Thermo-barometer 7, (feissler.

Simultaneous” b tri
Placo of Observation. Simu 'll{:::iin :romc ne
B Thermo- gs.
Year, and Observer. barmtxeter No. of » Millimetres, | Correction.
Date. Readings. Baro- Milli- | reduced to | C. degrees.
Name. | Height. ; +5. |Boiling-Points.
v elg C. degrees. meter. metres C. degress,
Grovur L
Foot.
Siini 2,100 1856, April 7 Robert 97 99 4, Adie 704 6 9790 — 00y
Petolia 3,234 1855, Sept. 12 ” 96 84 2, Pistor | 67567 96-7H —0-09
Petolia 3,234 | 1805, Sept. 12 N 96 74 | 2, Pistor | 6735 96 66 — 008
Okimath . 4,280 1855, Sept. 156 » 9589 2, Pistor | 652 Y 9581 - 0-08
Okimath 4980 | 1865, Sept. 16 . 9 86 | 2, DPwtor | 651 7 95176 Y009
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[ ]
Place of Observation. Simultaneoua. barometric
. Thermo- Readings.
Year, and Observer. barometer No. of Millimetres, | Correction.
: Date. Readings. | Milli- | reduced to | C. degroos.
Name. Height. C. degroen. meter metres. Boiling-Point&
. C. degrees.
Grovur 1L
Feet.
Jhésimath .| 6,089 | 1855, Sept. 9 Robert 9406 2, Pistor | 610°4 93-99 — 007
Pandukéser | 6,113 w » 8 " 9399 " 608 2 93-89 e — 0 10
Jhésimath .| 6,089 ) R 93 98 Y 607-0 93 84 — 014
Gaurikind .| ¢417 w w24 ” 9378 " 603" 2 9367 — 011
Gaurikind .| 6,417 w w28 " 93 73 " 601-2 9358 —015
Gaurikind .| 6417 w oy 19 " 9364 ” 601 0 93-b7 — 007
Giundli . .| 7,152 ] » 9313 » 587-3 9295 - 018
Stmla . . .| 7057 | 1856, April 1 ” 93:00 | 4, Adie | 585 7 92 88 -0 12
Trichugi .
Nariin .| 7,217 1855, Sept. 21 " 9296 2, Pistor | H8H 2 92 86 -0 10
Group 1II!
A Minasdura] 9,631 1855, Sept. 28 Robert W 76 2, Pistor | 5379 90 62 — 014
Bédrinath .| 10,124 N | " 90 20 " 5275 % 10 — 010
Badrinath .{ 10,124 » w D » 90 18 » 6266 90 06 012
Bédrinath .| 10,124 » w 6 » 9012 ” 626°6 90 ol — 011
Méingu Mss 10,597 w w26 » 8987 » 520°0 89-73 — 014
Maéna 10,308 »  Mug. 28 Adolphe 89 80 6, Adic 6191 89 6Y — 016
Group 1V,
Kidarnuth .| 11,794 | 1855, Sept. 20 | Robert B8 8 2, Pistor | 4981 88 61 — 017
Kidarnath .| 11,794 » w 20 ” 8867 » 4978 8859 — 0 08
AShemkarik| 12,798 » June 11 Adolphe K7 66 6, Adic 4772 8749 017
alaptél . .| 13,994 » July 14 | Robert 86 70 " 459 ¢ 86 63 -0 11
A Loika 5,831 w » 1] Adolphe 8472 » 4258 48 —~0 14
Group V.
A Ibi Gimin| 17813 | 1855, Aug. 16 | Adolphe 8302 | 6 Adie | 3977 82 86 T
Janti pass .| 18,529 » July 10 Robert §2-20 » 386°5 8207 — 013
Janti pass .| 18,629 " y 11 ” 82 16 ” BLI) H2 07 — 00y
A Ibi Gimin| 19,323 v Aug. 18 | Adolphe 81 56 i 3756 K142 —0 1
| )
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From the mean correction of each of these five groups we obtain the following corrections for
the different hoiling-points.

b ] o o L} o
98 to 96 — 0.09 91-99 to 90 — 0-12
95-99 to 94 - 0.10 89-99 to 81 -— 0-13
93-99 to 92 - - 0-11

Thermo-barometer 8, Geissler.

. i e L= — .
¢ ol ati Simultaneous barometric
Place o . )servation. i Readings.
Thermo- | _
-
| Year, and | ) barometer No. of Millimetres, | Correction.
DRETVET. | Readings. 0.0 - duced
Date. Baro- Milli- reduced to | . degrees.
Name. Height. C. degrees. metres, |Biling-Points,
i ! meter. C. degrees.
i
| Group L
H |
j Feot. o
Puna 1,746 1855, Jan. 3| Adolphe 98 13 H, Adie 712-9 9822 — 011
L Laris Kinta | 8,342 | 1855, May 8| Robert 9224 |6, Adie | 5693 9212 — 012
Lama Kanta | $342 | 1855, May 7 " 9216 6, Adie 5677 92:05 - 01
Chiner peak | 8737 | 18565, April 20| Adolphe 979 6, Adie 5h9-6 9166 — 013
|\
i Grour 11
l ,
| Maom 10,308 | 1855, Aug. 28| Adolphe 8987 6, Adie 519 1 l 89 68 ° 019
i, Milum I 11,265 | 1855, June 1| Robert 8914 2, Pistor 505‘.7 8900 — 014
|
i
E Grour II1
ALaptél | 13991 | 1855, July 14| Robert 869 |6, Adie | 4596 | 86 52 BTRT
A Loaka 15,831 | 1855, July 7, Adolphe 84-76 6, Adie 4208 © B45H8 — 018

[N . e e e - | - s J i — e _ ‘r

From the mean correction of each of these three groups we obtain the following corrections ©

for the different boiling-points:

100 to 96 — 0-12 93-99 to 92 — 0-15
9599 to 94 -0-13 91-99 to 90 ~— 0:16
91-99 to 92 — 0-14 89:99 to 88 - 0-17

87-99 to 81 — 0-.18.

A, Fundamental determination of the corrections.  For fundamental determinations,
made for the purpose of testing the limits of accuracy in the tables for reducing

hoiling-points into barometric pressure, it was necessary to ascertain:
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a. the correction of the thermo-l;aromcters at 760 millimetres pressure, and
b. the gradual change of this correction for various poiuts of the scale.
Such differences exist in nearly every thermometer.

In the constriction of our thermo-barometers, where the scalo does not com-
mence before from 78° to 82° C, the maker can consider tho boiling-point alone as
defined, whilst in ordinary thormometers the freezing point also offers a limit of the
scale equally well defined.

From .the records of the Kew Observatory, which the officers of that establish-
ment with their usual kindness communicated to wus (see p. 15), we obtain. for

thermo-barometers 7 and 8, in September, 1854:

. o — (i()? C. for thermo-harom. 7.
1. The corrcetion at 100 . = ‘ formio=haront

— 015 C. .. " 8,
. 2, N , 820 =  —0.25 C. " .
“ " y 83C =  -—0-200 " 8.

A careful oxamination of the calibre of the capillary tube showed, that there
was no appreciable deviation from the gradual alteration of these corvections to be
proportional to the readings.

Atr Bombay, in Dec., 1854, we found the correction at 100°-26 Centigrade

for thermo-barom. 7 — 005

for thermo-barom. 8 — 0-12

the bulb having, it seems, somewhat oxpanded from the effects of successive shocks
(see p. 27).

: In order to be more independent of accidental modifications commected with
the several instruments and their observations, we take, in the following readings, the
mean of 7 and 8. The corrections for these mean readings are based on the Kew
observations, whilst, at the same time, the alteration observed near the boiling-point

at Bombay is considered a constant difference for the entire scale,
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. L]
The corrections hecome :
Temperature. Mean Corr. for Thermo-barom. 7 and 8.
Centigrade. Centigrade.
10025 — 009
9525 - 013
90.25 = 0-16
8520 — 0-20
8225 —0-22

As the thermo-barometrical tables in use agree for a pressure of 760 millimetres,!

and differ very little in its ucighbourhood, we select from the lists pp. 31 and 32
those observations where the two thermo-barometers have been read simultancously
at very great heights, and compare the barometric pressure directly observed with

the results of Regnault’s tables, as revised by Moritz, and also with those of Magnus?

ABSOLUTE COMPARISON OF THE BAROMETER WITH THERMO-BAROMETERS.

|: R e oy —meeme——e e L L A S
" . . Mean | Thermo-
Fhermo-bar, Readings. Centig. \ Barometer.
o 0 Cor- barom. - ]
Place of Year, and Height. rectionfor] Menn Simul |
Observation, Date. i Thermo- | Thermo- Thermo- [corrected.| tancous
barom. 7. | barom. &, Mean fy,800m. 7| “Conti- barom. No.
and & | wrade. |Readings.
Foet,
Mina 1805, Aug. 28| 10,308 8 RH 8y 87 BRIRH — 017 | 8D 69 hly-t 6, Adie
o Laptél 1800, July 11 13,991 86 70 8669 86 695 | —- 019 | 86:H0 4096 | 6,
A Loika 1850, July 7 1D,R31 | 81 72 8176 8174 [ — o021 | 8103 1208 |6, .
]
I
== B s e e SalF =)

Y Ther agreement near the boiling-point is the natural consequence of the experiments on which they are
I)ZIN('(L
? The well known and careful researches of Magnvs are contained in “Poggendorfi™s Annalen der I’hysik und

Chemie™ Vol 61, pp. 220 - 217; 1844 As the gencrul table only gives the values for every full degree of Centi-
grade, the numbers given p 35 arve calenlated from Magnus’ formulie:
millim. 71’“_75’
e = 4520 |10 23469 4 ¢

where ¢ x the observed temperature of the hoiling-point.
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Comparison of observed Boiling-points with calenlated Tables,

Kl ' Observed | Simultancous | Observed Boiling-Points,

‘ ' Boiling-Point, | barom. Read- | reduced to Millimetres, from

i Place of Observation. | corrected for | ings reduced the Tables of

! instrumental | to 0° C, and | Regnault,

' Error.  jeorrected for [ revised by Muagnus.

: Centigrade. | instr. Error. Moritz.

‘ Mina . ... .. 8969 5191 5192 MLE-6 |
i A Laptél. ... .. 8650 4596 4042 1hs-5

l Alodka ... ... 84-83 1258 12541 2404

The accordance could not be closer, particularly with Regnanlt’s tables, whilst the values of
Maguus appear to be a little too Jow for great heights.  The determinations of the latter, however,
must be considered as remarkably correct, when it is remembered that, at these heights, an alteration
of the boiling-point of 0705 C. only produces a difference of 1.1 millimetres.

lI1.  ANEROIDK.

There has been much discussion in reference to the utility of ancroids, which, if
sufficient reliance could be placed upon them, would certainly be the most convenient
instruments for determining heights.  Somo detailed series of  observations and in-
genious experiments, m.u,de in India by scientific gentlemen,' have clearly demonstrated,
that aneroids, when kept stationary at one place, and not exposed to great changoes of
temperature, indicate the variations of the atmospheric pressure with a copsiderable
degree of correctness.

They can also he used with advantage, it previously compared with barometers,
up to heights of about 5,000 feet. The results of our own experience seem so far
‘to vorroborate the observations of our predecessors: we have, however, found that,
without the aid of very frequent simultaneous comparisons with barometers, ancroids
can never be used with any degree ol accuracy for the determination of heights, or
of atmospheric pressure.  If compared with barometers, they may he suceessfully
employed as instruments for interpolation, when the relative height doos not exceed
4,000 feet. We have repeatedly had occasion to obscrve that, at heights of more

! Dr. G. Buist, on the adaptation of the aneroid for the purposes of surveying i India, Journal of the Axiatie

Society of Bengdl, 1851. In this elaborate memoir, the late Dr. Buist has meluded the observations of Major

‘Thuillier and Professor Patton.
[}
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than 15,000 feet, the vacuum cylinder, or metallic chamber, of the aneroid requires
a considerable time to indicate, with some approximation, the low pressure of the
upper station. The same slowness of adjustment occurs again in a rapid descent
from the height.! Therefore, the instrument can be but very cautiously used for the
determinagtion cven of small differences of height. .

The fact of a barometer being out of order is easily established; to ascertain the
correctness of a thermo-barometer is also a matter of no difficulty; but, from the
peculiarity of the construction of the aneroid, it is impossible to dotect at once any
incipient derangement in its parts, or to ascertain the exact amount of error produced
by it. Iiven when most carcfully packed (our aneroids were placed in large bags,
thickly stufted with cotton, and carricd by men), they are greatly affected by the
slight shocks which it is too often impossible to avoid when travelling over bad
roads, or in mountainous districts. For the determination of heights, thermo-baro-
meters, ‘even of an inferior construction, are decidedly to be preferred to aneroids.

We had in all nine aneroids with us, threc made by Oertling of Berlin, five by
Imme of Berlin, one by Hohnbaum of Hanover. Those of Oertling, which had «
circular opening in the dial plate, so as to allow of a minute inspection of its
machinery, were extremely liable to get out of order, and a sudden increase of tem-
perature, or cven a slight shock, seriously affected the action of the lever. lmme’s
ancroids, as well as that of Hohnbaum, were very carefully ‘and solidly constructed,
and sustained much better the unavoidable casualties of travelling.

The' division of our ancroids was in millimetres,? ranging from 780 to 350, so
as to admit of their being used even at heights oxceeding 22,000 feet. Being able,
in all our journeys, to tako with us either a barometer, or thermo-barometer, we
were under no necessity of using ancroids for the determination of heights, and
accordingly employed them only for the measurement of small relative heights, also
for calculating the amount of erosion, and thickness of geological strata, and occasion-
ally for determining the limit of trees, and other less strictly defined objects.

' A detailed discussion on aneroids, based upon several experiments at great heights of the Alps, is contained
in the “Neue Untersuchungen iiber die physikalische Geographie der Alpen”, von Hermann und Adolph Schlagintweit,
Leipzig, 1854, p. 428, where also an attempt is made to explain the influence of time on the yradual accommodation
of the aneroid to the pressure at various heights. '

* We had atso the boiling-points, corresponding to the wmillimetres, engraved on the dial plate, an arrangement
possessing the additional advantage, that it allows of the uncroid being cheched by comparison with the thermo-baro-

meter. See note on ity use for rough estinations, p. 8.
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IV. THERMOMETERS.

The thermometers (dry and wet bulb) that we used for the determination of the
temperaturo of the air had Centigrade scales, and were made by Geissler, and Ureiner,
both of Berlin, and by Greiner of Munich. We had also two standard thermometers
by Newman of London. The division, in tenths of a degreo, was in some instruments
made upon milk glass, in others upon paper, and each of the scales was enclosed in
a glass tube.

These tubes not only have the advantage of protecting the scale from dust and
moisture; but in those instances more particularly where wet bulb thermometers are
used, or the temperature of the ground, water, &c., is to be taken, they modify, in a
very marked degree, the discrepancies arising from the inequality of the thermic con-
ditions between the bulb and the capillary tube. Glass scales wo think preferable to
the metal ones of English construction; they are less liable to bo affected by changes
of temperature, and their connection with the capillary tube is made permanent by
the glass cylinder surrounding them. The two standard thermometers of Newman had
a division on the glass itself. This arrangement serves all the requirements of the
extremest accuracy in the institution of comparisons, but is defective when the bulb
and stem are not in equal conditions of temperature.

To make the thermometers as portable as possible, the scales of many of them
were limited to a short range, some extending from — 10° C. to 40° C, one to
60° C, and u fow only up to 100° C. Somoe of the latter were, as alrcady stated,
also used as thermo-barometers (see p. 25). ‘

Before our departure, the corrections of all thermomcters were most cavefully
recorded for different temperatures at the Kew Observatory, and while in India we
repeatedly ascertained the amount of error, cither by determinations of the zero point
in ice! or by comparisons with the standard thermometers at the Observatories of
Bombay, Madras, and Calcutta. '

. In general the thermometers kept their original correction, the amount of which
may be stated on a fair average, as — 0°-2 C.; a few, however, showed corrections
! Ice is now brought in large quuntities to the seaports of India, being sent round the Cape, from Amerien,

und-more particularly from the Wenham lake. In Some parts of the interior it is artificially procured during the
cool scason, hy exposing water in flat vessels to the refrigerating effects of nocturnul radiation.
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as large as — 0°°5 C, and even — 0°:6 C. In the case of two instruments only
the correction was positive.

We took with us to India, for ourselves and our establishments, upwards of sixty
thermometers (each marked with a number), of which, however, scarcely more than
six or eight have been brought back in a serviccable state. Somo of them were lost
at Kashgar, together with other instruments and effects belonging to Adolphe; several,
from constant use, and the wear and tear incidental to travelling, were rendered
usceless by the separation of the mercury column: while others, in spitc of our utmost
precautions to censure their safety by careful package in metal cylinders placed in
cotton hags, got broken, cither through unavoidable accident, or by the operation of
natural causes.

Four thermometers were smashed to picces during the remarkable hail-storm,
1865, May 11, 5" to 6" 30™ r.m, which came upon us uncxpectedly when we were
at Nainital;' four were lost, 1855, July 15, at A Laptél, a halting place,
13,994 fect above the level of the sea. The day was unusually hot, and the kili
who carried the instruments had put them on the ground, the surface of which, as
we afterwards found, was at a temperature of nearly 50° C. -= 122° Fahr. The
thermometers having a scale of 40° C. only, their bulbs were cracked by the expan-

sion of the mercury.?

. .

' A detailed account of this hail-storm will be given 1 the meteorological part of our publications.

2 Our experience leads us to suggest, as extremely uscful for the purposes of the scientific traveller, that the
thermometers should all be provided with scales ranging from freezing to boiling-point.  This completeness of range
not only renders them available in extraordinary instances, as extreme insolation of the ground, hot springs, &c.,
but, while allowing of more accuracy in the deternunation of corrections, dispenses in a degree with the necessity
of comparison in loco with standards. :

If short ranges are used, as may be sometimes desirable when ver); minute divisions are required, the instruments

should, at all events, have an enlargement i the upper part of the tubes, as a provision for the expanded mercury.
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.

ticographical co-ordmates of the corresponding stations.

B. Instruments and hours of obsevvation, at the stations. [ Bombay 2 Madins 3. Caleuttn. £ Gohatt,
5. Darjiling. 6. Pitna. 7. dgra. 8 Aligarh. 9 Ambala. 10, Peshan 11, Massier, 12 Banog 1hil.
13. Simla. 14, Leh.

~

1

Secondary corresponding stations.

D. Selection of the corresponding stations.

L]

In addition to the vegisters kept by the Government Observatories of - Bombay.,
Madras, and Caleutta, we arve indebted to the scientific zeal of several gentlemen.
whom we had the pleasure of meeting duving ounr travels in India, for a large
number of observations corresponding to those taken hy ourselves.

These observations, it is hardly necessary to add, have formed a most valuable
basis for the caleulation of our heights, as they enabled us to connect every point of
our obhservations with the sea shore, or with inland stations of known elevation. At
comparatively few places only observations had to be interpolated. and this when
our hours of observation did not exactly coincide with those of the corresponding
stations.

The following table contains the geographical co-ordinates of our corresponding
stations, and is succeeded by a desceription of cach station. together with o few

general remarks.
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A GEOGRAPIICAL CO-ORDINATES OF THE CORRESPONDING STATIONS,
USED FOR TIIE CALCULATION OF BAROMETRIC HEIGHTS.

. Height of the Baro-
Station. Latitude North. Long. East Green. | meter above the Level
of the Sea.

o ' " [} ] " Feet.
1. Bombay . . . 18 53 30 72 49 5 38
2. Madras . .. 13 4 11 80 13 56 27
3. Calcutta . . . 22 33 1 88 20 34 18
4. Gohatti .. .|~ 26 5 50 91 43 45 o134
5. Darjiling . . 27 3 0 88 15 15 7,168
6. Pitna . . .. 25 37 12 8 7 32 170
7. Agrat . .. .| 27 10 26 78 1 39 657
8. Aligarh . . . 27 53 50 78 3 55 750
9. Ambidla . . . 30 21 26 76 48 49 1,026
10. Poshdur . . .| 34 3 10 71 33 19 1,280

11. Missuri . . . 30 27 35 8 3 0 6,590 °
12. Bandg Hill .| 30 28 30 77 59 58 7,549
13, Simla . . .. 31 6 6 77 7 36 7,057
L 14. Leh .. ... 34 8 21 77 14 36 11,532

B, INSTRUMENTS AND HOURS OF OBSERVATION.

1. Bombay. The hourly observations, magnetic and meteorological, taken at the
Government Observatory (now under the superintendence of Lieutenant E. F. T. Fer-
gusson), are published in Bombay for cach year under the title: “Magnetic and
Meteorological Observations, made at the Observatory, Bombay.” Kach volume con-
tains a detailed description of the instruments used.

9. Madras. The observations taken at the Government Observatory have been
kindly communicated to us in manuscript by the Government Astronomers, Major

Jacob and Major Worcester.

1 We had no occasion to use, as corresponding station, Baréli, where a series of careful observatious were taken
by Dr. Arthur Payne, from June to September, 1855, They will be discussed in detail iwr the Vols. of Meteorology:
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3. Calcutta. Hourly ‘registers of meteorological observations arc taken at the
Surveyor General’s Office, and an abstract of the results is regularly published in the
Journal of the Asiatic Saciety of Bengil. Wo owe a copy of the hourly observations
to the kindness of Colonel Waugh and Major Thuillier. '

4. Gohdtti. The careful observations taken by Dr. Simons with a baromcter by
Troughton (diameter,- 05 inch) were copiod, with the observer's permission, by
Lieutenant Adams. Dr. Simons’ hours of observation were: sunrise, 10" A, 4" oM,
and 10" p.m. The height of his barometer was 134 feect. A direct measurement showed
it to stand 64 feet (195 metres) above the Brahmaptitra, which is here 70 feet
higher than the mean sca level. This value was deduced by calculation of the fall
of the Brahmapitra, assuming for Sddia a height of 210 feet. Lieutenant Wilcox
gives 130 feet as that of the station of Gohatti.

5. Darjiling. Dr. J. R. Withecombe, the Civil Assistant Surgeon of this sani-
tarium, has, for a number of ycars past, made a series of careful meteorological ob-
servations, at tho so-called Obscrvatory Hill. His barometer is by Barrow & Co..
marked No. 18, and, as compared with Colonel Waugh's standard at Calcutta, had o
correction of - 0°015 inch. Hermann, when comparing it in May, 1855, with
his standard, 1 Greiner, found the correction to have remained unaltered. The thermo-
meters are by Newman.

During Hermann’s stravels in Sikkim, Dr. Withecombe most obligingly placed the
registers of his observations at the former’s disposal. The hours of observation werce
6" and 9" A.m, and 3" and 9" p.m. The height of Observatory Hill, 7,168 feet, has
been determined by the Great Trigonometrical Survey.

6. Pitna. The observations at this station owe their origin to the scientific zcal
of Mr. Knof.t, Deputy Collector. His baromecter, by Newman, had a diameter of
0-01 inch, and its correction was found by comparison with one of Hermann's
barometers (Y, Pistor) to be -} 0-067 inch,

The height of the barometer, 170 feet above the level of the sca, was calculated
from Calcutta. The details aro given later, in Area IL

7. Agra. 'These observations were taken at the Office of the Secrctary to the
Government of the North West Provinces. We are indebted for a copy of them to

Messrs. Muir and Thornhill.  The hours of observation were:
11, G
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60 Am. 12" Noon
. 9t ALM. 4" p,M.
10" AN 94 poM,

though there are occasional omissions for 6" A.m., and 9" p.m. An abstract is published”
monthly in the Journal of the Asiatic Society of Bengdil.

The barometer used was by Newman, marked No. 124; diameter of tube
0-562 inch.  There was no uppreciulﬂo correction, and it had a capillary depression
of 0-005 inch. The height of the barometer at this station we have determined
from simultaneous observations taken at Ag a and at the Tower Station of the G. T. .
near erozabad, about 26 miles E.S.E. of Agl‘{u. The following exact description of
this tower station, the top of which (trigonometrically determined) is 690 feet above
the lovel of the sea, was communicated to us by Colonel Waugh, when we had the
pleasure of seeing him at Misstird, in October, 1855, o

“Tower 'Station near Ferozabad. Latitude North 27 8 34
i Long. Bast Green. 78 22 41

“Thix station is at the south-cast corner of an old mud fort, sitnated about a
“quarter of a mile west of Ferozabad, in Thaxil Ferozabid, and Zillah Jﬂgra. The
“station mark is a foot below the terre-plein of the rampart, and is surmounted by
“a tower 43 feet 10 inches high and about 14 feet square; at top similar in the
“materials and detail of construction to the tower at l"rm‘pur station.”

My instruments (RRobert) w@mplaced at the foot of the tower, and consequently
at a height of 646 feet (top of tower 690 feet——44 feet height of tower).

The havometer at ;I\gm was found to be 11 feet highef than Ferozabid; there-
fore, height of [\gm — 607 feet.  The detail of the observations is given later.
The cireumstance of both stgggons helonging to exactly the same type of climate, and
also of the longitudinal difference amounting to a few minutes only,' may be especially
adduced in favour of this determination.

8. Aligarh.  We have received the careful corresponding observations, taken from
April, 1855, to July, 1856, by Mr. Charles Gubbins.  The corvection of his Newman's
harometer, which had heen filled at Rarki, in Jan, 1855, was found by comparison
with Hermann's Greiner to be - 0°096 inch. The hours of obscrvations were
6" and 10" a.m, and 4" and 9" powr. The height of Alighvh, 750 feet, is the value,
deduced from two months’ corresponding observations at Agm.

! See notes on the influence of longitude, p. .
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9. Ambila. Hermann had been favoured with a valuable series of observations,
taken from June, 1851, to July, 1856, by the late Dr. Tritton. ‘This gentleman
had an excellent barometer by Newman of 0:35 inch diameter (marked No. 102),
which we had occasion to compare with one of our own barometers:' his thermo-
meters were by Barrow, and had a correction of — 0°+9 Fahr.

* Dr. Tritton has given, as the height of his instrument, 954 feet, calculated. by
abbreviated formulw, from Déra; the value adopted by us, however, is 1,026 feet,
based on corresponding observations of Agm. for detail of which see Part 11,
Arvea 111

10, Peshdur. 'The observations taken by Adolphe at this place during December,
1856, and January, 1857, served us for caleulating our heights in the southern and
~western Panjib. The barometer, as well as the temperature of the air, was observed
every ‘two hours, from 6" a.m. to 10" p.m. We also have valuable.observations, taken
with an aneroid, from February 1 to March, 1857, by Dr. White. "The correction
of the aneroid, which had been cavefully ascertained by comparison with " one of
Adolphe’s barometors, is — 0:035 inch.  Dr. White’s thermometers had a correction
of — 0°9 Fahr. The details about the height of Peshiaur will be given in Area [11.

11, Massiri.  Colonel Waugh had made at this station xome corresponding
meteorological observations. " They were taken at Gracemount (height 6,590 feet), by
Mr. J. H. Hennesser, and also at Mary Villa, which, by simultancous observations
taken at Gracemount, we found to be 125 feet higher than the latter place. and
therefore 6,715 fect. &

The observations at Gracemount embrace cleven months, from December, 1855,
to October, 1856 the baromcter readings were taken about four times a day. but
not always at the same hours. The temperature of the air, however, was observed
more frequently. On term days, 24 hourly observations were vegistered. The readings
at Mary Villa, of which few only coincide in time with our own observations, were
generally taken twice a day, at 6" a.m, and at 6" v.m. They extend from December,
1855, to May. 1856.

12. Baniég Hill. These obscrvations were made by Colonel Waugh, in April

and May, 1853. The meteorological instruments were observed every hour. from

! See p. 16.
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. . .
* .

6" Am to 6" p.Mm. On term days the readings were taken every hour throughout
the day and night.

T-hough the times were not simultaneous, yet, having no other data at our
disposal, we were obliged to use Bandg Hill, as well as Simla and Méssiiri, as corre-
sponding stations for calculating heights in the other ranges of the Himdilaya, in
Aypril and May, 1855, and from May to July, 1857.

13. Simla. We left barometer 12, Newman, as well as some thermometers, in
the charge of a native, named Radhakishen, the schoolmaster of this station, by whom
very good observations were taken, from May to December, 1856. He observed at
6" and 10" A.m., and at 2" 4" and 10" p.m. The correctness of his readings is in
great measure due to the kind attention of Lord William Hay, who volunteered from
time to time to check his registers and observations.

The barometer was placed in tho Government school-house, at an clevation of
7,057 foct, a result we obtained by simultaneous corresponding . obsél‘vuti()ns at
Aln Cottage, our residence at that time. The latter we found to be 130 feet below
the doorway of the church, which had previously been ascertained By the G. T. S.
to be 7,106 fect above the level of the seat

14. Leh. The height of Leh was calculated from Simla and Missiri, from the
observations taken in July, August, and September, 1856. The mean height of the
cistern of the barometer was found to be 11,532 feet. The detail is given pp. 58 and
59. The sheds, in which our magnetic and meteorological instruments were put
up, had been erected for the purpose close to the large house occupied by ourselves
and assistants during our stay in Leh. This house is situated at the southern

end of the town.®
. SECONDARY CORRESPONDING STATIONS,

Besides the preceding fourteen prineipal stations, we were able occasionally to
use as corresponding stations those places where a series of obscrvations had been
made, cither by ourselves, or by our assistants, who very often were sent out along
Jateral routes to make corresponding observations on those points more especially

which we had previously determined. Thus, Pina (where Adolphe had taken barometric

! The height of the church itself, from the doorway to the top of the spire, is 102 feet.
? See plate No. ), 1st part of the Atlas of panoramnas, views, and maps.
p
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observations dhﬁng the time of Hern'}ann and Robert'’s march from Bombay to Piina)
is used as corresponding statif)n for calculating the ileights determined between Bombay
and Pina. Similarly, the heights determined by Adolphe and Robert during their
“excursion on the Milum glaciers are caleulated from Milum and A Roghas, where
Mr. Daniel and Eleazar, our assistants, had taken corresponding observations. These fow.
out of many similar instances, will suffice to explain the principle upon which, not-
withstanding the great additional labour of calculation, we acted, in our endeavours

to make a careful selection and combination of corresponding stations.

.

D. SELECTION OF THE CORRESPONDING STATIONS.

The selection of the right places for corresponding stations was sometimes a
matter of serious and important consideration; often, indeed, & result was not arrived
at until many and various calculations had enabled us to make a choice involving
the smallest final errors. The accuracy of the final determination depends, not only
on the number of the corresponding stations, but also on their respective climates
and distances from cach other. We had, therefore, to exclude many a station, which,
if included in the deduction of the mean, would have decidedly affected the correct-
ness of the result. As-u general rule, we may draw attention to the fact, that cor-
responding stations in as north-southerly dircction are aiways to be preferred to those
lying east and west. This remarkable fact is most intimately connected with the
direction of the wind, which in India and High Asia lies in general more from west
to east, than from south to north. The direction itself of the wind plainly indicates
along which lines irregularities of the temperature may be oxpected, for the wind
always blows along the line connecting the greatest irregularitics. In a line, there-
fore, perpendicular to the direction of the wind, must be sought the stations hest
situated for corresponding barometric observations. Also the necessity of adnfitting
observations_situated cast and west as contemporancous, which are not so absolutely,
but -only in reference to local time, must of course he the occasion of slight crvors.
If, however, the upper station is very high, or presents at the same time a con-
siderable difference of latitude, the effect disappears.

At these results we have arrived by calculating our obscrvations from various

stations, often far distant from each other, and differing not only in height, but.
*
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what in this case was of greater importanee, in longitude and latitude also. Thus, when
places due west of Leh, of not too great a relative elevation, ave calculated from this
point between the months of Junc and September, the heights resulting are too low.
The same characteristic is to be noticed in winter time between Bengal and the
Pinjalb.  In Southern lndia, between Bombay and Madras, the reverse was observed
in the winter of 1855, ‘

On account of greater irvegularities of' climate, temperate zones are less favourable
for barometric measurcments ol heights; nevertheless, many of the researches made
in recent times with reference to this subject have given good results.!

U oSee. C. Prediger, uber die Gonauigkeit barometrischer Hohenmessungen.  Claasthal, 1860, and General

de Bayer’s memoir m “Poggendorft’s Annalen”, Vol. 9%, pp, 371—96.
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L. Foruurum eMpLoYED. .

I CormECTIONS FOR Pimiobic CHANGES oF THE Eipmesrs, 10 General considerations, 2. Practical appheation to
corrections. 3. Materials for the yearly period.  a. Variation of the burometrie heights in the yearly poriod.
b. Compurison of the curves. ¢, Corrections Tor the months.  f. Muteriuls for the daily period.  «. Vaviation of
the barometric heyghts in the daly period. b, Comparison of the curves. 5. General table of correctinns,

HL  Exameres. 1. Amarkdntah, in - Milva, Cential Indin. 2. Mustik pass, in Bilt, Tibet

I FORMULAY EMPLOYED.

For the caleudation of our havometric heights we use the formulie which have
been extended from Gayss’ tables by M. CoDippe'. Bot as Dippe’s tables ave based
on Réaumur, and give the resulting height in toises, we had, for one argument, viz.
the sum of the temperatures of the air (t |-#), to reduce the table to Fahrenheit and
centigrade measure, and to alter the argument for the correction with the decrease
of gravity.

In accordance with Bessel's caleulations, we have added a special correction for
introducing  the mean humidity with its full value.  We had, however, to reduce
Bessel's table (which is contained in ¢ Schumacher’s Astronomische Nachrichten”s 1838,
No. 356), to English measures, and to extend it, so as to make it available for extreme
heights. Al the tables required either for the barometrical or tiigonometrical caleu-

lation of heights are given in full at the end of this part; they also contain the

' Gausy’ tables, a re-calculation of Lu Place’s original formulw, are published in “Schumacher’s Jahrbuch for
1836"; Dippe’s tables, in the “Astronomische Nachrichten, No. 1056, November, (856", The co-efficients used in these '
tables have been recently confirmed by the theoretical rescarches of Professor Crelle: Einige Bemerkungen uber die

Theorie des Hohenmessens; Abhandlungen der Berlingr Akademie, 1852, .
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barometric pressu;'es'corresponding to tempe;'atures of boiling water, in English and
French fneasures.! ’

The mean of the humidity? at the lower and upper station (the maximum humi- -
dity being 1) is to be multiplied with the corresponding number of the %able No. 4,
p- 77, the heading of one of which is “half the sum of the temperatures .of the at-
mosphere” at the stations, and the other, “the relative height” between the two
stations. The product thus obtained (always additive) is in English foet. An inspection
of the tablo shows, that the numbers increase with height, moisture, and temperature,
and "that for tropical countries (on account of temperature), or for great relative heights,
the value becomes a very appreciable element in the final determination.

The method employed by us for the calculation of our height$*will best be seen

" from the cxamples, given pp. 62—G64.

II. CORRECTIONS FOR PERIODIC CHANGES OF THE ELEMENTS.

The results of barometric determinations of height are still to be corrected for
the periodic changes of the respective clements, and as we have to determine the ab-
solute values of these disturbances, we meet with questions of a most complicated and
difficult nature.

1. GENERAL CONSIDERATIONS.

If the observations for the pressure and temperature of the atmosphere at the
two respective stations could be considered as representing, in their relation, the true
mean along the direct idcal line connecting the two stations, the results of barometric
observations would become independent of the yearly and daily period.

But that this is not the case, and that the heights obtained are affected by
periodic variations, is confirmed by theory, as well as by the results deduced. The

amount of these variations we propose to analyse in the subsequent pages.

1 A valuable collection of various tables iy also contained in Guyot's “Tables, meteorological and physical, pre-
pared for the Smithsonian Institution.” Second cdition, Washington, 180H8.

2 ‘The humidity has been calculated from the simultaneous readinge of the dry and wet bulb thermometer, as
tirst proposed by August. Since his discovery, minute tables have been calculated and published by Regnault,
" Glaisher, and others. Humidity —relative humidity, or degree of saturation—gives the proportion of the actual to
the possible quantity of moisture in the atmosphere when completely saturated. The degree of completo saturation
18 oceasionally represented by 100, a unit which we have adopted in the present volume.
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Foﬂowing the plan adopted in our analysis of Larometric calculations in the
Alps (published some years ago!), we shall begih with some theoretical considerations.

The equation for the calculation of heights by observations with the Jbarometer
is known fo be of the form .

s=a (14D log%-{—&c.,

where a and ¢ are constants, B, b, the observations of the barometer at the lower
and upper stations respectively, a;nd T the arithmetical mean of the temperature .at'
both stations, &c. ) .

The variation of gravity, depending upon height and latitude, as well as the
hﬁmidity of the atmosphere, having but comparatively small influence, we may, in
order to obviate undue complication, consider # as depending upon T, B, b, oilly, viz.:

s ={ (I, B, b, &c.).
Then we have:
pe= ar . U ap 4 3 st ke

‘ arT dB db
By forming the partial differential quotients, we get
: d B
-a—%-AT—-:aclog—b—AT M
de m
TiT.513=a(1+c1')]3—.AB (2)
ds m
. Ti_b—. Ab = -—a(]+cT)—5-Ab (3).
therefore
B AB Ab
Az = ac log—z— 4+ ma(l4c¢T (—B—— -5 )

Assuming that the barometric pressure has been correctly read at both
stations, viz. at the place whose height is to bo calculated and the other corre-

sponding one, we find from the equations 2 and 3, that if AB - A0,

de de
E—-AB.W Ab = b:B.

Therefore, a deviation from the regular period in the daily variation of the
atmospheric pressul:e exercises a greater influence if the corresponding station (the
starting point) be the higher one, than if it be the lower. But this result will be
seen, for all practical purposes, to be of very little importance, when we consider,
that the periodic variations of the atmospheric pressure, as also the other irregular

1 See H. de Schlagintweit's memoir on this subject. in “ Neue Untersuchungen tiber die Alpen”, Leipzig, 1854,
pp. 399 et seq.
IT.

~
[
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.
.

variations, are generally greater for the station of less elevation. Taking this latter
as the starting point, there it, howevér, cvery probability of the irreglflarities, so far
as they enter into.the calculation, being sensibly reduced.

The absolute error of the resulting height is proportional to the error in the
harometric pressure at the corresponding station; the dctemlination of this element,
therefore, may be considered as amply satisfying the condition of accuracy, when the

“instruments arc in good order, and their rea',d,ings carefully taken. '

The conditions depending on temperature, jlowever, are much less fa\;ourable.

The equation No. 1 is of such a form, that the influences introduced by errors

of the temperature (.- 7T') can be appreciated. If (for abbreviation) we make

a log—lb1 =7 .= the approximate difference of the resulting height, we then get

Az = c¢cZ AT
The absolute error, therefore, is
1) directly proportional to the error in the temperature, and

2) increases with the relative height between tho two stations.

2. PRACTICAL APPLICATION TO CORRECTIONS.

Now, what we call T, or the arithmetical mean between the temnperatures of the
two stations, is, in precise terms, the mean of the temperatures of the air near the
surface of the ground at the place of observation. Its differenee from the temperature
which we should obtain, if it were possible properly to define the real mean tempera-
ture of the free air along the oblique line connecting the two stations, becomes the
principal source of error in the calculation of barometric heights, and this error will
vary both with the seasons and with the daily thermic period.

In deducing corrcetions for practical purposes, we depend chiefly upon the thermic
element. The yearly and the daily period we shall consider separately, first establish-
ing the corrections for the respective months, then for the hours within the months.

As the unit to which the deviations are to be referred, we may take either the
difference of level established by trigonometric operations, or for small distances, when
both stations arc included within' the same type of climate, the mean of the 12 months.
"The differences thus obtained will also include, as an immediate consequence of these
considerations, the periodic deviations depending on inequality of atmospheric. pressure.

But, as has been said before, the latter are comparatively very small,
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3. ' MATERIALS FOR THE YEARLY PERIOD. ’

The following groups contain the materials which we were able to collect for the
yearly period: :
1. AmALA— Acga, representing the climate of Hindostin and Central India for

minor elevations. The data are taken from the observations for tho year 1854, as

contained -in our manuscript books. Previous to our examining the instruments and

setting them in order for our corresponding observations in 1855, their correction
amounted to a value, corresponding “to a mean differenco of |- 5l feet, which has
been already applied to the results presented.' )

) ManABALESHVAR — BoMBAY, combining the sea shore and the Dékhan.  For
want of a closer coincidence in point of time, we were obliged to combine, for
Mahabaléshvar, the barometer for 1828-9, and a mean temperature of nine years
(1835—43), with the values for 1843 at Bombay. This year we selected both from
its approximation to the Mahabaléshvar period, and ax presenting, in its temperature
and pres.eu're, but a trifling divergence from tho true mean. The data are taken from
Colonel Sykes' important memoir on Indian metcorology? Tho locality where the
barometer had been observed at Mahabaléshvar is unknown.

3. Dopapirra — Mapras, for great clevations in Southern India, from obser-
vations for 1850 in the records communicated to us by the Madras Government. [In
this group the variation for the different months is well shown, but the mean yearly
result is decidedly too low, chiefly on account of the errors of the instruments not
being sufficiently well known. These errors amount to a value of | 83 feet, which
have been applim? to the final heights.

4. Darsfring — Cavcurra, for nine months. This combination ulso may be expected
to be unfavourable, an account of discrepancies of the meteorological character: naver-
thelgss, the amount of error is only a small one.

The following tables contain, besides the data used for calculatiou, the results

obtained and the monthly variation of difference. The general results arc also repre-

' Though the stations of serics of thermometric observations (which will uppear in the Vols. on Meteorology)
are very numerous, yet it was not easy to find long séries of exact barometric obscrvations, indeed 1t was hardly
posaible to procure them, even when all the arrangements that seemed necessary had been made. In the three years
ohservations for these two stations, the series for 1854 is the one most complete. ’

? Philosophical Transactions, 185).
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sented’ in curves on plate No. 1. For the ye'arly, as well as. for the daily period, we

"have used” for the curves throughou£ the same unit for th:a vertical co-ordinates, viz.
Yw Of tho actual difference, or the scale of 1 inch to 50 feet. This, we think, will
materially facilitate the comparison of the curves.

a. VARIATION OF THE BAROMETRIC HEIGHTS IN THE YEARLY PERIOD.

‘1. Ambila— Agra. 2. Mahabaléshvar—Bombay.
Absolute height of Ambéala: 1,026 feet. Absolute height of Mahabaléshvar: 4;850 feot.
Loc. Cistern of late Dr. Tritton’s barometer. Loc. Cistern of the barometer. ‘
R Ambila. Agra. Absolute *| Mahabaléshvar. _Bombay. Meé a; Abs ol.ut e
l 1854. Barom. | Air. | Barom. | Air. Height. Var Barom. | Air. | Burom. | Air. Hum.| Height. | Vor.
I
| Inches. o Inches, o Feot. Feet. Inchos. ° Inches. ° Teet. Foet.
Jan. 29:140 | 60°9 | 29470 | 644 1,024 - 2 25737 | 69 2| 29-923 | 76-8| 65 4,382 |1 32
Feb. 29-121 | 61°2 | 29412 | 65 1 988 — 38 25-765 | 69:6 | 29 882 | 78:0| 60 4,319 |— 31
March | 25024 | 74 6 | 29°344 | 77°6 | 1024 | — 2 25688 | 7H'3 | 29-839 | 79°7| 60 4399 |+ 49
April | 29°820 | 899 | 29-128 | 91°4 | 1,024 - 2 25:667 | 78 1| 29-813 | 842 | 61 4,434 |} 84
May 28-799 | 939 | 29114 | 970 | 1,033 1 25648 | 16-4 | 29°662 | 859 | 70 4319 |-- 31
Juno 28621 | 95-7 | 25°940 | 95 4 | 1,037 | 11 25-664 | 70-7 | 29-654¢ | 85°3 | 83 4,330 |— 20
July | 28663 | 888 | 28 958 | 881 | 1,007 — 19 26-600 | 68°8 | 29-661 | 82:0 | 89 4,320 — 80
Aug. 28-G62 | 8721 28-983 | 858 | 1,036 + 19 25647 | 674 | 29-730 | 81-2 | 88 4320 |[— 30
Sept. 28 769 | 84 7 | 20 095 | 861 1,038 + 12 RN R . R L P
Oct. 28-080 | 78-0 | 29 307 | 803 | 1,032 |1 6 95 810 | 68 2| 29 815 | 82-2 | T4 4,255 —‘95
Nov. 99 112 | 66 9 | 29°460 | 70°5 | 1,046 + 19 25-733 | 67-3 | 29-887 | 80°3 | 67 4365 |+ 15
Dec 29:165 | 58-2 | 29499 | 62 8 | 1,020 -1 95739 | 66 9 | 20-961 | 76-7| 67 [ 4408 |4 58
] b Mean: 1,026 ) | Mean: 4350 ||
) 3. Dodabétta — Madras. 4. Darjiling — Calcutta.
Absolute height of Dodabétta: 8,640 fect. Absolate height of Darjiling: 7,168 feet.
Loc. Cistern of the barometer. Loc. Cistern of Dr. Whitecombe’s. barom_effr.
Dodabétta. Madras. Mean | Absolute _Bﬂjimjg I .Calcutta. 1 Mecan | Absolute
1854. | Barom. | Air. | Barom. ' Ajp. |Hum. | [eight. | Vur | Barom, | Air. | Burom. | Air. Hum.| Height. Va‘r.
Inches. o Inches. o Foot. Feot. Inches. N Inches. ° Feet. Feet.
Jan. 4 22 134 |50-7 | 29 914 | 77-2| 13 8642 |+ 2| 923142 | 39-4 | 30-017 | 665 80 7,199 « |4 25
Feb. 22 182 | 50°0 | 29 977 | 78-9 | 4 8,642 |+ 2| 23220 |41-9| 30°005 | 725 83 UHI6T - 7
March | 22 207 | 53 8 | 29 887 |84 1) €7 8613 |— 27| 23-216 |48-6 | 298056 | 79-3 | 8% | 7,000 | - 79
April 22 168 | 555 | 29 837 | 860 | 70 8,666 |+ 1b | 23 127 | 523 29-764 [ 82 3| 83 7,220 || 46
May 22149 | 57-4 | 29 749 | 883 | 69 8635 |— 5| 23-119 |58-1 | 20°649 | 859 | &8 7,202 |t 28
June 22 076 | 53-0 | 20 672 | 889 | 62 8613 |[— 27| 23057 |59 7| 29556 | 8506 | 91 7,201 - 27
July 99-072 |52 8 | 29-703 | 88°0 | 6t | 8639 |- 1| 23096 |60°2 | 20617 |82:3 | 92 | 7,091 |—83
Aug. 22°109 |53 5] 29760 |86 5| T1 8648 |1 3] 23-047 | 60-7 | 29°57L |83-7| 91 7,202 || 48
Sept. | 22111 |52 0| 20775 |84 8| 71 | 8623 |— 17| 23-153 1584 | 29690 {823 | 92 | 7178 |- 1
Oct. 22198 | H3:6 | 29 821 |83 8| 77 8,657 |+ 17 Mean: 7,174
Nov. 92 142 |51 9 29801 |90} 77 8,643 |+ 3
Dec. 22172 | H1°4 | 29995 {769 | 75 8676 [+ 3D
Mean: 8640 | | )




VAKLALIUN OF UL DARUNE IRV UEAVIAD IV LUL ILARLD TRALOD.
L]

To tace p 2 Yol B Plate |
s T - =

.\!:un de Schlagmtwerts India and High Asia

1. Ambdla - Agra
lat ¥ 30°2/4\ 070 & N [
Lomg K.6r76° 88\ 78° 1 7 .
Haght 402617 A 4d . A ¥
Diflerence of heght 369N

© 2 Mahabaleshvar Bumbay
L et N 1708 L1893 S
! Long K 67398 T\ 10491
Beght 43200 A, N
Mference of herght 431218
3

h

3. Dodabiétta Madras - H
Lat VM3 L1042
Long £ty 76°44" | 807088
Heght Sodory ! 2711

Inf¥irence of herght S6l501
1 \J

t Darjiling Caleutta M

y Lt ¥ 2777 0827930 A

Y Long b Gy 8815\ AR08

Hewght 716817 1871

Df¥erine u{l' haght 715001 A

General Remarks

l” I‘f/’"‘z”ﬁ,’qy /»l’ /’f"lﬂ‘/[( !‘l’l’lll/lll” >
the rise o' the curves rul'/-u/wm/.v loan
incrcasi of apparend relalive hewght

S B Mete are the abbreviations lor the
montha Junnary, February, March efv

.

. J
Eneraved and published by 7 A Brochans Loiprié IR0l

Seale.
Ladh te W Mot (lo 600
. v
2 3 E s







CALCULATION OF BAROMETRIC HEIGHTS. 53

.

b. COMPARISON OF THE CURYVES.

We now proceed to an-analysis of the curves in reference to the variations of the
resulting heights. Also for meteorology in general such considerations are not with-
out intercst. As a rule, the .variatioﬁs of the barometer are at both stations in the
same direction, and of an amount slightly differing from one period to another. The
same i8 the case, more or less, with the wind and the temperature near the surface.
The results represented in plates 1 and 2, will, therefore, furnish useful data for
forming a correct idea of the temperature of the free atmosphere. '

In Europe, and in moderate zones generally, tho character of the climate varies
much more rapidly in proportion to distance, and considerations like the fol]owi‘ng
for the monthly variation of the barometric heiéhts must necessarily be ('onﬁ’ued to
the compaﬁsén of localities much less distant froﬁl each otler,

. Irregular as the curves may at first appear, they show many coincidences in
their general character, when the respective climates to which they belong, are tiken
into consideration. ‘

a. In all of them Fcbruary, or March, is considerably too low, or, which is the
same, the temperature of the roil is lower, even during the gradual approach of the
hot season, than that of the atmosphere. ‘

b. The curve attains its .ﬁrst maximum a short time before the setting in
of the rains. During the whole of this period, the surface of the earth, and the
strata of the atmosphere immediately above it, are in excess of temperature as com-
pared to the free atinosphere.

c. The rainy season is characterised by a very steep and rapid “descent of the
curve.! This deflection results from the lower strata of the atmosphere being compa-

ratively more coolgd by rains than the upper, in consequence of the evaporation,

1 We had also calculated in full detail Agra — Calcutta, and /‘\gm——-Bomlmy,' both of which show with consider-
able distinctness the depression of the curve in July, after the setting in of the rains; but it is evident, from the
great distance between them, and more particularly from the marked difference in the direction of the wind, that
they could not be connected with the question before us. Though the absolute height of Agra is 657 fect, we get
from Calcutta, as maximum, in June, 613 feet, as minimumn, in December, 04 feet. Agra, combined with Bombny,
gives ns mdximum, in June, 742 feet, as minimum, in December, 416 fect. These numbers are deduced from the
monthly means of barometers and thermometers, &c., for 1834. Cdre must be taken not to combine Himalayan
stations with Lhosel in the plains of India. As an oxafnple of incorrect combination, we instance Irjiling—Calcutta;
Simla also, as calculated from Ambéls, gives ‘n~dccidodly inaccurate result for the relative height.

3
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which takes place chiefly on the surface of the ground and not in the free atmo-
sphere.! 1@ ’

After the ground is thoroughly saturated with momture, there is an analogous
rise of the curves, which, in those parts where the rain is not excessive (as in
Hindostan), gradually merges into the autumnal division of the curves. But in the
regions of excessive rain, the period of the drying up of the ground corresponds to
another depression of the curve.

‘d. In antumn again, during the first approach of the cool season, there is another
decided rise, chiefly in connection with the uninterrupted action of the sun through

a cloudless sky on the surface of the ground?

¢. CORRECTIONS FOR THE MONTHS.

As rosulting corrections for the months, we obtain the following: @. In Southern
India in general the correction for April, October, November, December, contes to
— 0-003 of the relative height; for March and June to + 0°003, while it may be
altogether disregarded for the other months. b. For the rest of India, including the
Himdlaya, it may be considered ag being, in February and during the height of the
aing, {- 0°002; during the hottest period of the year, just before the beginning of
the rains, and for October, November, and December, — 0:0015. c. The same cor-
rections as those of b were applied to Himdlayan stations, situated within the region
of periodical rain, but for Tibetan stations a depression contemporaneous to the
period of Himdlayan rains scems entirely wanting. The absolute height of Leh, for
instance, is 11,532 feet.

[t becomes:

1856.  Calculated from Massiri. Calculated from Simla.
July 11,528 11,541
August 11,558 11,527
September 11,513 11,523

I See our vbservations on the temperature of rain, in the meteorological parts of our publications.
* Iu the Alps the autwnn is oue of the best seasons for barometric observations; & correction for this seuson
1« mappreciable

a
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4. MATERIALS FOR THE DAILY PERIOD.

:l‘he variation of the resulting height with the daily period is very consider-
“able for climates 'haVi.ng a large daily range of temperature. We had, however,
greater facilities for defining the amount of these variations than in the calculation
of the yearly period. From a numerous collection of such observations we select
six* series, which will be quite sufficient for deducing the corrections _required.
We of course define the variation within the daily period as the difference of the
respective hour, not from the yearly or corrected mean, but from the monthly
mean of the 24 hours. At all the different stations, the hours of direct obrervations
included the period from 6" a.m. to 10" p.M. The respective elements for the night
(af midnight, 2" o.M, and 4" a.m) had to be calculated by a formula of interpolation,
which will be used, and communicated in detail, in the volume treating of the special
objects of meteorology.'

Though considerably increasing the labour of calculation, we found it the better
plan first to dednce by interpolation the respective meteorological elements, and then
to proceed with calculating the height for the hours of the night, as we give them
in the curves.

We present the following series:

A. FOR INDIA.

; 1. AMB)(LA——AGRA, mean for the month of December, 1854, "These curves are -
" intended as the type of Hindostan. '
" 2. PONA — Bomsay, from Adolphe’s observations taken from December 29, 1804,
to January 5, 1855, near the dak bangalo. To reduce the results to the door-way
of the dak bingalo, a local correction of — 15 fuet had to be applied.

3. KXuAvani— Bomsay, from our observations, Junuary 17—20, 1855.- They refer
to the door-way of the travellers’ bangalo.

1. SAGER—AGRA, from Robert’s observations, December 14— 18, 1855, rveferred
to the door-way of the travellers’ bingalo. The local correction of — b feet ix applied
to the results.

} For the present we refer to our *Necue Untersuchungen uber die Alpen, p. 384, qeweq.
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B. FOR THE HIMALAYA

5. FXLoT— DaARIfrING, from Hermann's observations taken from May 26 to June lO
1855, during the height of the raihy season. By trigonometric measurement, the
barometor was found to be put up 204 feet below the summit of - Faldt, for which
we adopt the value of the G.'T. 8. = 12,042 feet. The cistern of the barometer was
therefore ]1'838 feet above the level of the sea. . *

). Len—MXssCni, and Lew—Simra, for threce months, July, August, and Sep-
tembur, 1856, from observations by Hermann, Robert, and Harkishen. .
The curves, on the sume scale for the vertical co-ordinates as those of the yearly

period, (see p. 52) are collected in plate No. 2, and represent the entire daily period.

a. VARIATION OF THE BAROMETRIC HEIGHTS IN THE DAILY PERIOD.

T . v—.'..:._* PSS tinetiaiagipd 1 — = - . e L.
1. A mbalu — A.(.,ra 2. Pina— Bombay.
Absolute height of Ambala: 1,026 feet. . || As absolute height of Puna we adopt: 1,784 feet, being
Loe. Cistern of late Dr. Tritton’s barometer. the mean of the hourly observations.
Bee p. H2. Loc. Dak bdngalo.

Ambila. Agra. Ambila. ”225;’9 Pina. Bombay. Pina.
1804, RS - -~--—| Ahsolute | Var. to 1‘85;')’ Absolute | Var.

Dec. Barom. | Air. | Barom. | Air. | leight. Jan. 5: Barom. | Air. {Barom.| Air. { Height.
Inches. o Inches. ° Faot. Feat. Inches. ° Anches. ° Feet. Feet.
Midmgh' 29 142 | 46-8 | 29-036 | 59.2 1,026 ~ 11 || Midnight| 28 106| 62 8)|29.880| 75-0] 1,762 | — 22
A 29 127 |45 3] 29 5u8 67 7 1,032 | — b6 1ham |28:110] 62°0[29-878] 74-0 1,763 — 31
2, 29 110 [ 43 3 | 29516 [ 56 1 LOSO [ — 74 2, |28°106] 61-4(29 B70| 73:6] 1,748 | -- 36
3o, 20 099 [ 428 | 29 497 | bH 2 L027 | —10) 3, [28°102] 59 9]29-860| 72:6| 1,737 — 47
1 ., 20°000 (42 1 29 48) | h4h 1,022 100 4, 127997 59 2120-748 73-0| 1,937 | — 47
[ 29 111 | 11 2| 20 504 [ hy 1 1,021 -160 b, 127 992|158 029735 72 2| 1,726 | — b8
6 . 29 119 | 40 8 | 29 H16 l.")/l 0 1,025 | — 12 6, [28:056] H7-8[29.810| 71 4| 1,781 -- b3
T . 200138 (41 0 | 29 536 | 65 4 LO23 | — 14 T ) [28-100] H8 1]29-897( 71-2( 1,769 |--15
8 20 164 147 31 29562 (B9 0| LOBL |— 6| 8 , |28126| 60-0[29-929| 735 1,781 | —

{N 20 170 [ 63 6 | 29607 | 62 4 1,072 | 4+ 360 9

y | 281421 62:9120°947| 76-2/ 1,790 |+ 6
o . 20186 1599 | 29 603 |61 9| 1,003 |+ 16] 10

OR . 64 90 ¢
1 29 162 |63 7 | 29579 (67 1| 108 |+ 21| 11 o P}i é;g 333;3 ;gg i:ggg ii(l;
Noow | 29 142 {67 3| 29556 | 698 | 1058 | & 21| Noon |28 106] 71-0|20-908| 81-0| 1814 k30
Mroan) 99 123 168 2| 29 5% 7121 LOBS |4 18] hew |28 090| 73-9|29-880] 828 1811 | | 27
20, | 20099 169 1| e9nt2 725! 1056 |4 19] 2, |28 074| 75:0|29-864] 84 0| 1818 | | 84
B, 1 2009|691 | 29497 (7291 1048 | 11 3 28060 | 78 9|20'848| 81-4| 1828 | } 39
4, | 290RT |67 6| 29485 |73 4| 1045 |+ 8 4 . |28-005| 78°8[29-850| 84-2| 1830 | | 46
how | 20087 633 | 29493 (723 | 1,019 | 1 12] 5 . |29-048] 77 9|29-847| 81-4| 1828 | 4 44
6, | 20107 608 | 29497 685 | 1,03 | — 5 6 . |28 051] 75:2|29-850] 78-8| 1817 | 1 83
T | 29123692 | 290504 669 | 1,02 |—15 7 . |28072| 72 029-869| 76-3| 1795 | 4 11
RO | 29138 157°0 | 29516 | 657 1017 |—20| 8 . |28-084| 68:8|29-881 75-0| 1796 | 4 12
9 | 29 146156431 2953 6441 1,027 |--10| 9 . |28-114| 648|290 oo 76-4| 1785 |t 1
10 . | 29166 |61°4 | 29564 628 | 1,032 |- 510 . |28 113| 64-4|29-005| 76-4| 1788 | 1
L "o | 29150 |48 4 | 29 548 1608 1030 |~ 7)1l , |28 111} 63029 901| 758 1778 |— 6

Mean: 1,037 Mean: 1,784

o
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CALCULATION OF BAROMETRIC HEIGHTS. YRR
-
[ N T . T T M
| .. 8 Kailaddghi — Bombay. 4. Sager — Agra. I
As sbs?lute height of Kiladghi we adopt: 1,744 feet, Asabsolute height of Siger wo adopt: 1,880 fect,
being the mean of the h?urly Observations. being the mean of the hourly Observations.
Loe. Dak bingalo. Loc. Dak bingalo. .
1855, Kiladghi. Bombay. | Kiladghi. 1855, Sager. Agra. Siger. I
| Jan. - ! Ahsf)lute Var. Dec. _ — =~ | Absolute Var.
17 to 20.| Barom. | Air. | Barom.| Air. | Height. 1410 18" Byrom. | Air. | Barom. l Air. | Heght,
Inches. ° Inches. o Feet. Feet. I! ! Inches. N Inches. o Feut Feot
Midnight| 28:196 | 64-4 [29-926 | 674 1,719 — 2h | Midnight | 28 267 | 56 9 | 20 023  n7 R 1,807 -2 1
thau | 28190 | 63°0[29°920 | 67°0| 1,716 |+ 98| 1vam | 28260 | Bh 4| 29016 HT-0| 1,800 | - 2
2° 28 174 ():1'9 29-902 | 66 0 1,712 — 32y 2 28 202 | O 3} 20 500 5hH Y LRy - 27 ;
3 . | 28163 |60°0 |298900 | 675 | 1,701 |— 33l 3 | 2R24R 1A 1. 20600 BENLOLS0 [-- B0
4, | 28152 | 69°2 |29-879 | 66-0| 1,708 |— 361 & ,, | W29 |Be \ 20 495 Dy 2| 1w |- a2 |
5 28-187 { 06°8 |20-892 | 64 3| 1,678 |— 660 5D, | 28237 } L1 20 20 493 2 3l Ll - 36 !
6 26:200 | H6:0 |29-909 | 65 1 1,682 =62 & R 237 | BLO | 29010 RO | LR | - 21 5
T » 28229 | HT6 |29-945 | 66-4 1,691 - B3 T o8 233 | BTH | 29 hUT B L 1871 9 i
x| 28216 | 636 [20°067 | 686 | 1709 |— 5 8, | 2R | 60 h; MWLM G 1| pss oo Y
9 "y, 28°272 | 69°6 29977 |71 6| 1,707 |— 370 9 | 28202 [63D ( ALY S WU B B T B
10 28:252 | 17°9129-984 | 743 | L,7D3 {+ 9l 10 2982 | 69 0 2O LY G AL LR | 1
11, | 28:218 | 79°1 {29-062 | 772 L7714 b0 } I, | 28272 |40 | 2008 673 1910 || W
i Noon 98- 198 | 803 [29-936 | 81-0 1,778 F 34 | Noon YR24D [ TR D L 2928 To 2 127 |47
1 98175 | 81:6 [29-914 | 83-4 1,787 + 43 ) S YR 232 1 TONL D29 19T TG 1914 | 3¢
2 28150 | B2-9 |29:R90 | 86-0 | 1,797 032, PR 920 | 790 L0460 T8 2 L0 | 20
3 , 28-134 | 84°2 |29 K71 | 852 1,790 RS SRV 28 210 | T 0 | 20 ey 731 1,901 [
, 4 28-130 | 82:7 {29 863 | 81 6 LIRS (=301 4 9 202 | TR O] 20 168 71 9| 1YL | 3t i
i | I 28 136 | 800 |29-864 | 790 1,769 P25y b, 28204 | T2 H | 29 170 6R 0 L2 [
6 28-140 | 791 |29 869 | 5 ¢ 1,762 PR 6, 268-200 | 66 6 20 471 Gh 6| Lsal by 1L
o » 28:142 | 780 [29-8%2 | 142 1,768 4200 17 98 218 [ 6h o 20 48t 611 1,887 i
8 28-150 | 76-2 |129-900 | 734 1,772 | 985 8 28 232 | 60 H | 29 498 63 6 1,880 [
9 2R-1562 | 72:2 129 902 | T3 2 1,760 p2tg o, 9R-246 | 6O T | 2002 6L B 1LEeG | - 1
0 28168 | 70°0 [29-907 | 720 1,708 - 1410 98 260 | KR 8| 29 Hl6 DY 6 1862 =
1L, | 28156 | 689 (20004 | TOT| Lih2 |t Ko Lb o, | 28276 ) B8 0 | 20 532 OGN T LRIR ool
Mean: 1,714 i Mean: 1,880 '
i , |
} . . Faliit — Darjiling,.
Absolute height of Barometer’s Cistern ut Falitt 11,838 feet (see p. Hb).
1855, Faliit Darjiling !MI;")-S | Faliit. l)urjx'liné B m_[_m l
55, aliit. ] . 0, aliit. . . !
May26to] . — Mean AbB‘uluto Var. | May26to| — _ o Meun| Absolute | oy
, Mum.| Height. X . |Hum.| Heght,
June 10.| Barom, | Air. |Barom.| Air. June 10.| Barom. | Air. | Barom. | Air. i
Inches. ° Inches. | Feet Foot i Inches. B Inches, . Fant Foot
Midnight| 19-509 | 43-5123 091568 2| 96 1,801 | — 231 Iheow | 19516 151 6] 23 100 | GE 9| 46 LIRS |} D4
oaw | 19509 | 435|923 075(68-2] 96 | 11783 |— 4Ly 2, | 197501 |50 41 23074 |61 91 06 | TL¥02 4} 28
2 19 504 | 42°8[23-064(68-1] 96 1,74 | — i 3, 19 493 |49 6] 23 060 [ G199 | 96 ll,N.“. - 17
3 7| 10-512 | 42-6]23-065157-9] 96 | 11762 |— 621 4, | 19480 |48 7| 23 060 JGL R |06 ] TLASG T L2
4 | 19°512 | 42 6123°067(57 9 96 | 1,763 |- 610 5, | 10485 TR ) 23006 6L 5| NG 1836 ) 12
By | 19612 | 43:0|23:074(57°9] 96 | 1LTT = D01 6, | 19-4K0 146 4] 28 062 GEAL 06| TLSER ) 8
6 4 10 601 | 44:6|23-081 (58 2| 96 1ILB08 | — 160 7 19489 [ 46°0] 23072 {61 | 9(3 II,K:ifi | 14
T 4 | 19°520 | 45-9128-094 [h8" 7| 96 1807 | — 1T) 8 19 497 [45 5| 23 uR2 [ 601} 46 TR L9
8 19-528 | 47 7(23-105{59°8| 96 1,823 |— 1§ 9 19 501 |44 8| 23 096 | DY O '.N: lI,H.!l }- '{
9 19-528 | 49 8|23 116 [H9-9] 96 1,850 | + 26 ]5 10 19 500 |44 4| 23 104 | OB D '.N.n ll,?‘:“! i- fv
10 0119528t 50-4|23 118160-6| 96 | 11869 |4 360 10, | 19506 |44 1| 28108 6K 06 | IR 412
i, | 19508 | 51-6]23-116|61-2| 96 11,898 | + 69 Mean: 11,824
Noon 19524 | 52:0(23-105|61-6| 96 11,862 | + 381
.= T T L L — ” - P Ao o o e L e e e
1I. 8
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6. Leh - Missiri, and Leh — Simla.

Absolute height of Eeh = Mean of all Observations == 11,532 feet.

! !
l’ ‘ | Mean Hum. |- Absolute Height Variation.
L Leh. l Massiri, Simla. Lch of Leh Leh
‘ :H'l"" ' . and from from
July. 1 -
Y f]lurom. Air, ! Barom. | Air. { Burom. | Air. x‘:‘?' Simla.| Masstri. | Sfmla. |Missiri.| Simla.
| .
|,, Inchox ° Inchen, ' ° Inches, o Feet. Feot. Feet. Foot.
[f Midmght | 19 785 | 62°8 | 23 419 166 2 | 23076 | 64°8 | 60 70 11,393 11,408 | — 135 [— 138
a1 757 | 61-2 | 23 138 | 662 | 23°002 | 64 6 60 71 11,411 11,406 | — 117 |— 136
’ 2 19 729 | 60-& 23 10 | 66:0 | 23°02% | 6t 4 60 72 11,411 11,406 | — 117 |[— 185
3 19702 159 0 23 398 | 65 5 | 92997 | 63-7 60 ™ 11,127 11,408 | — 101 |— 138
4 19-659 | H7-9 | 23-304 | 65 1| 23 001 | 62-9 60 T 11,474 11,456 |- 54 |— 85
S 19682 106 3 23898 64 0| 23021 |62 4] 6o 7! 11,133 11,440 |-~ 95 |- 101
6y IO 6Y0 106 8] 23 89% 646 | 23 044 |62 8| 60 () 11,827 11,461 | — 101 {— 80
T D702 | 005 | 23390 | 65 7| 23048 | 63 71 o 3 11,420 1,466 | — 108 [—- 75
5, 19702 | 63 1 [ 23406 | 600 | 23062 | 61 8 60) 68 11,459 11,495 | — 69 [— 46
| 9 ) 682 | 6711 23 442 | 66:0 | 23006 | 6D 7 G0 64 11,0014 1ILOH0 [+ 261+ 9
[ (- 1601 169 4 | 23442 | 666 | 23060 |66 6] 60 60 11,004 1L,503 [+ 26 |+ 12
E I G8T | T2 0 | 23442 [ 67 1| 23002 | 66 9] 6o nh 11,580 ILH6T |+ 52 (4 26
o Noon [ 19679 [ 50| 23446 | 67 8| 23one |67 3] o n3 11,621 1LH98 | + 93 14 57
| M | 19600 [ 760 F o3 434 | 6776 | 93 044 | 67 8 60 n2 11,653 11,685 {1256 [+ 94
o 19639 179 31 23 48 | 67 8 [ 23011 |68 4] 60 19 11,667 1L667 | 4 139 |+ 126
|| By V6B | TT A 2 4 6T 8 2036 [ 69 1] 6o 1) 11,663 1L,663 | 4 130 |+ 122
! [ 19 GIH | 76-6 | 25 402 16T 6| 23036 | 69 ¢ | 6o H2 11,666 1,686 | + 138 || 145
Do Y615 [ 732 23830 | 675 | 23 036 | 68 7 60 i} 11,636 11,666 + 108 {4 125
G, 19 61h 170 2| 23 386 | 67 3| 23 040 | 676 | 60 07 11,608 1,651 | + 80 | 110
T [ IO6ID 16821 23378 | 66T 2301 [ 6T 1] a0 61 11,h84 11,644 | + 56 [ 103
8 5 T19 623 1607 1 23 386 | 66:6 ] 23011 {66 4| @0 63 11,568 11,616 | + 40 [+ 75
B W [I6HL 164 9 1 23 410 | 66 6| 23048 | 6h 8| 40 65 11,548 1L670 | 4 20 (1 29
o, 1D 608 | 63 91 23 418 [ 66 4 | 23018 | 65 | 60 68 11,487 11,502 | — 41 1— 39
1T, LI T 63| 28426 [ 66 2| 23001 |69 6o 70 11,120 11477 | — 108 {— 64
Mean: 11,528 11,641

August.

Midnight { 19 780 | 605 | 230683 [ h0 6 | 23 164 | 61 3 Gl 72 14,013 L4768 | — 4h |— 51
Maw [ 19780 | 618 [ wenss [ no2 ] 23150 |6l 2] g1 (& 11,510 11,469 48 | = 08
20 [ ITTT 609 L 23 hTn [ B8R 23 112 [ 609 | ¢ 1 1LH08 11,168 | — 5o 59
B (10T L0 9 w3067 A8 G| 2314w | 6008 | ¢4 74 11,496 1468 | — 62 [-- 59
A [T DS 3L 2nh00 [ AR 3 23 103 | 60 1] 64 7t 11,431 1410 | — 127 |- 117
Doy 1O TR DT 4 23086 [ 57T 0 28 107 [ 603 1 (i) 11,421 11,394 | — 131 |- 133
Gy [ HOROS DT T 28040 [ B8 L 23 11h |60 6| 61 (e 11,400 1,375 | — 168 |— 152
Ty JI0T6H L 60 1 98 040 |59 9| 23 1y [ 6l 8| ¢ (it 11,478 11,150 | - 80 1
R, 19 7% [ 63 1] 23p4d4 | 61 9123 123 | 621 61 2 11,504 11,465 -~ b4 - 62
D I TT 6T R 23D [ 630 | 28 030 |62 8| gt 70 11,538 Hooo |- e f- 27

10 119760 | 6821 93 h4X [ 64 4 | 23134 | 635 | o4 | 68 11,561 11,02 + 3= 4

I P71 700 230606 {68828 131 |63 9] 64 66 11,606 Iohe 1+ 48 |1 25
Noon 109 783 [ T30 | 23606 | 60 3 [ 28 (27 | 6t 4| ¢4 61 11,600 ILOBR [ + 9211 61
e b 710 [ T8 4] 23532 | 6hen | 28 123 | 60 8 ] G4 62 11,656 1LG1T |+ 98 |t 90
2 1600 | T3 23012 | 6dbh | 23119 |60 31 44 61 11,667 11,649 | + 109 |+ 122

] B BV 67H |71 3] 23008 |60 3| 23 111 | 637 .6 61 11,683 11,654 + 126 |1 127
o4 P IBET [ T30 23000 | 640 | 23 00 [ 6LY ] gy 61 1L,67H 1L6D0 | 4 117 |+ 123
oo 19667 | TL2 | 23496 | 6L 6 | 23 103 | 610 (1} (13} 11,658 11,342 100 [+ 115
“ L6, 1671 [ 693 23492 | 642 | 23 107 | 633 64 6 11,633 11,627 + T 100
T, T10GR2 60 e not 6260 23111 1631 ! 64 60 11,623 11,613 I 6h |1 86
s, V10T 646 | 23 620 | 60 | 23 ptl |63 0] 61 66 11,562 11,616 t 401 19
S 1 T20 1644 28040 [ 61 0| 28 (1L |62 6| 64 63 11,563 1,527 |+ bt 0
10 TR 60 B3] w3 b2 | 63 3] 2 11h | o2 2 (I£} 70 1,544 11,483 | - 14 44 -
| o 71 Ted [ 819 | 28064 | 59 7| 29 168 [ 615 I 64 71 11,620 11,510 | — 88 {-- 17

| | i : Mean: 11558 11527

R N R L B
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-
. Mean Hum. | Absolute Height Variation. :
1856, Leh. Miissiri, Simlu. Leh of Leh Leh
Sept. : _ from from from
* . | Barom. | Air. | Barom. | Air. | Barom. | Air. x‘:: Simla, | Missuri. | Simla. | Missiri. }Simln. !
. Inches. ° Inches. > Inchos. o Foot. Feet. Foot Feet, l
Midnight | 19-807 | 55°0 | 23699 | 59-4 | 23-221 |69 0| 68 4 11,461 11,482 — b2 - 41 |
1hax | 19-802 | 543 | 23 544 |50 2| 23-163 | 586 | 64 4 1,399 1 15,416 | -~ 114 |- 108 |
2 10-795 | 52°9 °23-524 | 8 8 | 23-127 | h7 9| 65 4 14,376, 11,372 -- 137 - 1h1
3 4, 19-795 | 51°6 | 23582 | 6R-8 | 23-119 [ Hh7 4| 64 3 11,379 | 11,363 -~ 1M |- 170
4 ,, | 19°780 { H0°9 | 23 544 | 6586 | 23-181 | AT-0 | 64 73] 11410 D 1L,443 | — 103 80
5 19-786 | 50'H | 23-666 | 68-3 | 23-185 | H6'R | 63 72 11,411 11,436 — 102 |-~ 87
6 4 19-792 | 49°1 | 23564 | 57-9 | 23-189 | H7-2 | 62 72 11,403 | 11,427 —~ 110 96
17 » 19:765 | 51°3 | 23 667 | h7-9 | 23-198 | b8-H | 62 70 11465 | 11,486 ~ by - 97
8 , 19-765 | 52°9 | 23560 | 60 & | 23 197 | H9-7 61 70 11,471 11,003 - 42 - %0
9 19-765 | 6572 { 23595 | 635 | 23 214 {61 2| 6V 68 11,040 ' 11,048 oYt 2 |
10°, 19°759 [ 672 | 23:595 | 644 | 23-200 |62 6 | 60 66 1564 1 11,007 tont |t af!
1, 19-7562 | 69 2| 23595 | 65°3 | 23 200 | 63 3| 60 64 11,000 | 11,680 boTT L b
Noon 19°750 | 61°0 | 23 591 | 66 2 | 28 201 | 6t 0 |° 60 6! 1604 1L5% YD B A T
e | 19°749 | 69-8 | 23579 | 66 0 | 23197 [ 618 | 60 | 62 | 14,680 | 10635 Loy o1 ) e |
2 19-738 | 62:6 | 23-567 | 65°7 | 23:197 [ 6D'H | 60 62 11,088 1 11,619 P T
3 » 19°735 | 64°0 | 23564 | 649 | 23189 |65 H HY 60 11,603 11,619 [ VI I TH
4 , 19-716 | 62 8 | 23 666 | 64°4 | 23-181 | 65 3 | B8 60 11,611 11,629 booas [ 1
5 19-7356 [ 61°0 | 23°502 | 63-9 | 23-185 | 644 | 59 62 14,069 | 11,006 + b6 T
6 19 734 .| D8-1 | 23-0602 1 631 | 23:18h | 63-9 0Ha 63 11,047 LILOTR t Bt ob
T 19-722 [ H8 8 | 23-548 | 62:6 | 23 18 [ 631 | 6O 66 10060 | 11,506 [ Y i}
8 19°745 | 574 | 23599 | 60-1 | 23-189 | 61°DH 61 69 11,066 | 11,003 [ O N 1]
9 19-767 | 66:8 | 23 606 [ 60 1 | 23 193 | 60 1 (% 72 A T TLD3D P42 1o
10 19-776 | H6 1| 23603 [ 59 7| 23197 | b0 | 62 4 1,018 | 11,h04 fh 19
11, | 19°796 | 559 | 23599 | 59 5 | 23221 | DY 2| 60 T | LIRS | I3 |~ 30— 20
Mean: (1,513 ¢ 11,023 !
’ S U R

b. COMPARISON OF THE CURVES,

a. As a principal feature common to all these curves it must be mentioned, that
they have a minimum at about one or two hours hefore sunrise, and a period of
maximum from about 11" A.m. to 5" p.m. The form of this maximum, however, i
irregular, and immediately dependant upon local circumstances; in soveral of the
cases before us, thero is a secondary depression at about 1" or 2" r.m. succeeded by
a corresponding rise.

"b. All the curves twice attain their mean value, once during the hours Am,
once during p.m.; but at the same time it is evident that the a.m. value is hy far
the better defined one, since for all curves and for all seasons it is included between
8" and 10" a.m.;' whilst the r.M. value presents itself between 4" and 11" pom, and

occurs altogether in a much more irregular part of the curve.

! Dr. G. de Licbig also in his detailed and most careful observations on the Parisnith hll, April, 1856, has
found 9% 30™ A.x. to be the best hour. See Journal of the Asintic Socicty, 1858, No. L.
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¢. In general the range of the daily period increases to a certain extent with
the relative height;' but it we divide the differences by the relative height we find
the results decrease a little, whilst the relative height ihcreases. .

d. For practical purposes it is advisable to take, if possible, the mean of 8" 9
and 10" A.m,, or the combination of 6" A.m. with 3% or 4" p.wm. . -

The great number of our observations (taken also, as they were, for meteoro-
logical purposes) allowed in general of a direct selection of the most favourable hours,
but the necessities of travelling continually interfere with the observer's choice of the
times best suited for the required measurements, and, in order to lessen the ipper-
fections thus incidental to the mode of observation, we have given in the following,
tables an hourly correction, expressed in decimals of the relative heights, which was
derived from the preceding observations.  We made three groups: viz. for relative
heights of 400 feet, of 1,000 feet, and 1,600 fect.

The rvesalts differ so little between the second and third groups, that, for values
above 1,600 feet the o-cfficient of the hourly correction seems to remain about the
same. But this co-efficient is referred only to India and to those parts of High Asia
including one, at least, of the combined stations, which is situated in the rainy district
of the Himdlaya, and of absolute height not exceeding 12,000 feet.”

e For Himdlayan and Tibetan stations, situated at great absolute heights, as
well as in general for those in the dry parts of Tibet and Turkistin, the corrections
depending on the daily variation had to be deduced for ecach district respectively. In
these regions, also, we were enabled from the great number of our observations, to
obtain well defined results for the howrly corrections. These have been given with
the detail of the stations themsclves, in order to avoid mnnecessary complication in

the general table.

! Compare similar rescarches in Europe : by Dr. Berghaus, in his “Grundrigs der Geographie’; Bravais, Comptes
rendus, 1850, p. 1705 and our observations at the Vincent’s Hitte. In Furope more especinlly, where the yearly
variation iy so considerable, it is very importunt to refer the difference of height, not to the yearly mean, but to
the respective monthly means; otherwise, the hour giving the best rvesult not only changes from month to month,
but, what is more scrious, wo get for the month a resulting value depending upon hours, which, from their place
in the daily period, give results much less strictly defined than others,

? The corrections are carried out to two decimals only, an accurncy quite sufficiont, if we consider that isolated
observations of one or two days must still remain affected by the error depending on non-periodical and irregular
disturbances - pressure, temperature, wind, &c.
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.

5. GENERAL TABLE OF CORRECTIONS,
for the Rtelative Height, depending on the Daily and Yearly Variations.

The relative height is to be corrected by multiplying it with the co-efticients for
the respective month and hour, which are given in the following table.
At each of our observations we have added the amount of this correction, which

for longer series is marked Per. Corr. == Periodic correction.

. Corrections for the Hours. Corrections for the Munths :
[ ]lelutﬁ:yﬂlﬂ:t. e - Indin and
Hour. 1,600 Feet to Month. huuth.ern the Outer
400 Feet. | 1,000 Fect. 1000 Fect, Indin. Himiluya,
6" AM. | -F 0-0F | ] 003 | -} 0-03 | January 000 l 000 .
T o |1 003 | F0.02 |4 0-02 |February 0.00 |4 0.002 |
8 o | 4 0.02 |4 0.01 | | 0.01 | March 4 0008 1 000 ]
9, 0-00 0-00 0-00 |April — 0003 1 000 1
10, |--0.02 | — 001 | — 0.0 [May 000 1 0-00
1 o, | =005 | —0.03 | —0.02 [June Foo.003 1 0.002
Noon | — 0.06 | —=0.04 | — 0.03 [July 0-00 ] 0-002
MM | - 0-06 | — 0.04 | — 003 | August 000 1| 0-002
2, —0.05 | —— 0-01 | -— 0-03 | September 0-00 | 0-00
3 . — 004 | — 0:03 | — 0-03 |October —— 0003 1-- 00015
| 4 o | 0.08 | — 0.03 | — 0.03 [November [~ 0-003 [~ 0-0015
hoo, — 002 | — 0.02 | — 0-03 | December | — 0-003 |~ 0-0015
6 — 0.01 | — 0.01 | — 0.02 '
7T W | 002 | — 001 | — 001 For "I'ibet, Turkistin, and the
8 1 0.03 0-00 0.00 northern Himdlaya no monthly
9 1 0-03 | 0-01 0-00 correction is required.
| () I 4 0.08 | 4 002 |- 001 See p. b

For the caleulation of the heights, which were ascertained bavometrically by
0ura§elves, we have chosen only such readings as, on account of the scason and the
hour, were the most favourable for the final result. A great many morce obser-
vations, however, were taken, which will be treated in Vols IV. and V. of our publi-
cations (meteorology) under the special head of the variations of barometric pressure.

The detail required for the calculation we have shown as nccessary in full. but
for localitics of secondary importance, ascertained occasionally Dy aneroids, the station

only to which they ave referred, and the resulting height, have been (quoted.
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1. EXAMPLES.

»

. 4 ;; Amarkantak, Latitude N. 22° 38', Longitude E. Green. 81° 46/, in Malva, Central India.
Loc. Mean height of plateaw Vishnupiri.

1856, Jan. 22, 7 p.s. Observer: Robert. Thermo-barom. 7, Geissler.

(icographical Co-ordinates of the Corresponding Stations.

e S S —,
Corresponding Latitude Longitude ,
Stations. North. East Green, Height.
I
l
' s , o 1 N o 4 Foet.
I B Agra ... 27 10 26 78 1 39 657
! ’
i C. ANligarh . .| 27 53 b0 78 3 5Hd 750 .

Hypsometric Observations,

! Iinglish Scale. French Secale.

" Stutions. e [ — B - --—| Humidity.
‘ Boiling-Point. Air. Boiling-Point. l Air.

|

| Mt | | 208712 Fabe | 96°-73 C. o

| L. Amarkiintak V1= 26588 inches 6 675 -3 millim, 2.2 30
| I

b Corresponding B. Agra, 20.473 ,, 75-0 748-6 , 23.9 44
{ Stations C. Aligirh 20.375 ) 73-6 746.1 23.1 50
1

o e ol — - BE— - T

As inches and Fahrenheit cannot he always reduced, with perfect identity of the
decimals, to millimetres and Centigrade, it is evident, that there must be occasionally
slight differences in the height, when calenlated by the English and at the same
time by the French scale  These differences arve, however, of no importance for the
definitive vesult, which is gencrally based on the mean of several stations and

observations.
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Calculation.
Amarkdntak, calculated from
B. Agra. | C. Aligith. | B. Agre. | C Aligirh. |
i |
English Scale. French Scale. 4
. . |
leg corresponding station. 146942 146798 2-87425 2 R7280 |
log 4. . e L1‘42469 1 42469 282950 2 82000
w. e o 00473 | 004320 | 004475 | 0 4830
log u. ... 865060 8 63639 885079 8 63649
Sum of the temp. of the air = a | 4-82042 4 81980 4-82041 481977 |
Sum . 347102 | 34561y | 8-47120 | 4 4vbws |
Corroction for latitude = b . 72 7 72 7 ‘
Correction for gravity = ¢ 6 6 6 6 |
log . 347180 | 345606 | 847198 | 3-4p703 |
W = approximate relative height 2,964 2,864 2,965 2,864
1| Increase depending on humidity. 12 13 12 13
| Uncorrected relative height . . 2,976 o877 | 2011 | ewit
l Correction for month . 0 0 0 0 ‘
Correction for hour . . - 30 — 99 " 2
Corroction for locality . 0 0 0 0
Corrected relative height . 2,946 2,848 2047 2,848 I
Ileight of corresponding station 657 750 657 00
—_— B S SR N — |
Absolute height . oo 3,603 3,598 3,604 R
i
! The menn of these observations, combined with others which will be given later, gives ]{
! as absolute height for Amarkantak © 3,5%) feet. ||
H {
ls - . - P L B - o == =t S :_":_J

4 = Mustak Pass. Latitude N. 36° 1’ Longitude L. Green. 767 2' in Bilti, Tthet.
Loc. Top of the pass.

1856, August 22, 11" 45 A Obscrver: Adolphe.  Barom. 6, Adie.

(eographical Co-ordinates of the Corresponding Stations.

Corres ;.mnding Latitude Longi‘tude Height.
Stations. North. | Enst Green.

o ' " o 1 17 Feet,
B leh....]34 82l 77 14 86 11,032
¢ Simla...|31 6 6| 77 736 7,057

D. Missari. . | 302735 | 78 3 0 6,590
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Hypsometric Observations.

METHOD OF ORBRSERVATION AND CALCULATION.

.

log corresponding station

log A

"

log u

Sum of the temp. of the wir = «

Sum
.

Correction for gravity = ¢

Correction for lutitude -

log ¥

A = approximate relative height
Increase depending on humidity
Uncorrected relutive height
Correetion for month
Correction for hour

Corroction for locality .
Correeted relative height
Height of corresponding station

Abgolute height

English Scale. French Scale
Stations. Humidity.

Barom. Air. Barom. Air.

Inches. o Millim. o
A. Mustik pass | 14.989 35-3 3807 3.5 38
G y B Leh o0 19.720 61-0 500-9 16-1 59

0rres L4 <

msft( H:T("" M) Simla .| 23-193 | 64.6 | 589-1 | 18.1 | 95
PHhons D. Massini | 23591 | 64.2 | 599-2 | 17.9 | 93

Calculation.

Mustik Pass, calculated from

Is. Leh. , . Simla. ,l). Massiiri.

B. Leh.

T

Linglish Scale.

French Scale.

C. Simla. lI). Massiri.

height for the Mustik pass: 19,019 fe

ct.

129401 | 1036036 | 1 372Th | 2 69976 | 277019 | 277957
P1TT | LT | 1 In | 2bsons | 9onsons | 2:hR0S
01914 | 018959 | 019698 | 0 11017 | 0-18961 | 0- 19699
907606 | 9-orTRe | 9 20442 | 907617 | 9-27786 | 9-929444
470717 4 THRRS 4 TYKGH 479715 4 TO883 4 TY86H
387323 | 407665 | 1°09307 | 387332 | 407669 | 4'09309
39 11 16 39 44 46
16 2 9 16 2 2
Towtais | tommn | 400379 | semTast | 407930 | 4 003
7478 11,950 12,411 7,480 11,951 12,411
a1 A8 19 - 21 48 49
7,400 998 | 12,460 TH0L | 11999 | 12460
0 0 1] 0 0 0
] 0 0 0 0 0
0 (1) 0 ()] 0 0
7499 11,008 12,460 7,501 11,999 12460
11,532 7,067 6,590 11,532 7,057 6,500
9081 | 1906 | 19060 | 19035 | 19066 19,000

The mean of these observations, combined with others which will be given later, gives as absolute




V. TRIGONOMETRIC MEASUREMENT OF HEIGUTS AND
DISTANCES. )

I Insrruments: Theodolites, pocket sextants, and vertical circles.
II. MeTHOD OF OPERATION.
TII. DESIGNATION OF THE OBJECTS MEABURED.
IV. Vavves anp Formuna avopren.
V. ExAMPLE.

1. INSTRUMEN'TS.

In the Himdilaya and the elevated districts in the north which have been but
partially explored as yet, we frequently made use of theodolites for the determination
of heights, the determination of the latitude and Il)ngitude being at the same time
obtained.

We had five theodolites with us, two of which were divided into 20”; and the
other three into 30”. A detailed description of these instruments has been given in
connection with our astronomical and magnotic observations.'

Pocket sextants, as well as vertical circles? were occasionally used for determining
small differences of level.

In the choice of localities for our operations, we took particular care to select
such places as not only allowed of a considerable part of the mountain chains being
surveyed at once, but also presented at the same time the opportunity of connecting
the results with our panoramas and drawings. As our observations were made during

the actual progress of our journeys, it was not possible to conncet each single series

! 8ce Vol. I, pp. 13 to 76. .
2 A description and a figure of this instrument is given in “Neue Untersuchungen iber die Alpen, by H. and
A. 8. 1854,” p. 128.

Y
1L,
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with each other; in many cases the latitude, longitude, and azimuth of the base line
were determined in immediate connection with our astronomical and magnetic obser-

vations.

1. METHOD OF -OPERATION. i

* Our method of procedure was generally as follows. First a small line was
divectly measured, and was then connected by triangulation with a larger line, which
then served as our final basiv. Ity length could be controlled again by measuring an
analogous line for verification near its other end. :

In many instances we were able divectly to define our base line by angles taken
to points fixed by the Great Trigonometric Survey; morcover, in general our vertical
angles, even for high peaks, were very large, while the distances, on the other hand,
were very smally a circumstance which, from the nature of the formule, considerably
increases the acenracy of the result.

We may be allowed to mention the bearings and angular clevations taken in
connection with our numerous panoramas and  drawings,  For every object of some
extent, a tracing (in India generally executed by our assistants) has been made, in
which the angles obtained are written immediately near the objeets measured, a process
admitting of considerable precision in defining the individuality of the mountains, &e.
The drawings proved of material assistance in recognising the prineipal objeets, when
scen in another than the usual dirvection, since the general profile of dominant peaks
shows very little alteration at different angles, when the points of observation are not
too distant from cach other.

Many of our angles could not he used for caleulating heights or distances, as
some of the objects were visible from only one place, but even these isolated angles

have been nsed in completing the detail of our maps.

I DESIGNATION OF THE OBJECTS MEASURED.

Occasionally, we  experienced  considerable  difficulty in finding names for the
different objects, as they were measured. The custom of other geographers in similar
instances is to distinguish them by an arbitrary number, or initial, with latitude,
longitude, and height annexed. The diftienlty in our case, however, was incidental
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only to the higher uninhabited regions, and even here we found that, in those parts
where Brahmanism had obtained a footing, many a snowy peak of striking aspect had
heen distinguished by names intimately connccted with Hindu Mythology. as, Chama-
liri, Gaurisinkar, Nénda Dévi,' &¢. In Tibet and Turkistin, many of the pesks wero
known to the natives by a name which repeated inquiries proved to be no arbitrary
one; and of these we were enablod to avail oursclves. Whenever such designations
were wanting, we endeavoured to supply the deficiency by those of any well defined
object, such as passes, glaciers, valleys, rivers, springs, &c. in their immediate neigh-
bourhood; for in High Asia such objects are sufficiently distingunished by popular
and characteristic names, with which, as we carried on our operations not down in
the plains, but in the interior of the country, we had every opportunity of getting a
correct and intimate acquaintance? Nevertheless, we wero obliged, in some instances,

to have recourse to numbers or signs.

IV. VALUES AND FORMULZA EMPLOYED.

The dimensions of the carth supposed to he a spheroid are taken in onr compu-
tations at the following values:

Axis Major a = 209229318 fect,
Axis Minor b — 208533746 feet.

These elements are derived from a comparison of the Dodaginta are (comprised
between Punna and Kalidanpur,? and measured by the Great Trigonometrieal Survey
prior to 1826) with the French arc beginning at Greenwich and ending at Formentera!

For registering and computing, we adopt in general the form used in the G T

Survey, with which some of our assistants had been previously familiar. It will he

! In the sccond purt of Vol. IIL will be given n glossary, contaimng the signification and transeription of
various geographical and ethnographical names.

3 Also in the Alps, such objects had not been designated by names before the time when n livelier sense ol
the necessity of gcographical precision became genersl. It may be remembered that Saussure, in hix first. scientific
cexploration of the Alps, found Montblunc without a name well defining the peuk: it individuality being merged
along with the surrounding region under the general appellation of Monts maudits.

3 The mensurement of the Indian arc, begun by Lambton and continued by Kvercst und Waugh, extends now
over 21° 21’ 16"+6.

¢ Compare the values obtained by other meusurements of arc: T. de Schubert, “Fussai @une détermination
de la véritable figure de la terre,” St. Petersbourgh, 1859, and “ Mudler’s recent notice on the true figure of the earth,”
in Heis' Wochenschrift, Dec. 1855.

On*



68 . METHOD OF OBSERVATIQN AND CALCULATION.

found to contain all the nccessary elements, which are arranged with the utmost care
and completeness. A detailed example is given pp. 69 and 70. - )

For our trigonometrical heights we indicate only the eye station, viz. the pla,ce'
from which they have been measured. We exclnde any further detail which is not
#0 meccwssary in this case as in barometrical observations, where the result depends, in
a great measure, upon the selection of the corresponding station and general state of
the atmosphere. These conditions, although influencing in some degree trigonometrical
observations, are nevertheless not of the same importance as those for the deter-
mination of harometrical heights.

Refraction. For the terrestrial refraction we adopt for the Western Himaélaya

and Tibet : 1617 - 0:060 of the contained arc. Wo have deduced this mean value
from Capt. T. J. Montgomeric’s latest determinations by reciprocal observations during
his survey of the Kashmiv series, being influenced in our choice by the circumstance
of the province for which it was determined possessing a climate much more ana-
logous to that of High Asia in general, than to the more tropical climate of Tndia
Proper.! )
The ]ogm';tlnns used for the respective latitudes in the ecalculation of the con-
tained arc, are given in a special tablo at the end of this chapter.
We further append the method given by Savitch, in the “Bulletin de I'Académie de
St. Pétersbourgh, 1855 for caleulating the co-efficient of terrestrial refraction for the
favourable state of the atmosphere, viz. for the case when the objects observed in
the tclcz-.;cope appear steady. [If
p - the co-efficient of terrestrial refraction,
(! - the geodetic arc betweon the observer and the object (contained ‘arc), expressed

in geconds,

& — the relative height of the object, ] in
D - the distance of the object from the observer, gEnglish
It - - the radius of the carth, or, more preciscly, the radius of curvature, teet.

! For India, the value of the refraction is generally found to be nbout-l— of the contained arc. In Sfkkim, the

it

G.'T. 8. had found by direct deterininations, for the months of Octobor and November, the mean terrestrial refraction

1
to be e of the contained are, a value which wo have also adopted for this region. Sce “Thuillier's Manual of

Surveying,” London, 1865, Appendix J1. An intcresting table of refraction is also given in Vol. XIV., p. 816, of the
Asiatic Researches, in Hodgson’s and Herbert’s claborate * Account of the Himélaya Mountains.”
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H = the apparént vertical elevation of the object,
then we have:

n‘l
D=D(l—_-"—)ie Dis nearly = D

24 R?
@ = sin (h t_}’—._q —r0) . c—_ P
Teos (b C—p0) ~ Rsin1”

For obtaining the co-cfficient p, the readings of the barometer and thermometer
are required. '
If
t =: temperature of the air at the station of the observer in Fahrenheit.
¢ = 68°°0 Fahr. or adopted standard temperature,
b == the height of the barometer in English inches, reduced to 32° Fahe.
b = 29'0 English inches,
we have to calculate first
§ = -2— sin ¢ X tan (b | 0-3 C).
and then we have ‘

b 1 3 1 3
e 0 * 9 —_ e o e e
# 094 b’>< (1 + 000204 (1—~t')) (l |- 172 ¢ )

V. EXAMPLE.
Trigonometric measurement of the snow peak Tok, in Ladik.

This peak was measured 1856, July 19, from Lirimo, a well marked peak, situated 6,718 fect
N. 86° 33' 46" E. of Lech, the capital of Ladik.

Geographical co-ordinates of Lirimo peak == Kye station.
Latitude N. 34° 8’ 25" Long. K. Gr. 77° 15’ 56", Height : 13,293 fect.

1. Calculation of the height of Tok peak.

Distance from Lirimo peak to Tok peak 91,985 feet. .

Logarithm of the distance in fect . . 49637170 |Subtended angle 4 48 415 log sin ¥-423G4%

i log ,‘E?%_lﬁ‘ (see table p. 88). 3.9933480 Apparentvert.angled 41 8.6 log sec 0-0014540

e | Distance i et 91,985 . ... ... log 49637170
contained arc = 905”-87 . . log 2-9570650 D]m"(‘f\ " feet. il : 08 IR
. . Relat. differ. of height in feet 7,741-4 log 3. 8885208
Apparent vertical angle to Tok peak, , ,

: : , , eight of eye station —
corr. for instr. error. . . . Klevation 4 42 3-0 Hug’l. ot ey ' S
Lirimo peak . . .. .. 13.293.0 feet

"

R ion = . 0.-060 . ... h4.-4 —
efraction = cont. arc X 0-06 — 2% | Absol. height of Tok peak 21,0344 .
Vertical angle corr. for instr. error and

refraction . ... ............ 441 8:6

Vert.angle-}- %cont. arc == subtend. angle 4 48 41.5
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Latitude N. of Lirimo
Longitude E. Gr. of Lirimo . . ..
Azimuth ! from Larimo to Tok peak 37 28 14 - A

P 7
log cos 49

log dist. 4

I1.
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Llements given,

S9953315
-899637R

9637170

log &, % 2.

Q. ... ¢

log seex 0.
log tan A 9.

0980165
0821459
8840182

log s, L 2-

ogsink 9

8233669

7401338

log &, .1 2.
R.... 2
logsinAd 9-

log dist. 4

H725007
3TONT
8116

96372

log 8 A 9
h I I
logcot 4 0.

38120
11048

8HBGSGS -

70025 ==

log &, I, 0-
T ... 0

06978

19693 -=

log s, .1 0.

26671

1 "

K20 -\
77 15 56 = L

Caleulation of latitude and longitude of Tok peak.

Llements sought.

For values I, @, I, S, &c. sec table p. 88,

Latitude N. of Tok peak . . ... == N
Longitude E. Gr. of Tok peak . . — 1/
Azimuth from Tok peak to Larimo = B

Vlok peak s situnted N, 37

Results.
o
8 ) — 012 2.2
" R ) 050 )
— 72220 — — 012 z.zszAx 012 2.7
B - 34 B2
l)\’ = 33 56 22-3 Deduced latitude of Tok
| [peak.
[ L — —011 584
S G6hNE — 01 5.34:821, - 1.57
iAI; - =011 4.27
iL = 77 15 56
ATR68 . — 0 6 1368 =77 4 51-7 Deduced longitude of 'T'ok
[peak.
\B,‘l — — 0 6 1368
"52‘1 — 1.85
Ad —.0 6 11-83
- 050 A 217 28 14
I 217 22 2.2
| ~N.37 22 2.2E. Deduced azimuth from
Tok peak to Larimo.
| 157
— 1.8

28 11”7 W. of Lirnno.



VI. TABLES USED IN THE CALCULATIONS.

I. Barometric tables. 1. Sum of the temperatures of the uir: A. Fuhrenheit; B. Centigrade. 2. Correction for
latitude. 3: Correction for gravity. 4. Increase of the relative height depending on humidity, 1L Barometrie
pressures corresponding to temperatures of boiling water. 4. Fubrenheit; B. Centigrade. L Tiigonometne
tables for tho Himalaya and Tibet. A. Logarithms’ for computing the contained arc: I Tables fur converting
the distances obtained into differences of latitude und longitude.

1. BAROMETRIC TABLES

1. SUM OF THE TEMPERATURES OF THE AIR: .1 FAHRENHET

tqr LRy tyt t+t ru'i 1|/‘E
Fahr. « Fahr. “ Fahr. " Fahr. a Fuhr, “ Iahr. "
{

(3%"6 4 TR216 7; 6 | 178407 75 Gl rasous | 7o 6 |1 TR | 836 ] FTROTY | KT 6 1 TUI6K
GT'R | 1Tse2e | 718 L4 @RUT | 7h 8 | 4 78608 | 7008 | 1 IRTHO | K] 8 IR RN EE YA S SR i)
680 |4 7emn | 720 | 47826 ] 600 |1 TREIT ] S0 0 | FTRROS | RE O D TRIOR RS 0 I TOINT
68 2 | 4-7821n | 722 | 4 TRIBG | Toee |4 TRE2T ] RO 2 | 4 TRSIR] R 2 {79008 | oRso2 [ TO196
68 4 gt | 724 | TR | 64 | 4 T8636 ] 80 4 PTRKT ] REL | TUOLT | s8] {79206
68 6 | 4 Treed | w26 4 InS | qee6 | 4 TREIG | o6 | F TRNIT L OBEG P o026 | o886 | L T020D
GRS | A-TRRT3 | T2 8 | 4 846 768 | 4 TREDD | BO-8 | b TRS4E K18 [ 1 79036 | B8N | 79220
60°0 | 4 7mors ] T30 [ 478474 | 7700 | 4 TR6ED | 8100 | 4-TREGG | RSO § 7001 | 8o 01 Tt
G2 |4 7ewge | T2 | 4T8IS | TT 2 | 4 TROTH | 8102 prrsson | 8 2o 1 Te0bh o 2 1 Tl
691 g7g302 | T4 | 4T3 | T4 |4 Resg | 81 R L RO L TI06t ] RO L4 TORLS
606 |4l 3G [ 4T003 | 176 | tameat ] 8L6 L Tsssd |oRD6 L TH0T3 ] 86| 4 TH262
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631 | 4us216 | 617 | assto | 668 | 4m3464 | 670 | 483586 | 69 4 | 4:83701 | 709 | 4-83815
032 | 4 szt | orn | 43317 | 664 | 4wsaz2 | oneo |4 83004 | 65 | 4-sa700 | 110 | 4-83823

63 3
631
()
636
G T Ri3263 6D

A
1
fR32852 1 619
1
|
i
1
63 8 | 1 R270 | 6
A
4
|
!
1

R3240 1 6H 0

4

A 83300 1 665 | 4880 | 68 1 | 483601 | 69:6 [ 4 83716 | 71 1 | 4-83830

48363 1 66 6 | 4 83487 | 6r-2 | 4 83600 | 69 T | 4 83724 ] T1°2 | 4 R3838
S48 1 6H AR33T0 ) 66 T L1 83190 ] 68 3 | 4 KIGLG | 698 | 4 83T | 713 | 4 83846
R8320h | 65 4orants | oor L 483502 ] 68 4 | 483624 | 69°9 | 483739 ) 71 4 | 483854

483386 | 669 | 483510 ] 680 | 4 83632 1 TO 0 | 4 83747 | T1°H | 4 83862

4 83394 GT 0 | 4 83018 1 GR ¢«

e e
-

K363 ] To 1 [ 4 R3TH4 | 1106 | 483869
w02 | 67 1 | 4 83625 | ok 483647 | 70 2 | 4 83762 ] 7107 | 4-83877
w3100 | 672 | 4 83033 ] 688 | 4 BWHL | TO 3 | 4-8IT6O | TL-R | 483884
83417 GT 3 483040 ] 689 [ 4836621 70 4 | 483777 | 719 | 4 83892
K420 674 | 483048 | 690 | 483670 F 705 | 4 RITRO | T2 0 | 4 83900
R348 | 67 b | 483500

SU

6349 RI2TH 1 60
610 K326 6h 6
G611 R3203 | 657
612 R330L | 6D 8

} 83309 1 6H 9

[N

-

- e =

2. Corvection for Latitude. 3. Corvection for (rarity.
Sum:
P b ¥ b logn a ¢
(

] 108 27 66 26 1
9 107 Ro] 63 27 1
10 106 20 60 28 1
It 104 30 Hh 929 2
12 1o 31 o 30 2
13 101 32 19 i .
1 100 33 46 392 3
15 a8 By 12 B !

s 06 35 39 34 b l
17 03 [ 30 Y 7
1R 91 By 3 36 b
T 0 38 7 37 11
2 I 1) 23 38 13
21 81 {0 20 30 17
22 81 1o 21
23 i i1 27
2] D 42 44
25 @ 13 2
26 m I o

Tables 2 and 3 remain the same, whether the observations ave given in Centigrade or Falrenheit.




TABLES USED IN THE CALCULATIONS.

4. Increase of the relative height, depending on humidity.

[

Half the Sum of the Temperatures of the Atmos;»he;e .‘.éi !
Relative | . . s ) T . ] ) ”‘o""‘ - : 1 '“r‘ "i
Height. 0 5 0] 1 20 20 30 35 40 5 | 50 Cotigrade. |
32 41 50 by 1o 68 i 86 9 | 104 | 113 1o l Fuhrenheit. ;
Feet. Feet. Feet. | Feet. | Feet. | Feot. | Foot. | Feet. [ Feet. | Foet. Feet. | Feet. Ji
1600 | 42| 58] 79| 108 44| 192 25| 36| 430 ] 660 | T2 i
2400 | o5 | wo| 11| | 2| 24l ol g8l err| seo|mx ]
3,200 87 120 | 16°3 ] 22-1| 29°7| 396 | H 4] 691 | 902} 1169 | 160 H
4000 | 1101 | 15-3 | 2008 | 28 1| 38:3 | DO-4 | 666 | KT8] 114h | M8 I8 0]
4800 | 135 | 185 2002 M1 | 4R | 6L 1| BOR | 10604 | B8N IT R 230 | j
500 | 160 | 2091 2000 | 40°5 | B34 | T2H | 50 | 12600 | 1645 | 2081 27 \ ;
6400 | 185 | 2504 346 | 46-8 | 620 | K38 | 109 | HOT | 1902 | 246 4| 317 0 5
7,200 | 202 | 2001 | 896 | B35 | TUO | 95K | 126 T | 1679 | 207 2 ‘ ;
%000 | 23-9 | 827 446 60 2| ROR | 07T |24 190 2 ) 244 1 ‘ |
&Rr00 | 267 | 83651 498 | 673 ] 903 | 120°3 | 169°0 | 210 5 | 272 D
9600 | 296 | 404 | D51 | T4 | 998|130 1T5 T | 230°K ) 300 4 |
10400 | 325 44~5‘ 60 6 | &2-0 | 1097 | 146 2 | 1432 '
1200 | 365 | 48T 66 1| 8B | LG [ 150§ 2107 |
12,600 | 410 | 5T2 0 TTY | 10601 | HOK | RT3 ) 2476 1
14400 | 486 | 659 ' 88D | 12008 | 1622 | 216 6 | !
16,000 | 556 | 747 091 | 187 7 | 1800 207 4 | | (
17,600 | 62°0 | 3K 11072 | 1547 | 206 5 | 270K ‘ |
19,200 | 70°5 | 931, 1207 | 1721 [ 2205 | 313 9 E ;
20,800 | T84 | 102°6 1 1336 | 180 6 | 20632 | 3498 |
|




80 METHOD OF OBSERVATION AND CALCULATION.

»

-I-?r-?—“‘:‘ T T e — -———Ij- - - B — e EE = = TR e
! Corresponding barometrie Pressare. Corresponding barometric Pressure.
| Boiling- - - o Boiling- — -
! . Hundredths of & Degree of Boiling-Point. i, - Hundredths of u Degres of Boiling-Point.

Point. oint. .
i ' I N .

Iahr. 0 9 4 i A | 8 Fahr. 0 2 4 6 8

| |
Inches. [ Tncnes i Inchos i Inchen ] Iches, Inches. Inches. Inches. Inches. Inches.

1896 | 18 833 ’ I8 KEL | 18 839 | 18-8OR | 18 866 | 194 0 | 20 685 | 20 694 | 20703 | 20-711 | 20" 720
IR0 T | 1% K74 | (R BE2 18 K90 | TRTKOS 18906 199 1 | 20729 5 20 738 | 20°7T47 | 20 T0H | 20-764
1RO 5 | 1% 014 L as 022 |18 930 ] 18-930 T 1R 947 1 194 2 | 20 713 | 20-782 | 20-791 | 20-799 | 20 808
1RO O 118 900 | 18 963 P18 071 | 18980 i 18 988 194-3 | 20 817 | 20 826 | 20 835 | 20 843 | 20852
190 0 [ 18996 | 19 004 | 19 012 1 19020, 19-028 f 14 4 | 20-861 | 20 870 | 20-879 | 20887 | 20-896
190 1 | 19 036 019 044 | 19-052 | 19 061 1 19 069 | 194 5 | 20 905 | 20 914 | 20°923 | 20 931 | 20-940
1902 | 19 077 | 19 080 19 093 | 19 102 ‘ 19110 " 191 6] 20 949 1 20 958 | 20 967 | 20-975 | 20 984
1903 L 19 18 | 19 12600 19 138 119 148 019 151 T 98T | 20 993 | 21 002 | 21-011 | 21 020 | 21-029
0 4 10 169 |19 167 | 1o 176 | 19 18] 1o 1o ‘ 194 8 1 20 038 | 21 047 | 21-056 | 21-064 | 21073
|
l

190 0 |10 200 1 19 208 1 19 2106 | 19 226 1 g 283 1 1989 | 20 082 | 21 091 | 21100 | 21 108 | 21-117
100 G H 19 241 19 280 ) 10258 4 10 266 19 275 {1950 [ o126 | 210135 | 21 141 ] 21 158 | 21 162
100 7 | 19 288 019 2an | ag 200 |19 308 o sge 0 190 T L or (711 21 180 | 20-189 | 21198 | 21207
190-8 f o 328 1 19es32 [ 1o 310 | 190340 L gy o7 1 196 2 | op 216 | 21 995 | 21 231 | 21 242 | 21 251
(909 | 19360 1 19 373 | 19 382 [ 19 390 " i 800 1 195 3 ] 21 260 | 91-269 | 210978 | 21 287 | 21-206
101 0 | 19 407 | 19410 | 19 423 | 19 4320 19 440 1 195 1§ 21 306 | 91 314 | 21 323 | 20332 | 21-311
191 1 | 19 448 | 19406 | 19 460 | 19173 i 19 482 1 1950 | 21 360 21 369 | 21 368 | 21 377 | 21386
1912 |19 490 1 19498 | 19007 | 19 BIH 119 521 | 1956 | 20 395 | o) go4 | 21 413 | 21 422 | 21431
1903 [ 19 532 1 19 540 | 19 B8 | 19 H1T * 19 6606 1 10T 121 40§ o 149 \ 91 {8 | 91467 | 21476
1914 19 073 119 DRE 19090 1 19 HIR ' 19 607 1195 8 21485 | 91494 | 21 KO3 | 91-512 | 21 A2l
1910 5 |19 615 | 19 623 | 19 632 lgao 19 G4 T 190 0 12 B30 | 9y B30 | 21 DIS | 21-BOR | 21 66T
191 G| 19607 | 19 66D | 19 671 | 19 682 1 19691 1 196 0 | 21 H76 | 91 nrh | 21 H94 | 21°603 | 21 612
100 7T 119699 | 19 707 | 19 716 1 19 7211 1y 7133 , 1961 121 621 | 91 630 | 21-639 | 21-648 | 21-607
100 8 1 19-7H | 19 TH ) 19 TH8 1 19 766 1 19 770 & 196 2 1 21 666 | 91675 | 21-684 | 21691 | 21°703
101 9 | 19783 ) 19 790 | 19 RO | 19808 | 19817 1 1963 1 21 712 | 91 721 ' 21 730 | 21-740 | 21-749
t 192 0 | 19 825 ! 19 83| 19812 19 851 (9 RO 196 4 | 21-708 | 91707 1 91776 1 21780 | 21 14

1921 19 KGR | 19 KTG | 19 885 | 19 803 ! 11»-!)02} 1965 | 21-R03 | ay-rpa | 21-821 | 21 831 | 21-840
10221710 910 | 19 918 | 10 927 | (9035 1 19 o4 | 1966 | 21 849 1 91 w58 | 21 R67 | 21877 | 21 886

1920 19002 1 19 961 1 19 969 | 19 978 19 986

3 6T 120 895 1 21 904 | 21 913 | 21 923 | 21°932
192 1 19 995 | 20-003 | 20 012 | 20 020 20 029

196 R | 2eotn | erean0 |21 96y | 21 960 | 21°978
1920120 087 120 046 | 20 004 | 20 063 20 071 1 16 L2 98T 1 91 996 1 22-000 | 22°0156 | 227024
TO2°6 [ 20 080 1 20°089 [ 200097 | 20 106 20-111 ¢ 197°0 | 22:033 | 92-042 | 22051 | 22-061 | 22 070
1927 120 123 120 132 1 20 140 | 20 149 20 157 “ 1971 | 22 079 | 92:088 | 22 007 | 22-107 | 22°116
192°% | 20 166 | 20,174 | 204183 1 20 191 20 200 ?I 197 2 122 126 | 92 134 | 99144 | 22153 | 22 163
10929 | 20 208 | 20-217 | 20 225 l 20°234 20 202 1 197 22:172 | 22 1#1 22190 | 22:200 | 22 200
193 0 | 20 251 | 20 260 | 20 268 | 20277 \ 20280 }l 197 4 | 22°218 | 229297 | 92 236 | 22 246 | 22 255
1931 | 200204 | 20 303 | 20 312 ‘ 20-520 | 20 329 D975 | 22961 | 99273 | 99983 | 92 909 | 22-302
19321 20 338 20347 | 20 355 | 20 361 i 20 372, 197 6] 22 811 | 22-320 | 22330 | 22-889 ) 22-319

. ‘ .

193 3 20 381
193 4 | 20 421
193 0 | 20 167
193 6 | 20 Hit
193 7 | 20 hhd

20 390 | 20 B9R
20 433 | 20 141
20 476 | 20-148D | 20 193
200 H20 | 20028 | 20-H37

120 407
i

ab 663 | 20 T2 ‘ 20 HRO
i

20450

D20 410 ¢ 19T 7
20 A58 ’l 197 8

[
w

‘B08.| 22 36T | 22 376 | 22 386 | 22-39D
A0 | 92-41% 1 92423 | 22 432 | 22 442
401 | 22-460 | 22 470 | 22 479 | 22-489
SAOR | 92-507 | 22-517 | 22-526 | 22°5h36
Hh4h | 22-064 | 22-564 | 22 HTY | 22583

[
w

[
39

20 502 1979
20545 1 198 0
20 689 | 1981

[
w

(3]
(%5

|
|
|
|
|
|

103 8120 5O | 20 607 | 20615 | 20 624 1 20 632 | 198 2 | 22502 | 22 601 | 22 611 | 22 620 | 22 630
193 9 | 20 641 ; 20 GH0 | 200659 | 20 667 ’ 90676 |’ 198 3 | 22 639 | 22-648 | 22 668 | 22 667 | 22 677
) )
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81

I,

. L ]
Corresponding barometric Pressure. . Corresponding barometric Pressure.
Boiling- [— e < f Boiling- - - . }
Point. Hundredths of a Degree of Boiling-Point. Point. | Hundredths of a Degres of Boiling-Poiut.
. 1 .
Fahr. 0 2 4 6 8 Fabr. | 2 4 “ t s |
° ‘ Inches. | Inches. | Inches. Inches. | Tuches. o Inches. | Iuches. | Inches. | Inches, | Inchon
1984 | 22-686 | 22-696 | 22:705 | 22" 715 22:724 | 202°8 | 24-847 | 24-RHT | 24867 | 2487 2L KRS
1985 | 99-734 | 92-743 | 22-758 | 22-762 | 22772 | 202 9 | 24-n98 24 908 | 24 918 | 24 929 | 24 939
1986 | 99-781 | 92791 | 22:800 | 22°810 | 92 819 | 203 0 | 24919 24:959 | 2-969 | 24 980 | 24 Ovn
198-7 | 99-899 | 92838 | 22848 | 22-857 | 22 867 | 208-1 | 25 000 260010 | 25 020 | 25 031 | 25 041
10878 | 99-876 | 22-886 | 22°895 | 22:905 | 22-914 | 203 2 | 26-051-| 25 061 | 9 072 ] 206 082 | 95 0N
108°9 | 92-924 | 22-933 | 22:943 | 22 952 | 22 96| 2033 [ 25-103 | 95 113 | 95 193 200138 | 25 114
199°0 ] 22-971 | 22-981 | 22:990 | 23-000 | 23 009 | 203-4 | 26-154 | 25 184 | 25175 2h 18D 2 196 !
1991 193019 | 23:020 | 23°038 | 23-048 | 23 057 | 203-5 | 25 206 | 25916 | 95 996} 25 217 2 M7
1992 1 93-067 | 23-077 | 23-086 [ 23 096 | 23-105 | 2036 | 25 207 | 25 267 | 95 278 | u uss | on 200
199°3 | 23-115 | 28-125 | 28-134 | 28- 144 | 93 153 1 203 7 | 25-309 | 25319 | 25 330 20 B0 28 st
109-4 | 23-163 | 23-173 (.28 182 § 23192 | 23-20L | 203 8 | 25-361 | 25 971 | 26 #we | 95 :v.r_»‘-_m o
199°5 | 23-211 | 23-221 | 23°230 | 23240 | 23 2190 203 9 | 25-413 | 9n-423 | 25431 | 90 441 20105
199°6 1 23-250 | 23-269 | 23°279 | 23°288 | 23 298 | 204 0 | 25465 | 25 475 | 25 186 | 95 496 1 25 fo7 |
199 T | 23-308 | 23-318 | 23-327 | 23-337 | 28-346 | 20017 | 25°517 | 25 597 | 20 oa8 | on :'»ls":.’.'» U
1998 | 23-356 | 23-366 | 23-376 | 23-385 | £3-395 | 2042 [ 255669 | 25-579 | 25-000 | 25 600 | 25 611 l
199°9 1 923-405 | 23 415 | 23-124 | 23431 | 23 443 | 20438 | 95621 | 96 a2 | 95 a1 | on o;n:;l-.m;m ;
2000 | 23-453 | 23-463 | 23-473 | 23:482 | 23-492 ) 204 4 | 25 674 | 25-GRI [ 25 690 | 25 700 |G |
Po20001 123-502 | 23-512 | 23-021 | 23 631 | 23 DO 2005 | 2h 726 | 90 7u7 | 25 147 | on 1w ’ 20 68
i 20072 | 23-550 | 23560 | 23-H70 | 23580 | 23500 | 2046 | 26 779 | 95780 | 25 800 25-310,25 L
20003 1923600 | 23-609 | 23 619 | 23628 [ 23 638 | 204 7 | 25831 | 9n 842 | 20 K02 | 9 863 | T
I200°4 | 23-648 | 23608 | 23°668 | 93 677 | 93687 | 2048 | on-unt | 25 w95 | 25 905 | 26 916 ; 2 926
[ 200°0 | 23697 | 23-707 | 23°717 | 28-726 | 28-736 | 204°9 | 25:937 [ 25 918 | 25 958 | 9h 96y l 25 974 i
©20006 193 746 | 28766 | 23766 | 23775 | 23 TRD [ 2006 0 | 25 990 | 26 001 | 26 011 | 26 022 " 96 o2 !
bo20007 | 93795 | 23 Rob | 23°815 | 23 ken | 23 836 | 205 1 | 26-043 | 260058 | 260061 26-070 | 26 08D
[ 200°8 | 23-845 | 23-800 | 23°865 | 23-874 | 23-884 |1 200 2 | 26:096 | 26°107 | 26-117 26'128':!43 B8
20009 | 23-894 23:904 | 23 914 | 23923 | 23 933 | 205 8 | 26149 | 26-160 | 26 170 | 26-181 | 26 191
201°0 | 23-943 | 23-953 | 23 063 | 23-973 | 23 983 | 200 4 | 26 202 | 26213 | 26 293 | 2 234 ! 2460211 |
2011 | 23 993 | 24-008 | 24-013 | 24-022 | 24 032 | 200 5 | 26 20D | 26266 | 26-277 | 26-287 L2 208 i
201°2 | 24042 | 24-002 | 24062 | 24 072 | 24°082 | 200°C | 26:309 | 26320 | 26 330 | 26 34 ‘ 26 301
201°3 | 24-002 | 24 102 | 24112 ) 20122 | 24 132 | 205°7 1 26-362 | 26-373 | 26 384 | 26301 ' 26 100
201°4 | 24-142 | 24 152 | 24-162 | 24171 | 24181 | 2058 | 26416 | 26427 | 26 438 | 26- 118 | 26-450 g
2015 | 24-191 | 24-201 | 24-211 | 24 221 | 24:231 | 205 9 [ 26-470 | 26 481 | 26 491 | 26°502 | 26 r,u |
2016 | 24-241 | 24-2051 | 24°261 | 24°271 | 24 281 § 206 0 | 26523 | 26 534 | 26 545 | 26 5H0h 345 ."»m. )
2017 | 24201 | 24301 | 24 311 | 24-321 | 24331 | 206 1 | 26 577 | 26 nws | 26509 | 26609 2«: (:-.m
' 2018 | 94-341 | 24351 | 24°361 | 24-971 | 24 881 206 2 | 26 631 | 26 642 | 26 653 | 26 663 ‘ztfwﬂ'l
" 90109 24:391 | 24 401 | 24411 | 24:422 | 24-432 | 206°3 | 26-68D | 267696 | 26 70T | 26 T 2‘:'3‘-’:'
1 202°0 ] 924442 | 24:452 | 24°462 | 24472 | 24-482 | 206°4 | 26740 | 26°7H1 | 26 7!3:% :-’6 77::’ g" ;:7‘
{2021 | 24492 | 24-502 | 24512 24022 | 24°532°) 206 5 | 26-704 ""f'“"r' QFT.HE(’ :!b w206 ::r-x‘w
2022 | 24:642 | 24-562 | 24°062 | 24 573 | 24 BB3 | 206°G | 26-848 | 26 850 | 26:-K70 z¢: H81 ‘z)‘.-.
| 202:3 | 24°598 | 24-603 | 24°613 | 24624 | 24°634 | 206-7 | 26 003 | 26 914 | 26-925 | 26935 fﬁ'm
, 202:4 | 20644 | 24-654 | 24°664 | 24 674 | 24684 | 2068 | 26 957 | 26 964 | 26 979 | 26 990 j? :Nr):
| 202D | 24694 | 24704 | 24 T14 | 24 725 [ 24°T35 | 2069 | 27°012 | 27 023 | 27 084 i7 0'1:1 ‘-z l’-;:
2026 | 24745 | 24-750 | 24 765 | 24 776 | 24 786 | 207-0 | 27-066 | 27 077 | 27 088 | 27 ”f" .Zl o
’ 202 7 | 24-796 | 24-80C | 24'816 | 24827 | 24-837 | 207 1 [ 27 121 | 27-132 | 27 143 | 27 154 | 27 16D |
| L S S VR R o e
1l
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_—— o —— LS T mASsrs . mem e —————mm e ¢ TTTSTITI, T TEIC S L e
Corresponding barometric Pregsure. " Corresponding barometric Pressure. j
Boiling- | -- — C e - - - - Boiling- |-~ - - -— -
Point. Hundredths of a Degree of Boiling-Point. |‘ Point. Hundredths of a Degree of Boiling-Point.
‘b I i "
Fihr. 0 ! 2 b 6 1 s | Fahr 0 2 1 6 | s I

. Inchex, Inches Inchon, Inchos. Inches, ° Inches. Inches. Inches. Inches® Inches.

2072 | 27 176 | 27 187 | 27-198 | 27 209 | 27-220 || 210 AR-R6G | 28 8BTS | 28889 | 28-901 | 28912
Q07 % | 27 231 | 27 242 | 27 203 | 27 264 | 27-27H | 21070 28-924 | 28 936 | 28947 | 28 909 | 28 970
Q074 | 27 %6 [ 27-297 | 27 308 | 27-319 | 27 330 210 QR-982 | 28-994 [ 29-00H | 29-017 | 29028
207 0 | 27 341 | 27 352 | 27363 | 27-37H | 27-386 | 210- 20:010 | 29 062 | 29:063 | 29-07H | 29-086
207 6| 27397 | 27 408 | 27419 | 27-430 | 27441 210~ 29 098 | 29 110 | 29-121 | 29-133 | 29-144
207 7T | 27 452 | 27 463 | 27474 | 27 480 | 27-496 | 210 29- 156 | 29-168 [ 29-180 | 29-191 | 29-203
207 & | 27 H0OT | 27 HI8 | 27-H29 | 27 H41 | 27 D02 210° 29 215 | 29 227 | 29288 | 29-250 | 29-263
207 9 | 2T063 | 27 D74 | 27 DRH | 27-096 | 27-607 || 210°¢ 29-273 | 29-285 | 29-296 | 29:308 | 29-319
208 0 | 27 618 | 27 629 | 27 640 | 27652 | 27-663 | 211 20 331 | 29 343 | 29 35h | 29-366 | 29378 |
Q08 1 | 27°674 | 27 68H | 27°696 | 27-708 | 27 719 § 211 29 390 | 29 402 | 29:414 | 20-42D | 29 437
208 2 | 27-T30 | 27-741 | 27 762 | 27-764 | 27776 | 211 20 440 | 29 461 | 29°473 | 29 484 | 29 496
206 3 | 27 TRG | 2T TYT | 27-80R | 27-820 | 27°831 || 211 20-008 | 29:H20 | 29 O3 | 29-H43 | 29-554
Q08 4 | 27 842 | 27 B3 | 27°864 | 27 876 | 27 887 | 211 29 D66 | 29 DTR | 20 HYO | 29 601 | 29613
Q08 N | 27 KO8 | 27900 | 27°920 | 27 432 | 27-043 || 211 20°620 | 29 637 | 29 640 | 29 660 | 29 672
Q08 6 | 27 9t | 27 96H | 2T 977 | 27-988 | 28:000 211 20684 | 20 696 | 20-708 | 29-720 | 29732
Q08 T | 28 01t | 28022 | 28033 | 28-045 | 28-0566 | 211" 20 744 | 297566 | 20°768 | 29°779 | 29-701
208 8 AR OBT | 2R OTR | 28-080 | 28 101 | 28-112 2118 29 BO3 | 29-81H | 29-827 | 29 K38 | 99 850
Q080 | 28 123 | 28134 | 28146 | 28- 10T | 28169 || 2119 | 29-862 | 20 874 | 20-886 | 29°898 | 29-910
200 0 | 28 180 | 28 101 | 98-203 | 28-214 ;. 28 226 | 212:0 | 29-922 | 29 934 | 29:946 | 29 95T | 29 969
2091 | 98-237 | 98 248 | 2K 259 | 98 271 | 28-282 § 212-1 | 29-981 | 29-993 | 30-005 | 30-017 | 30-029 |,
209-2 | 28 200 | 28-304 | 28-316 | 28 327 " 28339 212 2 [ 30 041 | 30:0563 | 30 065 | 30 077 | 30-089°
200 3 | 28 300 | 28 361 | 28 373 | 28 384 T 28 396 2123 1350101 | 30°113 | 30 120 | 30 137 | 80-149

209 4 | 28 40T | 28 418 | 28-430 | 28-441 | 9R-4063 1 212:4 | 30+161 | 30-173 | 30 18D | 30-197 | 30 209

f

[ &4

feeli iAo IR IR-- T I

(S

S N

-2

| I
200 5 | 28461 | 28 475 | 28 187 | 2% 408 | 2% 610 | 912 5 | 30-221 | 30-233 | 30 245 | 30 267 | 30-269 |
C 9006 | o8 521 | 2% 033 | 28 bad | 98 566 | 28-B6T | 2126 |30 251 | 30293 | 30°305 | 30°817 | 30-320 |
200 7 | 28 DTY | 2RD00 | 28 602 | 28 613 | 98 625 | 212 T [ 30 341 | 30 363 | 30-365 | 80 877 | 80 389 |
2008 | 28 G36 | 28 647 | 28 GhY | 28670 ‘ YR 682 212K 30401 | 30 413 | 30 425 | 30 437 | 30-449
209°9 | 98-693 | 28 705 | 28716 | 28 T28 28 T30 | 2129 | 30-461 | 30-473 | 30458 | 30498 | 30-510

|
|
210 0 | 2% 701 | 28-TGR | 28 TT4 | M TN |
210 1 | 28809 | 28820 | 28 w32 | 28-813 |

|

28 797 1 213 0 | 30 h22 '
2R-8HH | |
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B. CENTIGRADE.

o e T TIII L - e . e eSeRSRGLLT L2IZTEIT oo o Pale s S5O T 1O STIIOT oo LTl L . ;‘
Boiling- Correspouding barometric Pressure in Millimetres.
Point. |7~ T T - T
Centi- Hundredths ef a Degree of Boiling-Point.
. i ]
grade 0 1 2 3 1 b 6 i oo
| .

86'0 354°62 | 304°76 | 354°91 | 305 05 | 355 20 | 356534 | 36048 | 355 63 | 36 77 ! 350 92
80°1 306:06 | 356620 | 35630 | 356 49 | 356 64 | 30678 ¢ 306 92 | 307 0T | 305721 | 30736
802 357 50 | 367-6H | 3HT-T9 | 357-94 | IHg-08 | 868 23 | 308 38 | 80R 52 | B0R6T | 358 8|
803 308-96 | 36011 | 359-20 | 35940 | 359 5t | 359-69 | 369 83 | 3560 9% | 360 12 | 360 27
804 360°41 | 360°56 | 360 70 | 360 8H | 360-99 | 361-14 | 36129 | 361 43 | 361 58 | d6p 72
805 361°87 | 362 02 | 362°16 | 362-31 | 362 46 | 362 61 | 362 75 | 362 %0 | 363 0 ' 36319
806 363:34 | 363:49 | 363:63 | 363-78 | 363 93 | 361 08 | 364 22 | 36t AT | d6t 02 | 36166
807 364-81 | 864-96 | 365-11 | 36025 | 365°40 | 36H-HL | 36D TO | 36D 8L | 36D 09 366 14
808 866-29 | 366-41 | 366 59 | 366°73 | 866 88 | 367 03 | 367 18 | 367 33 | 367 47 | 967 62
809 367_'77 367°92 | 36807 . 36822 1368 37 | 368-02 | 368 66 | 368 81 | 368 94 | 369 11
81°0 369°26 1 369 41 | 369-H6 , 36971 | 369-86 | 370 01 | 370-1H | 370 30 | 370 4H | 37060
811 370-76 | 870°90 | 371-00 | 37020 | 371 35 | 87100 | 871 65 | 870 80 | ave-0n | a2 0!
R1-2 372 20 | 372 40 | 37250 | 7270 | 872:8h | 373 00 | AT3 A6 | 3T 30 | 373 AL | 373 60
813 373-75 | 373-90 | 37406 | 874:20 | 374 80 | 37150 0 374 65 | 3THRO | 3T 9H P AT Q0
R4 J1H 20 | 376 40 | 3H OH | 3TH-TL | 3TH R6 | 376 01 I 376 16 | 376 31 | 37647 376 62

|

|

810 76:7T | BT6 92 | 37T 0T | 37T 22 ) BTT 37 ) ITTHR L ATT68 | BTCRY D 3TT 0801813
R1-6 S78-98 | 37813 | 37800 | S8 TH | 3T 80 | 37904 | W70 20 | 3T0:35 | 379 060 3T 66

81 7 379°81 | 379 96 | 350 11 | 380 27 | 3K0-42 | 3K0 BT LROST2 | BRO KT | 3R 03 Pasts
818 381°33 | 381 48 | 381 64 [ AR ' BRESOD | 3820100 382:95 | 3R2 41 | 3R2 06 | a8 T2
819 | 8R2-R7 | 383 02 | 2R3 18 ! 383 83 L 3n3 48 | 383 61 0 38370 | aspor Dasiwo | oaseen |
82 0 38440 | S84 D6 | SRE-TL | 384 KT 88D 02 | 38D IR, 880 33 | 8KH 49 | 3RDL-GY f RER
&2 1 385 05 | 386 10 | 386 26§ 3%G 41 | 386 DT | 386 72 BRG 8T | BNT OB | UNT IS | OORT 31
822 | 387-49 | 887T°6DH | 887 R0 | 387-96 | 388 11 | 388 27 38K 43 | 388 DY R8T | AR RY
823 | 389 05 | 38021 | 389 36 | 389 52 | 38967 | BROR3 380 99 | 390 14 390°30 300 1D
824 | 300 61 | 390-77 | 300 92 | 39008 | 391°23 ¢ 391 39 ‘ 391 55 | 301°70 | 301 &6 0 392 01
i fa-h | 392 17 | 89233 | 39248 | 392 64 | 32RO I 302 96 1 393 11 | 893 97 | Bo3 43 | 803 6s
82 G 393 74 393°90 | 394 0D 39421 It 37 0 394 03 | 30 68 39184 390 00 39 1h
; 82 17 $05-31 | 395 47 | 305°63 | 39578 | 30H 04 | 396 10 | 396 26 | 39642 | 396 DT 596 3
: 828 | 396-89 | S97-06 | 897-21 1 897 87 1 897-03 | 397 69 | 40784 | 39800 | BOR 16 ) B0K G2
i 82 0 | 39848 | 39861 | 398-80 © 398 96 | 399 12| 599 28 | 29943 | 399-D9 | 309 75 | 00 01
83-0 | 400 07 | 40023 | 400-39 | 400 55 | 400 71 | 400°87 | 40102 | 40118 | 401 34 | 401 DO
831 401-66 | 40182 | 401 98 | 40214 | 402 30 | 402 46 | 402 62 | 402 T8 ) 02 94 403 10
8 832 | 403 26 | 40342 | 403 58 | 403°74 | 403:90 | 404 07 | 40423 | 404 390 | 401 5b | 401 71
fi 833 404 87 | 405703 | 40519 * 406 85 | 406°H1 | 405 68 | 405 &4 | 406 00 | 406 16 } 406 32
834 406948 | 406°64 | 406°80 | 406 97 | 408 13 | 40729 | 407 45 | 40T 61 | 40T T8 | 0T
835 | 40810 | 408-26 | 408 42 | 40850 | 408 75 | 408 91 | 400 0T | 409 23 409 40 | 40D 56
! R3°6 | 409-72 | 409°88 | 410-06 | 410 21 | 410 37 | 410°5d ; 41070 | 410 86 | 411 02 | 41119
%1 &7 | 41185 | 40050 | 411068 | 411 81 | 412 00 | 412 17 | 412 33 | 412 49 | 412 65 | 12 k2
i

|

I

i

N 83-8 412-98 | 413°14 | 413°31 | 413-47 | 413:64 | 418-8a | 413 96 | 414 13 411-29 | 41446
| 83-9 41462 | 414 T8 | 414°95 | 415°11 | 415 28 | 415 44 | 41560 | 415 1| AL 93 | 416 10
: 84.0 416°96 | 416°43 | 416 59 | 416 76 | 416:92 | 417 09 | 417 25 M7 42 | HTHR | NT T
84:1 A17-91 | 41808 | 418 25 | 41841 | 418 57 | 418-74 | 418 91 | 419 07 419 24 | 419 10
84-2 419°57 | 419°74 | 419°90 ! 420-07 | 420°23 ] 490 40 | 42057 | 420 73 | 420 90 | 421 06

i
i

|
|
|
‘

11*



METHOD OF OBSERVATION AND CALCULATION.

Boiling- .Corresponding barometric Pressure in Millimetres.
gz::_ Hundredths of a Degree of Boiling-Point.
grade. 0 | ’ 2 3 4® 1 ) 6 7 8 9

. 83 3 421 23 | 421 40 | 4201°06 | 42173 | 42184 J 422:06 | 422 23 | 422°39 | 492-56 | 422-72
814 422 RY | 423 06 | 428 22 | 423 39 | 428 D6 | 423 T3 | 423°89 | 424-06 | 424-23 | 494-39
BUh | 42406 | 424 T3 | 420000 | 420°06 | 42523 | 426740 | 42557 | 42574 | 425700 | 496-07
K16 42624 | 42641 426 D% | 426 74 | 426 91 427°08 | 42720 | 427-42 | 42758 | 42775
817 427-02 | 42800 | 428:26 | 428 43 | 428 60 | 42877 | 428:93 | 429 10 42927 | 499-44
PR 429 G1 | 429 78 | 429 95 | 430 12 | 430-20 | 430 46 | 430-62 | 430-79 | 430-96 | 481-13
K19 431 30 | 43147 131 64 431 81 430 98 | 432°1D | 432 32 | 43249 43266 | 432°83
Bhe0 43300 | 43317 [ 433 34 1 43301 | 433 68 | 433°86 | 434-03 | 434°20 | 43437 | 43454
80 1 A30°71 | 431 88 | 43D 00 | 435-22 1 43D 39 | 430°DT | 43074 | 43591 | 436 08 | 436°25

. 8&h2 436 42 | 436 DY | 436 T6 | 436°93 | 437 10 | A3T 28 | 437 45 | 437 62 | 43779 | 437°96
8O 3| 43R 1B | 43830 | 43R 1T | 438 6D | 438 &2 | 43899 | 439 16 | 439-33 | 43951 | 439-68
R 1 439 6D 1 410 02 | 410 20 | 410 37 | 440 54 | 43072 | 440°89 | 411006 | 44123 | 44141
K0 h HIEO8 | 44070 | 480 93 | 4482 10 | 442 27 | M204D | 442:62 | 442 79 | 442 96 | 443 14
®h 6 AR 3 A8 L 413 66 ] 3 83 ] 41100 | A8 | 444 35 | 441053 | 444 T0 | 44488
&’ 7 A5 00 | 523 | D 40 | A DS | 44070 | D93 | 44610 | 446 98 | 446°45 | 44663
8H B 46 R0 | 446 98 | 47 15 | T3 | 4700 | HTGR | 447 8D | 448 03 | 44820 | 44838
& 9 A48 DD | IR T3 | 41800 | 449 08 | 449 25 | MO 43 1 419 60 | 449 T8 | 449 95 | 450 13
860 150 30 [ 450 48 | 4560 6D | 450 83 | 45000 | ADLIR | AD1-36 | 40103 | 401771 | 40t 88
8601 452 06 102 24 | 462 1 402 059 | 402 TT | 402°9D | 453 12 | 453:30 | 40348 | 45365
R 2 40383 | 4ht-ol 401 I8 154 36 | 45404 A08T2 | 4b1-89 | 455 07 | 45D 20 | 4hh- 42
863 150 60 [ DD T8 1 ADD 06 | 45613 | 106 31 | AD6- 19 | 45667 | 456085 | 4hT 02 | 457-20
864 107 38 | 4DT-D6 | ADT-T4 | 4DT 92 | 408 10 | ADE 28 | 4D8-4D | 408:63 | AD8 8L | 458 99
86 D A0 1T | 450 35 | A4DY DB | 4D TL | ahy KO | 460 0T | 460 21 | 460-42 | 460 60 | 46078
866 46096 1 4611 | 461 32 | 461 50 | 461 68 | 46186 | 46203 | 462 21 | 46239 | 462 b7
NG T 462 T | 462 93 | 46351t | 46329 | 463747 | 163 63 | 463 83 | 464 01 | 464°19 | 464-37
o 46500 | 461 T3 | 461 91 | 46D 09 | 46D 27 | 46016 | 46561 | 465 Rr2 | 466°00 | 46618
IR 166 36 1 466 D1 | 466 T2 | 466:90 1 467 08 | 46T 27 | 467-4H | 467:63 | 467T°81 | 4¢7-99
"0 1R 17 | 468 30 | 46803 | 468 T2 | 468 90 | 469 08 | 469-26 | 469144 | 469 63 | 46981
N7 1 46999 1 AT0 17 | 470 36 | 470°54 1 470 T2 | 47000 1 AT 00 | 471 97 | 4T04D | 471064
K72 170 82 | 472:00 | 472000 | 172 87 | 472 5d | AT2 T | 412 02 | 473 10 | 4T3 28 | 47347
RT3 47360 [ TSR3 | AT o2 | 4T020 0 T30 [ ATEDT 4Tt | 4704 | 41D 12 | 47581
871 ATH 49 | 4TH 6T | 47D 86 | 476 01 | 476 23 | 4T6 AL | 47609 | 476-78 | 47696 | 477 15
8T D ATT 3 | 477 02 | 477 70 | ATTR | TR 07 | 478°26 | 17844 | 475 63 | 47881 | 479 00
R7 6 AT AR | AT BT 1TDD L AT T L 479 92 | A4S0 LD | 480 30 | 48048 | 48067 | 480 KD
K77 480 01 | ASE 23 | IS4 | 481 60 L 48178 | 48107 L 482-16 | 482 B4 | 482 D3 | 48271
BTB | AR 00 | 48300 | A8 2T ) AK3 46 | AN3-6L | ARDTRE D 4B402 ) 481 20 | 43439 | 484 BT
879 ARE-T6 | 480D | 48D 14 | A8D-32 | AR5 DL | 48D T0 | 48D 8Y | ARG-08 | 486 26 | 48645
88 0 486 61 | ARG B3 | 48T 02 | A8T-20 | 48739 | 48708 | A4RT 7T | 487 96 | 488 14 | 488-33
K81 ARRDZ | ANS TL | 48800 | 480-08 | 4RY 27 | 48946 | 489°6D | 489-84 | 490°02 | 490 21
B8 2 A90°10 | 490:59 1 490 TR | 490-97 | 49116 | 4901035 | 49153 | 491-72 | 491°91 | 492-10
88 3 402-20 | 40248 | 492 67 | 492:86 | 493-00 | 493 21 | 493 43 | 493-62 ] 49381 | 494-00
8K 404 19 | 491 38 | 49407 104 76 | 494 95 | 495 14 | 495°33 | 495 52 | 49571 | 49590
8|8 D 49609 | 496 25 | 496 47 496-66 | 496°8D | 49700 | 49T 21 | 49743 | 497°62 | 497 81
RS 6 AO8 00 | BN 1O | 498 38 498 DS L 498 TT | 498:96 | 49915 | 49934 | 499 b4 | 499-73




TABLER USED IN TilE CALCULATIONS.

¥ J—

Boiling- Corresponding barometric Pressure in Millimetres. —_—[

Point. | H = — N

Centi undredths of m Degree of Boiling-Point.

grade. 0 1 2 3 4 5 6 1 R 9
S‘é‘ 7 499-92 | DOO-11 | B500-30, | HOO-HO | HOO 69 | HOO-R8 | ML 0T | BOL-26 | HOL-4G | BOL 6D
88:8 |. H01-8+ | DO2 03 | H02-23 | D02°42 | D02°61 | 50281 | 50300 | 503 19 | D03 38 | Dol DR
88:9 | 503-77 | HU3 96 | HO4 16 | 504-35 | HO4-DE | Hod T4 | HOA-U3 | HODH 12 | DHob 31 | Hubhhl
89 0 | 50570 | 50590 | HOG-0Y | HOG 2% | HOG-4R | HO6-68 | BUG8T | DOT 0T | HoT 2 | T A6
891 50765 | DOT-84 | HOB 04 | H08-23 | HOK 43 | HO8-62 | Hs 81 | HOY-OL | HW-20 | oy 4o |
89:2 | 509-59 | H09-79 | HO 98 | 510 18 | HLO-3T | 510°H7 | 51076 | H10-96 | HL1-15 | DI 3h
&) 3 H11°64 | HIL-74 | H11-93 | 512 13 | 512 32 | A12 H2 | HI2-T2 | HI2 91 | 513 11 613 B0
89:4 | DI13-50 | HI13-70 | D13-89 | 514-09 | HLA-29 | H14-49 | DL4 6R | DIE-8R | DID-OR | DLD 27
89-0 | 61H°47 | B1H-67 | HID 86 D516 06 | B16-26 | D16-46 | BI6 6D | BLG KD ST 0h | b7
806 HIT 44 | BIT-64 | DIT-8&L | HIR03 | 518 23 | DI8 43 | HIX 63 | DIV N3 | HIO-02 . H1o 22 .
89-7 D142 | DI19-G2 | HIO-82 | H20001 | 520-21 | Ho-41 .'»'Jﬂ'gl 20 81| D21 o0 : L2l 20
8O-8 | H21°40 | 52160 | D21-RO | D200 | 52220 | H22 40 | D22-h0 | D22 T | 422w b2t o1y
RY-9 H23°39 | DY3NY | D23-T9 | H23-99 | 524 19 | 52439 | h24 DY | h2d T | H2t Y | 1Y
90 0 | 525 39 | 525 50 | 525 79 | 525 09 | A26:19 | 52640 | H26-G0 | D26-80 | B27 00 | 527 20
-1 D740 | H27-60 1 H27-80 | H2800 | H2R 20 | H2n-41 | h28 61 HUR Rl | h2o-ot ‘ N
90-2 | 529-41 | H29 61 | D29-81 | B30 01 | 530 20 L D50 §2 ] 30062 | D30 s2 | D31 02 : N
903 63142 | 531-62 | ARS8 | 082 03 | 63228 | 63243 | 682 63 | b32 K3 | D33 o4 i has 2|
904 033-44 | D33 64 | 3B EH | HB4-00 | D34 25 | D34-46 | BIL-66 | DRERG | DID 06 o 27
905 HIH47T | D3H 6T n3n BE | D36 08 | 536G 20 | H36-49 | K366 | AIG-90 | D370 Ch3TSI
906 53751 | DAT-TL | DHT-92 | D3R 12 | 538 33 | HIR-A3 | DUR T3 | D38 o1 | Ddw 1l ‘ 35
90-7 | 539-55 | ns0 76 | 539-96 | 540 17 | Ao 3T | Ao | D40 T8 | Bdo 98 | BIT 1D B O
90 8 D41-60 | DAL-R1 | D42 O1 D12 92 | Ba2-49 | bI2-G3 | hd2 83| h3-ot | DR 21 DI D
9 9 n3 65 | 543-86 | BH06 | BI2T | DI1-4T | DEE 68 | B4 8D | DD OY HEHEHITI I ) Hi
91+0 | 54h-T1 | D45 92 | BG-12 | 546 83 | H6 Bt | DAG-TH | BIG-UD | DT 16 DT BT 1 04T 0T
911 BT8R | BAT-99 | D4R 20 | D840 | 48 61 | DiseR2 | D49 03 | hu-2d 049 41 | DY 6h
912 54986 | nHO-07 | HHO-LR | HHO 48 | HLHO 69 | HHo- Y0 nht- 1t A3 | bhl D2 | DOl T
91 3 nH1 01 | BOZ-15 | HB2 36 | HH2HT | D2 TR | D2 99 | DH3- 1Y ane 1o | by 6t Dddex2
01 4 bhA 03 | Bh 24 nhd 45 | Bhd 66 | DOLRT L DAD 08 | DOH 28 | DOh-40 BhL 70 DDHD Ol
91 h | 5ng-12 | nne 83 | BOG H4 | BOG TH | BHG UG | ART 1T | HhT IR 0T 09 | DHT RO | HDR Ol
916 DHR 22 | HOhR-43 | DH8 61 | HhY &) ‘BHY 06 | HHO 28 | HH9 49 | HHY-T0 HOY 91 oo 12 IL
91-7 | 560-33 | 560 b4 | B60 75 | 660 96 | BGL 1T | BGL 39 | HEL GO | 6LUK He2-02 | D62 23 (
91 8 ne2 44 | DE26D | D62 86 | H63-08 | H63 29 | H63 D0 54;.‘}'7] 06392 | o6t 14 | H6te3h ]
919 564 56 | b6E 7T | B64-99 | B6D 20 | h6h41 RGO 63 | BEH-RE | DGE-0H | D66 26 1 [t
92 0 56669 | Be6-90 | DT 12 | DeT-33 | B6T nd | HRT-T6 | D6T 9T 4 H6S- 18 | DGR Y DGR (] |
92'1 RGR-82 | 56903 | HeY-2h | BeY 16 | HEY 6R | DD BY n70 10 | HT0-32 | HT0 0L} | HY( O
922 | 570°96 | DT1-18 | DTL-39 | HT1 6L | HTL-82 072:04 | DT2 20 | DT2 AT | D72 68 .’»32 fi('b |
02:3 | 57311 | 73-33 | D3 H4 | HI3 T6 | HTI OT | HTL 1Y 74 4L | DT 62 | hT4-8Y .'):."r (1) E
92-4 576-97 | 07H-49 | K150 | HTH 92 | D613 | HT6 3D nTe H7T | hT6 T L ATT00 | 07T .!1 i’
92'H 7748 | 577 65 | HTT-86 | HTR0OT | HT8-20 ATR-HL | DIR T3 | HTR 94 | DT 16 nTl .l: ‘]
926 | 57950 | 791 | 580-03 | 5RO 21 | GHO 4G | BROGR | GRO 90 | GRL-12 | DAL 33 DR DD
097 | n81-77 | 581 99 | pee-21 | pR2-d | K2 Gi | D2'HG | DR3 O | DR3 30 | DRSO rm: ::
gp-8 | 58305 | o8 17 | GRA B9 | DHA 61 | DRLKD | GRG0 | DHG 26 | DNGeIN ) DRDCT0 | BHD
929 | 586-14 | 58686 | HRG-H8 | DRG:RO | DBT 02 oR7-24 | DRT 4 | DRT 6T | DRT 89 ;:(H ‘ll I
030 | 5as-33 | 5Re-np | DHe-TT | BER 99 | GRO-21 | DR 43 | RO 6D | DROTET | D90 09 g o0 31 !

i




METHOD OF OBSJ')R\':\'l:ION AND CALCULAT[ON.‘

.

= - =

Boiling- Corresponding barometric Pressure i Millimetres.

:)'?:: Hundredths of- a Degree of Boiling-Point.

grade. 0 1 2 3 4 b 6 1 | 8 l 9
92‘; 1 BOCL3 L ODO0-TH B0 9T 1 B9L 19 | 591-41 | H91-64 ] 591°86 | 69208 | 592:30 | 592 b2
9402 HO2-TH | DY2 96 1 DS 18 | D3 41 D93 83 | H93-85 | H94-07 HO4 29 | D402 | H94-T74
033 DOE-O6 7 DOH IS | DOH 40 0 HOH 63 | HUD BH | D96 07 | H9G29 | DY6G HL HOG- T4 5‘.)6'9_6
93 4 | HOT I8 L DUT 40 | DOT 63 | H9T-8D | DR 0T | 598 30 | H98-H2 | BO8 T4 | HOB-96 | H9Y 19 .
93 D 9 4 DU 63 1 DOY BG | 600 08 | 600 31 600 D3 1 600 75 1 600 98 | 60120 | 60143
93 6 | 601 6 . 601 8T | 602 10} G02:32 1 602D | 602 77 | 602:99 | 60322 | 603 44 | 60367
031 603 8) | 604-12 | 601 34 60i-hT : GOL 79 | 60D 02 | 605 24 | 60547 | 60569 | 60592
938 60611 606 37 606-HY T GOGR2 T 607 04 607 27 607-H0 | 607°72 | 607°95H 60817
93 9 GOR-40 | GUR 63 | BOKB 8D | 609 08 ‘ 609 30 | 609 H3 | 609 T6 | 609 98 | 610-21 | 61043
910 | 610°66 1 610 89 | 61111 | 61134 ‘ 61 DT | 611 80 | 612 02 | 612:25 | 61218 | 612°70
41 [ 612 93 1 GIB 16 | GI3-39 | 613 61 0 GI3 84 6L 07 | 614 30 | 614°53 | 614°7h | 614:98
a4 2 | 61h 20 5 61h 11 ) 61D 6T 1 61h 90 D 616 13 ) 616 36 | 616-68 | 616 81 | 61704 | 61727
04 @ 617 D0 | 617 T3 | 61T 96 1 618 19 1 618 42 | 618 65 | 61887 | 619 10 | 619 33 | 619 56
014 GIO 79 | 620 02 | 620°2D 1 620 48 | 620 71 | 62094 621°17 | 621:40 | 62163 | 621 86
94 n G22 00 | 622082 | 622 00 | 62278 1 623 oL 23°24 | 62847 1 623 T0 | 62393 | 624 16
a4 6 621 39 | 621 620 624°85 | 62h-09 | 620 32 | 62506 | 626 78 | 626-01 626 20 | 62648
0L T [ 626 71| 626091 | 627 1T | 627 41 | 627 64 | 627-87 | 628-10 | 62833 | 62857 | 62880
2. 629 03 | 629 26 620°00 | 62973 629900 630 20 | 63043 63066 630 89 63113
919 | 63136 | 631000 | 631 R L 632 06 | 632 29 | g32-53 1 632 76 | 632 99 | 633 22 | 633 46
950 G633 69 1 633-92 1 634 16 | 631 39 | 631 63 | 634 86 | 635700 630 33 | 635°H6 | 63580
ah 1 G603 1636 27 | 636000 1 oese 7 63697 U ogsT 9t 63744 | 637 68 | 637-91 638 1H
9D 2 ] GIR 3R | 638 G2 | 63X RD 1639 09 | 639 32 | 63906 | 630 80 | 640°08 | 610 27 | 640°50
9h 3 G40°74 1 640 98 | 611 21 GHE D | 6L 68 1 611092 | 612 16 | 642 39 | 642-63 | 64286
9h 4 61310 1 643 31 | 64308 | 613 81 0 610D | g1d 29 | 64103 | 6EETT | 640 00 | 615024
9HhH 640 48 G4h T2 GID 96 1 G16-19 1 646- 43 G646 67 646-91 64715 | 647 38 64762
9 6] 61T 86 | 648 10 | GIR3E | GIR DT U GI8 81 | 649-0h | 649:20 | 649°53 | 619 76 | 650-00
95 7T 6H0 24 ] 6h0 4R | 6H0 T2 T 630-96 T 6D 20 | 6ht 44 | 601067 | 6DL 91 6h21h | 652 39
9N 8 G2 63 | 602 KT | 63 1L 6H3 3D | 6D3 DY | 6h3 84 | 6D1 08 | 61 32 | 654 D6 | 60180
unh Y 63D 01 | 60D 28 | 63D D2 1 6dD T8 | 6H6-00 | 66 24 | 656 48 | 6DG-T2 1 6h6 96 | 6HT 20
96 0 6h7 14 6H7 68 6O7T 92 1 6oR-17 I 6h8-41 R 6hH GH8-KY 609 13 6HY 38 6§09 62
96 1 609 RG | 660 10 | 660 31 | 660 59 1 660 83 | 661 07 | 66131 | 661 DD | 66180 66204
a6 9 GO2-28 1662 h | 662 77 | 663 ol G663 25 | 663-50 | 66374 66398 | 664 22 | 66447
96 3 661 71 664 90 | 66D 20 1 6eh 4 66D 69 | 66593 | 666-17 | 666-42 | 66666 | 666 91
964 667 1D 66T -39 667 G4 66T 88 668 13 | 668 37 668 61 668 B6 669 10 669 3H
965 669 09 | 669 84 | 6T0°08 | 670°33 | GT0°HT | ¢70-82 | 671 07 | 671-31 | 671°hH6 | 671-80
9% 6 672 06 1 672:80 | 672 054 | 672:79 1 67308 | 673 98 | 673°53 | 67377 | 674 02 | 67426
96:7 | 6TEDHL | 674 76 | 6TH00 | 6TH 2h | 6TH 49 | 67h 74 | 67599 | 676 23 676 48 | 676°72
968 | 6T6°9T | 67702 | 6TT 4T | 677-7T1 1 677 96 | 67821 | 678 46 | 678°T1 | 678:95 | 679-20
96 9 67940 1 67970 | 679 90 1 GRO 19 | 6RO 44 | 680:69 | 680-94 | 681 19 | 681°43 | 681-68
97 0 681 93 GRS .| 68243 | 68268 682 O3 | GR3 18 68342 68367 68392 684 17
971 68442 | 6R4 6T | 68192 | 68D 1T | G8D-42 | 68D 67 | 68H-92 | 686 17 | 68G:42 | 686-67
07-2 | 686 92 | 6R7-1T | 68742 | 687 67 | O87-92 | 088-17 | 6R8 42 | 68867 | 688:92 | 689 17
973 68O 42 | 68D 67 68992 690 18 690 43 | 690 68 690 93 69118 | 691-44 69169
974 | 691 94 | 692-19 | 692 44 | 692°70 | 692-9D | 693 20 | 693 45 | 693-70 | 693-96 | 69421




TABLES USED IN THE CALCYLATIONS. 87

Bk e

IR Do e e - BEERLSS S e SR R B L ey
Boiling- Corresponding barometric Pressure in Millililren. 11

. e — - . e B O 1
Pom't. Hundredths of a Degree of Boiling-Point. b
Centi- i . '
grade. 0 1 e | 3 4 l P ' T

s ° | N

it

075 | 69446 | 604-71 | 69496 | 69522 | oo 47 | 696 72 | Gon 97 | 696 22 | 696 N lowrs |
97-6 | 696-98 | 697-23 | 69749 | 697 T4 | GUR-00 | GY8 20 GUR-HO | GUK-TH | 6UD-01 | 69927 ¢
97-7 | 699-52 | 699-T7 | 700-03 | 70028 | T00 54 | T00 70 ! 01 04 | 701 30 | TOL &S L F01 KL
97-8 | 702:06 | 702-32 | 702°57 | 702°83 | T03 08 | 703 3+ 103 60 | W3 &5 | TOL L T04 36
97-9 | 704-62 | 704-88 [ 705 13 | 70639 | T0h-64 | T0D 00 . T06°1H | TU6 4L | 06 66 1 To6 w2,
08-0 | 707-17 | 707-43 | 707 68 | T07T-94 | T08-20 | 708 46 " TOR T1 | TO8 4T | 700 23 | 708 4K 1
|

I

|

l
!

98-1 709:74 | 710:00 | 710 95 | 710561 | 710 77 | T11-03 0 T1002R | TIEH4 | TIL RO TR2e0h
98-2 719-31 | 71207 | 712 €3 | T8 09 | T13 35 | TI3 6L P TRVRG | T4 12 T4 38 T 6
!

98-8 | 714°00 | 71516 | 715 42 | 76 68 | 71604 | TI6:20 | 716 45 | TG TL ] TG NT 11T 28

98-4 | T17-49 | T17T-75 | K01 | TI8 27 70 | TIRTO T 04 | 10030 L TI9 06 1 T 82 e

085 | 720-08 | 72034 | T20 60 | T20 86 721 12 | 2189 % 721 60 | w21 91 T2 1T EE] E
986 722-69 | 72295 | 724 21 793 47 | 128 T3 | 12400 0 724 26 | 24 02 2R Lo |
98-7 | 79530 | 725 56 | T2h &3 | T26°09 | T26 351 126 62 0 726 KR O] TR2T1E | T2T M0 72T G0 E
98-8 72793 | T28°19 s 4D | TOR T2 | TR 98 | 2024 i 720 60 | TRH-76 | T 03 730029 x:
98:9 | 730°06 | 30 81 | 108 | T3 | 13161 731 87 ’ T2 13 ] T2 0 | T2 66 0 782003 '1
990 733 19 | 3346 | 133 T2 ] 733 09 T34 en | T A2 | TR | T 0b | WD 3 T8hhR ,
091 79564 | 73611 | TI6 87 | T36 64 | T w0 | 1T 17, 737 13 | 7 0 | TIT 96 | T8 28 i
99 -2 738:49 | 73876 | T30 02 | 73929 39 5D 730 82 ! 7009 | 710 85 | THo 62 | T10° 88 5
993 | 741-16 | 741 42 | T41 68 | T41 9D 42009 | 249 T2 TH | T2 T3 20 E 3 !
9 4 743-82 | 74409 | T44-36 | T41-62 TR | TG T 43 | TH T0 ] THNG T TG 28
995 | 746-60 | 7T46-77 | TT-04 | T4T30 TAT 0T | TATHRE | TIS 1L | M8 38 | T 6L TR0l
99°6 749-18 | T49 4D | T4O°T2 | 4O WY TH0 26 | 7H0 b3 Pano 7y | 6L o6 | TALEE 6T 6o
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METHOD OF OBSERVATION AND CALCULATION.

II. TRIGONOMETRIC TABLES FOR THE HIMALAYA AND TIBET.
A. LOGARITHMS FOR COMPUPING THE CONTAINED ARC.

cosee 17
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i
Latitude . . . R . . . .
North Logarithms, Diff. Latitude N. | Logarithms. | _ Diff. Latitude N. | Logarithms. |  Diff.
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3. TABLES FOR CONVERTING THE DISTANCES OBTAINED IN DIFFERENCES
LATITUDES AND

LONGITUDES.
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. MAGNITUDE OF THE GIVEN AZIMUTH A.

The azimuthal arc is taken to commence from south, and to proceed by west and north round
the whole: circle of the horizon. The azimuth of west is 90°, that of north 180° and lastly, that
of cast 270°,

% I |
Terms i |
of the 18t Quadrant. : 2nd Quadrant.| 3rd Quadrant. | 4th Quadrant.
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In order to obtain a general hypsometrical tableau of the countries examined, we-
have divided India and High Asia into various areas, as shown on plate No. 3: through
each of them a line is drawn, connecting some of the principal places, and the succession
of the heights determined to the right or left of this line follows its mean direction
as indicated by an arrow. This Index map contains the following ureax, which we call
meridional, longitudinal, diaéonal, or transversal, according to the relative position of
the leading lines.

Each avea is preceded by general topographical remarks.

A. INDIA.

Aren L Assam and delta of the Brahmapitra and Ganges, with the Naga., Khassi
and Géarro hills, and some remarks abont the Iravidi
Longitudinal, Trom”east to west: Iﬁ-alun.ak\'uul vit Rajmahdl to the Sanderbins.
. ‘Il Hindostan along the Ganges. Longitudinal, from woest to cast: Sahiranpur via
Khanpur to Rajmahal. ) ’
, UL Pinjab to Gujrit. Meridional, from north to south: Atak via Mithinkot to Diu.
. IV. Central India. Meridional, from north to south: from the Ganges via Nigpur and
Chianda to Koringa.
V. Dékhan and Maissir. Diagonal, from north-west to south-cast : Bombay vii Pina
and Bellari to Madras.
, VI Karnatik and Nilgiris, with an appendix on Ceylon. Longitudinal. from west
to east: Madras via Béngalur and Utakamdnd to Kalikat.

B. HIGH ASIA.

Arca V1. Himélaya of Bhutan, Sikkim, and Nepil. Longitudinal, from east to west:
Bhutan via Darjiling to west of Kathmandu.

VIIL Westery Himalaya, from Kimdion to Hazéra. Diagonal, from south-east to north-

west: Almora via Simla and Srindgger to Rajaur.

i
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. IX. Central chain of Western Tibet.  From south-east to mnorth-west: east of the
Mansariur lake to Skirdo.
. N. Principal snow peaks of the western parts of the Karakorim chain.
From cast to west: cast of the Namur luke to west of the lake Sirikal. -
X1 Transversal sections across Tibet, partially continued across the Kuenlien.
«a, Niti — Girtok. 4. Vangtu — Pangkong. . Kdrdong — Karakordm  chain.
d. Pidum ~Leh. e Milbe-—Kiik Kiol— Elehi. f.“ Dras — Shigar -— Yarkand.
a -e, are diagonal lines from south-west to north-east, f, is a meridional line from
south to north. '
These lines are considered to he situated in the centre of an area, limited by half
their mutual distance.

The general form in which the detail of our barometric observations is given within
the vespective arveas, will be best seen {from the following example (Area V., No. 20):
No. 20. Bhor Ghat, Lat. N. 18° 44/, Long. 1. Gr. 73° 22/, in the Dékhan.

3, Ocrtling. 1800, Jan. 2. B =~ Bombay. (' - Puna.
Shgnmoaam AL 28 1315 68°05 770 B 29 944 70°0; 770 — 30. — LROL (. 28 1425 60 1; 64. = 1,740,

The “Nom is merely given to facilitate later quotations. In cach area the
stations begin with No. 1. :

The observation at the Bhor Ghiat was taken 18505, January 2, 8 45™ a.m., with .
the barometer 3, Oecrtling. “ A" indicates the station to be caleulated. Tf a thermo-
barometer is used, the degrees in Iahrenheit' are given instead of the barometric
pressure.  The instruments are corrected, and the barometers reduced to 32° Fahr.
After the barometric pressure follows the temperature of the air in Fahrenheit, and
the moisture, the degree of saturation being 100.  The corresponding stations are
cither given in full; or marked B. C. D.

After the moisture at the corresponding station, the amount of the periodic cor-
rection (sce p. 61) is given in fect, and then the absolute resulting height. The de-
finitive absolute height is deduced from the mean of all observations. If the periodic
correction ix 0 throughout the corresponding stations, it is left out entirely. The de-
signation of the instrument always refers to that used in the station to be determined, -

viz. station A ; the instruments at the different corresponding stations are given pp. 40—44.

' The degrees enn be easily reduced into the corresponding barometric pressure, expressed in inches, by reference
to the table, pp. 80 K3,



AREA L ‘

Assdm ANp DELTA oF THE Braumav(rra axp Ganaes with the Niga. Khissia,
and Girro hills, and some remarks about the Travidi.

Longitudinal from east to west: Brahmakind vii Rajmabdl to the Sanderbans.,

In this area, many parts of which consist of wild and almost uninhabited districts,
we have been able, in addition to our own observations (by Hermann and his establish-
_ment in 1855-6), to collect various materials for approximatively defining the general
topography of these regions.

As the Brahmapitra and the Iravddi, the two principal rivers of this avea. form
at the same timo its most promment features, a descriptive sketel of their respective
courses will, we hope, cont‘x'lbute to the completion of the general characteristies of

these regions.

A. The Brahmapiitra.

’

Assém, throughout its whole breadth, from the Khassia ard Niga hills up to
the southern foot of the Himdlaya, was formerly the hasin of a fresh-water lake, and
is now drained by the Brahmaputra. This mighty river runs through the country
from Brahmakind to G‘roal.pz'mra for a mean length, exclusive of its numerons small
curves, of more than 400 miles.

The entire surface of Assim presents a gentle, uniform slope, with a few isolated
granite hills, sometimes of no considerable mean elovation. The Brahmapiitra nowhere
presents any remarkable contraction of its bed, and the only rapid of importance is
situated fifteen miles below its confluence with the Dihong.

The level of the Brahmapitra at Sddia is 210 feet.

A little to the south of the entrance of the Tista begins that part of the viver
where the stream branches off in the shape of a delta, and shortly joins that of the
Ganges. The ebb and flood of the tide extend, in the season when the river is low.
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upwards beyond Dhika; the fall from Sidia to the delta consequently amounting to
half a foot per mile.

The determination of heights for single points of the river and its environs are
contained in the special register of heights. Of these may be particularly méntioned
the mountains of Lakimpur, which attain an elevation of 7,000 feet.

Niulia is situated near the spot where the most considerable of its affluents join
the Brahmapitra, viz. the Dihdng (a river identical with the Tibetan Zambu), into
which. before its confluence with the Brahmapitra, flows the Dibdng.

A dittle to the north of this point the Digiaru also disembogues itself into the
Brahmapitra.  Of the affluents on the left hank the Noh Dihing deserves special mention.

The Brahmakind is a very deep basin-shaped enlargement of the river, just be-
fore it emerges fromn the mountains to descend into the plains of Assim.

The velocity of the current, which both above and below the Brahmakind is
very great, suffers an unusual dimination at this point.

I'vom here the terrain, at a short distance from the principal bed of the stream,
hegins to rise rapidly, and the fall of the tributaries, even down to their very junction
with the main rviver, is very considerable. The Noh Dilding has a curious fork-shaped
partition, which possesses the greater intervest in proportion to its comparative proxi-
mity to the sources of the river! This region in particular was explored by Hermann’s
assistant, Licutenant Adams, who also determined the height of several points. In this
terrain there yet remain to be mentioned the heights of Dépla Bim, on the left bank
of the river, and of the Thigritaya, on the right.

For the district of the sources of the Brahmapnitra we have received the very
interesting manuscript map of the missionaries Krick and Boury, who, following the
course of the stream, penetrated throngh the wild regions inhabited by the Mishmis,
and passed beyond the confines of Tibet to the north-east of Sddia. Unhappily, on
their second journcy both of them were murdered at the scttlement of Somtuan, a
place situated five miles xouth of Sanggu (Lat. N. 28° 29’ Long. K. Gr. 97° 1), the resi-
dence of one of the provincial governors of Tibet.

Their map gives the course of the upper part of the Brahmapitra, and the point
of junction of its various affluents, with far greater precision than the earlier one

! In the valley proper of Assim such ramifications are not unusunl. As the largest of these 1 may mention
the Bégang river, north of Bishndth, the Dhansiri, in the Kuripirn duar, &e.
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for the same district so carefully prepared from native sources by Lieutenant Wilcox'
(No. 138 of the Indian Atlas).

The sources of the Brahmapitra proper may be assigned to Lat. N. 33°— 32,0,
and Long. E. Gr. 97° 30). The first snow-covered mountains occur in Lat. N.
28%,". The Brahnmpﬁtrfm is called by the Tibetans Ziys chu, after the province Ziyo,’
through which it flows® the Mishmis and Singphos give it the namo of Tialu Ka.
Its direction as far as Lat. N. 27° 55 is nearly due south, from the entrance of the
G4lum river* to the Di river north-west, and from this point to Sadia south-west.

Determinations of heights are not in existence for the course of the river above

Assam.

B. The Ndga, Khissia, and Gdrro Hills.

Along the whole length of the left shore of the Brahmaputra, and nearly parallel

to the broad valley through which it runs, we meet with a longitudinal range of

' The discovery, that the Dihong enters the vale of Assém, and does not, as in Klaproth’s map, discharge itself
into the Iravidi, seems to have been the cause of too low an estimate being assigned for the size and water volume
of the Brahmapiitra. The Dihing was geherally considered as properly the upper course of the Brahmapiitra, ulthough
the Brahmakind had beon rcpeatedly reached since 1826, by Bedford, Jones, Wilcox, Bedingfield, and Neuville.
Some of them had pushed forward even considerably beyond it. Wilcox penctrated 37 mles up the stream,
Griffith had been 10 miles north of the Brahmakind in the yesr 1837, and Captain Rowltt procecded along the
affluent Da as far as Tiapang, Lat. N. 28° 2¥.

The journey of the French travellers Krick and Boury was preceded by that of tho two Indian fukeers, who
had pushed up the stream only a few miles farther than Wilcox, when they were murdered in the neighbourhood
of the cntrance of the Galum river. Their intention was to reach, as the first, the actual sources of the Brahma-
pitra, an object of worship for the Hindus, since the Brahmakind had ceased to be regarded as such; and previous
to their leaving Assdm they communicated their intention to the authorities, so that some geographicul communi-
cations at least, even if not very precise and well defined, might have been expected from them. .
% The section of the river also which was cxecuted, and its volume of water ascertained, hy my cstablishment
under Lieutcnant Adams and Draughteman Abdul, at Sadia, confirmed the fact, that the Brahmapitra issues from
the Zayo valley, and that in respect of volume of water, it is almost equal in size to the Dihéng. In Europe there
are also many instances of the confluence of streams nearly cqual in size and importance, where it would be very
difficult to decide upon the name to be retained, if the direction of the valley were not allowed to determine the
question.

% The confines of Tibet on the Mishmi frontier are situated in Lat. N. 28° 2. Isolated villages and stations
of the Tibetans in charge of Lamas extend the whole way. These places are tributary to Lhissa, —a relation
apparently analogous to that cxisting along the commercial road, which runs through Bhutén over Nurigin und
Téuong.

¢ It is characteristic of the course of mountain rivers, that important alterations in their direction very fre-
quently coincide with the entrance of the larger affluents, and this because the same inflnences that affect the wain
valleys have exercised an equal effect upon the lateral valleys.

IL : 18
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secondary hills, inhabited by the various scattered tribes of the Nagas, Khéssias,
Jaintias, and Garros. We can present but comparatively meagre information about
these mountains,

@. For the Niga hills south of Sibsager, I found, in the Assim Revenue Survey
Office of Gohitti, a manuscript map by Thornton, prepared from surveys taken
between the ycars 1839 and 1842, and which 1 was allowed to copy; in it were
also included some .heights obtained by a boiling-point thermometer. The height
of the Malulhipia pass is caleulated from' information obtained by my drauglits-
man Abdul at Sibsager. The height of the Barédl range is based upon data
furnished by Major Butler. The Naga villages, like those of the Khassias, are usually
situated, for the purposes of defence, on the top of dominating hills, or of minor but
well protected prominences, and are surrounded by strong timber blockades. The in-
habitants scem to avoid making a permanent settlement in the valleys.

b. The Khassia hills present in gcn‘eral the aspect of a well-defined platean with
comparatively small, isolated elevations. The plateau is terminated to the north by
the valley of the Brahmapitra, to the south by that of the Strma.

In addition to the barometrical observations, 1 (Hermann) made a special trian-
gulation for the southern part of the Chérra hills, near the station of Chérra Punji.
The base line began on the east side of Mr. Inglis’ house, and was continued to the
second hill near the churchyard. The two points, both of which offered a very
good view of the environs, were found to he 8,793 feet! distant from each other.

Besides the latitude, longitude, and height for Mépat peak, Mapeng summit, and
Nararim peak, given below, T obtained the distance of the next crest, in an eastorly
direction from Chérra Punji, referred to the point where it commences its steep des-
cent to the plains. The breadth of this ‘wide and deep depression in the southern border
of the plateau was found to bear from Chérra Panji S. 64° E, and to amount to
36,077 feet; the mean divection of the crest is from N. 8° 40’ W. to S. 8° 40’ K.
In the few existing maps for the Khassia hills, the bearing is laid down in a northerly

direction.

! The triangulation is laid down in one of our manuscript-maps, and the view from the southern point will
form the special subject of one of the plates of our Atlas.



v

AREA L ABSAM,DELTA OF THE GANGES AND BRAHMAPUTRA, NAGA, KHASSIA, AND GARRO HILLS. 99

. C. The Iravadi.

For the river system of the Iravdd, I (Hermann) received very important and
interesting data fropl various officers residing in Assim; my acknowledgements being
more particularly due to Colonel Hannay, Colonel Jenkins, and Major Vetch. During
my stay at Dibrugérh, T was enabled to collect many of the routes taken by the
Sin.gpho tribe; but the list was greatly enlarged and completed during the excursions
of my assistant,' Lieutenant Adams.

The main branch of the Iravidi, called the Nam Kyu, has its source in Lat. N.
47°-9, and in Long. E. Gr. 97°:7, amidst mountains, rising probably to a height
of 17,000 feet. The snow limit in this distriet, as in the environs of the Upper
Dihing, scarcely descends below 13,000 feet. The springs are reported to be fed by
Jarge snow beds and a few glaciers.

The watcrshed between the Dihing and the western affluents of the npper valley
of the Iravidi is formed by snow-capped mountains, which, however, diminish in
height towards the cast. The summit of Phungalbing, 17 miles K. of the
watershed, is only 11,000 feet high.

The éourse of the Iravadi runs in an almost southerly dircction as far as Lat.
N. 27°, from whence it slightly diverges to the south-south-west. For that part of
the river-district south of 25Y° lat. N, we have received from Colonel Hannay an
exceedingly interesting river-chart on a scale of one inch to the mile, which contains
gome determinations of heights, as well as of latitudes and longitudes.

The course of the Nam Keng and Iravddi presents the following characteristics:

1. At the confluence of the Nam Keng and the Nam Yang rivers (Lat. N. 25° 20/
and Long. E. Gr. 95° 1) the height amounts to 1,003 feet. To the vight of the
confluence at this point is situated Mogung Miyo, a large settlement of the Shans,

In their upper parts above the junction, the valleys of the Nam Keng and Nam
Yang form, with reference to their mutual position, one large depression of longitudinal
form, varying but little in direction from that -of the principal vale of the ravidi.
The same forms again appear to the west of this river, in the uppermost parts of

the water district of the Khyendvén.

K The dotail of the Singpho routes will be given in the Topical Geography, Vol. 1L

R



100 HEIGHTS DETERMINED IN INDIA.

From the entrance of the Nam Yang downwards, the valley of the Nam Keng
is generally very flat, and of some considerable width, and numerous marshy tracts
appear on cither side of the river. The average length of the Nam Keng, from the
mouth of the Nam Yang down to its junction with the Iravddi at Katkyo Ndinmo,
including the numerous curves,' amounts to 52 miles. ‘

2. The Iravadi, from the entrance of the Nam Keng to Amarapira, has a real
length of 269 milcs,'from Amarapira to the head of the delta at Sakkemin, 370 miles.
The delta forms a triangle, nearly equilateral, with sides of 150 miles, the enclosed
area consequently amounting to 9,742 square miles.

Towards Pégu and Sitan the Iravéddi widens considerably, in consequence of the
accession of the Pan lan river, and its limits become less sharply defined. The entire
length from the source to the sea mouth is somewhat over 1,050 miles.

3. At Kyik Kyk Yova, the residence of Mum Yang vun (Lat. N. 25° 2/,
Long. K. Gr. 96° 15'), the height of the river is 854 feet; at Choki Shue mut tho
phya, two miles north of Amarapira (Lat. N. 23° 4, Long. E. Gr. 96° 15), the
height is 569 feet.

4. Longitudinal flats, the basing of former lakes, succeeding each other with little
difference of height, but as distinet steps, and numerous narrows and rapids, formn the
especial  characteristics of the Iravadi river bed, and essentially distinguish it from
those of the Ganges and Brahmapitra. These contractions of the stream, or narrows,
are called drengs.  The last considerable one that occurs is formed by sandstone
rocks, and lies only 40 miles above Amarapira.

5. Of the mountains bordering the course of the Iravidi, the following may
particularly be mentioned, although the heights ascribed to them are necessarily
only approximations: ‘

«. Upon the right bank of the Iravadi, the mountains opposite Than yun yova,
in Lat. N. 24° 36%, Long. K. Gr. 96° 31'4, have an average height of from 6,000 to
7,000 feet. One of the highest, the summit of which is visible from the valley,

reaches apparently 8,000 feet.

! The length was measurcd by following the course of the river upon the map with a small wheel, that
turned upon a screw with a wide movement; the wheel was then drawn back in the opposite direction along a
straight line, until it had reached the point of the screw from which it started, when the resulting straight line
gave the measured length required.
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b. Westward of Let pan zin Yéva, at a little distance from the right bank
(Lat. N. 24° 27" 2", Long. E. Gr. 95° 56’ 15"), the summits of the mountains attain
a height of 2,000 feet.

c¢. Heights of 800 and even 1,000 feet are also numerous on the right bank of
the river, only 20 to 23 miles north of Shue mut tho phya (Lat. N. 23° 4', Long. K.
Gr. 96° 15').

wf¢) The character of the whole river district, including the ;\levationﬂ not above
from 3,000° to 4,000 feet, presents a thoroughly tropical appearance.

The declivities of the hills, as well as the valley of the river, are covered with
the wildest and .most diversified vegetation, in the shape of demse tree and grass
jungles. These” jungles are wsparsely populated by the almost savage tribes of
Shans, Singphos, and qfther related races, who have made isolated and usually
fortified clearings in the forests at the most unexpected places. Indeed, these clear-
ings, where the trees have been burnt down, are the only cultivated spots of ground
to be found in these parts. )

Although the tribes, who are not nomadic in the usual sense of the word, vemain
a long time in the same places, yet circumnstances, arising from the hostile disposition
of the various tribes, often compel them to migrate in large numbers.

The villages on the banks of the Iravidi are much larger and the houses of a
more solid construction. In the upper parts of its course are to bhe found single
colonies of Assamese emigrants, and even far up the stream fortified Bormese stations

are met with.

L. ASSAM, DELTA OF THE GANGES AND BRAHMAPUTRA,

No. 1. PHUNGALBONG Prax, 27° 28'; 97° 15/, in Assim, W. of the Brahmuapitra.
Loc. Top of the peak . . ... ..o ab. 11,000 ft. Schi, A, 0O,

No. 2. Dirna Bom Prak, 27° 42'; 96° 42, in Assim, the dominating peak, ahout
94 miles S.E. of the Brahmakand . . . . . ... ... ..o 14,540 ft. Schl, A. 0.

This peak is also interesting with reference to the physical geography of the country in which
it is situated. Its summit may be assumed as 100 feet above the snow linc, a height remarkably



102 HEIGHTS DETERMINED IN INDIA.

low for this latitude. The peak remains covered with a thin, but well marked, stratum of snow
throughout the year.

Loc. Mran height of the snow line . . . .. ... ... ... 14,450 ft. Schl, A.O.

No. 3. TurirAva Peak, 28° 13’; 96° 6/, in Bhutin, a peak near the origin of the
Digdru viver ... ... e sb. 13,500 ft. Schl, A.O.

No. 4. Bért anp Non Dinina SepamaTion, 27° 28'; 96° 6/, in Assim, in the ter-
ritory of the Singphos. '

Lioc. Level of the separation . . ... ... ...... «.o... 1,273 ft. Schl, Herm.

6, Thermo-barom, 1856, May 21, 10" A.m. A, 209°:63 Fahr., 77-4. Gohatti 29-693; 80-0; 84, — 12.

No. b, SApia, 27° 495 95° 38, in Assém, on tho right side of the Kundil river, an
affluent of the Brahmapitra near this place. )
Loc, Level of the Bralonapiitra ... . .. 00000 ... 210 ft. Schl, Lt. A,

No. 6. NONGPUNG, OR SALT WELL, 27° 3'; 95° 29 in Assdm, on the Béklu, an affluent
of the Dising.
Loeo Level of Salt aell ... 000000000 1,762 ft. Schl, Lt. A.

6, Thermo-barom. 1866, March 14, 10" A.m. A, 200°°23 Fahr.; 64-0; 98, Gohatti 20-977; 74°5; 79, — 11.7

No. 7. Jhivur, 277175 95° 21, i Assam, on the left sido of the Bori Dihing.
Loc. Meaw height of the village ... ... ... ... .. 1,140 ft. Sehl, Lt. A.
6, Thermo-barom. 1856, May 3, 11" 30™ a.m. A, 209°-80 Fahr.; 74-1; 8%, Gohitti 29 693; 77 G; 88, — 36.

\ { 3 Lord . ’ 0 . . .
No. 8 Lixkmveor Hinns, 27° 2175 94° 1)) in Assam, N. of Likimpur, on the right side
of the Bralmapitra, between the Londiri and Subansiri rivers.

Loe. 1) Average height of the promivent peaks . . . . . ab. 7,000 ft. P. C. Bruce.
The tops of these hills are just covered with snow in winter.

Loe. 2) - Lowest snow limit in wenter. . ... ... ... ... 6,800 ft. P. C. Bruce.

No. 9. Tezruk, 26° 3456 92° 46+ 8 P, in Assim, on the right side of the Brahmapitra.

Loe. 1) Commissioner’s Civewit bingalo . . .. .. ... ... 278 ft. Schl, Herm.
1, Greiner. 1856, Jan. 22, 10" Am. 4. 99-788; H7-4; 83, Gohatti 29-953; 61'9; BT, — b = 283
oo om oy 25,000 997645 KT 45 8D, wo 29°916; 62:0; 91, — 3 = 273

Loc. 2) Level of the Brahmapiitra . . . . . e “. 117 ft. Schl, Herm.

By trigonometric measurement; 161 ft. below the Circuit bangalo.
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Loc. 3) Top of the ?mnk of the Brahmapiitra. . . . .. ... 199 ft. Schl, Herm.
By trigonometric measurement; 79 ft. below the Cirenit bingalo.
Loc. 4) Jail Yard. .. ... ... .. e e e e e 225 ft. Schl, Her.

By trigonometric mcasuremen’g; 108, ft. above the level of the Brahmapitra.

No. 10. Upkrabri, 26° 45'+7; 91° 56’5, in Assim, province of Darrang, at the
gouthern end of the road from Lhdssa to Assim.

Loc. Government cane house . . . .. ... e 350 ft. Sehl, Herm.

1, Greiner. 1856, Jan. 8, 10" A, A, 29 733; 64°6; 73. Gohdtti 29 984; G003 Y3, — b - 36h.
" g Dy O R 62025 RL po 20031561 T3 RG. — 1 — 334,

No. 11. Goudrrr, 26° 5+8; 91° 43" 8, in Assim, a large station on the Brahmapitra,
69 miles E. of Goalpara.
Loc. 1) Cistern of Dr. Simons” barometer . . .. .. ... .. 134 ft. Schl, Herm.

Loc. 2) Level of the Brakmapiitra . . .. .. .. ... ... 70 ,,  Schl, Herm,

The detail upon which these results are based is givon p. 41.

Loc. 3) Kamviikia temple . . . .. e e 820, Sehl, Herm,
1, Greiner. 1865, Nov. 21, 18 rom. 4. 29-190; 70-3. Gohatti 29 Y065 71-2.
Loc. 4) Highest point near Crohdtti. . .. ... .. e 1,002 ft. Schl, Herm.
1, Greiner. 1855, Nov. 21, 8" p.y. A, 28 9815 72:7. Gohatti 29-863; 13-4 = 93,
. ” » wo M, 2809735 T0°T. w29 BT 7209~ 1010,

No. 12. JAiroxne, 25° 57’5 91° 36", in Assin, S.W. of Gohitti.
Loc. Dak bingalo . . . .......... e e e .. ],30.1 ft. schl, Herm.

1, Greiner. 1805, Nov. 14 and 1.
h m
5 30 B, A 280205 69 1; 87, Caleutta 20-901; T0-1; 60 - [,375.

846 L, 280615 62:G; 99, s 2900465 7L 4; 73 1,309,
720 ax. 5, 28-570; 5H0; 99. » 20971573 &5 65 - 1,304,

8=

No. 13. Sruigdry, 26° 40'; 88° 22/, in Bengdl, about 8 miles S.E. of Pankabiiri.
Loc. Bingalo . . . o v v oo oo e 302 ft. Hook.

No. 14. RaxeamArui, 26° 37'; 88° 32/, in Bengil, on the right side of the Tista.
Loc. Mean héight of the village. . .« oo oo oo v v oo v 262 ft. Hook.

No. 15. Dumbinai, 26° 28/-8; 88° 16'-6&, in Bengal, district of Pdrnea.
Loc. Tower Station, basc . . . . . .. e e 310 ft. 4. T.5
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No. 16. KaNcHABAR1, 26° 27'-8; 88° 24'-5 3, in Bengal, district of Pdrnea.
Loc. Tower Station, base . .« .o o v v ii i v 318 ft. G.T.S.

No. 17. Trrandva, 26° 27'; 88° 20/, in Bengal, 45 miles 8. of Darjiling.
Loc. Mean height of the station. ... ... ... 357 ft. Schl, Herm.
w Undefined. ..o oo o oo e 326 .,, Hook.
1, Greiner. 1855, April 15, 10M am. 4. 29-530; 82-0. Calcutta 20-873; 86-Y.
No. 18, TuakuRGANI, 26° 25'-1; 88° ¢/8E, in Bengdl, district of Pirnea.
Loc. Tower Station, buse . . ... .00 263 ft. G.T.8.
No. 19. Ramaing, 26° 18+9; 88° 16"°5E, in Bengdl, district of Pérnea.
Loc. Tower Station, base . . . . ..o v v, 244 ft. G.T.8

No. 20. SoNAKHODA, 26° 15'-4; 88° ll"lg, in Bengdl, district of Pdrnea.
Loe. Tower Station, base . .« ..o o ov oo 220 ft. G.1.8.

No. 21. NivAny, 7.8, 26° 10'; 88° 27, in Bengal ... 274 ft. G.T.5.

No. 22, KnarkAri, 26° 14/-2; 88° 1"13, in Bengdl, district of Pdrnea.
Loc, Tower Station . . .. . oo v i v i 299 ft. G.T.S.

No. 23. DBaNDERIOLA, 26° 11'; 87° B8/, in Bengdl, 20 miles N. of Kissengénj.

Loc. Tower Station . . ..o oo v v i i e 251 ft. G.T.S.

No. 24. KisseNaANg, 26° 6/+0; 87° 56" 1F, in Bengal, district of Pdirnea, close to the
Mahanadi.

Loc. Mean height of the station. ... .. ..o oL . 142 ft. Schl, Herm.

. ditto e e e e e e 131 ,, Hook.

1, Greiner. 1855, Aug. 18, 10" A.M. 4. 29-438; 84-0. Rampur Bolea 29-524; 84-0.

No. 25, SANKROL, 20° 17'+D; 88° 18-3, in Bengil, district of Pérnea.
Loc. Tower Station, base . . . . . .« v v v v v v v oo oL 123 ft. 4. T.8.

No. 26. OnAw1, 24° 59'-9; 88° 15'°4%, in Bengal, district of Parnea.
Loc. Tower Station, base . . . .. ... i e e 159 ft. G.T.S.

No. 27. Smuwr, 24° 53705 91° 47 1L, in Bengdl, 120 miles NE of Dhéka.
Loc. Mr. Stainforth’s house . . . ... .. ... . . . ... .. 133 ft. Hook.
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No. 28. Riwpum Bérea, 24° 21''8; 88° 34'3%, in Bengdl, on the Pédda
branches of the Ganges. .

one of the

Loc. 1) Mean height of the station . ............... 56 ft. Schl, Herm
1, Greiner. 1855, Aug. 27, 9 a.m. 4. 29-520; 82'9. Caloutta 29 H58; 85 7.
Loc. 2) Mr. Bell’s bdngalo . . . .. ............. . 130 ft. Nook
. oo < e 00K,

NO. 29. NALUNCHA, H. S., 23° 54/5’ 87° 41.73’ in Bung:’wl. near the Damtda, W, of
Chandernagr . . ... ... ... ... ... ... 959 {t. G.T.S.

No. 30. Dudka, 23° 42'-7; 90° 203, in Bengdl, on the Bira Ginga, 150 miles N.E.
of Calcutta.
Loc. Mr. Atherton’s bangalo . . ... ... ... ......... 72 ft. Hook.

No. 31. BauarinATm, 23° 34'+5; 86° 55"73, in Bahdr, 3 miles 8. of the Damida.
Loc. Hill Station. . . .. ... ... .. ... .. 1,469 ft. . 1.8

No. 32. BAuxi, 23° 28':0; 87° 36”03, in Bengdl, 22 miles N.W. of Bardvin.
Loc. Tower Station . . ... ..........c..v.... 242 ft. G.T.S.

No. 33. Susfnia, 23° 23'-8; 86° 58"23, in Bengdl, 10 miles N. of Bakdra.
Loe. Hill Station. . . .. .. . ... .. . 1,440 ft. . T.s.

No. 34. Karaséri, 23° 14'-3; 87° 24/'43, in Bongil, 22 miles K. of Bikdra.
Loc. Hill Station. . . .. ..o vv vy 325 ft. G.T.S.

No. 35. BXrpvAn, 23° 13'-2; 87° 48"93, in Bahdr, on the Grand 'Trunk road,
72 miles N.W. of Calcutta . . .. ... .. v 93 ft. Hook.
Loc. Level of the railway . . .. ... .o 114 , Ev

»

No. 36. MApmrUr, 23° 9''9; 87° 43 6%, in Bengdl, 4 miles S. of the Damdda.
Loc. Tower Station . ............ B 173 ft. G.T.s.

No. 37. PAnpua, or Pirua, 23° 4'*5; 88° 1633, in Bengdl, 38 miles N.W. of Calcutta.
Loc. Level of the railway . . . . . ..« v oo oo h8 ft. Ev.

1L )



106

HEIGHTS DETERMINED IN INDIA. i
No. 38. AxisTeruRr, 23° 425 87° 555 &, in Bengil, 9 miles S. of Birdvan.
y 8
Loc. Tower Station . . . . e e e e e 195 ft. G.T.S.
No. 39. GAngua, 22°585; 87°32'-6 3, in Bengil, 130 miles W. of C‘alcutta, near Rinigdnj.
Loe. Tower Staticn. . . . . . . 0 0 e e e 193 ft. G.T.S.

No. 40. MuUBARAKPUR, 22° H0'*5; 87° 4“"5$> in Bengil, 29 miles 5. of Bardvan.
Loc. Tower Station . . .. ... . e 123 ft. G¢. 1.8

No. 41. CHANDERNAGUR, 22° 50'; 88° 23 in Bengil, a Frenoh settlement, 20 miles N.

of Calcutta.

Loc. Level of the vailway. . . .. ... ... oL 46 ft. Ev.

No. 42. B, 22° 49-5; 88° 10/-5 &, in Bengal, 8 miles W.S.W. of Serampir.
Loc. Tower Stadion .. . ... ... e e e 101 ft. G.T.s.

No. 43. SERAMI’()R,. 22° 45+ 4; 88° 19:8%, in Bengdl, on the right bank of the Hagli.

Lioe. Level of the vaihway . . . .. .. ... L oL 30 ft. Fv.

No. 44. Duakds, I. S, 22°43'-1; 88°0"-9%, in Bengdl, on the Damida, W.8. W. of

Chandernagir . . . . . . . . e 100 ft. G.T.S.

.

No. 45.- Népa, 22° 40"-2; 88° 21°7TF, in Bengil, 8 miles N. of Calcutta.
Loe. Tower Station. . .. .. .. ... o L 96 ft. G.T.S.

No. 46. Nisria, 22° 30'-6; 88° 48"(58, in Bengal, E. of Calentta,
Loc. Tower Station. . .. . .. .. e 100 ft. G.T.S.

No. 47.  Carncurra, 22° 33'-0; 88° 20"63, in Bengdl, on the Tligli.

Loc. Cistern of barometer at the Surveyor General's Office .. 18 {t. G.T.5.

No. 48. Umirraadng, or IsnamasAn, 22° 20'5; 91° 44'- 1, in Bengdl, 7 miles from

the mouth of the river of the same nawme.

Loc. 1) Mr. Sconce’s house . . . ... ... ... .. ..., 191 {t. Hook.
o 2) Flag staff hill at south head of harbowr. . . .. .. .. 151 ,, ook
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No. 49. LEVELS oF THE East INpIAN RAlLway.!

These levels are all referred to the Howrah dock sill,
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] . I
A. Raniginj Line, B. Rajmah4l Line, |
communicated by Mr. Evans (see p. G). ; communicated by Mr. Turnbull (sce p. 6) !
i N
Distance in | Distance in !
Miles from Station. Height. | Miles from Station. Height.
. Howrah. Howrah.
Foot, Feet,
12 Serampiir 35 80 Guskira 153
20 Chandernagir 46 99 Balpur 196
38 Piandua, or Pérua 68 119 Siinten 18R]
46 Boragirh 69 1 145 Nalhatti 139
49 Kaisi R0 172 Srikiand . . 132
M Nimu . . N 189 Sitapahér hill 16
61 Sanktigarh . . . . . . 101 196 Tinpahar . . 16
66 Biirdvan . . . . o 114 205 Harrankhdl 157
™ Junction with Rajmahdl line . 138 223 Teliagarki 17
87 Khari Nalah . . 171 231 Sinrmdri 181
90 Mankdr . . 207 240 Kolgong 174
97 Panigarh . . . 236 261 Bhagalpur 1H1
103 Banskopa 229 279 Sultinganj. 142
108 Témla Naluh . . . . . . 257 1 Monghir Tunnel N i
117 Andal . 982 392 | Patna . 18H !
121 Raniganj. . . . . . 319 4“0 Bihin 212

1. NAGA, KHASSIA, AND GARRO HILLS,

No. 50. Sfma Prak, 26° 44’; 95° ¥, in the Niga hills, one of the highest points near

the crest of the Naga Hills . . . .. ........ .. ... ... ab. 5,000 ft. Schl, A. 0.

No. 51. JasokA, 26° 56'; 95° 4/, in the Niga hills, S.W. of Borhit, 7 miles E. of the
Safri. .

Loc. Mean height of the village .. . .. ... .......... 2,880 ft. Schl, A. 0

No. 52. LakAna, 26° 47'; 94° 56/, in the Ndga hills, a village on a gently undulating
plateau. ,

Loc. Mean height of the village . . . . . e 2,840 ft. Sehl, A.0

' The pamphlet “Guide to Places along the Ralway from Howrah to Raniganj”, by Sanders, Cones, and (o,

Caleutts, 1855, contains many an intercsting detail, but no heights.
[N
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No. 53. JAxruna Peak, 26° 41’; 94° 47', in the Naga hills, a marked prominence on
the plateau ... .. e ab. 3,900 ft. Schl, A.O.

No. 54. TAprune Prak, 26° 39'; 94° 45 in the Naga hills, close to the bend in the
course of the Dikho river . . . . . . . . .. o L L., ab. 4,400 ft. Schl, A. Q.

No. 55, NANGTA, 26° 40'; 94° 38, in the Naga hills, the name of a fortified settle:
ment of the Ndmsang Nagas.

Loc. Meun height of the settlement . .. .. .. ... ... ... 2,810 ft. Schl, A. 0.

No. 56. Urper NAmsana 26° 38'; 94° 37') in the Niga hills, a fortified settlement
of the Namsang Nigas.
Loc. Mean height of the settlement . . .. . ... .. ... ab. 2,500 ft. Schl, A.O.

No. 57. Mavvruiria Pass, 26° 19’5 94° 36", in the Niga hills, a pass in the crest which
forms the watershed between the Brahmapitra and Kuendéen ab. 5,400 ft. Sehl, A. 0.

No. 58. NAmsane, 26° 36’; 94° 34" in the Niga hills, fortified scttlements of the
Namsang Nagas.

Loc. Mean height of the settlement . . . . ... .. ... .... 2,825 ft. Schl, A. 0.

No. 59. Barfn Ranag, 25° to 20° 207; 92° 45’ to 93° 15/, in the crest of the Naga
¢ g

hills, 8. of Nauging.
Loc.. Mean height of the erest .. .. . . .. ... .. ... .. 6,200 ft. Sechl, A. 0.

This range forms the watershed between the Diyang viver and the northern affluents of the
Sirma, and is the political houndary between Kachar Proper and northern Kachar, a territory annexed
n 1R854,

No. 60. Kapudvr Hiny, 25° 7’5 92° 15, in the Jdintia hills, about 10 miles N. of the
SUMMA. . . oo e e e e e e 2,697 ft. oldb.

No. 61, Rompii, 25° 185 92° 11, in the Jiintia hills, a village between Juvai and
Lakadong . . . . o e 3,578 ft. oldn

No. 62, Lakapdxa, 25° 12/; 92° 11/, in the Jiintia hills, N.N.W. of Kadhati hill.
Loc. Undefined ... .. .. L 2,294 ft. oldh.
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No. 63. NArTIANG, 25° 33'; 92° 10, in the Jdintia hills, about 9 miles N. of Juvii.
Loc. Mean height of the village . . .. ... ........... 4,178 ft. Hook.

~No. 64. Musadr, 25° 28'; 92° 3/, in the Khassia hills, E.S.E. of Chillong peak.
Loc. Undefined . . . ... ... ... ... .. . ... 3,411 ft. olah.

" B e e e e e e e e e e e e e 4,863 yy Hook.

No. 65. Po6mrong, 25° 30’; 91° 57, in the Khassia hills, E. of Nonkrfm.

Loc. 1) Undefined. . . .. .. ... ... ... . ... .. ... .. 4,748 ft. Oun.
» 2) W e e e e e e e e e e e e e e e f),]43 o Hook.
» 3) Kalapdni ridge to the south . .. ... ... ... ab. 5,300 ,,  Oldh.

No. 66. NowkgriM, 25° 30"; 91° 50/, in the Khassia hLills, N. of Chérra Pinji.
Loe. Undefined . . ... ... ... 5,406 ft. Oldh.
. R 5,601 ,  Hook.

No. 67. Mérar PEax, 25° 18-1; 91° 48°2F, in the Khassia hills, in the range N.E.
of Chérra Pémji. ... ... ..o 6,694 ft. Schl, Herm,
Trigonometrically measured from Chérra Panji (see p. 98).

No. 68. LaiLaNakdr, 25° 28'; 91° 48/, in the Khassia hills, 8. of Nankrin.
Loc. Undefined . . .. ... . o 5,703 ft. Oldn.

No. 69. Cufurone Prak, 25° 32'; 91° 48, in the Khissia hills, about 8 miles N.E. of

Méflong . .. ... e 6,662 ft. Hook. 6,124 ft. Oldh

No. 70. MauriNGgriN, 25° 30'; 91° 43, in the Khdssia hills, a stonc hench on the ridge
N. of Chérra I"anji.
Loc. Level of the stomes . . .. .. oo c 4,823 ft. Oldh.

No. 71. MépLanG, or MoérLonG, 25° 28'; 91° 43/, in the Khissia hills, about 15 miles
N. of the sanitarium of Chérra IMinji.

Toc. Dak bangalo . . . . ... e 6,078 ff.  Schl, Herm

. Bit0 oo 6,062 ,  Hook.

1, Greiner. 1855, Nov. 10, 6% a.m. 4. 24 201; 48 9; 94. Caleutta 29 929; 76:h; 8K | 60
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No. 72, Mananio, 25° 12'; 91° 42') in the Khdssia hills, 2 miles N.E. of Bairong.
Loc. 1) Guard house. . . .. . ...« o 2,188 ft. Oidh.
2) Top of a Wil (Mahadéo rock) . . . . . .. T 2,623 ,, Oldh.

No. 73, Tiwmia Goar, 25° 115 91° 42/ i the Khéssia hills, on the southern foot of the

Khassia hills.

Loce, 1) Undefined. 00000000000 - 128 ft. o1dh
v 2) Lecel of fossd beds above Téria Ghat ... . . .. .. - 352, Oldh.
3) Bottom of zig-zays, on road to Tévia Ghat . . . . .. 1,428 ,, Oldh.

o ) Level ground below locality 3, sandstone abounding in
shells .. 000 750 ,, Oldh.

No. 74.  MorEa, 25° 48'; 91° 42/, in the Khdssia hills, N.E. of Nankliu.
Loc. Level of Bor pani. .. .. ... o .. 2,528 ft. Schl, Herm.

1, Greiner. 1805, Nov. 14, 9%a.m. A, 27 434; 53 1; 82, Caleutta 29 985; 73-3; 76.

No. 70, KanapAni, 25° 23'; 91° 41’ in the Khéssia hills, a bangalo N. of Chérra Pinji.
Loe, 1) Bimgalo .. .00 000000 5,302 ft. Hook.
w 2) Walapdw? bridge . . . . ... . ... ... ... .. ..., 3,179 ,,  Oldh.»

No. 76. TanavAi, 256° 11'; 91° 4V, in the Khassia hills, at the southern foot of the
Khassia Wills . . o0 210 ft. Oldh.

No. 77. MAvena Peax, 25° 16/-8; 91° 40-9F, in the Khissia hills, a marked pro-
minenee in this vidge ... ..o 0 oL o 5,279 ft. Schl, Horm.

Trigonometrically measured from Chérra Pinji (see p. 98).

No. 78. Cufirra PONg1, 25° 14'-25 91° 40" 5P, in the Khassia hills, a sanitarium.

Loe. 1) Late Capt. Byng’s bingalo . . . .. . ... ... ..... 4,125 ft. Schl, Lt. A,

1, Greiner 1855, October, 10" a.m. Periodic correction — 46 ft.
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.

Date. Chérra Pinji. - Gohatti. Height.
.
. Oct. 3 26°886; 70°5; 89 20-708; T8 5; 95 4,133
w D 95°881; T1°1; 71 20-700; T8°2; 95 4116
w 1 95-969; T0°5; 62 29 833; 77 5; 100 4,107
. 8 25-961; T1°6; 69 20 838; 79 0; 100 4,133
" 9 95 902; 72-3; K8 29 7685 79°2; 100 RS
w 11 95°898; T1°6; 87 29 T43. 79 b; 87 | ERTLI
. 12 25-890; 72 9; 9 29-730; 80 1; 87 ‘ 4,122 ’i
» 13 25°937; 71-2; 84 29 799; 80 1; BT 1,120 l:
5 15 25°961; 69°6; 92 208155 TH h; &7 ‘ 4101 |‘
» 16 25-941; 69-4; D 99-814; TR2; 8T 1 410 ]
.17 95-03Ts 025 7T | 2RI TT6; NT L Al
, 18 95-941; 69°3; 67 20-K32; T805 W1 ! NC
w 19 90 937; 68 2; B3 20 BoH; TR'0; 8T \ 4,182 }
w20 25-961; 70°9; T4 29°846; TR 0; 8T ] L3
» 24 95-902; 68°2; T9 20 790 6 1; W7 TRETI .
20 95 953; 61°7; K2 99-854; 0 0; BT l 40
» 26 25937 65 8; 84 20-8054; T 65 W l FREI
» 27 950063 6h 3; 8T 1 20-H2; Th o KT L1960
w29 959305 69°6; 72 29-8295 70 05 KT IEERTTR
» 30 95-914; 66°2; 68 Q8165 T 05 87 . 4,120 .
» 31 25°962; 65°D; 6V 298963 7405 87 1,138 ;
| IR i B T
Loc. 2) Prof. Oldham’s bingalo . .« .« o oveeeeeee e e 4,118 ft. Oun
o 8) My Inglis’ bingalo . . ..« oovoe e 4,069 ,, Hook.
., 4) Bangalo opposite church . .. ..o ab. 4,200 ,. Hook.
. B) Native village of Chérra Pimji . .o oo 4,397 to 4,572 ,, Ol

“

6) Level of Assim roud at toll house, N. of Chérra Pinji 4,428 . Ol

No. 79. DBAmonag, 25H° 12'; 91° 40/, in the Khdssia hills, about 8 miles 8. of Chérra
Pinji ........... e e e e e e 1,242 ft. oub

No. 80. MAmru, 25° 18'; 91° 39, in the Khdssin hills, 2 miles S.E. of Chérra Pinj.

Loc. 1) Gate of village . .« o oo v oo 3,802 ft. Oldh.
» 2) Top of greenstonc under Mamlu . . . .« o« oo 3,222 ,, Oldh
w 3) Jusper beds . . .. .. e I 2,384, Oldh

y 4) Level of Dr. McClelland’s “ Fossil beach” . . .« .« -+ 2974 ., Oldh
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No. 81. SLvona, or Séuiong, 25° 31’5 91° 39, in the Khéssia hills, 15 miles S.E. of
Kullong rock.

Loc. 1) Bingalo. . . . ... . oo IEIRIRIN 5,695 ft. Schl., Herm,
» e dilto . e 5,725 ,,  Hook.
1, Greiner. 1850, Nov. 10, ah 1M am. AL 24 587; 57 2; Y2, Calcutta 29-988; 77; 79°2.
) w 2) Mean height of the native village . ... .. ... 5,901 ft. Oldh.
: w 3) Leal, S. of the l:dni/:du .................. 6,050 ,, Hook.
No. 82, Sararim Peax, 25° 18:6; 91° 38"* 4, in tho Khdssia hills, on the plateau of
Chérra Pdnji, near the village Sararim . . . .. .. .o 0 0oL, 5,909 ft. Schl, Herm.

Trigonometrically measured from Chérra Punji (see p. 98).

No. 83.  NankrLdu, 25° 38-4; 91° 376, in the Khissia hills, 10 miles N.E. of
Kuallong rock.

Lge. 1) Beingalo . .. ... .o 4,661 ft. Schl, Herm.
“ ditto . .. .. ... .. e e e e e 4,688 ,,  Hook.
1, Greiner. 18055, Nov. 12, 9" pow. A. 25 477; 55 2; 84. Calcutta 30 018; 73 5; 2.
w 2) Level of suspension bridge over the Bérl pant, below

Nankliw . ... ..o o000 0 2,380 ft. Olah.
w 3) Level of Bori pani at suspension bridge . . . . . . .. 2,339 ,, Oldh.

No. 84. LAmom, 25° 37"; 91° 36/, in the Khissia hills, 6 miles E. of Kallong rock.
Loc. Mean height of the village . . . ... ... ..o .. .. 5,205 ft. Oldh.

No. 85.  MAirona, 25° 34/; 91° 35/ in the Khassia hills, 9 miles S. of Nankliu.
Loc. 1) Mean height of the village. . . . . .. ... .. .. ... 5,628 ft. Schl., Herm.
1, Greiner. 1805, Nov. 10,"™" rom. A, 24 567; 52-5; 93, Calcutia 29 921; 80 0; 66 = 5,621.
9 o Al 24 5RO; b4 3; 8Y. » 29 950; 77°1; 77 = 5,634.

Loc. 2) Bingalo. . . . ... ... . o 5,537 ft. Oldh.

No. 86. Cufrna, 25° 12'; 91° 35/, in the Khdssia hills, near the embouchure of the Boga
pini, W. of Chérra Punji.

»

Loc. Level of the Boga pani . . . . ... . oo L 80 ft. Hook.

No. 87. Kiunona Rock, 25° 37’5 91° 30', in the Khéssia hills, NN\W. of Chérra Punji.
Loc. 1) Top of the vock . .. . ... ... oo, 5,684 ft. Oldh.

w 2) Level of top of knolls to the South . . ... .. -... 5210, Oldh.

w 3) Mondi village . . . .. . ... 0o oo 5,067 ,, Oldh.
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No. 88. HarioAo HiwLn, 25° 35'-4; 91° 70, in the Gérro hills, an isolated hill on
the western margin of the Garro hills, 21 miles distant from the left shore of the Brahmapitra,
Loc. Top of the hill . .-. . .. ... .. RIS ab. 2500 ft. Herm, A. 0.

~

T IRAVADI VALLRY.

- N . »
No. 89. Kvik Kyk Yéva, 25° 25 96° 15, in Bérma, the residence of Mum Yang vun,

on the Iravidi.
Loc, Level of the Iravad: . .. ... .......... e 854 {t.- Sebl, 4.0

No. 90. Crokr SHUE MUT THO PHYA, 23° 4'; 96° 15, in Bérma, 2 miles N. of Amara-

pira.
Loe. Level of the Travade . .. .. ... ........... ... H6Y ft. Sell, A0

No. 91. Mobeune MAyo, 25° 20'; 95° 15, in Bérma, near the confluence of the Nam

Keng and Nam Yang rivers,
Toc. Level of the confluence. . . ... . ... .. ... ... 1003 ft. Schl, A. O

Appendir.
The following station is to be inserted between Nos. 7 and 8 (p. 102).

No. 92. DisruaAzm, 27° 32+ 0; 94° 57"(3}3, in Assam, a military station on the Brahmapitra
Loc. Shed, called “namgarh”. . . ... ... ... ... ..., 396 ft. Schl, Herm,
1, Greiner. 1855, Dec. 18, LoM aom. A, 2097025 69 95 Golidtte 20 978, 60 4 304,
Wy 20, LM AL, 29 TUT; BLB; o 0 U0, 620 38D

w20 10MAM. L 290682 595, 0 20T 604 406

-~



AREA 1L

HINDOSTAN ALONG THE GANGES,
Longitudinal from west to east: Sahdranpur via Khdanpur to Rajmahdl.

The plain of the Ganges, or Hindostin Proper, occupies the principal part of
this area.  This plain, one of the largest and most fertile of India, has a remarkably
mniform and gentle slope, even not interrupted by isolated rocky hills, as we meet
them in the Ii'u,}nn:i]nitr:m valley.

To the north, Avea 1L, is hounded by a longitudinal zone of hills of tertiary
rocks at the toot of the Himalaya; the southern limits we have defined by the Bétva
and Jamma rvivers: in the western part, and in the eastern by the watershed of Bahir.

The great number of points accurately defined will be sufficient, without further

explanation, to give an exact tableun of this extensive arvea,

.

No. 1. SamAna, 29° 5375 76° 56/, in Hindostin, N. of Kiarnal . ... .. 934 ft. Ger

No. 2. GuArRANDA, 29° 32; 76° H&', in Hindostan, 10 miles 8. of Karnal. 945 6. Ger.

No. 3. KXunan, 29° 427-3: 76° .’)8"33. in Hindostin, a Jarge station 6 miles W, of the
Jamma. .
Loc. Mean hewht of the cantonment . . . ... ... oo, 966 ft. Ger

.

No. o PaxieAr, 29° 235 76° 59 in Hindostin, 78 miles N. of Déhli . 936 ft. Ger.

-

No. D, SAMBHALKA, 29° 13 ° 1, in HMindostan, 6 miles W. of the Jamna.

Loc. Undefived .. . 00000 e 917 {t. Ger.
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N ¢ - . . N
No. 6. Sowntehr, 29° 0; 77° 1, in Hindostin, 8 miles W. of the Janna. 887 ft. Ga

No. 7. GaxNOR, 29° ¢'; 77° 2/, in Hingostdn, 10 miles N. of Sonipdt. .. 917 ft. ter

No. 8. NiraAna, 287 50°; 77° ¢, in Hindostin, 6 miles W. of the Jimna . 869 ft. Ger.

No. 9. SHALIMAR, 28° 41'3 77° 9, in Hindostin, 6 milex NN.W. of Déhli. 847 ft. Ger

No. 10.  Dgnur, 28° 389, 77° 13"13, in Hindostan, on the right side of the Jamna.
Loc. Dak bangalo . . . .. .. 827 {e schl, Rob,

S ditto 820t Ger,

7, 'Thermo-barometer. 1856, March 11.
gh Ao A 200 158; 82 95 60, Aligarh 29 9205 801; 50 — %20, Ambila 98 965 79 0, 66 0 - 833

No. 11.  BapArpur, 28° 30'; 77° 18] in Hindostdn, 8 miles 8. of Déhli. 868 ft. Ger

No. 12.  BavAseXrm, 28° 193 77° 19/, in Hindostin, 32 miles 8. of DéRl. 835 {t. G

No. 13, PAuvar, 28° 8 77° 20/, in Hindostin, 40 miles 8. of Déhli . . 774 ft. Ger.

No. 14. MArrowL, 28° 25 77° 21, in Hindostdn, 50 miles S8 of Déhli. T4t e

No. 15. SAuARANPUR, 29° 5723 77° 28"33, in Tindostin, a large station.

Loe. 1) Belville, 1 mile S. of Sahdranpur . ..o .980 {t. LA s,
" ditlo e 1,013 o Herb, and Hodg.
w 2) Botanical gardens . . ..o 1,002 .. Sehl, Rob.
. dito e 965 ft. $dacq,

7, Thermo-barometer. 1856, March 14.
oh by A 310° 49 Fahr.; 87°3. Aligirh 29-276; 90 & = 995, Ambila 29 0165 92 K = LOOR

No. 16.  Cudrra, 27° 43'; 77° 31/, in Hindostin, 12 miles S.W. of the Jamna. 734 {t. G

No. 17. SIEpHANA, 29° 8'-8; 77° 36'+1 E, in Hindostin, 12 miles N.W. of Mirath.
Loe. Undefined. . . oo oo NS89 {1, Thorn.
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®
No. 18. Firipnkcaer, 28° 46/; 77° 38, in Hindostdn, 16 miles S. of Mirith. .
Loe. Undefined . .. ..o oo oo e e e 834 ft. Thorn. ¢

No. 19, Curi, 27° 330 77° 38, in Hindostdn, a small village 8 miles N.W. of Mithra.
Loc. Mean height of the village . o000 oo o oo 725 {t. Gor.

No. 20, MArnra, 27° 302, 77° 40"33, in Hindostan, on the right side of the Jimna,

35 miles N.W. of Agra,

Loc. Mean height of the cantonment . .. . . ..o oo oo 655 ft. Gor
No. 21, Mirxry, 29°0-7; 77° 41"62{, in Hindostan, a large station. .
Loe. Meaw height of the cantonment ... oo ... e 809 ft. Schl, Rob.

6, Adie. 1866, Nov 19, B — Aligirhy (/== Ambila.
oM 30m pom. 2902005 T4 8 3L B0 20 3525 7H 05 4D —1 KGT. (L9209 0163 T4 1; 165, | 12 — 8L
No. 22, MozXvernAcarr, 29° 285 77° 43 in Hindostan, situated in the dudb hetween
the Jamma and the Ganges. '
Loc. Dal bangalo .. .0 oo 0o 902 {t. Schl, Rob.
7, 'Thermo-barometer. 1806, March 12, B — Agra; € Ambala; D o= Aligarh.
T oom am. A 20 1865 T2 25 27, B, 29 4505 76 04 S - 9020 29 018 T 25 | T — BUR
. D2y 3695 71 15 —10 = 919,
6, Adie. 1865, Nov. 18, B~ Agra: ¢ — Aligarh; D — Ambdla,
9b poa. A 29 0005 89 15 880 B2y 2335 100 4; — 11 - 881 29 1705 93 «13 3Hy - - 9= 01
1. 9% 86T: 93 45 314 T 8D,

\ o AN =0, 1e) YA . a9 - ’ ‘
No. 23, I'rra, 272195 77° 467 in Hindostdn, 2 miles W, of the Jamna.

Loc. Mean height of the village ..o 664t Ger.

-
~1
~1

No. 24, Goona, 7.8, 29° 37'-2 °5H31 3, in Hindostin, 2 miles W. of the Ganges,
SW.of Hawdvir . o 0000 oo oo e e 966 ft. G.1. 8.

- No. 25, Duonrvg, 26° 4170 77° 54, in Hindostan, 34 miles 8. of Agra, near the left
bank of the Chambal.

Lo, 1) Dale bangalo. . o000 o oo 703 {t. Schl, Rob.
G, Adie. 72— Agra; ¢ -~ Aligarh.
1856, Nov 50, ot e A, 29 5205 T7-93 B. 29 5733 74 25 — 709, C.29-477; 71 H; — U8
180h, Dec. 1, oA A 2006235 B3 G T80 6R2: 64 0 = TR (2905605 B hr — 691

Loc. 2) Level of the Chambiad 0000000000 oo 492 ft. Schl, Rob.
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[ ]
. 6, Adie. 1855, Dec. 1. B = Dhélpur; C = Aligdrh. .
o 30™ AN A 29°823;471; —. B 20-607; 50.25 — 6 = 506. C. 29 536; 55:2; — 8 — 477,
Loc. 3) Flood-level of the Chimbal, E. of Dhilpur . . .. . .. 458 ft.  Ham.

I 9Q° ral. o . . B e “ .
No. 26. Rorki, 29° 53'; 77° 55, in Hindostdn, College of Civil Engincers, situated in
the dudb between tho Jimna and the Ganges.
Loc. Thomason College . . . ... ... ... ... ......... 997 ft. Schi, Rob
6, Adie. 1855, Nov. 17, 20 45™ pv. B — Agra; €=~ Ambédla; D = Aligarh.
A. 29 0405 76°6.  B. 29°110; 19-7; — 13=1,010. (" 289805 TT 2 42 =977 D29 301 T8 3 8- 00

No. 27. SigANDRA, 27°12/-0; 77° 5(3"23, in 1lindostdn, 8 miles N.W. of Spra.
Loc. Mean height of the willage. . . . . ... ... ..... ... 681 {t. Ger.

s ’ 0. o . . R . - . f
No. 28. Surorurr, 29° 189; 77° 5%’ 4»3, in Hindostan, 6 miles W, of the Ganges,
Loc. Tower Station . . . . .. v i 93h ft. G TN

No. 29. Cudnpa, 26° 285 77° 59, in Bandelkhdand, 10 miles 8.1 of the Chimbal.
Loe. Dak bingalo . . ..o T2t Sehl. Rab,
6, Adie. 1865, Dee. L B = Agras €' = Aligirh. )
AV pow A 2005325 T100; 920 B.20°600; 72 15 36, — TL8 (L29 0015 1305 B3 T

.

No. 30. AGRA, 27° 102 78° l"7$, in Hindostan, a large statiom on the vight bank
of the Jamna.
Loc. 1) Cistern of bavomeler in the Office of the See. to the
Gov. NW. Prove. ..o oo i 6GH7 (1. S, Rob

1856, March 6. B — Ferozabdd (sce p. 42).  Observers: at Agra, Mr. O'Connors at Ferozabid, Robert,
‘.'; AM A 294605 TUB. B 29 4735 76 6 —~ 6533,
10, o, 294615 T3 4, 20 475, 8) 6o 65T 3.
9 M, 2008505 81000, 20 3715 432 -- GDR 2
3, . 208315 B2 4 . 20 317,93 0= G616
A, . 203193 82R, 2008275 93 6 - 6hL

Loc. 2) Mean height of the cantomment. . .. oo oo oo 671 . Ger
w 3) Level of the radliweay . o oo oo D65 ft. Ham.

No. 31.  Anicars, 27° 53-8; 78° 39F, in Hindostdn, a large station. 5 L wiles S5 of Déhli.

Loe. Cistern of Mr. C. Gubbins’ bavometer . ..o vvs 750 1t. Sehl. Rob
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3635 73

5215 69
h275 66
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VD 6D
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-

»
1806, Junuary, at 10" am.
P S - o
| Hoight. | Jan. Aligirh. . Agra Height.
774 17 99 5173 62 0 | 29 6325 65 4 66
67 18 20 5045 63 5 | 296025667 | 750 |
w1 20 4885 63 7 | 29 682,08 1 | T
M2 b2 20 572; G4 5 | 29 639; 69 7 721
T4 ] 91 20 537565 0 | 29 6255 68 T 41
SR A 90 489; 65 0 | 29°593; 654 6
LT 2 99 A06G; 65 B | 20:566; 65 2 62
763 94 90 441 62 5 | 29 B34; 61°6 742
750 90 994715 61 | 29 H38; 65 0 721
00 26 20 1315 62 0 29 HOY; 6H 2 (B1!
743 wi L oon 220590 | 20 5005 61 9 ™
766 o8 90411, KO H | 99 DAR; B9 T s |
0y 20 20 407; 60 0} 29 47H; 62 7 @
766 B0 294235606 | 2oas; 602 | 126 |
) a1 295965 570 } 20 477; 06 2 { 3
67 | i "
| f i !
1856, February, gt 10" A, }
o ; 17| waseieso | w6t o0
1 who 1N 29 472; 61°0 | 29°575; 67 6 i)
LThe ’f 19 29 498; 66°H 20 603, 65 2 1 TH8
Poas 20 B0Y; 6T H | 29 614705 1 B8
o g 99471, 680 | 20nR0; 687 e
I YR B 29 4175 69 0 | 29 BLY: 737 06
R T 29 400 710 | 99:492; 73 6 37
|t | 2z | wmommcTeo | 2007456 | 7220 |
T 20 338, T35 | 99 1293 4 | e !
L Do | anwm e | 2aes et | 5
A ﬁ 27 29 3125 69 0 20 434; 70 7 me
AT 99 478, 68 0 1 29 476; 70-9 756
j 714 29 20 414; 71 D 20 Ha3; 732 752
i Y7 ) In a privale communication, Mr. Gubbins gives, as the
! 749 ! height of his baromcter: about 760 feet. ‘
|
30/ -2 78 7"93, in Hindostin, 3 miles K. of the Ganges,

................ .. '8B8h ft. G.T.S.
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. . . *
No. 33.  HaupAur, 29° 16'-6: 78° 15"- 1. in Hindostan, 3 miles E. of the Ganges.
Loc. Tower Station . . .. .. ..... .. .. ........... 874 ft. ¢.T.8

‘

No. 34. Lur, 7.8, 28° 536 78° 17"53‘ in Hindostan. 787 ft. G.T.

o

ar 1 ’ RO 2. (. ™0 17 ... .
No. 35. CuHANDANPUR, 28° 339, 78° 17 hg. in Hindostin, 8 miles . of the Ganges.,

Loc. Tower Station .. ... ... ... .. . L. 721 ft. G158

g ! . - . . . . , .
No. 36. Pagrduvny, 28° 97, 78° 20/ 13, in Hindostin, 5 miles W, of the Ganges.

Loc. Tower Station . ... ... ... 720 {t. GoTN,

No. 37. PixAty, 7.8, 26° 5265 78° 21"153, in Bandelkhand, on the left side of the
Chambdl, SW. of Agra ... ... ... oo Co e BTB M G,

No. 38. VFrrozapin, 27° &8 6; T8° ‘22"13, in Hindostan, 26 miles F.S.E. of /(;{I‘.L

Loc. Tower Station, base . . . . .. ... o G646 ft, Gors

No. 39. PAxomi, 27° 278 78° ‘.23":1$, in Hindostin, 80 miles W, of Favenkhaleal.

Loe. Tower Station .. . v oo oo oo S ST Y

No. 40.  Kusptrks, 28° 435 78° 2368, in Hindostin, near the Ganges.

Loc. Tower Station . . .. o 761 {t. G.I.8

NO"41. Rajauny, 28° 224 787 2438, in Hindostian, 3 miles Eoof the Ganges.

Lo, Tower SEQION . . . o v oo e 701 {t. 1S

No. 42, Mk, 29° {6 TR ‘241'53. in Hindostan, 14 miles W.oof the Riunginga.

Loe, Tower Station .. . .« oo oo v i K12 ft. G.T.8

No. 43. SALEmPUR, 27° 46'-h; 78° 29"93, in Hindostan, 15 miles W. off Patidl.

Loc. Tower SIQEion . . . o o v oo oo o T2 4t GT N

No. 44. Gonmy, 7.8, 26° 360, 78° 20-9F, in Bindelkhind, in an open plain. 10 miles
8. of the Chadmbal . . ... .. [ G661 ft. G s
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s <
No. 45.  BansaorAr, 28° 33-4'; 78°31-0%, in Hindostin, 28 miles S.W. of Muradabéd.

Loc. Tower Station . . . . . . . . e 750 ft. G.T.S.
No. 46, Sirsa, 28°5.4-6; 78° 31"13, in Hindostan, 16 miles W.N.W. of Muradab4d.
Loe. Tower Stalion . . . . . . . 0 e 810 ft. G.T.S.

No. 47.  SANKRAU, 287 2'-4; 78° 31"13, in Iindostin, 2 miles S. of the Gahges.
Loc. Tower Statwon . .. .00 0 753 ft. G.T.S.

No. 48, NSarkanra, 29° 15-7; 78° 31"43, in Hindostdn, 8 miles W. of the Ramgénga.
Loc. Tower Stalion . . . .. 831 ft. G.7.8.

No. 19, Sakrora, 28° 1315 78° 32"-3%, in Hindostin, 6 miles N.E. of the Ganges.
: .
Loc, Tower Station .. 000 0 e 692 ft. G.T.S.

No. 50, Ardna, 28° 42/-6; 78° 36"33, in Hindostan, 14 miles S.W. of Muradabdd.
Lo, Tower Stalion . ... .0 763 ft. G.T.8.

No. b1 Axnhweur, 29° 495 78° 37-4. in Hindostin, 2 miles W. of the Ramginga.
Loe. Tower Station .. .. ... ... ... T 788 {t. G.1.8.

No. B2, Mirra, 28° 22-0: 78° 38"0& in Hindostin, 4 miles N. of Islamnagger.

l,(‘)c. Tower Station ... . .. .. . 797 ft. G.T.S.

No. b3, Sukrrun, 27° 0 6; 78° 38"13, in ITindostdn, 35 miles W.S.W. of Mainpri.
Loc. Tower Station . . ... ... . . . ... ... ., 665 ft. G.T.S.

No. bl BAraGA®, 27°15/-0; 78° 41"33, in Hindostin, 24 miles W. of Mainpuri.
Loe, Tower Station ... ... ... ... ... ... 708 ft. G.T.s.

No. b6, Aruadren, 1.8, 26° 47-9; 78° 41"\63, in Bandelkhdnd, on the left side of
the Chambal . . . . o o0 663 ft. G.T.S.

No. 56.  BuarduLi, 28° 53/-9; 78° 42"63’, in Hindostdn, 12 miles N.W. of Muradab4d.
Loc. Tower Station .. ... ... ... . ... ... ... ..., 758 ft. G.T.S.
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No. 57. SarsdTHa, 28° 5'-9; 78° 44"33,.in Hindogtin, 8 miles N. of the anges.
Loc. Tower Station . ... ............. bt e e 688 ft. G.T.S.

No. 58. Barduwi, 28° 32'-0; 78° 44"53, in Hindostén, 28 miles S.8.W. of Muradabad.
Loc. Tower Station . .. ... P PR 723 {t. G.T.S.

No. 59. Karidur, 28° 15'+1; 78° 44'°6F, in Hindostén.

Loc. Tower Station . . . ... ..o 702 {t. G.T.S.

No. 60. Kinarmiu, 27° 33'+1; 78° 45"53, in Hindostin, 24 miles S.E. of Patidli.

Loc. Tower Station . . .. ... 694 ft. G.T.8

No. 61. N4Awpr, 29° 17/-0; 78° 45'&63, in llix‘xdost:in, 3 miles . of tho Ramginga.
Loc. Tower Stalion. . ... ooo et 840 ft. G.T. S

No. 62. Bamo, T. 8, 26° 385, 78° 4“"83, in Dandelkhand, in an open plain, 8 miles
W, of AKOIA « o v oo v e e 648 ft. G.Tos.

No. 63. JamAreur, 27° 48 1; 78° 482, in Hindostin, 18 miles N.W. of Patiah.

Loc. Tower SIGlion . . . o« oo vvv e 685 ft. G.1.8.

No. 64. RAmpur, 28° 47'; 79° 3/, in Hindostin, on the loft bank of the Kosilla, L. of

Muradabad.

Loc. Dk bdngalo. . . ...l 715 ft. Schl, Rob.

9, Pistor. 1865, April 15, B = Agra; € = Abgarh.

hm .
8 30 A.M. A 20-233; 73 4; 69 (L 929-999; 74 35 - T6
1050 5, o 29°256; 79°9; H2 B. 99 264; K0 1; = 664 L, 20RaT; 0, T
4 80 P, 29°166; 8385 36 , 20 205; 8L 35 — 697 | L, 90- 104 ¥R 9L - T8

No. 65. KAnva, 26°4/-6; 79° 15'°5&, in Hindostin, 8 miles S.W. of Jaliun.
607 ft. G.T.38.

Ed

Loc. Tower Station . . . ..+« Toevo oy

No. 66. FXrtmoiny, 98° 27'-4; 79° 17"73, in Hindostin, 10 miles N.W. of Baréli
Loc. Tower Station. . . .. ««ooos oot 628 ft. G.T.8.
ot o

IL.

16
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No. 67. SiscAru, 28° 43'-6; 79° 179, in Hindostén.
Loc. Tower Station. . . . . . .« t i i 692 ft. G.T.S.

No. 68. Husardra, 26° 21°7; 79° 18- 1L, in Bandelkhind, 3 miles S. of the Jimna.
Lo, Tower SEation . . o 0 0 e e e e e e e e e h63 ft. G.T.S.

No. 69.  BaavAra, 28° 5895 79° 18-5F | in Hindostin, 6 miles S.E. of Gadérpur.
Loe. Tower Station. . . .. .. ... ... .. . .... P 813 {t. G.7T.S.

No. 70. Amsu, 26° 3535 79° 2028, in Ilindostin, 30 miles S.1. of Ftava.

Loc. Tower Stafion . .. 0 .0 0o e Hh84 ft. G.T.s.

No. 71. BirONA, 26° H17-0; 79° 21+ 1 3, in Hindostin, 30 miles K. N.E. of Etava.

Loc. Tower Station. . .. . . .. .. ... ... 594 ft. G.T.8.

No. 72, Bargni, 28° 22/-2; 79° 23"‘23, in Hindostan. a large station, 152 miles I.
of Déhli.
Loc. Mean height of the Cantowment . .. . 0 ... 0. ... 693 ft. Schl, Rob.

Obhservers: at Baréh, Dr. Arthur Payne; at Agra, Mr. O'Connor, 1850, Sept., at 10h A M,

i |
Sept. Bardli. } Agra. Height. || Sept. Baurdh. Agra. Height.
Koot Foot,
1 20°113; 93'H 20 138, 928 681 19 29 113, 77°5H 29 150; 80'8 604
2 29°08D; 96-H 291103 93 2 688 20 29-100; 90 O 29 162<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>