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ALPHABET USED FFOR TRANSCRIPTION.

a (A i a a); iy b (bh); ch (chh); d (dh); e (8 € &); f5 g (gh); by i (i 1); j (jhy; k (kh), kh: 1 (b
m; n; o (6 0), 6; p (ph); r (rth); s; sh; t (th); u (@ @, it; v; y; =

RULES OF PRONUNCIATION.

Vowels.

a, ¢ i, 0o, u, as in German and Italian.

i, 6, i, as in German.

Diphthongs give the sound of the two component
vowels combined. Dizresis is marked by the
accent falling on the second of the two vowels.
4. - above the vowel makes the vowel long.

Wl =

In general we considered it unnecessary to add
this sign when the accent coincided with it, and
“the omission would not influene the correctness
of the pronunciation.
Short vowels arve not separately distinguished.

3. ¥ above a and ¢ (& ¢é) is a sign of imperfect
phonetic formation, similar to the open « in but,
and ¢ in herd.

6. — below a indicates the deep sound, like « in
wall.

7. ~ above a and o indicates a nasal sound, like
a and o in the French words gant and son;
also ¢, 1, and U had to be introduced for
marking the nasal sound of e, i, and u; in the
nasal diphthongs aii and ai, we make the sign
over one only, though both vowels have the
nasal sound.

GENERAL

The measurements of heights and distances are
given in English feet, and the miles also are English.

The readings of the barometer are given in milli-
metres and linglish inches.

The longitudes are referred to the meridian of
Greenwich. Adopted longitude of the Madras Ob-
servatory: 80° 13’ 56” Fast Green,

Consonants.

L. b d,f g,
as in German and English [the variations oc-
curing in the pronunciation of g, and h (in
LEnglish) excepted].

2. h, after a consonant is an audible aspiration,

h, k, I, m, n, p, 1, 8 t, are pronounced

except in ch, sh, and kh.

3. ch, as in English (church).

4. sh, as in English (shade).

5. kh as ¢k in German (hoch).

6. j, as in English (jusf).

v, as the w in German ( 1Wasser), heing ditferent

from v in very, and o in water.

8. ¥, as y in the Fnglish word yes. or j in the
German ja.

9. z, soft, as in English.

Accents.
» marks the syllable on which the accent fallx,
whether the syllable be long or short.

Alphabetical Registers.
In our alphabetical vegisters the letters follow
the order of the alqhabet, irvespective ol the signs
attached to them.

REMARKS.

The magnetic elements are given in Fnglish
units.

The sign A before a name indicates an unin-
habited place.

L. a. L. 8. = Little above the level of the sea.
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. ADDRESS TO SIR CHARLES W()OD, BART., SECRETARY OF
STATE FOR INDIA.

1

I is not without a lively sense of the great difficulties of the work we have
undertaken, that we endeavour, in the following volumes, to present the vesults of the
scientific mission with which we were entrusted in the years 1854-8.

The flattering interest which His Majesty, Frederick William IV., King of Prussia,
so eminent a patron and protector of science and art, graciously condescended to take
in our former researches, on the physical geography and the geology of the Alps.
gave the tirst impulse which resulted in our mission to India.

It was in Febroary, 1854, when our late friend, Baron Humboldt. and the
distinguished Prussian Minister, Baron Bunsen, then at London, officially commum-
ated His Majesty's intentions to the Court of Directors of the Bast India Company.
Soon after this, onr late brother. Adolphe, lett Munich for London, where le received
trom Baron Cetto, the Bavarian Minister, the kindest reception. who gave him at the
same time ost valuable advice in furtherance of our plans.

Supported by the energetic assistance ot Colonel Sykes, on the part of the Court
of Directors, and of General Sabine and Sir Roderick Murchison. on the part of the
Royal Society, all the official arrangements were made without any delay.

One of the chiet objects of owr researches was the completion of the Magnetic
Survey of India, which had been commenced in 1846 by the late Captain Elliot, in
the Bastern Avchipelago.' At the same time, in comsequence of the high interest
evinced in science by the distinguished Court then at the head of Indian affairs. our

mission assumed a very general and extensive character.

' Magnetic Survey of the Bastern Avchipelago, by Captain C. M. Elliot.  Philosophical Transactions. 1831,
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On the 20th of September, 1854, we left England, under conditions most favour-
able for the researches with which we had the honowr to be charged, and we arrived
in Bombay on the 26th October, 1854. In India, as in England, every official assistance
was most kindly given to us, and we found ourselves liberally provided with the
necessary orders to the respective civil and military authorities, and with diplomatic
introductions to the Courts of the Native States.! These documents were of-the most
essential importance in enabling us to extend our mission into countries, which, other-
wise, we could never have hoped to reach, and which, indeed, were far beyond the
limits of our original intention.

Notwithstanding, in the independent territories north of the Himdlaya, and espe-
clally amongst tribes whose hostile disposition often obliged us to travel in disguise
and conceal our instruments, our progress was not without many and unexpected
difficulties —difficulties which most unhappily ended in the lamentable death of our
dear brother, Adolphe, who was killed at Kashgar, in August, 1857.*

We met on our way home in Egypt, Hermann having come down from Tibet, by
the casterly route, vid Calcutta, Robert by the westerly route, via Bombay. We arrived
at Trieste on the 8th of June, 1857.

Qur assistants had been allowed by the Government to continue their obser-
vations in the special branches of physical geography until March, 1858. To about
this date also extends the information received from those of our brother's establish-

ment, who returned after his death, from Turkistin.’

! Lord Dalhousic and Lord Canning at Caleutta, Lord Ilarris at Madras, and Lord Ilphinstone at Bombay,
most materially contributed to the uninterrupted and successful progress of our observations by their never failing
official assistance.

We are also indebted to the numerous friends, met with during our Lravels in India, for much valuable adviee,
supporl, and scientific information. Amongst others we may mention Sir John Lawrence and Lord W. May. in the Pinjib
and the Himalaya, Colonel Waugh and Major Thuillier, in Calcutta, and the Honourable Walter Llliot, in Madras, and
though we must refrain in this place from completing the list of names, we shall gladly avail ourselves of the many
opportunilics which will occur in the course of our work for mentioning them in conneetion with Lhe objects of our
rescarches. ’

4 Nee No. L ol the General Introduclory Reports.

+ During our travels “Reports on the proceedings ol the Ofticers engaged in the Magnetic Survey ol Imlia”
were Teom time to time forwarded by us {o the Government, who ordered them to be printed. With the exeeplion
of the last Report, they were all written upon the mareh, and contain but the weneral ontlines of the ronles
followed and of thy objects oliserved. - -

Their titles are:
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Upon our return to Burope, the working out of our scientific materials, and theic
publication, was immediately commenced. The kind assistance which we were tortunate
enough to receive from Lord Stanley, then Secrctary of State for India. greatly
lacilitated the preliminary preparations for our intended work.

It was not without some anxiety in reference to the results we might obtain,
that we took in hand the elaboration of our various observations: but though we
often found many difficulties presented Dby the intimate and complicated connection
of the various physical laws in nature, vet the progress of our labours, of which we
here present the first volume, has, if we may venture an opinion, developed results.
for which we may hope to find an indulgent reception.

It has been a circumstance peculiarly encouraging that Her Majesty, vour most
gracions Sovereign, has been pleased to confer upon us the high honour of accepting
the dedication of the artistic parts of our publications. This portion of our work
consists of an Atlas in three folio volumes (containing 80 views and panoramas,
and from 20 to 30 maps and profiles), and also of a plastic series of 275 ethno-
graphical heads.

Our scientific publications, in eight quarto volumes, contain the details of the
observations, together with the general results which we endeavoured to obtain by
the comparative and mutual application of the related branches in physical science
and natural history, our principal object being to present a general physical tableau

of the various countries explored.

1. Observations made during the sea voyage (rom Southampton to Bombay, Ii)' Herniunn, Adolphe, and Robert.

2. Bombay to Madvas, through Southern India, by Hermann, Adolphe, and Robert. These two Reports were
published in Madras, May, 1855, and reprinted in Caleutta, June, 1855.

3. Sikkim, Khiissia Hills, and Aseim, by Hermann. Caleutta, Febraary, 1856,

4. IGimaon, Tibet, and Girhvil, by Adolphe and Robert. ;’\,r,'rn, December, 1855,

5. Upper Assam, Bhutin, and Bengil, by Ilermann. Lahodr, 1856,

6. Central India, Madras Presidency, and Nilgiris, by Adolphe. Lahér, 1856,

7. Central India and North West I'rovinces, by Robert. Lahor, 1856,

8. Ladak and Turkistin, by Hermann and Robert. Agra, 1857,

9. Western Ilimdlaya and Bdlji, by Adolphe. Laloir, 1857.

10. Panjib, through Sindh, {0 Bombay, by Robert. Calcutin, 1857,

11. On the Inst journeys and death of Adolphe, by Hermann and Robert. Berlin, 1859.
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To these volumes will be added another descriptive one, forming No. 9 of the series.
This will not be a narrative of the travels in their chronological order, such being
given in the first volume' in a condensed tabular form, but, on the contrary, a general
and c(m.lpm‘n'r-ive representation of what we consider to be the characteristics of the
natural scenery of the different vegions examined.?

The area over which our operations were carried on, every facility heing given
us to follow independently different routes as often as circumstances allowed it, was
extended from Ceylon to Iashgar in Turkistin (Lat. N. 6° to Lat. N. 38°), and
from Sindh to Assimm (Long. E. Gr. 67° to 95°); and all along these various routes
we were enabled to collect, in addition to our own observations, materials very

valuable for the work we had to publish. .

I11.

In working out our observations, the well known labours of numerous scientific
predecessors® have proved of the greatest importance to us.

The materials®collectedd by us are comprised under the following heads:

4. MANUSCRIPTS, DRAWINGS, MAPS.

1. 45 manuscript volumes, containing the observations made by ourselves and
onr respective establishments.

2. 172 unreduced stations of meteorological observations, part of which were

made previously to our arrival in India, and communicated to us, at our request, by

the (overnment.

' See No ILL of the General Introductory Reports.
* The titles of the nine volunies are :
L. stronomical and Magnetic Obsercations.
1. Hypsometry, Barometrical and Trigonomelrical Observations.
LI Topical Geography, and Raounte Book of the Himalaya and Tibet.
IV. & V. Meteorology and Climate in general.
V1. Geology.
VIL Botany and Zoology, particularly with reference to geographical distribution.
VI Ethnography, comparative rescarches based on measurcments, casts, and photographs.
IX. Geographical Aspeets of India. the Himdlaya, Tibet, and Turkistan.
P Amongst many others, who have luboured in the vavious branches of physical geography and cthnography,
are to be nuned: Buist, Cautley, Cunningham, Eastwick, Elliot, Fverest, Falconer, Gerard, Griffith, Hodgson, Iooker,
Latham, Oldham. Prinsep, Thamson, the Strucheys, Sykes, Thuillier, Waugh, and Wilson,



ADDRESS TO SIR CHARLES WOOD, BART. 9

3. 750 views and panoramas by Hermann and Adolphe, including some photo-
graphs of landscapes by Robert.
4. Variows maps and profiles in connection with the geological and geographical

observations.!

B. COLLECTIONS.

«. GEOLOGY AND NATURAL HISTORY.

1. The Geological Collections consist of about 2000 specimens of rocks and fossils,
and of 1400 specimens of soils and deposits now filled in glass cylinders. The setting
np of the latter, which are in the museum of the India House, is now nearly com-
plete, and the labelling and arrangement of the remaining part of the collection is in
active progress.

2. The Herbarium was formed principally with a view to vepresent the geo-
glﬁphi(}nl distribution of plants, and is particularly complete for Tibet, from Gnari
Khorsum to Haséra, and for the routes from Ladik to Turkistian.

3. The Zoological Collections contain skeletons, skins, and animals preserved in

spirits of wine, many of which are already placed in the India House museum.

b. ETHNOGRATHY.

In illustration of this branch of science we have collected various articles of
native dress, manufactures and weaving, 351 specimens of which have been delivered
to the India House musenm, whose ethnographical collection for the Kastern Empire
is unrivalled in Europe. The more important portion, however, consists, besides the
skulls and skeletons, and numerous photographs, of a collection of 275 facial casts and
38 casts of hands and feet.

The complete series, published in metallic casts since May, 1859, by J. A. 1%a1‘§]1.,
at Leipzig, is in the sculpture room of the India House.

We pm‘t.ic:nlm'ly mention our obligations to the late Dr. Horsfield, and also to
Dr. Forbes Watson, the present superintendent, for their kind and valuable assistance in
arranging our contributions.

U The important maps, published in India by the Great Trigonomelrical Survey, and those also by the Revenue

Department, were most liberally placed at our disposal by Colenel Waugh and Major Thuillier. whom we have

already had the pleasure of mentioning,.
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1V,

The Royal Society, to whom, as has been alveady stated, we are under deep obli-
gation for their active intercst in our mission, have highly honoured us by accepting
the dedication of this volume, the first of the series, which contains the results of
our researches on terrestrinl magnetism, as well as the determinations of latitudes
and longitndes, connected with these observations.

The details ot the astronomical and magnetic observations are preceded by an
itinerary in a tabular form, by the communications received in reference to the fate
of onr late brother, Adolphe, and by explanatory notes on the mode of transcription

adopted.

Berlin, 1st March, 1360.



Il ITINERARY, WITH AN APPENDIX ABOUT THE ESTABLISHMENT.

A. ROUTES.

L. Kurope to Bombay, via Lgypt. 1. Bombay to Madras. III. Calcutta to Nainitdl, and Calcutta (o Darjiling.
IV, Himdlaya and Central Tibet. V. Bengil, territories of (he North-East Frontier, and Hindostin. VI. Central
and Southern India.  VII. Western Tibet. VIII. Chains of the Iarakorim and Kuenlien. IX. Tibet and
Himdlaya. X. Panjab to Calecutta, with a visit. to Central Nepdl. XI DTinjib to Bombay, and visit to Ceylén.
XII. Return to Europe, vid Egypt. XIII. Adolphe’s last journeys. XIV. Routes of Adolphe’s establishment:
a. in the. Himalaya; b. in Central Asia.

The routes ave laid down on Map No. 1 of the Geographical Atlas.
B. ESTABLISHMENT.
I. Observers. IL Interpreters. IIL Collectors. IV. Servants.

The detail of the transcription unsed forms the object of No. [V. of the General

Introductory Reports.

A. ROUTES.

I the Tables, in which we present the different routes' taken by ourselves and
by our assistants, we give the detail in such a form, as to render it possible mi-
nutely to follow them on the Route Map, which is contained in the geographical part
of onr Atlas.

We have formed our routes in 14 groups, arranged in chronological order.

The sign A indicates an uninhabited place, where a halt had been made. Such
places along commercial routes are also the halting places of caravans.

The different routes are preceded by explanatory remarks, having reference prin-

cipally to the mode of travelling and to the general character of the climate.
' Axoslated inoour evidence hefore the Seleet Committee on Colonization and Settlement in India (Foupth
Report. published July 23vd, 1858, p. 2), the total length of (he various routes, along which onr rescarches were

carried on, in Indin and to the north of it, amounts to about 18,000 miles.
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In writing these notes, we ever experienced the most lively conviction of their
incompleteness. If, however, for the present, we have limited ourselves to the deline-
ation of a few deseriptive outlines, we have done so only with the hope of being
able hereafter to present the details in a form better adapted for scientific and
descriptive  purposes than the chronological arrangement appears to be. This
enumeration of onr routes in a condensed form may at least be found useful in
facilitating the general geographical connection of the objects of our researches.

In the second part of this chapter, we give an enumeration of the establishment
we had engaged, in which all the detail about the persons, occasionally mentioned in
our itinerary, will be found. The routes they took are only given when they were

separated from us.

1. EUROPE TO BOMBAY, VIA EGYPT.

1. Hermaxny, AvoLpuE, RomerT.

1854.
September 20th, left Southampton, per steamer | October 8th, left Suez, per steamer “Oriental ™.
“Indus™. ; . 14th, Aden, per steamer “ Auckland™, for
“ 25th. Gibraltar, ! Bombay.
“ 30th, Malta. ; w  26th, Bombay.
October 5th, Alexandria. i

Adolphe remained at Bombay till December 2ud, Hermann and Robert till December 31st.
They visited:
November 19th to 22nd. Bassain, Salsette, and | December 16th and 17th, Flephanta.
Tdnna. :

1. BOMBAY TO MADRAS.

During our journey through the southern parts of the Peninsula of India we
had engaged a camel proprietor. The men keeping camels veady for hire are called
mokadims in Bombay, chaudris in Bengdl.  This man supplied 20 camels (dromedaries)
and six servants for the trausport of our tents, collections, and our heavy luggage in
general.  All the delicate instruments were carried by kulis on long bamboo sticks;
the chronometers, throughout the journey, were carvefully packed up in bags, thickly
stuffed with cotton, ax well to prevent the ill effects of unavoidable shaking, as to reduce

as much as possible the variations of temperature. The kilis were changed every

three or four marches.
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Our mode of travelling was as follows:—In the evening the mokadim, with his
kulis and the greater part of the dromedaries, used to leave the encampment which had
sheltered us during the day, aud push forward in advance of us during the cool hours
of the night. Early in the morning, between three or four o'clock, we ourselves set oft
on horseback, reaching the new halting place, alveady prepared by the party preceding
us, at about ten o'clock. In the afternoon, when the sun’s rays were somewhat tempered.
we made our usual exploration of the immmediate vieinity. In jungly districts we
occasionally rode dromedaries, instead of horses.

In the Dékhan the mornings were generally cool, 7° to 11° (. (44°6 to 518 Fahr.):
and during the hours preceding sunrise a well marked haze, considerably affecting
the transparency of the air, was regularly observed when the temperature reached its
maximum of heat. At about three o'clock in the afternoon the thermometer ranged
between 23° to 27° C. (734 to 806 Fahr). In Maissir, the southernmost point
of this journey, heavy morning dews were a characteristic feature. The temperature
also was considerably higher, the morning minimum being on an average 14° to 18° (..
(37°2 to 64°4 Fahr), the maximum 25° to 29° C. (77° to 842 Fahr,). The only wet
day was the 19th February on Robert’s route, the rain being heavy, though of short
duration, and quite local in its effects.

The periodical setting in of the sea breeze in the afternoon was distinctly felt

50 miles inland.

2. Hennany, Apovene, Rovrrr: Western Ghats.

A4. Avorrnr. DI. Hermaxy, Ropert:
1854-5.
December 2nd, left Bombay by hoat. | December 31st, left Bombay by steamer.
o G6th, Mahdr. ) January 2nd, across the Bhor Ghat.
" 9th to 15th, Mahabuléshvar, " 4th, Pana, where they joined Adolphe.

" 20th to January 4th, 1855, Pana.
From Pana he visited. December 28th to 31st, Singirh.

3. Through the Dékhan and Maissar to Madras,

A. Hermaxy, Avovrne. Ronent.
1855.
January 5th, left Pana. January 18th and 19th, Kaladghi.
th, Sattira. - 22nd, Gadjantergarh.
15th, Anapur. ; “ 27th 1o 30th, Bellari.
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B. ApoLPHE. (. Hermany, Rosert.
1855
January 31st, left Bellari. January 31st, left Bellari.
February 5th, Banganpilli. February 4th, Paulasamidram.
- 9th, Kadapa. " 8th, Bangalur.
14th, Tirpati. Hermann, by carriage dak.
16th, Nellatar. " 12th, Madras.
" 18th, Madras. ! Robert.
11th, Kistnaghérri.
" 15th, Vellar.
. 19th, Madras.

We remained in Madras till March 2nd, arvived at Caleutta per steamer “Bengal”, March 5th.
Quarter Master General's Guide, Salménji, returned round Ceylén to Bombay.

1I. CALCUTTA TO NAINITAL AND CALCUTTA TO DARJILING.

One mode of rapid travelling in Bengdl is by palanquin or palki, with relays of
bearers previously posted at the different stations along the line of route. The
luggage (reduced in our case chiefly to instruments) is conveyed at the same speed
with the traveller. A large palki train travelling during the night, accompanied by
torches and kept at a uniform rate by a peculiar monotonous chant of the beavers,
is a characteristic peculiar to Indian travelling. The palki dak has the advantage of
being practicable even along bad roads, and over the hilly districts, in fact on nearly
every kind of route where Dbearers can be procured. In Bengil the office of palki
hearer is confined exclusively to one particular caste, named the Kahirs.

Another mode of travelling is by carriage dik, which, however, can be used
along but very few roads, and even on these its progress is often interrupted by the
swollen state of the rivers, nearly all of which must be crossed without the help of
proper bridges. Thest carriages are four-wheeled, of the same make as a palanguin, and
drawn Dy one horse, which is changed about every six miles.

A part of our journeys was performed during the setting in of the hot season;
the maximum temperature reached 36° C. (96°8 Fahr), but during our later journeys
we had still higher temperatures. Though in the morning the thermometer usually
reached 20° (. (68° Fahr.), vet the air was very pleasant to the feelings of the tra-

veller.
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At Farrukbabad, on the 11th of April, 1855, there was a heavy dust storm, from
which we defended ourselves as well as we could by putting wetted tattis before
onr doors. These tattis are mats of grass, and, when kept wet, lower considerably the
temperature of the room by the process of cvaporation. Some people consider them
unhealthy; though for our own parts we never experienced any bad effects from their use.

The ascent to the top of the first ridges of the Himalaya, which are more than
6000 feet high, is very steep, and the climate, in consequence, extremely varied.
Indeed, the very first evening, after leaving the heated plaing, we found it desirable

to have fives.

4, Aporrur, Roserr: Bengil and Hindostan.

1855.
March 24th, left Calcutta by rail. April 6th and 7th, Allahabdad by’ carriage dak.
»  20th, Pitna by pialki dak. . 10th and 11th, Fatigirh .. -
April  4th, Bendres Adolphe, \m B;Lksar.’ . » 13th, I%a%'ep’by palki dak.
Robert, vid Sherghdtti. »  16th, Nainital.

We remained at Nainitdl till May 16th, making occasional excursions: to Chiner peak. 27th and
28th April, to Laria Kdnta, May 7th to 9th, and in the environs of the lake at Nainitil

Assistants: Mr. Daniel and guide Eleazar travelled along the Grand Trunk Road, March 15th
to May 9th, from Calcutta to Nainitil. They made a stay of several days at Allahabid. Bendres.
and Tatigarh. )

They had their luggage carried by the Government bullock train. This consists
of a number of strong carts, with solid wooden wheels; they are drawn by bullocks,
which are changed at every six or eight miles. This train is used chietly for the
carriage of Government stores, merchandize, and heavy luggage in general to the
upper provinces, and travelling, as it does, day and night, reaches Lahdr, during the

dry season, in about from 24 to 26 days after leaving Calcutta.
5. Hurmany: Bengil to Sikkim.

April ath, left Calcutta by palki dik.
o 8th, Berhampar,

April 1.L4th, Siligori.
»  16th, Pankabdivi.

1855.
‘ »  18th, Darjiling.

w  11th, Dinajpur.
Remained at Darjiling till May 7th, making occasional excursions.
Assistant : Lientenant Adams left Caleutta, March 30th, went by steamer up the Ganges, and

reached Darjiling, vid Parnea, April 23vd.
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IV. HIMALAYA AND CENTRAT TiBET.

6. Humyawy: Sikkim, Himdlaya. .

My vesearches in Sikkim were made along the Singhalila ridge. The hostile
disposition of the Sikkim Government since Dr. Hooker’s and Dr. Campbells travels
utterly frustrated all attempts to obtain permission to travel in the lower parts of
Sikkim. Even on the voute which, at first, I thought it possible to follow unobserved,
since it lay along a jungly and uninlabited ridge, I soon found that my kulis and
workmen, of whom I had a great number for clearing paths and making tree
sections for the collection, gradually disappeared. This seems to have been a device
on the pmt of the Nepalese to make it impossible for me to continue my

journey.
But in spite of this and all other difficulties T succeeded, partially at least, in effecting
my purpose. Three weeks later o Nepalese guard presented itself, and, after allowing

me to make a few marches forward, forced me to returu.
Up to Tonglo T had the pleasure of being accompanied by Lieutenants Congreve
and Goddard, and Dr. Dominichetti. Lieutenant Congreve, who returned by the Nepalese

fort Nam, had the kindness to communicate to me his route.

In the scuthern parts of Sikkim, and particnlarly in the environs of Darjiling,
the rainy season is very heavy,; the amount of rain very often exceeding, during this
peviod. 120 inches, Farther to the mnorth the rains were mnot quite so  violent,

nevertheless they offered very serious obstacles. During my travels in Sikkim, my

tent was wet through for three weeks continuously, and everything inside, as may be

well imagined, in a state of excessive moisture.

1855.
May 7th. left Darjiling.
9th, Saimonhdng.
., 10th, Tdnglo.
. 20th, Changtiba.
22nd, Fihit.

30th, Goza.

June 2nd. last camp Singhalila.
12th, veturned from Palit.
17th, reached Darjiling.
July Ist, coal mines on the Ratiing.
August 12th, left Daxjiling.
Lith, Siligori, foot of Himalayx.

Assistants: Licutenant Adams marehed with Hermann: Abdul, heing a native, was able to visit
the valleys of the Ramaun, and Rangit,
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7. Aporrag, Roserr: Kimion, Himalaya.

The Traill's pass was the first high pass which Adolphe had to cross in the Himalaya.

This pass had been first discovered by Mr. Traill': we therefore kept his name
connected with it. It offered great difficulties, as well from the enormous quantities
of SLOW, which still covered its flanks at this season, as from the religious super-
stitions with which it is regarded by the Hindus, to whom these stupendous moun-
tains are objects of a particular worship.

Its height exceeds 17,000 feet; but on account of its being impassable for horses,
it has never been, like many high passes in the Alps, of practical use. The men
whom Adolphe had succeeded in engaging were, with the exception of one, entirely
ignorant of the direction to be taken; they could only be induced to follow him by
his promising to sacrifice three goats on the top of the pass. Though this was done
by them with strict observance of all religious ceremonies, some of the men were so
frightened as suddenly to fall into fits, from which, however, they soon recovered.

The route which Robert took, with the tents and the greatest part of the instru-
ments, is at the same time the route of trade between the plains and the higher
parts of Kaméion. The road, as far as Bageser, is excellent; but between Munshari
and Milum the valleys are generally so narrow, and the slopes so steep and rugged,
that great difficulties were experienced in bringing up the horses, even without their
loads. The only time that horses can be brought up and down with safety is early
in the spring, when the remains of the winter avalanches form solid snow Dbridges,
exactly similar to those in the higher parts of the Alps.

The influence of the rainy season was felt in the higher valleys of Johir only in the

beginning of July, when there were heavy showers of rain for three consecutive days.

A. AvorLrur. B. RoBerr.

21st, Bageser.

25th to 27th, Munsh:ri.
29th, Rilkot.

31st, Milum.

«  22nd, Alméra.

27th, Kathi.

31st, Traill's pass.
June 4th, Milum.

Adolphe and Robert both remained at Milum till July 4th and visited:

June 9th to 12th, environs of Nanda Dévi. [ June 16th to 21st, the glaciers near Milum.

"

855.
May 20th, left Nainitdl. | May 17th, left Nainital.

} Mr. Traill is well known by his publications on Kamion. See Asiatic Researches, Vol. XVI,, 1831, p. 187, und

Vol. XVIIL, 1832, p. 1.
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8. Avorrrr, RoBert: Gnari Khérsum, Tibet.

The only chance we had of crossing the Tibetan frontier was to pass it in dis-
guise. Notwithstanding all our precautions, we were soon recognised as Europeans
hy the Chinese authorities, and peremptorily ordered to return. To prevent our enter-
ing their territories, from which Europeans are so jealously and successfully excluded,
a Chinese guard was ordered to bring us back. But we were able to escape their
vigilance, and, late in a dark night, to cross the Sakh pass. Though soon traced
and overtaken by our guard, we nevertheless succeeded, by a liberal use of money,
in making arrangements with the Chinese to allow us to proceed to the north as far
as the Sitle). With the assistance of the Bira Mini, the head of the Mani family,
we were able to penetrate as far as Gartok. )

This important trading station in Central Tibet was first made known by Moor-
croft’s visit in 1812'. At that time Moorcroft was also accompanied by members of
Mani's family.

On this journey, in our ascent of the Ibi Gamin, we attained an elevation of
292,260 feet, the greatest height, as far as we know, that has yet been reached on any
mountain.

Even here the influence of the Indian rainy season was still appreciable; it
manifested itself in sudden thunder-storms, for the most part accompanied by hail and

sleet. Occasionally we had to suffer very much from cold.

1855.
July 4th, left Milum. July  28th, environs of Gartok.
. Gth Uta Dhira pass. " 29th, Gunchankar peak.
. B8th and 9th, Janti pass. Angust 5th to 8th, Mingnang.
» 11th, Kitnger pass. . 13th to 19th, Ibi Gimin.
.. 15th, Sakh pass. «  22nd, Ihi Gimin pass.
. 18th to 20th. environs of Diba. . 25th to 31st, Badrinath and Mina.
. 26th Chako La pass.

9. Aporrur, Roserr: Himalaya and Tibet.

Adolphe managed to complete his second journey into Gniri Khérsum without
the disguise he had assumed being detected. But, besides difficulties of a political
nature, he had to contend with natural impediments, in the shape of a very rough
road with three high passes.

1 Qee Mooreroft's Travels, edited hy IL Tl. Wilson. 2 Volumes. TLondon, 1841,
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Robert examined the territory in which are situated the sources of the Gunges
and the Jémna with their principal tributaries. The surface of the country is ex-
tremely precipitous and rugged, difficult of access, and quite impassable for horses.
At the same time, the great number of fakirs travelling as pilgrims over these

regions gives to them a very peculiar character.

A. ADOLPHE. B. RoBERT.
Second journey to Tibet and return to Girhvil. Giirhval.
1855.

September 2nd, left Badrinath. September 7th, left Bidrinath.

" 5th, Mdna pass. “ 9th, Jhdsimath.

" 10th, Phéko La pass. " 15th, Okimath.

» 16th, Piling. " 19th to 22nd, Kidarnath and

" 19th, Nélong pass. glaciers near it.

" 27th to 30th, Makba. 24th, Trijugi Nardin.
October  6th to 9th, Usilla. October  1st, Masertal.

" 12th, Kidarkanta. . " 6th, Url.

- 17th, Missri. " 13th, Kharsili.

" 21st, Massuri.

Separate routes of assistants:
In May: from Nainitdl to Milum, vii Namik; in July: from the Sakh pass, vid Niti to Badrinath;
in October: from Masertdl, vid Sdlu to Kharsdli, by two different routes. )

V. BENGAL, TERRITORIES OF THE NORTH-EAST FRONTIER, AND HINDOSTAN.

10. Hrrmann: Bengil and Khassia Hills.

Notwithstanding the unfavourable season for travelling in the plains during and
aftér the rains, a boat journey through the Jhils, nearly across country, was under-
taken from Sikkim to the foot of the Khassia Hills, since it had become imprac-
ticable to make any further exploration in the interior of Sikkim.

I had two large native boats, called béinders, and a smaller one besides. The
first was for the assistant and myself, and also carried the instruments; the second
was for the servants and for cooking operations; the smaller one conveyed our two
horses, which we found very useful in exploring the neighbourhocod of our halting
places, which we did every evening, as far as the state of the country allowed.
Similar boats were also sometimes used in Assam. In the Khassia Hills and in
Bhutan I travelled with horses and kulis.

The climate in Eastern Bengil is exceedingly dangerous at thix season, particularly

i
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for a party like ours who had come down so recently from the cooler regions of the
Himalaya. The temperature, which keeps nearly the same range both day and uight,
is not excessively hot, but very oppressive from the great moisture and almost entire
absence of winds. The greatest danger, however, proceeds from the malarious gases,
which affected us severely, though we should not otherwise have noticed their exist-
ence. Lieutenant Adams was the first attacked Ly a brain fever, and shortly after-
wards I was myself taken dangerously ill and laid up for a fortnight with a severe
intermittent fever.

In the Khassia Hills T could still observe the last traces of the rainy season,
which is the heaviest as yet known in the world, the total amount of rain exceeding
600 inches a year.

The climate of Assim during the cold season is a most agreeable one, though, on

account of the latitude, the insolation is still very powerful.

1855.

August  15th, Siligéri, on elephant September 29th to November 5th, Chérra Punji.

" 17th, Bariadangi, by boat. November  9th and 10th, Mdirong.

“ 22nd, Malda. “ 11th, Kidlong Rock.

“ 25th to 30st, Rampur Bédlea, by boat. " 12th and 13th, Nénrﬁu.
September 8th, to 10th, Dhéaka. “ 14th, Jairong.

18th, Kattia. “ 15th, Ranigoddun.
“ 22nd to 24th, Silhét. “ 16th, Gohatti.

Draughtsman Abdul came down the river Tista from Titalia and joined me by Silhét at Chérra
Panji. Mr. Monteiro, the zoological assistant, left Sikkim, August 24th, and descended by the lateral
branches of the Ganges to Calcutta, where he remained till April 4th, 1856.

11. Hermany: Assam, outer ranges of the Bhutin Himalaya, and the Delta of
the Ganges.

1855-6.
November 16th to December 21st, at Gohatti. February 7th, left Dibrugarh, by river steamer
December 28th, Mangeldai, by boat. .. 10th, Tézpur. (“Thames™.
December 30th to January 5th, Udelgiri, on ele- .. 12th, by canoe to Gohatti, steamer sticking
phant. fast in the mud below Kilang.
January  7th, Bogagiun. .. 13th, 14th, Gohdtti.
“ 10th to 13th, Narigun. .. 17th, Serajging, by river steamer “ Thames™".
23th to 30th, Tézpur, by river steamer .. 21st, Dhaka.
*Thames ™. . 24th, Kalna.
February 2nd. Salamara. .. 20th, Caleutta. Remained here till
5th to Tth, Dibrugarh. March 30th.




ITINERARY, WITH AN APPENDIX ABOUT THE ESTABLISHMENT. 21

Assistants: Lieutenant Adams and draughtsman Abdul left Hermann at Mingelddi, January 2nd, 1856,
They went up the Béri Dihing, and on the 28th of May reached the place where the Nah Dihing
branches; then following the Noh Dihing to Sidia, on the Brahmapitra, they descended thence to
('alcutta, where they arrived on the 28th of June, 1856.

This was one of the most difficult expeditions which they had undertaken alone.
Only the smallest canoes could be used, and even these, on account of the rapids,
had often to be carried over jungly ground.

The chief objects of their researches were: the coal strata, the petrolewin springs
along the foot of the Naga Hills, and more especially the rare hydrographical pheno-
menon offered by the Dihing. This river divides itself, even in the upper part of
its course, into two great branches, which afterwards discharge themselves into the

Brahmaputra.

12. Hervanx: Bengal, Audh and Hindostan.

As far as Ambila by horse dak.

1856.
March 31st, left Calcutta. April 17th, Déhli.
April  4th, Bendres. . 18th, Mirith.
“ 7th to 9th, Likhniu. w  22nd, Ambdla.
“ 15th, Agra. . 25th, Simla.

My. Monteiro, the zoological collector, left Calcutta, April 4th, and marched to Simla, where he
arrived, May 20th.

VI. CENTRAL AND SOUTHERN INDIA.

The following route of Adolphe, to Southern India and thence up to Simla.
extended over a much larger area than any of our others in one season. Along
the Godaveri, in particular, where he had to ‘march with fifteen camels, the natural
obstacles were very great; but his experience in Indian travelling, together with the
assistance of a well trained establishment, enabled him to overcome them without

material loss of time.

A part of Robert's journeys led through the jungles and mountain systems of
Central India—unhealthy countries, inhabited by the wild aboriginal tribes of the
(36ds, Bhils, and Kols. The road was for the most part stony, and altogether so
bad that the camels could scarcely follow. Buffaloes, procurable in large quantities

in Jablpur, would have been decidedly more useful.
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Amarkantak is, for the physical geographer and ethnographer, a most interesting
country. It has Dbeen only once examined, by Dr. Spilsbury.' Though its height is
only 3580 feet (instead of 7000 or 8000 feet, as had generally been supposed)? the
maximum of temperature did not exceed, in January, 24° C. (75°'2 Fahr), and a sky,
almost continually overcast, sensibly mitigated the effects of the insolation.

Adolphe, during his extensive jowrneys, had to pass through such a variety of climnates
that we find it impossible to give the general characteristics, without entering too much

into the details of his observations.

13. Aporrugt, Rosert: Hindostdn and Bindelkhind.

From Déra to Agra by horse dik; thence with camels.

1855.

November 8th, left Massari by palki dak. [ December 2nd, Gvilior.
10th to 14th, Déra. | ” 7th, Jhinsi.
19th, Mivith.” ’ . 11th, Baméri.

|

21th to 29th, Agra. ,  15th to 19th, Siger.

Guide Eleazar went alone by way of Déhli to Agm, thence with Adolphe and Robert to Sager.

14. AporpHE: Central and Southern India and Nilgiris.

From Sdger to Rajamandri with camels; Madras to the Nilgiris by pdlki dak;

Calcutta to Ambdla by horse dak.

1855-6.
December 19th, left Sdger. March 4th, Utatir.
22nd to 26th, Jablpur. »  Tth, Trichin6pali.
" 31st, Seini. « 11th to 16th, Utakamand and Nilgiris.
January 4th to 8th, Nagpur. . 20th, Bangalar.
11th, Nagri. . 22nd to 31st, Madras.
. 17th. Bibberi. April _5th, Calcutta per steamer »Oriental™
21th, Rajupétta. ,»  14th, left Calcutta.
February 1st to 7th, Rajamandri. i » 19th, Kanhpur (Cawnpore).
19th, Madras by sailing vessel * Trafalgar ™. ~  22nd, Déhli.
24th, left Madras. . 24th, Ambila.
. 27th. Pondishérri. w  26th, Simla.

1 See Journal of the Asiatic Society, Vol. 1X. 1840, pp. 889 to 903. A letter of Mr. 0. I'" MLeod, printed in the
Transactions of the Agricultural Society, Vol. VIIL, p. 144, confains only some general remarks about the possibility
af itz being the site of a sanitariom.

1 Nee Dr. Hooker's well known “Himalayan Journals ™, Murray. London, 1854. Vol. L, p. 32.
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At Sfmla we all three met, and took advantage of our stay in that place to make a general
comparison of our instruments and observations.

Assistants:  Guide Eleazar accompanied Adolphe through Central and Southern India as far as
Madras; from that place he was sent by a difterent route to Pondishérri; somewhat later he ac-
companicd Adolphe to Calcutta. From Calcutta he marched to Simla, April 3th to May 20th.

15. Roserr: Malva and Hindostan (N.W. Prov.).

1855-6.
December 19th, left Sdger. | February 4th to Gth, Sobhagpur,
22nd, Bérmhan. . “ " 12th, Rima (Rewah).
“ 25th, Nirsinghpur. { " 15th to 18th, ;\lla]m?);id.
" 30th to January 5th, Jablpur. | “ 21st to March 8th, Agra by horse dik.
!

January 9th, Mindla, on elephant. March 9th to 11th, Déhli.

13th, Ramgarh. ' - 13th to 14th, Sahdraupur.
18th, Gordkhpur. | “ 18th, Nahin.
‘\
|

3

- 20th to 26th, Amarkintak. 25th to May 28th, Simla and environs.
“ 31st, Muanda. (\LL) Gth to 10th, hot springs at Sini.)

The native doctor Hirkishen marched from Allahabad to Simla, March 8th to 26th.

VII. WESTERN TIBET.

16. Hermany, Rosert: Simla to Leh.

On each of the routes led(ling from Simla to the-interior of Western Tibet, the
road, for eight or ten days, lies through high, uninhabited countries, where shepherds
only are to be met with, and occasionally caravans of salt traders, who employ sheep
for the transport of their goods.

Passes, exceeding 17,000 feet, increase the diffienlties of the road. Hermann's
route, which lay quite across the country, was chosen chiefly with a view of visiting
as many of the salt lakes as possible.

Soon after crossing the ridge of the Himilaya Proper the characteristics of the
Tibetan climate Dhecome decidedly prominent, viz. an excessive dryness of the atmo-
sphere, a cloudless sky, and very powerful insolation.

In Ladik, a peculiar dry haze is very remarkable during the latter part of
summer; in valleys of an elevation of 11,000 or 12,000 feet the temperature is still

remarkably high.
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A. HERMANN.

Bissér, Spiti and Pangkéng.

May 29th, left Simla.
. 30st, Kotgirh.
June 2nd, Riampur.
. Bth to 7th, Vangtu bridge.

1856.

B. RoBERT.
Kalu, Lahgl, and Répchu.

May 29th, left Simla.
»  31st, Shulai.
June 2nd, Rissdlu.
5th to 7th, Sultanpur.

»  8th, Tari pass. "
..~ 12th and 13th, Mad. "
18th, Parang pass. .

9th, Rotang pass.
13th to 15th, Kardong.
19th, Bara Lacha pass.

21st to 24th, Lake Tsomoriri. » 23rd, Licha Lung pass.
» 26th to July 2nd, Lake Tsomognalari. » 26th, Taklang pass.

July Gth to 23rd, Leh. » 30th to July 23rd, Leh.

17. AporrHE: Simla to Skardo, vid Kalu, Lahol, and Tsanskar.

Adolphe’s journey in Balti included one of the largest groups of glaciers, as well
as some peaks remarkably high for this longitude. He examined carefully the most
western part of the Karakorim range; but his attempts to cross it into Turkistin
were frustrated by the hostile attitude of the predatory tribes infesting its northern
foot.

In Balti, the principal valleys being at a lower elevation than those of Ladalk,
and at the same time more generally cultivated, the climate becomes mild enough to
allow of the cultivation of fruits, chiefly apricots, which form here an important

article of trade.

1856.

accompanied by Robert,
and making the same
stages.

May 29th, left Simla, July 24th to 29th, Chorkdnda glaciers.
June 13th to 15th, Kirdong, August 1st, Haldi.
19th, Shinko La pass. »  Bth, Shigar.
23rd to 26th, Padum. . 8th, Chutrén.
12th, Brahildo.
14th, Askoli.

17th, Sharshing.

. 29th, Péntse La pass. "
July  4th to 7th, Dah. "
8th, Chérbat pass. "

12th, Khipalu. . 20th to 23rd, Mustik glaciers and pass.
14th and 15th, Hishe. »  29th, Skéra La pass.
16th to 19th, Séspor glaciers. | «  31st, Shigar.

21st, Chorkdnda. 2nd to 5th, Skardo.
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VIII. CHAINS OF THE KARAKORUM AND KUENLUEN.

18. Hermany, Rosert: Ladak, Nubra, Turkistan.

We are fortunate enough to have heen the first Kuropeans that ever crossed the
chains of the Karakorim and of the Kuenlien; Dr. Thomson had proceeded so far
as to reach the Karakorim pass,! but the Kuenlien, erronecusly considered as the
watershed hetween Central Asia and India, had hitherto remained a perfectly unknown
and unvisited territory. Marco Polo, in the 13th century, only penetrated in these parts
as far south as Kadshgar.

The success attained by ourselves, though scarcely anticipated, may be ascribed, in a
great measure, to the precautions we took to keep all our arrangements for this journey as
secret as possible. It was very important, for the purpose of avoiding immediate discovery,
to follow a route not generally taken by caravans trading to Yarkand. Mohammad
Amin, our chief guide,® therefore, proposed to us a direction, which we followed.
and along which we travelled, without any trace of a road, from the Karakordm pass
as far as Bushia.

The countries we passed are certainly some of the highest of our globe. At
these great elevations (14,800 to 17,600 feet, with passes above 18,000 feet) we very
rarely found wood, and scarcely sufficient food for our horses; even water, though
generally plentiful in summer, by reason of the melting of the snows, is occasionally
obtainable only with great difficulty, when the days are more than usually cold.

On leaving Ladik, we had nineteen horses with us, of which, however, we lost
seven between Leh and A Stumgal. On the 13th August, while crossing the Klchi
pass, we were overtaken by a violent snow storm. - The cold was intense during the
night, and two of the horses, which were lying close to our very feet, died from the
effects of it. Before our return from Khétan we succeeded in making purchases of
fresh horses,” together with six yaks and two Bactrian camels.

As far as the southern foot of the Kuenlten the climate is always very dry,
and, as must be expected from the great elevations, exceedingly cold and bleak. In
these vegions the ravefied air frequently became the cause of severe suffering for all
our party, even the horses and our two Bactrian camels Leing decidedly affected by it.

! Western Himdlaya and Tibet. ILondon, 1852.

? For details about him, see B. LEstablishment.

* Two of these horses we brought with us to Europe, as well ag the two camels: the latier we presented o the
zoological garden at Derlin.

I. 4
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Wo were surprised to find how much the effect of the rarefaction of the air was in-

creased when winds sprang up.

1856.
July  24th, left Leh. August  24th, A Oitdsh.
“ 29th, Panamiik. " 25th and 26th, Bashia.
August 2nd, Sdsser pass. “ 28th, recrossed the Kuenlden.
3rd, Sasser peak. “ 31st, A Stget.
6th, A Pallak. September 2nd, A Véliksha.
8th, A Daulat Beg Ulde. " 4th, recrossed Karakoriam pass.
9th, crossed Karakoram pass. “ 6th, A Siltan Chaskun.
12th to 14th, Salt Lake Kiuk-Kisl. “ Bth, Sasser pass.
. 16th to 18th, to A Sikdnder Mokdam. “ 10th, Kérsar.
.« 19th to 22nd, Karakash valley to A Simgal. “ 12th, Leh.
23rd, crossed the Kuenliien by the Elchi pass.

Assistants: Harkishen and observer Nain Singh remained at Leh in charge of a corresponding
magnetic observatory; plant collectors and shooters collected in the Indus valley from Dah to Hinle,

and in Tsanskar and Nubra.
IX. TIBET AND HIMALAYA.

19. AporpaE: Haséra and Kashmir.
Adolphe selected this route chiefly with the view of examining the large peaks
and glacier groups surrounding the Diamer, which attains a height of 26,629 feet.'

Kinnibiari and Nunnivari peak were important stations for his geographical surveys.

1856.
September 6th, Biirge pass. | September 27th to 29th, Kinibari peak.
9th, Nangdum. October 1st, Dorikén pass.
12th, Haséra. " 3rd, Gurés.
.~ 15th, Tashing. - 6th, Nunniviri peak.
17th to 19th, Didmer glaciers. “ 9th to November 2nd, Srinagger.

20th to 23rd, Tashing.

His plant collectors and shikaris (shooters) chiefly explored the country west of Skirdo.

20. HErmany, RoBert: Ladak to Kashmir.
The Sdru pass, being already covered with suow, was crossed with difficulty so

late in the season. In general, both the roads followed are comparatively easy.

' Nee Memorandum on the Nanga Parbat, by Captain T. (. Montgomerie, in the Journal of the Asiatic Society

of Bengal, No. IV., 1857, p. 266.
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A. Hermann.—Southern route. B. RoBerT.—Northern route.
1856.
October 4th, left Leh. October 4th, left Leh.
“ 6th, Ldma Yuru. . 6th, Lama Yuru.
“ 8th, Kargil. " Bth to 10th, Kargil.
11th, Saru pass. »  12th, Dras.
15th, Pashmin. »  ldth, Ts6ji pass.
17th, Islamabad. »  16th, Nanner.
19th to November 2nd, Srinagger. »  17th to November 2und, Srinigger.

21. Separate routes of the establishment:
A. Mr. Monteiro and guide Eleazar.
From Simla Mr. Monteiro and guide Eleazar took the route to Kashmir, vid Kangra
and Jimu. This journey was performed during the rainy season, which is not only
the unhealthiest time of the year for travelling, but has such effect upon the roads

as to render rapid movement an impossibility.

. 1856.
June 2nd, left.Simla. September 11th to 14th, Rajduri.
- 27th to July 9th, Kingra. “ 17th, Pir Panjal.
August 22nd to 25th, Jasrotha. " 23rd, Srinagger.

29th to September 4th, Jamu. |

B. Plant collectors:

The plant collectors Daiddher and Johdr Singh went by the following route to Kashmir, after

leaving Adolphe and Robert at Kardong:

1856.
June 16th, left Kirdong. July  26th to 30th, Kishtvar.
w  22nd, Trilokndth. August 7th to 10th, IslamabAd.
July  Gth to 8th, Chdmba. - 12th, Srinagger.

18th to 23rd, Bhadrar.

22. HermanN, Avorrur, Roserr: Kashmir to the Pinjab.

During our stay in Srindgger, the capital of Kashmir, where we all met together
for the second time, we occupied the large house built by the late Rijah Gulab Singh'
for the reception of Government missions. It is situated close to the banks of the
Jhilam, in a large garden, and though not so richly ornamented as the Rajah’s own

palace is much better adapted to Kuropean purposes.

' Guldb Singh died in August. 1857, and was succceded by his son, Rambir Singh. the present ruler of Kaghmir.

4%
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The different routes from Kashmir to the Pinjib offer in themselves no particular
obstacles; but as all the collections which we had made during the summer, and
which had already bLeen forwarded from time to time to await our arrival at Kashmir,
had accumulated in large quantities, we found great difficulty in procuring the necessary
means of transport, though we divided owr luggage between three caravans and sent
them oft before us at several days’ interval from each other.

During our stay, in October, the climate was mild and agreeable, the minimum,
2° to 3° C (356 to 374 Fabr); the maximum, 19° to 22° C. (66>2 to 71°6 Falr.).
The season at the end of autumn is one of the finest in the world. In summer the
heat is much greater than is generally supposed, though it is often interrupted
by rains.

In the annual distribution of rains, summer rains, decidedly prevail, coinciding
with the period of the rainy season in the plains; but occasional falls occur in every
month. Snow falls in the middle of winter only, and then lasts but for a short time.

The climate of Kashmir is generally considered to be very healthy; but a year
after our departure, in the summer of 1857, cliolera raged to a fearful extent in its

somewhat thickly populated districts.

4. HeErMANN, AporLpHE—Southern route, vid Méiri.

1856.
November 2nd, left Srinagger. November 12th to 16th, Marri.
5th, Uri. " 17th to Dec. 13th, Adolphe: Raulpindi.

“ 8th, Hatti. " 17th to Dec. 18th, Hermann: Raulpindi.
9th, Chikdr.

B. Ronrrr.—Northern route, vid Moziferabid.

1856. .
November 2nd, left Srinigger. ! November 10th to 12th, Moziferabid.
4th, Naushéra. I “ 13th, Abottabad.
8th, Hitian. ! » 16th to December 18th, Raulpindi.

Assistants: Mani and Nain Singh went across the Plich pass by Thimdli to Raulpindi.

X. PANJAB TO CALCUTTA, WITH A VISIT 1O CENTRAL NEPAL.
It had been the intention of Adolphe and Robert to visit Nepdl in the summer of

1855, But not only was the permission for a regular journey refused, but my (Hermann’s)
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first attempt, even, to proceed in the same year along the frontier between Silkkim and
Nepil, resulted in being turned back by force.'

. It was only after two years’ diplomatic negociations, very kindly entered into
upon our behalf hy the Governor General and Colonel Ramsay, British Resident in
Kathmandu, that the Court of Nepial allowed me to visit a portion of its territories.

Upon arriving at the frontier 1 had quite an official reception, and a guard of
sepoys constituted themselves my constant companions, partly in the capacity of guides,
but more especially for keeping watch upon my operations. No restriction, however,
was placed upon the use of my instruments, and I was allowed to take measurements,
and also to draw without let or hinderance, a privilege of which I availed myself by
making drawings of the beautiful peaks of Central Nepal from different heights in the
environs of Kathmdandu.

The Tardi, the unhealthy belt of forests and jungles at the foot of the Himdlaya,
was crossed on elepbants, kindly provided by Major Holmes, who, to the great regret
of his nwnerous friends, was killed a few months later in the Indian mutiny.

The climate of the valley of Kathmindu will hereafter be the ohject of a detailed
treatment based on a most valuable series of observations taken at the Residency.
These observations had their origin in Mr. H. B. Hodgson’s ardent love for science, and
have been lately taken up again by the medical gentlemen attached to the Residency.

Kathmindu has very warm summers, a well marked rainy season, and mild
winters. Snow is exceedingly rarve; but a few isolated occasions of its appearance
are known, and then it fell in the night only, and disappeared with the earliest rays

of the sun.

23. Heumann: 4. Pinjib and Hindostin to Nepal.

As far as Ambdla by pilki dak, then to Pitna by horse dak.

“ 15th, Ambala.

1856-7.
December 18th, left Raulpindi. ‘ January 18th, Aligirh,
20th, Gujrdt. ) . 20th to 26th, Agra.
“ 27th to January 8th, Lahér. | February 5th to 11th, Pitna.
January  13th, Ludhiana. | " 14th, Sigauli.

! See p. 16.
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B. Nepal.

1857.

February 14th, left Sigiuli. March 1st, Kdulea peak.
. 16th, Chiria Ghat. «  4th; Kathmandu.
18th, Kathméndu.

28th, Kakani peak.

«  6th, Chandragiri pass.
w 10th, Firfing.
« 13th, Sigduli.

C. Bengil.
Partly by palki, partly by horse dik.

r

1857.
March 14th, left Sigduli. March 24th, Parisnith peak.
15th, Chapra. ~  27th to April 22nd, Calcutta; left per
19th to 22nd, Pitna. steamer “Bengal”, for Europe.

Assistants:  Lieutenant Adams and draughtsman Abdul, after their return from Assam. left
Calcutta per river steamer, March 10th, reached Péitna, I'ebruary 1st, travelling thence with Hermann.

After the departure of Hermann to Liurope, Lieutenant Adams remained still attached to the
Survey, for scientific observations, which he carried on successfully till March, 1858, chiefly in Bengil,
Bahir, and the Rajmahal Hills.

X. PANJAB TO BOMBAY, AND VISIT TO CEYLON.

The greatest part of this journey might have been performed by water, viz,, on
the tributaries of the Indus as far as Multin, on the Indus itself from Multin _ﬁ_o
Kiarrachi, and by sea from Karrichi to Bombay. However, I (Robert) preferred to
go by land as a mode of travelling better suited for the examination of the country.
Before arriving at the Gulf of Kambay I had to march nearly 1500 miles, on horse-
back almost all the way, except in Sindh, where I made use of camels. My caravan
of baggage-camels had to be changed three times before I reached Bhij; subsequently,
however, I engaged bullock carts. =

There is no part in the plains of India which presents greater extremes of
temperature than the Pinjib. In winter it enjoys a cold season in the true sense of
the word, the thermometer from November to the end of February scarcely rising above
19° C. (66°2 Fahr.); in summer the heat, accompanied by fearful dust-storms and hot

winds, is excessive. The varieties of climate which I passed through on my route,
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nearly due south, were most striking, the difference of temperature fully correspond-
ing to a change produced hy a descent of from 6000 to 7000 feet in the Himilaya.

In Lower Sindh heavy fogs were not unfrequent. The sea breeze was felt nearly
60 miles inland. In March, during my travels across the sterile delta of the Indus,
in Kich, and Kattivir, the heat was very oppressive, and especially so in the close

atmosphere of the tents.

24, Ropert: 4. Panjib and Sindh.

1856-7

December 18th, left Raulpindi. January 22nd, Mithankat.

" 21st to 24th, salt mines at Kiura. - 25th, Naushéra.

- 27th to 29th, Shihpur. - 30th to February 4th, Sakker.
January  1st, Jhang. I'ebruary 9th, Nari.

" 5th to 12th, Multdn. . 13th, Sévan.

" 15th, Bhaulpur. . 19th, Manchar lake.

" 20th, Khanpur. l w 22nd to 29th, Karrdchi.

B. Kich and Guyrat.

. 1857.
Mareh 1st, left Kirrichi. ! March 19th, Gulf of IGich.
3rd, Thdtha (Tdtta). .« 21st and 22nd, Rajkét.
w  9th and 10th, Likhpit. April  2nd, Sarat.
» 15th and 16th, Bhaj. - 4th, Bombay, per steamer “ Lowjee
Family ™.
C. Ceylén.
1857.
April 4th to 17th, Bombay. April 29th to 30th, Kindi.
w 17th to 21st, Bombay to (}{Ll'le, per May 3vd to 4th, Nurélia.
steamer “Norna™. » 11th to 14th, Gélle; left per steamer
w 24th to 26th, Kolombo. “Nubia™, for Europe.

Mr. Monteiro accompanied Robert only so far as Pind Dédan Khau; from this place he took
hoats, and went to Multin; thence by river steamer to Kirrdchi, where he remained during the month
of March. Arrived by steamer in Bombay, April 5th. During Robert’s visit to the interior of Ceylén
he remained at Gille.
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XII. RETURN TO EURODE, VIA EGYPT.

25. HerMANN, RoBEnrt: Overland route.

A. HERMANN, B. RoBerT.
1857.
April 23rd, left Calcutta per steamer “Bengal™. May 14th, left Gélle per steamer “Nubia™.
«  26th, Madras, ’ . 23rd, Aden.
May 1st to 4th, Galle, . 28th, Suez.

13th, Aden,
w  20th, Suez,
- 22nd to 30th, Kairo,

«  3l1st, left Kairo.

June 2nd, Hermann and Robert left Alexandria per steamer “Bombay™, for Tricste.
8th, arrived at Trieste. ’

XIII. ADOLPHE’S LAST JOURNEYS.

On the 17th December, 1856, at Raulpindi, we took leave of each other, and set
out on separate routes. This was the last time we saw our unfortunate brother.

His plans were, at one time, to go to Bombay by a more easterly route than
Robert, after revisiting the fossiliferous outer ranges of the Himalaya. He determined,
however, again to examine the Karakordm chain and to visit the Kuenlien and the
countries to the north of it.

The details of his last journeys, and their fatal termination, are given separately in
No. IIL. of the General Introductory Reports.

26. ApoLpue: Pinjab and outer ranges of the Himélaya.

1856-7.
December 13th, left Raulpindi. February 1st to 5th, Kohat.
" 16th, Atak. " 10th to 14th, Kalabdgh.
December 18th to January 30th, Peshdur with » 16th, Musakél.
excursions. “ 23rd to 28th, Déra Ismael Khan.
January  31st, visit to Dost Mohammad and en- March 9th to 20th, Lahor.
i virons of the Khaiber pass. April 5th to 20th, Kingra.

In Peshdur he was invited to accompany Sir John Lawrence to Jamriid, on his official interview
with Dost Mohimmad, the ruler of Kdbul.

27. AporrHE: Himilaya, Tibet, and Turkistan.

The data for this journey are less precise than those for the preceding ones.
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1857.
April 20th, left Kingra. [ July 9th, crossed the Karakordm chain by
May  5th, Sultinpur, Kilu. the pass north of AksigChin, which
.  15thto 26th, Kdirdong, Lahdl lies three marches south-east of the
. 31st, Bira Lacha pass. Karakordm pass, by a new and
June 14th, Changchénmo, avoiding Leh, for entirely unfrequented road.
greater facility of crossing in dis- . 20th, crossed the Kuenlien. near
guise the Tibetan frontier. A Karangolik.

August 1st to 5th, environs of Yarkund, Shimla
Khéja, Négsar.
- A Kokiar.
During the} A Késseli.
month of ; A Chamelung.
August, ? Yangsar.
Kashgar, where he was killed.

XIV. ADOLPHE'S ESTABLISHMENT.

Before starting for Turkistin, Adolphe despatched the different parties of his
establishment upon the following routes:—

a) A party of plant collectors was discharged DLy him in Lahél and went via
Kishtvir to Kashmir, thence to India.

b) A second .party returned from Ladik, by Lahol and Kilu, to their native
villages near Kangra.

¢) The native doctor, Hirkishen, was left by Adolphe in Lahdl, and was ordered
to visit at a later period Spiti, I{dniur, and Bissér. When, after some time, no news
of Adolphe had reached him, he returned to Déra and Almoéra.

After Adolphe’s death, his followers were partly dispersed; two of his chief
servants some time afterwards communicated to us, amongst other information, the
routes they had respectively taken after the sad catastrophe. As they had been for a
long period in our service, as well as his, they had gained some experience in travel-
ling, and were better able to define and give an account of their marches, than natives

in general would have been able to do.'

' It is well lmown that this was the same way in which, some years ago, valuable inlormation was obtained
by Miv Izzet Ullah, a native servant of Maorerolt. of the same countries, first explored at a later period by our brother

Adolphe and ourselves.
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28. Hidrkishen's route.

1857-8.

May 31st to June 9th, glacier group round the
southern flanks of the
Bara Ldcha pass.
June 14th to July 25th, Kardong, the chief place
of Lahdl and its environs.
August  11th to 21st, Trankar in Spiti.

" 25th, Shalkar.
September 2nd, Nisang in Bissér.
“ 3rd to 31st, down the Bdspa valley,
along Puiri and across
the Gunass pass.

October

"

December 14th, Tivi,

"
”

March

"
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6th, Khalsi on the Jamna.
11th to December 11th, Déra,in the Déra
Dan.
18th, Srindager, in Garhval.
25th to March 2nd, Alméra.
5th, Srindgger, in Garhval.
17th, Déra.

29. Route from Késhgar to Kékand, made by the guide Abdul, native of Peshaur,

after our brother's death.

Abdnl, before proceeding on this journey, had been taken prisoner and sold as a

slave. For details, see p. 62.

1858, May to July.

Kashgar.

\ Karaal,? Chinese post station.
Minggial, tents inhabited by

Kirghises.

A\ Khansuvalak.

A\ Kargashimkane.

A Okhsalur.

A Yaskechik.

\ Irin or Yérin.

A Tkisak, foot of Térek Devan.?
across the Térek Devan o

A\ S6fi, or Alsiige.

A Archalik.

A Supeneke.

Kissilgorgan,

Gilsha, Tents inhabited by
IKablankal, Kirghises.
Karvankal,

A\ Saukechuk.
A Madu.
Osh or Takht-i-Suliman,

Aravan,

Télmasar,

Margelon, !

SN“P]‘”“‘ and pe-f Powngs inhabited

troleum springsare , .
' pring hy Kokandis.
in the envirouns,

Karad! Dipa,

Kokand,

V'The sign A indicates halting places, generally uninhabited.

2 A pass (Devan) east of it is called the Shert Devin, and is crossed by the following road:

A Trin or Yérin.
A Tokai pashi.
A Cher ku tal.

4 Yehallakarelin,

Akhtash, foot of Shert Devan, in the Siayan Shan,

acroes the Shert Devan to A Kurokhkalla.

A R6fi or Alsiige, and thence by the ordinary road

to Kakand.
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30. Kékand, via Samarkénd to Bokhara, by the guide Abdul.

31.

1858, July to end of September.

Kdékand.
Lévi Deriau.
Ksékos.
Khichand.
Nau.

Kisseli.
Uritpa.

Tsémum.

Jisak,
Yikorgan,
IKhisbobralk.
Samarlidnd.
Karessu.
Kategorgan.
Karmina.
Bokbhara.

Good road; inhabited places all the way.

Abdul.

Bokhara, vid Kundiz and Badakhshan to Kabul and Peshdur, by the guide

1859, end of September to December 15th.

October, Bokhira.

Kisan.
Koshmugdérak.
Kdrchi.
Bilkh.
Shahimardan.

October, Khulin.
November, Kunduz.

Faizabad, chief place of Badakhshan.

December 1st, Kabul.

10th, Jellalabad.
15th, Peshdur.

32. Guide Mohammad Amin’s previous journey from Osh to Tishkend, 1855.

For completing the routes in Central Asia, we annex a very interesting route

which was traversed by Mohimmad Amin (our chief guide during our travels in
Turkistdén) in the summer of 1855, from Osh to Tashkend, the most northern

military frontier post of Kékand, on the Russian frontier.

Osh.

Kashgar Kshlak, village.
Andishdn, towns on the
Namangan, Sir Deriau.

\ Taitik, foot of a pass in the

Kindirtiu range.

A Ravite Abdidllah Khan.

A Téitipa.
A\ Biskat.

A Teliu.

A\ Karruma.
-\ Chikehik, j

Tashkend, on the Sir Dél‘iﬂll.
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B. ESTABLISHMENT.

We had been authorized by the Government of India to engage the establishment
vequired for our mission immediately upon our arrival; and as the selection of the
assistants, both as to number and qualifications, was entirely left to our own discretion,
we found ourselves at liberty to engage those persons best suited for our purposes.
Accordingly we found that, after sufficient training, we could entrust some of them,
even in our absence, with magnetic and meteorological observations at fixed stations,
corresponding with those made by ourselves during our journeys in the neighbouring
countries.

The assistant Lieutenant Adams and the draughtsman Abdul remained perma-
nently attached to Hermann; the others used to travel, sometimes with one, some-
times with the other of us; very often they were sent out on lateral routes, and
even performed journeys of considerable extent hy themselves.

The ethnographical remarks, which we give about the tribes and the countries
they Dbelong to, may tend at the same time, we think, to a clearer apprehension of our

general mode of travelling.
I. OBSERVERS.

1. Mg., afterwards LIEuTENANT ADAMS.
This gentleman was engaged by Hermann, at Calcutta, and from March, 1855
t) D o il ) y )
was head assistant to him throughout his travels. After Hermanns departure to
Burope, he continued still engaged with observations till March, 1858.
p K DD k)
In him we fouud a most talented and encrgetic coadjutor, who very materiall
D .] b .
contributed to the progress of our mission. His important journey in Upper Assim,

as well as his observations in the Rajmahal Hills, are deserving of particnlar mention.

2. Asour, o Mussilmin from Madras, but of Hindu origin.

This native held an appointment as draughtsman and assistant surveyor in the
office of the Quarter Master Greneral of that Presidency, who was kind enough to place
him officially at our disposal in February, 1855. He became Hermann’s second
assistant, and continued so till nearly the completion of the travels, when he died,

at Caleutta. in Apnl, 1857,
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Abdul had travelled alone on several routes in Sikkiin, made the hoat voyage
from Sikkim to Assam by an independent route (along the Tista), and was attached
to Lieutenant Adams during the latter’s examination of the Dihing. His death ix a

subject of sincere regret to us.

3. Himxisuen, Brabman from Alméra in Kamdon (Himdlaya).

Before entering our service in April, 1855, he had been attached as a native
doctor to the hospital at Alméra. He was our (Adolphe and Robert's) chief assistant,
and rendered us important services Dby his zeal and diligence in general, as well as
by the accuracy of his observations. He was also superintendent of our plant-
collectors. He could write, but not speak, English, and labelled, in Hindostini and
English, our ethnographical collections.

During our travels in Turkistin, in 1856 (Hermann and Rebert), he remained at
Leh in charge of our magnetic and meteorological observatory. In Raulpindi he again
became attached to our late brother Adolphe’s establishment, and accompanied him as far
as Laliol, when he was instructed to follow a separate route through Tibet and the Hima-
laya. In the different provinces of these mountainous countries—where he spent nine
months, from June, 1857, to March, 1858—he made a series of observations deserving
of all praise.

On all occasions we found him to be a very houest, trustworthy, and intelligent
native. As a medical attendant he was also very valuable to us, from his knowledge of

surgery and of the use of simple remedies.

4+ Mgz. Danrern, an Indo-Briton (Eurasian), accompanied us (Adolphe and Robert)
only from Caleutta to Kimion and Girhvdl, between March and September, 1855.

We discharged him at his own request.

5. ELmazar, a guide in the Quarter Master General’'s Department, of Bombay,
was ordered to join us at the commencement of our journeys.

This man was a Jew of the black tribe,! which is known to have been settled
tor a long time in India. He was with us (Adolphe and Robert) till Robert's return
to Europe, May, 1857. He acted as an excellent guide during our travels in India
Proper, and even in the Himdlaya we could safely entrust him with the superintendence
of the transport of our instruments and collections. He was also frequently engaged

! See: Ritler, Erdkunde von Asien. Vol. IV, p. 598.
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with success in surveys of a less difficult character, and could read correctly the

meteorological and minor surveying instruments.

6. Sarmdng, from the same office as Eleazar, also a coloured Jew from Bombay,
accompanied us from Pina as far as Madras; he then obtained leave to return round

Ceylén to Bombay.

7. Ramcufxp, a Hindu muinshi from Peshiur, seems to have been but a short

time with Adolphe, who took him into his service at that place, about the end of
December, 1857.

8. Moudmmap H4ssan, was a native of Lahér or Peshaur, whom Adolphe
had engaged as a minshi nearly at the samme time with Ramchind. He could write
English, Hindostini, and Persian, and doubtless proved useful on many occasions, though
his character must certainly be considered as a questionable one. He travelled with
Adolphe as far as the frontier of Turkistin, where he treacherously left him, just
at a time when our brother was in a most precarious situation. Several witnesses

stated that he took with him one of Adolphe’s horses. (See p. 48 and p. 60.)

II. INTERPRETERS.

During our travels in Tibet and Turkistin, and also in some parts of Sikkim,
we had to engage different men, who knew Hindostini as well as the languages of
the countries which we were traversing. Besides filling their office as interpreters, they
occasionally gave us valuable geographical information about the countries bordering
upon our line of route, and proved of great use in our linguistic inquiries about

dialects and geographical names.

9. MAxt (full name Man Singh), a Bhot-Rajput, the member of an influential
and wealthy family from Johir, in northern Kﬁﬁlﬁon (Himéalaya), was charged, during
two summers, with the difficult arrangements of our travels in Tibet, during which
he proved of the most essential service to us by his excellent behaviour. He
was the only one of our establishment whom we trusted sufficiently to take with
us to Turkistan. Mini is also well known as a faithful servant to the DBritish
Government, who have made him the Patvari, or head man, of Johar, a district of

Kamaon.
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His father, Dévi Singh, who is still alive, was the companion of Moorcroft, in
1812; and he himself had once been engaged by the Stracheys, during their travels
in Tibet.

10. Dénra, Mani's cousin, a subordinate attendont during our travels in Gnari
Khérsam, was made, by Adolphe, his interpreter and chief guide for Balti. He was

rather a rough kind of man, but full of courage, energy, and devotedness.

11. Naiv Smvem, another relative of Mini, a well disposed and intelligent
native, went with us (Hermann and Robert) to Ladik, in 1856. He took a great
interest in our operations, and though at first unacquainted with instruments was soon
taught their use, as he showed a very great desire to be able to read off the scales
and write the readings in English numbers. He could also read and write Tibetan.
During our travels in Turkistin he remained at Leh, where he acted as assistant to
Hirkishen.

We had proposed, and with apparent acquiescence on his part, to take him with
us to Furope; but, like all hill men, he was too much attached to his native mountains
to bring himself to leave them, and he unexpectedly went away from us at Raulpindi,
leaving Dehind a long letter of apologics. .

12. Momimmap AMIN, a rather aged Turkistani, from Yarkand, rendered us
most. faithful and important services during onr expedition to Turkistin. He had
formerly carried on extensive trading operations between Tibet and the Russian
frontier, which seemed to have brought him into great trouble with the Chinese
Government.

His manner of treating the natives, and the cordial reception every where given
to him, plainly showed that amongst his countrymen he was a well known personage.
and considered as a man of great respectahility and influence. Tt is principally owing
to hix excellent arrangements, carried on under difficulties which seemed at first
insurmountable, that we found it possible to penetrate to the north of the Kuenlien.

He was also Adolphe’s chief guide during his last and fatal journey to Yarkand
and Késhgar. As fur as we are able to judge. no blame whatever can be attached
to him in connection with the murder of our brother.

Few persons have travelled more in the western part of Central Asia. or are

better acquainted with the different routes of that region, than Mohimmad Amin. -
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13. Maksugr, an Indian Mussalman from Déhli, who had been settled for a long
time in Ladik, was our Turkish interpreter in Turkistin, as Mohdmmad Amin: knew
no Hindostini and very little Tibetan, and Mani was acquainted with Tibetan and
Hindostini only. B

Makshut was decidedly wanting in energy; so much so, that when difficulties,
physical or political, arose, he would try his utmost to induce us to return. This,
however, must in some measure be excused. on the score of his delicate health, which
rendered him incapable of bearing up against the fatigues and hardships of the

journey.

14. Cugs, a Lépcha from Tassidingin, in the Sikkim Himédlaya, afterwards a
settler in DBritish Sikkim, was originally engaged as a plant collector; but he soon
distinguished himself so well that I (Hermann) made him my chief interpreter for
Bhutia and Lépcha. He was with me a whole year, and from Assim accompanied
me to Bhutdn, where again le was most useful in my interview with the head Lama
of Narigin. When sent forward with two Bhutia companions towards Tauong, how-
ever, he did not succeed in making more than a few marches.

III.  COLLECTORS.

The number of the people employed for assisting in the collection of natural
history varied much according to circumstances. A few only were attached to our
estublishment at a fixed salary; but we occasionally engaged a greater number, when
we remained a longer time than usual in one place.

In general we met with great difficulties in Dbringing together the number of
people r.;(‘iuire(l. Prejudices of caste, real and fictitions. and the want of energy,
which is o general a characteristic of the natives of India, obliged us to make
frequent changes; at a later period of our travels, however, we succeeded in making
a fair selection of the most active and intelligent amongst them, and some, as mentioned

below, remained with us a considerable time, and worked very well.

15. Mg. Moxteiro, an Indo-Portuguese, of Calcutta, was general superintendent
of the collectors, besides having the special charge of the zoological collections.
Ax far ax possible, we always arranged for him to remain stationary at those places

where we could send him down materials to be worked. He knew his husiness thoroughly,
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and always evinced great activity. He entered our establishment in April, 1855, and
was engaged on the zoological preparations a year after our departure from India.

16. 17. DAsrove, a Bhiitia, who had formerly travelled with Dr. Hooker, and

Crier, a Lépcha, who went with Hermann over Assim and Bhutin to Calcutta,
wete plant collectors. Diblong died 1857.

18 to 22. Amongst the people engaged by Adolphe and Robert for longer
periods of time, between 1855 and 18573.we especially name, as laving been very
useful and active persons, the shooters, -

Lort and JorAr Siwem, from Alméra in Kimdaon and the plant collectors,

Krisuna and MéHo'N’SINGH, from the same place, and SUrma, from Gvélior in
Biindelkhénd.

IV. SERVANTS.

TFor completing the sketch of the establishment which accompanied us, we add
yet a few words more about the servants. We will not go into detail upon what
has been already so often described, and is so well known in England, as to the
great number of personal and office servants required in an Indian establishment.

In a fixed residency, a numerous retinue is not inconvenient, as the wages are
pretty low, but when travelling in mountainous districts, or thinly inhabited countries,
it becomes a matter of serious importance, on account of the difficulty of moving with
large bodies of people.

We made many attempts, with but partial success, to get our servants to do a
greater amount and variety of work for a higher rate of wages, and thus reduce
their number. It was impossible, however, to do with less than eight or ten in India
Proper, since many more servants are absolutely necessary for the Indian mode of
travelling than are ordinarily required in Europe: such as Kilassis (or Laskars), for
tent pitching: Bhistis, for fetching water; Ghasvilas, for cutting grass; Saises, for
attending to the horses; Chaprassis (or Pitns), for procuring supplies; Chaukedars, for
guarding the camp at night; Dhobis, for washing, &ec.

As one instance, connected with caste, which seriously interferes with work, we
may mention that nearly every one of our establishment thought it necessary to pre-
pare his own food, a process which materially reduced the time available for our
purposes in the case of nearly every one of the attendants.

1. 6
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In the Himalaya, where the native races, particularly those of the higher valleys,
are not so prejudiced and much more active, we were enabled to get on with
comparatively few men, especially where we could procure horses or yaks (bos
grunniens) for the transport of our luggage. When we travelled in disguise we messed
together with the people of our caravan, who were on such expeditions always very
few in nwmber.

On one occasion our camp presented a most interesting variety of tribes and
creeds, and for the time being might almost be said to form an ethnographical museum
of living specimens. This happened upon our return from separate travels in different
parts, when we all three met at Kashmir with our several establishments charged
with one summer’s collections. Besides the many divisions of Indian castes, the following
religions were represented: Christians, Mr. Monteiro, and one native Christian, a laskar
from Madura, in Southern India; Hindus from different parts of India and the Hima-
laya, Buddhists from Tibet; Mussilman Turks from Yérkand, and Mussilmédns from
India and Balti: a Jew (Eleazar), and a Parsi (fire-worshipper), both from Bombay.
The languages spoken by these natives were, Hindostani, Bengali, Guzervati, Maharati,
Panjabi, Kashmiri, Persian, Tibetan, Turkish, and Portuguese and English.

Of all our private servants we here name only the Parsiy Duimii, who was
Hermann’s chief servant. Dhamji was the only one who remained with us from the
beginning to the end of our travels, and was absent during those expeditions only when
we were obliged to travel in disguise. A few months after my (Hermann's) departure
to Europe, he nearly lost his life, and was severely wounded, in attempting to give
assistance to Europeans at the fearful massacre at Kanhpur (Cawnpore). He proved an
excellent butler, honest and trustworthy in all the various transactions with which he
was charged, and distinguished himself by the care which he always took to maintain

a general friendly spirit in the camp.



. LAST JOURNEYS AND DEATH OF OUR BROTHER ADOLPHE,

1. Verbal statement of the native doctor Harkishen. 2. Statement made by Bhitias from Johar. 3. Information
contained in the Delhi Gazette, and general remarks of Capt. Strachey. 4. Report from Méni and Niin Singh.
5. Verbal Statement of Kittah Ali Shah from Yarkand. 6. Statement of Gosht Mohémmad, one of Adolphe’s
servants. 7. Letter from Mr. Vardouguine, Russian Consul at Chiguchak. 8. Second report from Mr. Vardouguine,
forwarded to Baron Budberg by Mr. George Kowalewski. 9. Letter to R. Temple, Esq., Secretary to the Chiel
Commissioner of the Pinjib. 10. Verbal statement given by the Kashmiri, Abdillah, an attendant on Adolphe.
11. Letter from Mohimmad Amin of Yirkand to Colonel Edwardes. 12. Concluding remarks.

W nave to fulfil the melancholy duty of presenting here in a collected form
the reports in reference to the unhappy fate of our beloved brother Adolphe. He fell
a victim to his scientific zeal at Kashgar, in Turkistin, August, 1857. In him we
lost a dear brother, in the prime of his youth' and activity, a companion in travels,
the rvecollection of which, notwithstanding all hardships and difficulties, would be a
cheerful one, if it were not also connected with.this sad event. The numerous friends
he found wherever he passed will know how to appreciate our loss.

The important share which he took in all our scientific and artistic labours
will be apparent in the course of these publications, and prove the most lasting
memorial that can e erected in order to preserve his name.

The various reports which we: received from India and Russia, collected from
natives by Kuropean officers of the adjoining districts, do not all agree as to the
immediate cause and particulars of his death; yet it is evident from all of them that
the political condition of these countries, and the circumstance of the deceased’s being
recognized as an officer of the Indian Government, in spite of every precaution he

took, essentially contributed to his tragic end. Even with the lively svimpathy always

! He was born at Muonich. the 9th January, 1829,

6
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so energetically evinced by England for the fate of scientific travellers, it will scarcely
be possible to succeed in bringing the murderers of our brother to account. Ac-
cording to some reports, he perished through taking up the cause of some captive
Bhot-Rajputs, British subjects, and from wusing his influence to pfevent them from
being put to death, or sold as slaves. Other accounts state the immediate cause of
his death to have been, that he was recognised as a European by some fanatic Mussil-
mins, and put to death by their hands.

Many very important geographical communications have been made to us by his
followers, and we are not without hope that, from the active sympathy which the
Indian government has always displayed in our scientific mission to India and High
Asia, no efforts will be left untried which may tend to the recovery of the papers that
were in his possession at the time of his death. Up to the present time, March,
1860, we have, however, only received a parcel of his drawings, but no letters and no
manuscripts.

We owe the reports' respecting the fate of our brother Adolphe to the exertions
of the following gentlemen:

I. Captain Henry Strachey, 66th Gérkhas, of Alméra (Himélaya), who, in conse-
quence of his scientific journeys in the Himalaya, and in Western Tibet, was in a
position to select the persons on whose reports the most reliance could be placed, and
was thus enabled critically to elucidate their statements, as he has done with the greatest
attention.’

II. G. Knox, Esq., and Sir Alexander Lawrence, Assistant Commissioners of Kilu
and Kangra (Himalaya).

Mr. Knox found an opportunity of making inquiries of the Yarkandi, Kittah
Ali Shah, at Négger, a place at a very great distance from Yarkand; Sir Alexander
was also fortunate in obtaining information from a servant of our late brother.

III. Mr. Vardouguine, Russian Consul at Chaguchack (Central Asia), whose reports

we have received through the kind offices of Baron Budberg at Berlin. Notwithstanding

' We had already printed these reports for private distribution in May, 1859,

2 The reports collected by Captain Strachey were communicated by him to the Asiatic Society of Bengal, and
are printed in No. IV, 1858, pp. 374 {o 388, and in No. IL, 1839, pp. 166 to 170, of the Asiatic Society’s Journal.
A part of Lhese reports is also contained in the Proceedings of the Royal Geographical Society, London, 1858-9, Vol. 111,
pp. 144 and 172,
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the distance, these reports have reached us in a remarkably short time, a circumstance
for which we are indebted to the active sympathy of Prince Gortschakoft.

IV. Lieutenant Colonel Edwardes, C.B.,, in whom Adolphe, when at Peshaur,
had already found a warm friend. This energetic officer, by making nse of the influence
of his important political position, has recently been cxerting himself to the utmost
to obtain the latest definite information relating to our ill fated hrother.

Tn addition to the above, we had repeatedly received general accounts of Adolphe,
accompanied with expressions of the most cordial sympatly, both through the medium of
the Indian press, and also from the private communications of the tollowing gentlemen:

The Rev. H. Jaschke, Missionary at Lahdl (Himalaya),

A. C. Gumpert, Esq, Consul for Hamburg and Oldenburg at Bowbay, and
I. Schiller, Isq., Austrian Consul at Calcutta,

Lord Elphinstone, Lord W. Hay, Major Ramsay, the Hon. W. Elliot, Ii. Bowring,
Esq., Private Secretary to Lord Canning, W. Russell, Esq., Correspondent of the Times
during the Indian rebellion, and others.

We have further to acknowledge the important assistance we have received, in
collecting information respecting our deceased Dbrother, from Lord Stanley, Colonel
Sykes, and Sir Roderick Murchison, in England, and from our kind and venerable
friend, the late Baron Humboldt.

Our own observations are included in brackets, [ ], and are also given in foot notes.

The verbal statements of native witnesses are distinguished Dby inverted commuas.

I, REPORTS COLLECTED BY CAPTAIN HENRY STRACHEY.

1. VERRAL STATEMENT OF THE Na11vE Docror HARkfsHEN.! Arydéma, Auvcust, 18)H8.

* Adolphe Schlagintweit crossed the Bara Licha pass from Dirche, in Lahdl, into
“Rapchu, a province of Ladik, 4. e, from India to Tibet, on the 31st of May, 1857.

“taking with him:

! For detail about the persons here mentioned, sec the general list of our eatablishment, given as an Appendix
to the Itinerary, p. 36.

In consequence of our giving the statements of the native witnesses literally and almost without any altevation
we could not of course avoid the ocensional repetition of the expressions of the deponents, nor the opinions that
they gave of the character of the attendants of Adolphe.

A reference to the general list of our establishment will, however, show discrepancies existing between their
opinions and ours.
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“1. Mohammad Amin, native of Yarkand, chief guide,

“2. A Yahudi (Jew), engaged as second guide,

“3. Mohammad Hassan, of Peshdur, munshi,

4 Abdul, of Kashumir, l domestic sefvants &e

%5, (host Mohammad, of Muradabad,! T

*6. Murli, of Bhagsu in Kangra, L.
i chaprassis.

“7, Maula Baksh, of Muradabdd, and others

“The first of these, Mohémmad Amin, was a person of questionable antecedents,
“nominally a merchant, trading between Yarkand and Leh, but said also to have
“acted in the capacity of a gang-robber on the road between those places.

“Being at Leh, in 1856, he was arrested by the Ddgra thanadir, Basti Ram, for
“debt, at the suit of sundry merchants, or for other reasons, and released on the
“application of Hermann and Robert de Schlagintweit, who engaged him to act as
“guide for their journey towards Khétan, in the summer of that year, the account
“of which is on record.' On their return to India, in the autumn, he was discharged,
“and remained at Leh, where he soon got into trouble again with the Dégra Government.

“Some say that the agents of the Chinese Government in Yérkand having heard
“of his bringing European travellers across their frontier (which is high treason in
“‘their code), offered a reward of 1000 rupis for his apprehension, and perhaps coerced
“some of the Kashmiri residents at Yarkand to work upon their friends in Ladak
“and Kashmir for the same object, which Gulab Singh and Bésti Ram possibly also
“turned to a mercantile transaction.

“However this may be, Gulab Singh having ordered his arrest and threatened
“to hang him soon after the Schlagintweits’ (Hermann and Robert’s) departure, he fled
“from Laddk into Kulu, where Adolphe found him, at Sultinpur, in April, 1857.

“There had possibly been some previous arrangement between them. Any way,
“he was again entertained as interpreter, guide, and baggage master for another
“journey into Turkistan.

“As a specimen of his veracity, it may be mentioned that he informed me that he
“was to have a mounthly salary of 2000 rupis whilst travelling with Mr. Schlagintweit,

“and a monthly pension of 1000 rupis after he had brought him back safe to India.

' IHarkishen allndes (o owr official Report, No. 8, ;(\gm, Scecundra Orphan Press, 1856: see p. 7,
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«Major Hay, Assistant Commissioner of Kiilu, probably knows more of Mohdmmad
* Amin's history.”

[So far Harkishen. We have already given our very favourable opinion about
Mohammad Amin at p. 39.

The name of the Yahudi, the Jew, mentioned as the second guide, was not known
to Harkishen. This is not so swrprising as it may appear. It sometimes happens,
that natives go only by the name of their caste or their native place. The name of
the Yahtudi is Murad; he is a native of Bokhdra. We saw him first in Laddk, after
our return from Turkistin, when he gave us much valuable information about the
various routes in Central Asia, and have always found him to be a verv trustworthy,
respectable native.

Hirkishen says about him:] “He was commonly called ¢ Yaludi’, i e. ‘the Jew’
“was a native of Yarkand and dependent of Mohdmmad Amin: they had some baggage
“ponies with them, and fowr Twrkish grooms or baggage-men, all of whom were en-
“gaged for the journey. The third man, Mohimmad Hissan, of Peshiur, was engaged
“Dby my master as a mianshi, when he was at that place, in December, 1856, and he

~assisted him also in scientific ohservations and accounts.”

[To this statement of Harkishen, Captain Strachey adds:] The last documentary
evidence of Adolphe's movements written by himself is a letter to Hirkishen, dated from
Changchénmo, in Ladédk, June 14th, 1857, a postscript to the same, stating that it was
not sent till the 24th inst., and one or two notes for sundry payments of money, of the
latter date. The letter consists chiefly of instructions to Hirkishen, and of himself
Adolphe only says: “I am quite well, and at present all things seem to go on pretty right,”
but as it also mentions two dak parcels, one for Lieutenant Charles Hall (Assistant
Commissioner of Bhigsu), sent by the same dispatch for transmission to Kangra, I think
other persons may have no doubt received letters from him, and also particulars of
his history up to that time.

[But no letter has as vet reached us. The Rev. H. Jischke also. missionary at Lahdl,
who about the same time received lettevs from our brother (copies of which he had
the kindness to send us), could not give us any other information about his later

movements. |
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These letters to Jischke and Hirkishen were brought from Ladik by the chaprassis,
Mirli and Mdula Baksh (Nos. 6 and 7 of the above list), who joined Harkishen at Kar-
dong, in Lahdl, on the 20th of July, 1857.

It appeared from the statement of these men (made to Hirkishen) that, “before
“they left Adolphe, the minshi, Mohimmad Hissan, had gone off, taking with him
“one of his master's (or Mohimmad Amin’s) horses, some little money, and other
“articles belonging to Adolphe. The chaprissis were directed to overtake him if
“they could, recover the property, and make it over to Harkishen in Kwlu. This
“they succeeded in doing, but left the minshi himself in Ladak, whence he probably
“made his way to Iashmir and Peshaur.” He gave them a letter for his master,
which they hro.ught to Hirkishen, and which is still extant among his papers, written in
pencil in broken Inglish, excusing his sudden departure on the score of inability to
endure the hardship of such a journey any longer, and admitting a balance of 72 rupis,
of which he gave the chaprissis the account, but did not pay the money.

[This letter we now have in our possession.]

It must be observed that Adolphe makes no allusion to all this in his letter to
Hirkishen; from which it may perhaps be inferred, that he did not attach much im-
portance to the muinshi’s desertion.

Harkishen, when at Déra, in November, 1857, gathered from Captain Mont-
gomerie, an officer of the Great Trigonometrical Survey, and his native doctor, that
they had been in Ladik during the past summer, and that Adolphe had left Leh'
or its environs before their arrival there, and that they knew nothing more of him.

From the locality of Adolphe’s last dispatch, Ch.a,ngchénmo.7 at the north-east
end of Ladak, I [Captain Strachey] infer that he crossed the Turkish watershed to
the east of the Karakoram pass, properly speaking perhaps to Suget, thence following
approximatively the route taken by his brothers the year before, towards Kilian and
Khotan. It appears that he had laid in a stock of merchandize in India, with the
view of facilitating his journey by trade, or the appcarance of it.

[We also carried with us merchandize instead of money, chiefly rich Indian cloth,

silks, &c.]

' Adolphe had not been in Lel during this jonrney.
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9. STATEMENT MADE BY BuOTIAS, FROM JoHAR. ALméra, Avgust, 1858,

From the Bhiitias of Johar, who obtained their information from Kashmiris of Ladik
at the fair in the autumn of 1857, I [Capt. Strachey] have heard, that Adolphe had
succeeded in reaching the margin of the inhabited country at the foot of the mountains
north of the Kuenlien. “There,” they said, “he went out from his camp some way
“tg reconnoitre, and in his absence the munshi Mohimmad Hassan absconded, with most
“of the baggage and cattle,* towards Yarkand. Adolphe Schlagintwei.t, being left helpless,
“gent back some of the Laddki baggage men he had brought with lhim with a letter
“or message to the thanadir of Leh, requesting him to send assistance in men, cattle,
“provisions, and money.” Whether for the purpose of continuing his attempt to pene-
trate into Turkistdn, or merely to return to Ladak with less hardship, does mnot
appear.

When his messengers arrived at Leh, they found Basti Ram’s son in authority
there, the thanaddr himself being away in Kashmir. The son is said to have
refused the required assistance. More probably, he was too silly and timid to
act upon his own responsibility, and referred for imstructions to his father, or Gulab

Singh the Rijah of Kashmir, at the expense of great delay and danger to Adolphe.

3. INFORMATION CONTAINED IN THE “DEmLI GAZETTE”, AND GENERAL REMARKS OF

Carraiy STrAcHEY. SumMMER, 18538.

The following accounts are derived from letters, which were published during
the summer of 1858 in the Delli Guazette, from a correspondent of that paper, apparently
at Simla, and obtaining his information from merchant travellers from Ladak.

From these letters it may be gathered that Adolphe passed the winter of 1857-8
at the foot of the mountains [of the Xuenlten] on the border of Khétan, on this
side of the Chinese outposts, among the same tribe of shepherds, perhaps, who
gave his Dbrothers a friendly reception the year before. On his arrival there the
provinces of Kashgar and Yirkand were in a very disturbed state, in consequence of
one of those invasions of the Turks from Koékand which have been recurring

periodically every ten or twenty years during the past century.

' Besides the animals of burden, such as Lorses and yaks, travellers in these regions are always obliged to take

with them a living stock of sheep, poats, &c. for their support.
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These letters to Jiwschke and Hirkishen were brought from Ladak by the chaprassis,
Mwrli and Mdula Baksh (Nos. 6 and 7 of the above list), who joined Harkishen at ICar-
dong, in Lahol, on the 20th of July, 1857.

1t appeared from the statement of these men (made to Harkishen) that, “before
“they left Adolphe, the munshi, Mohimmad Hissan, had gone off, taking with him
“one of his master’s (or Mohdmmad Amin’s) horses, some little money, and other
“articles belonging to Adolphe. The chaprissis were directed to overtake him if
“they could, recover the property, and make it over to Harkishen in Kilu. This
“they succeeded in doing, but left the munshi himself in Ladak, whence he probably
“made his way to Kashmir and Peshiur.” He gave them a letter for his master,
which they bro.ught to Harkishen, and which is still extant among his papers, written in
pencil in broken English, excusing his sudden departure on the score of inability to
endure the hardship of such a journey any longer, and admitting a balance of 72 rupis,
of which he gave the chaprissis the account, but did not pay the money.

[This letter we now have in our possession.]

It must be observed that Adolphe makes no allusion to all this in his letter to
Harkishen; from which it may perhaps be inferred, that he did not attach much im-
portance to the minshi’s desertion.

Harkishen, when at Déra, in November, 1857, gathered from Captain Mont-
gomerie, an officer of the Great Trigonometrical Survey, and his native doctor, that
they had been in Ladik during the past summer, and that Adolphe had left Leh!
or its environs before their arrival there, and that they knew nothing more of him.

From the locality of Adolphe’s last dispatch, Clw,ngchénmo', at the north-east
end of Laddk, I [Captain Strachey] infer that he crossed the Turkish watershed to
the east of the Karakorum pass, properly speaking perhaps to Stget, thence following
approximatively the route taken by his brothers the year before, towards Kilian and
Khotan. It appears that he had laid in a stock of merchandize in India, with the
view of facilitating his journey by trade, or the appearance of it.

[We also carried with us merchandize instead of money, chiefly rich Indian cloth,

silks. &e.]

' Adolphe had not heen in Leh during this joneney.
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2. STATEMENT MADE BY Budtias, From Jomdn. Arnmdéna, Aucust, 1858,

From the Bhutias of Johdar, who obtained their information from Kashmiris of Ladak
at the fair in the autumn of 1857, I [Oapt. Strachey] have heard, that Adolphe had
succeeded in reaching the margin of the inhabited country at the foot of the mountains
north of the Kuenlien. “There,” they said, “he went out from his camp some way
“to reconnoitre, and in his absence the munshi Mohdmmad Héssan absconded, with most
“of the baggage and cattle,' towards Yarkand. Adolphe Schlugintwei't, being left helpless,
“gent back some of the Laddiki baggage men he had brought with him with a letter
“or message to the thanadir of Lel, requesting him to send assistance in men, cattle,
“provisions, and money.” Whether for the purpose of continuing his attempt to pene-
trate into Turkistan, or merely to return to Ladik with less hardship, does not
appear.

When his messengers arrived at Leh, they found Basti Ram’s son in authority
there, the thanadar himself being away in Kashmir. The son is said to have
refused the required assistance. More probably, he was too silly and timid to
act upon his own responsibility, and referred for instructions to his father, or Gulab

Singh the Rédjah of Kashmir, at the expense of great delay and danger to Adolphe.

3. INFORMATION CONTAINED IN THE “DEHLI GAZETTE”, AND GENERAL REMARKS oF

CAPTAIN STRACHEY. SUMMER, 1858.

The following accounts are derived from letters, which were published during
the summer of 1858 in the Dehli Gazette, from a correspondent of that paper, apparently
at Simla, and obtaining his information from merchant travellers from Ladak.

From these letters it may be gathered that Adolphe passed the winter of 1857-8
at the foot of the ountains [of the Kuenlien] on the border of Khétan, on this
side of the Chinese outposts, among the same tribe of shepherds, perhaps, who
gave his brothers a friendly reception the year before. On his arrival there the
provinees of Kashgar and Yarkand were in a very disturbed state, in consequence of
one of those invasions of the Turks from Koékand which have been recurring

periodically every ten or twenty years during the past century.

' Besides the animals of burden, such as horses and yaks, travellers in these regions arce always obliged to take

with them a living stock of sheep, gonts, &e. for their support.
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On these occasions, the toreign invaders being joined by the Turks of the country,
they usnally succeed in driving the Chinese garrisons into their forts and subverting their
government for a time, till reinforcements. come from the Chinese provinces further
east, when the rabble of Turks soon becomes disorganized, the Kokandis retire to their
own country, and the people of Yarkand and Kishgar are left to settle their own
accounts with the Chinese, which is sometimes done by wholesale massacres of the Turks
of those cities.

The invaders are commonly headed by one of the Khojahs of Andishén,' a family
who ruled at Kiashgar before the Chinese conquest, about 100 years ago, and who
still aspire to the recovery of their formner dominions.

An unsuccessfid invasion and rebellion of the Turks, as here described, occurred
when I (Captain Strachey) was in Laddk in 1847-8. On the present occasion the result
is said to have been the same.

So long as the Chinese were in the ascendant, Adolphe Schlagintweit would have
had little chance of penetrating the inhabited country to so great a distance, as they
have outposts on all the roads across their frontier, and from the rarity of population
and tratfic, individuals are easily marked, and moreover he would hardly have
been able to disguise himself enough to bear scrutiny.

A European traveller attempting to pass any of these outposts would probably
be stopped and turned back, and extra precautions taken against him all along the
frontier, but if detected after penetrating the inhabited country to any distance he
would more probably be murdered.

The English and Kokdndis are, generally speaking, in no hostile relations, and
from his brothers’ and his own successful antecedents in the Yavkand country, Adolphe
might possibly have met with a friendly reception there. On the other hand, the
Kokandis, as is usual with the Turks of this country, are on bad terms with all their
neighbours, including the Russians, who are steadily encroaching on their north-woest
frontier. All this again would have added to his difficulties in getting away from

their country.

' Andishan s a large lown to the cast of Kokand; its conncetion with other places is given p. 35, route 32.
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4. Repomrrs oF MANr aNp Namv Siven. ALMORA, JANUARY, 1859

Méni and Nain Singh, from Milum in Johdr, had left Adolphe at Peshiur, in
January, 1857, and had returned to their own country during the next three months,
making a few observations by the way. After this they bad no further com-
munication with him, except by uvmessage sent in March, 1857, through me, which
requested Mani to join Adolphe again either at Kéngra, in April, or later in Ladak.
This, however, Mani did not attempt.

Going as usual to the Gartok fair in the summer of 1857, Mani heard only
some vague veports about Adolphe from traders of Laddk, the substance of which is
already given (see No. 2, p. 49).

In September, 1858, Mani, being again at the Gartok fair, obtained some further
information about Adolphe, chiefly from Nuvpur, a native of Sinam in Kandur, trading
to Ladak and Yarkand. This person was himself at Yirkand in 1857. Nurpur
said:  “When Adolphe Schlagintweit arrived in that quarter, the Turks of Kdékand
“were already at or near the city. He himself did not enter the town, but his chief
“guide, Mohdmmad Amin," did so, and left it again, either before, or during the siege.
“though under what relations with his own inaster or the insurgent Turks is not
“known to me.

“As the siege continmed and the Chinese were shut up in their citadel, they
“obliged the inhabitants of the place to take part in the fighting, and also a lot of
“foreign merchants, including about forty five of the Bisséris, of whom fifteen only
“returned, I (Ndrpur) being one of them; the rest were either killed or made prisoners
“by the Turks.

“After the siege was raised, I heard that the Sihib (Adolphe) bad joined the
“camp of the Turks, and had been at first well received by them; on their retreat
“towards Koékand, he accompanied them as far as Kashgar. As the hordes of Turks
“were carrying oft with them a lot of their prisoners, to be kept or sold for slaves
“(according to their custom) some of the Bisséris® being among the number, the
“Nahib tried to assist them, remonstrated that they were British subjects and should

' According to the wmore probable information of Abdul (sce No. 10, p. 61), it was not Mohdmnad Amin, but

Murdd, who entered the city Lo get information.

* We had travelled a great deal in the country of the Bisséris.
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“Dbe released. On this arose a dispute: the Turks accused him of taking part with
“their enemies, and ended by killing him.”

Mani also said that Nurpur had certificates from the Chinese authorities of
Yarkand, testifying his services in the siege, and promising him some reward at a
future opportmuty

The above account of the Bisséri, Narpur, was contumed by Omar, an A1g0n of

Ladak, who had received letters from his friends at Yarkand to the same effect.

1I. INFORMATION RECEIVED FROM G. KNOX, ESQ., ASSISTANT COMMISSIONER OF KULU,
AND FROM SIR ALEXANDER LAWRENCE, ASSISTANT COMMISSIONER OF KANGRA.

,
5. VERBAL STATEMENT OF KATTAE Aul SHAH, FROM YARkAND. Examivep ar NAcGEr

v K¢ru, SeEpreMser 287tH, 1858.2

“Last year in the month of Sévan (July, 1857), viz. 14 months ago, the Andishénis
“came to Yarkand to fight with the Chinese, and I went to KKargalik, two days’ journey
“south of Yarkand. The Andishinis took me and all the Pinjabis, Kabulis, Kashmiris
“and Hindostdnis, in all some 40 or 50 persons, prisoners; at that time two Andishdnis
“and a munshi were accompanying a Sahib who was coming from the Ladaik side;
“these three men ran away with the Sahib’s property and came to Kargalik; there
“they stopped in the house of one Kurbdn, and they said to him: ‘We have some
vproperty for sale, do you take it?’ When he had sent for the property and examined
~it, he found it to consist of 12 or 14 yards of valuable embroidered cloth, a quantity
~of ordinary cloth and some other property also, but I did not see it with my own
~eyes. Kurbin having seen the things, went and reported the fact to Hdji Misser,
~Kardar of the Andishinis, saying that these men were poor and had nothing of their
“own, and that they must have robbed somebody of this. Haiji Misser sent for them
“and intimidated them, questioning as to where they got the property, and whose

“it was,

' Argon is the name of the mixed races of Yarkindis and Ladakis.
3 In this, ae in the other statements, we have not made any alter ltlon in the language, which often presents a
faithful picture of the native mode of expressing ideas.

Kattah Ali Shah's statement is printed in the Journal of the Asiatic Socicty of Bengal; No. L, 1859; p. 57, &e.
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“They at fivst asserted the property was their own, but when threatened severely,
“they stated that Mohimmad Amin had brought a Feringhi,' and that they had stolen
“these articles and were escaping with them. Haji Misser asked where the Feringhi
“was; they replied: ¢God knows, he was on his way to Ydrkand; if he was gone
“there, he will have arrived at the village of Kilian. Haji Misser therefore sent two
“or three of his own men, and told them to go and fetch the Sihib; they, therefore,
“went to Kilian and brought the Sahib from thence to Kargalik, and Mohimmad Amin
“was also with him.”

[Tt may be surprising, that Mohimmad Amin should not have been selected as
interpreter at the following interview; but we, as well as Adolphe, could only
speak through interpreters with Mohdmmad Amin, who, in addition to Turkish,
his native language, knew only a little Tibetan and somewhat more of Persian, but no
Hindostani whatever. Mani and Makshait were our interpreters. Our bhrother’s inter-
preter seems to have been the runaway minshi; Abdallah is not mentioned here.]

“Nobody understood the Sihib's speech in the country; they searched therefore
“for somebody who could understand him, in hope of finding some one who could
“understand Hindostani or Pinjabi. I was in confinement, and they toolkk me to the
“place. Haji Misser told me to ask the Sihib why he lhad come there. I asked the
“Sahib; he replied that there was Shazidah, son of Mohiémmad Shal, living in the
“Andishian country, and he had visited him (Adolphe) in Lahér, and had said: ‘Do
“you come to Andishan, Sahib, and I will establish friendly relations between the Navib
“of Andishan and the Sihibs’ It was on this account that he was on lis way to
“Andishin. Hiji Misser confiscated all the Sihib’s property, and puyt the Sihib in
“confinement, and sent him to Zallah Khan, a principal Sirdir. When they put the
“Sihib in confinement he said to me: ‘No one here understands my language, and
“my belief is, that thesc people will kill me. Should you go to that side of the
“comntry, by Kily, tell this matter to Hay S&hib; if you go by Kashmir, tell it to
“whatever Sahib you meet.” After this the Siahib went away. On the day that the
“Sdhib went to Sirdar Zullah Khan, on the same day the Chinese force came to fight
“with the Andishanis; and the Andishanis fought for half an hour, and then ran away
“and took the Sihib with them. When the Chinese force came, all the Andishin

' Feriughi is, in India and Central Asia, the general designation of a European, the term being a nodification

of the word Frank.
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“Kardars ran away, and we 40 or 50 men who were in confinement got free. I
“afterwards heard that Dil Khan, the great chief of the Andishinis, had taken the
“Sahib’s property and put him to death, but I only heard this from report of travellers
“from Kashgar and Yarkand; I did not see it with my own eyes.”

[When Kattah AL Shah was asked by Mr. Inox, whether he knew any thing
of the property of the Sahib or his servants, he said:] “No, I do not know any

thing about them. I only saw the Sahib and Mohammad Amin Méghul”!

G. StarEMENT oF (GosET MOHAMMAD, ADOLPHE'S SERVANT. ExAMINED A1 KANGRA,

JuLy 10TH, 1859.

“Besides me and several chaprassis, my master had with him the following munshis,
“who could all write English:—

“1. Ramchand, whose house is near the city of Lahér. He was engaged at
“Peshdur; in reaching Kardong the Sahib sent him to Kashmir, saying, he would rejoin
“him vid Yarkand. I do not know where this munshi is how, I have not heard of
“him since.

«2, Harkishen, native doctor from Almoéra. He left us at the foot of the Bara
“Licha pass, and went by Lahol, Spiti, Bissér and Gahrval to Déra, where he gave
“over all the instruments he had to the office of the Surveyor General of India.

«3. Mohiammad Hassan, a native of Peshaur, accompanied us nearly as far as
“Ladik, but had to return, as he suffered a good deal from ophthalmia.®

“We left Bhagsu about the end of April and marched on through Kilu to Rapchu. In
~Kalu my mastef met Mohdammad Amin Méghul, who had accompanied his brothers to
“Turkistan, and Murid, the Jew, who knew his brothers from Ladak. As the Sahib
“intended to personate a merchant, he bought in Kiilu 40 horses and some cloth, and
“at the same time mounted three of his servants. After completing all his prepara-
“tions, he set out with the intention of going to Kékand. When we came to Rupchu,
“ Mohammad Amin said he would take my master by the ordinary route to Kokand; this,

“however. he did not wish. Mohammad Amin therefore took another route, and after

! Mdoghul is the general desigmation of the Turks in Central Asia.
* All the other reports most positively state that he absconded: hut it may he quite true that he suffered from

uphthalmin, a very general compluint, caused by the glare of the vast snow fields.
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“marching for some days we reached, after great difficulties, a place where the water
“was very salt; 15 horses died here. About this time, I, who continned to remain

' but T said

“with the Sdhib, fell sick, and he wished to send me back with Murli,
“I would rather remain. Here we had considerable difficulty in finding the road; at
“last we discovered a pass, on which lay a heap of stones, for marking the place
“where a murder had been committed. This pass is not far from Siuget, whence the
“road branches off to Karakdish.

“After proceeding two marches from Suget, we halted; the Sahib always occupied
“one tent, his servants another, and the camp followers encamped all round.
“During the night, three men who had been engaged in Kilu walked off with
“21 horses and other property; a fruitless search was instituted after the thieves: of
“the 21 stolen horses, 11 had such sore backs and were so lame that the thieves
“abandoned them.

“From this point my master again returned to the pass above Stiget, where he
“remained some days, and then proceeded in the dirvection of Yarkand: but in the road
“he fell in with three men who told him, that there was a good deal of fighting going
“on in Yarkand, and advised him not to proceed any turther. He accordingly
“again returned to the pass, in the neighbourhood of whicli he remained about
“a month, and then, being still very anxious to reach Yarkand, if he could possibly
“do so. he again set out. I, however, got very ill, and as we happened to meet a
“caravan of merchants proceeding from Yirkand to Ladik, he entrusted me and
“some of his collections to the cave of these people, who should take me back as far
“as Laddk. He gave the merchants a bill for 50 rupis, and to me one tor 30 rupis,
“both drawn on the thanadiar of Ladik. Moreover, he gave me a dratt of 250 rupis,
“on Kingra. and a horse for my use. 1 veceived orders to proceed from Ladik to
“Bhagsu.  On reaching Ladak, I presented the first Dills to the thanadar, who refused
“to cash them. I therefore remained in Laddk three months, and as the merchants
“became very importunate on account of mnot receiving the 50 rupis, for which my
“master. had given them a bill, T sold my horse for 54 rupis, and out of the money
“thus realized, paid the merchants their 50 rupis. The caravan belonged to Riapa Shal
“from Yarkand.

“I have not heard anything more about my master.”

! This chaprasai was sent Lack with Mauln Baksh to Lahdl. See P 48,
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HI. INFORMATION RECEIVED FROM THE “DEPARTEMENT ASIATIQUE”™ OF ST. PETERS-
BURGH, THROUGH BARON BUDBERG, RUSSIAN MINISTER AT BERLIN.

7. LerrErn vrom MRr. VArDoucuiNE, Russian ConsuL ar CrlcucHAK.!

Docember 31st, 1858.

? Jonunry 11th, 1839,

CHUGUCHAK

Although the following information must tend to increase the general sympathy
which 1s felt in the fate of the renowned and universally respected traveller, Adolphe
Schlagintweit, they unfortunately offer no consolation to his brothers.

In the autumn of 1837, at the time of the insurrection against the Chinese in
Turkistan, which was headed Ly Bazruk Khan, a nephew of Jehingir Haji, a Feringhi
(European) came to Turkistin from India® giving himself out for a merchant.

Having received the permission of the Chinese authorities to proceed to Kashgar,.
the traveller unfortunately arrived on the day when Budzruk Khan made his entrance
into the town. The next day he presented himself before the latter to obtain his
permission to extend his journey into Koékand; Bizruk Khan, however, taking him
for a Chinese spy, caused him to be murdered. It has been asserted that he declared
to Buzruk Khan before his death, that his murder should not remain unpunished, as
no means would be neglected to find him. This report has occasioned a belief in the
country that “this Kuropean was a person of high importance, belonging to the
Feringhis who govern India”, 4. e. that he was an Indian officer. Tt is also asserted
that the four Europeans composing his retinue® were also murdered. The person,
through whose agency I obtained these details, did not know whether he was also
accompanied by Mussilméns. All the effects of this traveller are said to have been
taken by Buizruk Khan on his return to Kokand.

It is further reported that this traveller came from India, intending to proceed
through Tibet to Kdkand, or, in the event of being prevented from doing so, to return
as he had come. His name is unknown. All that I can learn respecting him is that
Le was very tall [at least in comparison with the much smaller races of Central Asia].
1 obtained these statements on inquiring of the head man of a large caravan from

' Chiiguchak. in 46 9" N. Lat,, 83° 7/ Long. B. from Greenwich, is a Russian station, south of the Ziisang lake.
2 The name Sikemarata, given in Mr. Vardouguine's original letter as the name of a little town from which he
is supposed to have come, must refer to the country of the Sikhs, the Pinjib. We are unacquainted with any town

hearing this or a similar name.

1 This appears to be an error. lle had no Europeans with him.
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that place, whether any Europeans had fallen in the rebellion in Turkistin. Un-
fortunately the statements I received, especially as to the routes’, agree but too well
with the points to which my attention was directed, as being essential ones in reference
to the person about whose identity I was commissioned by the Asiatic Department,

in November, to make investigations.

8. Seconp Rerort rrnoM MR. VARDOUGUINE, FORWARDED TO BARON BUDBERG BY

2nd
Mr. Gronce Kowarewskr, St. Pererssurer, March 3, 1859.

Prince Gortschakoff has already communicated, in his dispatch to your Excel-
lency (Baron Budberg) of the pm of February, some information which Mr. Var-
douguine, acting as our Consul at Chuguchak, had forwarded to him, and which
appears to have some bearing on the fate of Mr. Schlagintweit. According to a fresh
report, dated %{ﬁ%{y;—‘ﬁ:, from the same official, it would appear that this ill-fated
traveller had not four, but only three companions, who did not share his fate, but
saved themselves. Mr. Vardouguine brings forward a circumstance which, however
indefinite it appears, may still not be without weight for those who personally knew
Mr. Schlagintweit, in establishing his identity. The traveller, who is said to have
been killed, is described as having la mole (tdche naturelle) under his right eye.

[Our brother certainly had no such mole, but it is not impossible that some
scarred wound, of which we know nothing, might be meant.]

In communicating this information, I consider it useless to observe how little
credence should be attached to it. The inhabitants of those distant regions where it
was 'collected, generally speaking, make no scruple of modifying their reports at

pleasure, especially when Europeans are concerned.

' Our letters, in consequence of which Prince Gortschakoff had the kindness to institute inquiries, contained details
about our brother’s possible routes to Turkistdn, and also about those which he might have adopted in order to reach

the Russian territories.
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IV. REPORTS COLLECTED BY LIEUTENANT COLONEL H. B. EDWARDES, C.B.,
COMMISSIONER AND SUPERINTENDENT, PESHAUR DIVISION.

Y. LerTER oF CoLonrkL Epwarpes to R. Tempie, Esq., SecrErary to THE CHIEF
ComMmissioNER oF THE PANyAB. Pesuiur, Drcemser 18rH, 1858.— PoriticaL

DrrARTMENT.

I am not awarve whether the Chief Commissioner has yet received a reliable
account of the circumstances attending the death of the German traveller, Mr. Adolphe
Schlagintweit; but, at any rate, it will be satisfactory to the Government, as well as
to his friends, to be able to compare the enclosed narratives of the sad events.

The first [No. 10] is the verbal statement of one of his followers, a Kashmiri
named Abdallah', who arrived here vid Bokhara and Kabul three days ago, December
15th, 1858.

The second [No. 11]is the written veport of a native of Yarkand, named Moham-
mad Amin, who appears to have been provided by Lord William Hay, as a kind of
agent, or chief guide, to Mr. Adolphe Schlagintweit. He writes trom Kékand, and Ab-
dallah is the bearer of his letter.

From these statements, which appear to me substantially trustful, it seems that
Mr. Schlagintweit was impelled by a desire to find a voad to Yarkand which need
not pass through Ladik; that he reached Yarkand; found that country harried by
fanatic Mussalmédns from Kokand; and passed on to Kashgar, where the same fanatical
raids where going on, and the leader of one of them, a Siyad, named Vili Khan,
seized him and barbarously caused him to be belieaded, without any other offence,
appavently, than that of being a foreigner.

It anything could soothe the distress of Mr. Schlagintweit's friends in liurope, it
would surely be the noble contrast between the enlightened purpose and lhwumane
search for knowledge which hore him into those wilds, with his life in his open
hand, and the barbarians' frenzy for the propagation of error by the blood of his
fellow men.

1 have sent by separate pn‘rcel a slip of paper, and a broken pocket telescope,

which were the only relies Abdidlah could bring away with him.

' Hix full name is Abdallah Molsimmad.
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[We have received these articles. The handwriting on the slip of paper is cer-
tainly that of our brother; but it is beyond all doubt that it had not been written
during his travels in Turkistin; it is dated “Peshaur”, and was probably written in
December, 1856. It seems to be a rejected label, belonging to a specimen of his
ethnographical collections.

The telescope, which Abdullah says had been bought of one of the people who
stole our brother's property, was certainly not his; it looks as if it had been
purchased in a native bazir of Peshiur, and is of such rude external appearance
that our brother cannot even have taken it with him as a present for natives; it only
magnifies once and a half, and gives the images very badly defined.

We have communicated to Colonel Edwardes our strong donbts as to whether these
articles were actually found amongst our brother’s property in Turkistin, and we have
requested him again to cross-examine Abddllah, and at the same time to keep in
mind the improbability of his sta‘temen‘osﬁ, at least in veference to these alleged velics.]

10. VERBAL STATEMENT GIVEN BY THE KAsHMIRT, ABDULLAH.

“About two years ago, when the Amir of Kabul came to pay a visit' to Peshaur,
“my master was in Peshaur, and I was employed under him as a sepihi of the guard.
“After much travelling in the Panjalb, he went to Sultinpur in Kulu, where he got
“acquainted with Mohammad Amin of Yarkand, whom Lord William Hay had sent
“for the purpose. .

“Mohimmad Amin was obliged to go for protection to Lord Williamn Hay, to be
“safe from Gulib Singh's prosecution.?

“Also the officer, named Bisti Ram, who was posted at Laddk, as a thanaddr, by
“Maharijah Gulab Singh, bore very ill feelings towards Mohimmad Amin, because he
“had shown to Europeans, the brothers of my master, the way to Yarkand.

“At Sultinpur, the chief place of Kulu, the Sihib stopped for some days, with
“a view to arrange with Mohimmad Amin for the journey. He then sent his baggage,

“under the care of Mohimmad Amin, by the direct road to Kardong, and he, with

' This officinl visit took place at the end of December, 1856. Our brother, Adolphe, was in the suite of Sir John
Lawrence, when he had his interview with Dost Mohammad Khan, at Jamriid, near Peshiur, Sce Itinerary, p. 32.
2 Nee p. 46,

R ¥
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“myself, the native doctor Hiirkishen, and Gosht Mohammad, the butler, went there vij
“the Binghal pass. In Kérdong he halted five days, sent his munshi, Ramchind, and
“two chaprissis to Kashmir, purchased 60 horses and provisions, and with the munshi,
“Mohammad Hissan, a native of Peshaur, Hirkishen, Gosht Mohidmmad, myself, and
“Mohimmad Amin of Yarkand with his three followers, proceeded to Ladak. When
“we reached a place three days’ journey from Leh, Mohimmad Amin pointed out to
“the Sahib a road, vid Sirikdl to Kékand, which he proposed to follow. The master
~consented to this proposal, ordered Hirkishen, two chaprassis, and two other men
“employed in the survey office to return to Hindostin, sent one chaprissi with his
“heavy baggage to Ladak, and he with myself, Mohdmmad Amin, and some other
“followers, went to Chusel [near the Tsomognalari, the great salt lake of Pangkdng].
“There he hired sixty porters and with them set out. '

“After three days! journey, munshi Mohiammad Hassan of Peshdur, having taken
“away at night one of the Sahib’s horses, ran away and carried off with him his book
“of accounts. The Sihib sent a man named Raéhiman, a native of Balti, to search for
*him and lent him a horse to ride on; but he also never. returned. We halted three days
“in the same uninhabited country, and then, taking Mohdmmad Amin and two natives
“of Tibet, the master went away alone to discover the way. By means of a telescope
“he at last found a way, and started with his baggage; but we soon missed the proper
“route, and after a weary journey came by the side of two small lakes, the water in
“one of which was reddish and in the other greenish, but both bitter [saline], so that
“all his -followers, through despair, began to lament and sigh to return.

[The difficulties of travelling, here described, perfectly agree with what we also
had to experience during our passage over the chains of the Karakorim and the
Kuenluen. ]

“Upon this my master dismissed some Tibetans, together with one chaprissi, by
“pame Murli. He then with myself, Mohammad Amin, and his three followers, Gosht
“Mohdammad, and two Tibetans, resumed his journey, and on his way met with only
“a single house, situated in a desert tract of country, from which the city of Elchi,
“the capital of Khotan, was distant by three days’ journey.

“All our way had hitherto lain through an uninbabited country; for our master
“had selected a new route, marked it with stones as he went along, and made a sketch

~of it. Thiz was a way which led straight to Yarkand, without passing through Lch:
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“but with the exception of a few inhabited huts [on the Tibetan (southern) side of the
“Karakorim] in some places, the whole of the tract was an entire wilderness. We,
“however, did not proceed from this single house, sitnated at three days marches from
“Tilchi, in the direction of this city, but turned towards Suget, where we stayed three
«“days, Mohammad Amin here again urged upon the Sihib not to proceed to Yirkand,
“Dbut to Sirikdl, and thence on to Kékand. We consequently set out for Sirikul.

«On the third day we arrived at the summit of a pass where, the same night,
“snow fell to a great extent; here the horses we had were all taken away by the
“servants of Mohammad Amin, but we next morning went in pursuit of the robbers,
“and Mohdmmad Amin with one of his servants, who was a Jew, also accompanied us.
[This must have been Murid.]

“We at last recovered seven horses from the thieves, and sent Mohdmmad Amin
“and his servant ahead to search for the rest. Mohidmmad Amin hLad not instigated
“his men to rob our Sahib of his horses, but they, of their own accord, had done the
“deed. On our return, we asked the Séhib to retire down the pass in order to be
“safe from the severity of the cold, and to get provisions. He accordingly descended
“from the pass, and reached A Siyad-ulla Khdja, where Mohdmmad Amin also came up
“with the three remaining horses which had been stolen, and despatclied his servant,
“by name Murad, the Jew, to Yarkand, to bring information of the wars that were
“then going on there. The Jew returned, and reported that it was the Khan of Kdokand
“who had been making war. We therefore, without hesitation, set out for. Yirkand;
Gosht Mohimmad, under the protection of a caravan, was sent back to Kingra'.

“After his departure, we passed through Kargalik and Bozgin® and arrived at the
“camp of Dil Khan, Siyad of Kékand, who had come with an armed multitude to
“make a religious war with Yarkand. His camp lay outside the city, and about an
“hour after onr arrival, the army of the Khatais®, which formed the garrison of the
“eity, came out to encounter the besiegers on the open field, and routed them, and
“obliged Dil Khan to fly. Mr. Schlagintweit, likewise leaving all his baggage there,
“fled with his followers to Négsir, and thence went to Kashgar. Here another Siyad

“of Kokand, named Vali Khan, who had likewise come on a religious expedition had

! See p. 55 and p. G4
? These places are respectively two days’ and one day’s march distant from Yarkand.

* Khatai is th& name given to the Chinese in Turkistdn.
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“succeeded in getting the throne of Kashgar; Mr. Schlagintweit desired an interview
“with him, but it was refused, and a guard was sent to apprehend us.

“They accordingly carried us prisoners into the presence of Vali Khan, who ordeved
“Mr. Schlagintweit to be beheaded, and so the order was instantly carried out. Vali
~Khan did not ask any question of Mr. Schlagintweit before his murder, and he was
“executed outside the city of Kishgar. He was allowed no burial, but a man, named
« Atta Biéhi, a native of Yarkand, had collected his bones, and Mohimmad Amin assured
“me that he would send them over to India, via Ladak. This tragedy occurred about
~seventeen months ago [August, 1857].

“Vili Khan then sent me and Mohimmad Amin of Yarkand, and Murad, the Jew,
“and a native of Tibet to prison; and afterwards sold me as a slave to a man called
“Tuzdk, for 25 rupis, by reason of my being a native of India.

“ A month after, an army of Khatiis came and expelled Siyad Vili Khan of
~Kdkand, together with the inhabitants of Kashgar, who took refuge in Kékand. 1
“also accompanied the fugitives, and on my arrival at Kokand, a Sayad of Peshaur, by
“name Mian Khalil, procured me freedom by paying to my master, Tuzik, the amount
“which he had paid for me.

“After I was set at liberty, I stopped in Koékand for ten months, during which
“time I sent three petitions to the King intimating that Mr. Schlagintweit had been
* murdered, and praying that justice might be done to him. But the King of Kokand,
~without giving me any reply, tore up all my petitions. When I was in Kdékand, it
“was the season of winter, and, consequently, I never went out to see the country.
“] met Mohimmad Amin of Yarkand at Kékand who advised me to return to
+India, and said that he would again apply to the King of Kékand for justice in the
“case of Mr. Schlagintweit. Meanwhile the King of Bokhira prepared to make an
“inroad on Kékand, upon which, fearing bad conéequences from a longer stay at Kékand,
“1 went to Bokhara. On my departure from Kékand, Mohimmad Amin gave me a
“Persian letter for delivery to Colonel Edwardes, in Peshaur, which I now present.

«From Bokhara I came to Balkh, from Bilkh to Kabul, and from Kibul to Peshaur.
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11. Lerrer rroMm Mondnmap Anfy oF YArkanp, 1o ConoNern Epwampes. IKoxasn.

Jury 297tH, 1858.

I met Mr. Schlagintweit at Sultanpur in Kiln, then went with him to Lahdl,
and over a pass reached Riupchu.

Here two roads diverge, one leading to Leh, and the other to Chiisel. My master
asked me to direct the way to Alksie Chin, we consequently proceeded thither, and
passed through Changchémmo, and having crossed a high ridge [this is the Karakorim
chain], we came up to the road leading to Aksie Chin'. We arrived at a place,
whereabout two forts were situated. The one was said to have belonged to Sikander,
and was situated on the flanks of the Yurungkash pass. [We ourselves also passed,
with Mohammad Amin, through Sikinder Mokém, on the 18th of August, 1856. It
is a small fort and now deserted; it seems never to have been anything else but
a fortified place, and was never permanently inhabited. The name of Alexander
the Great, after whom it is called, is well known to the inhabitants of Turkistan.
partly in historical, partly in more fabulous form, and appears several times® with-
out any veal connection, and quite unexpectedly, in geographical terminology.] The
other fort lay on the banks of the Karakdish, which ix one of the streams that flow
through Khatan.

Travelling along the Karakish river [and after having crossed the Kuenlten]. we
came down the main stream ot Khétan, and passed through Siyad-ulla Khéja which
was intersected by two roads, one conmmecting Ydarkand with Tibet, and the other
leading to Tashkorgin, Osh and Kékand.

We halted at Siyad-ulla Khéja for five days. It was twenty days’ journey from
this to Osh. vid Tashkorgin, and five days' journey to Yarkand.

My Sdhib told me that the way through Tashkorgan and Osh was very long.
and that to Yarkand comparatively short, and that he would take the latter. [
remonstrated that the latter was a dangerous, and the former a safe, way. He then
sent Murdd, the Jew, to bring information from Yirkand. The Jew returned after

eight days in the company of eight caravans, and reported that the Khan of Kokand

"It s characteristic of Mohdmmad Awmin (hat e complains very litte aboul the difticulties of (he voad, in

comparison with Ahdnl.
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had wrested from the people of Khatdis [Chinese] the provinces of Kaishgar and
Yarkand.

I, however, discredited the report, and said that the real Khan of Kdkand would
never undertake such a distant expedition; but that within the last twelve years some
of the Bara Sahibs [great men] of Kékand, who were Sayads by birth, having collected
vagabond outlaws and all sorts of rabble, made frequent inroads on Kishgar, some-
times succeeded in defeating its governors and occupying their throne, and at other
times were repulsed by the Chinese army and obliged to retreat, and that one of them,
Chikchik Khéja, had once fallen into the hands of the army of Khatiis, and was
since in confinement. If wars were going on at Késhgar, I added, they must have
been waged by these Sdyad fanatics, and nq§ by the Khan of Kékand. A

My master nevertheless persisted in goingQ:oiYé,rkand [evidently,—because the road
to Kashgar and Kokand was equally dangerous on account of the disturbances in this
direction, and because the distance to these places was also much greater|. He sent
back Gosht Mohimmad the butler, in company with a caravan, to Kangra.

We then set out for Yarkand; on our approach, the inhabitants of that place
treated us with great courtesy, and furnished us with provisions; Mr. Schlagintweit
also gave them presents suitable to their several ranks and deserts.

TFrom thence we proceeded to Kashgar which was then occupied by a Khéja of
Kékand, who had defeated the original governor and wrested from him his provinces,
but the army of Khatdis was also encamped ouatside the city, and laid siege to a fort,
called Gul-Bigh, situated about a mile from the town.

The Mussilmdns of the garrison every day came out and gave them battle.
The fight was going on when we arrived; the Mussidlmins asked who we were, Mr.
Schlagintweit replied that he was the Honourable Ilast India Company’s envoy, and
was going to the Khan of Kékand. Upon this they got into a rage, and ordered
Mur. Schlagintweit to be beheaded, and me with my followers to be thrown into prison,
and plundered of all our property. During the thirty five days of our confinement,
my two servants died and the third was missing.

Meanwhile the army of Khatdis, having been reinforced from Miha Chin,' over-

powered the Khéja, and obliged him to fly. I consequently got my release, placed

' Maha Chin, 7. €. Great China or China Proper, as distinguished from the Chinese provinee of Turkistan.
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the remains of Mr. Schlagintweit in charge of Murad, for safe custody, and proceeded
to Kdkand.

I have been eight months in Kdkand; and as the way to Kashgar remained
blockaded during that time, and no traveller could pass to and fro, I could send no
message to you; however, lately envoys have been sent to, and received from, Kashgar,
and peace restored; and the Khan of Kékand has deputed a man, named Aka_ Sikal.
to Kashgar to bring about the state of affairs on the old footing. I shall, therefore,
shortly leave for Kashgar and proceed to Peshiur with the remains of my unfortunate

master.

12. CoxorLuping REMARKS.

The latest news which we have re(y?ved from India about Adolphe, is contained
in a letter of the 27th November, 1859, from the Rev. H. Jischke, missionary at Lahdl
He derived his information from a man, recently returned, whom he had prevailed
upon Hari Chand to despatch in August, 1858, to Yarkand, for the purpose of making
inquiries about our brother’s fate. This man confirms most positively the general
correctness of the former sad intelligence. He found out that our name had been
transformed by the Turkistinis into Sdladin.

Mr. Jischke’s communication allows us also to hope, that we may still receive
some of our brother’s manuscripts, instruments, and collections. ‘

From Russia we hear quite recently (end of April), through the kind cxertions
of the Imperial Geographical Society of St. Petersburgh, that the son of a Kirghis
chief, by name Vanikoff, has just returned to St. Petersburgh from Kashgar, and
given an account of his journeys to the Society. He most positively confirins the
accounts as to Adolphe’s sad fate, who, according to his statement, was killed by Haji

Misser.




IV.  TRANSCRIPTION.

System ndopted.  .l. Vowels. B. Diphthongs. (' Consonants. D. Phonetic Accents— Linguistic Experiments.—
Alphabet used for Transeription.

Tae transcription of words from thé different languages of India, including
Tibetan and Turkish for High Asia, has, throughout our journeys, been an object to
which we have always endeavoured to give an attention proportionate to its difficulties.
Our principal object has been to define, to the Lest of our ability, the plhonetic sound
of the words. Whenever it was possible, we followed the native orthography; but in
cases where this orthography was indeterminate as to the vowels, or too complicated
in the system of consonants, we have always deviated from it.

‘Where the provincial forms were found to be well defined or modernized, we
kept them unaltered, in conformity with the rule adopted in geographical works. For
a few of the familiar and most generally used names, such as Calcutta, Ganges, Indus,
Madras, &c, we have retained the established European mode of spelling.

We are not Oriental scholars ourselves, hut had acquired a sufficient knowledge
of Hindostini to converse with the natives—such an amount of acquaintance with the
language being in itself indispensable, both in India, to facilitate intercourse with
followers and servants, and in the territories beyond English influence, which are
generally inucessible to Kuropeans, to enable the traveller to assume disguise with
more chance of success. Though we could never have hoped to pass as natives in a
country where Hindostini was the native language, the difficulty was far less in Tibet
or Turkistin, wherve the chief requisite in speaking with our interpreters was fluency,
and not corvectness.

The systems adopted for the transcription of Indian languages are very numerous.

Our researches referring almost exclusively to physical geography and natural history,
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we thought it important to adopt a system as little complicated as possible, and at
the same time to preserve an alphabet, not differing too widely from the letters
generally used in typography. TFor writing the names on maps also, it is very
convenient not to have too many distinctive signs added to the letters; for they are
easily overlooked, when they happen to coincide with the lines of shading on the map.
Besides, a simple method makes it so much easier for the general reader in following
our researches and in remembering the names connected with them'

| A. VOWELS,

As will be seen from our Alphabet, we -generally write the vowels on the
(German or Italian system of pronunciation, a system already introduced by Sir
William Jones, and, with some slight modifications, now almost universally adopted.

Amongst many others who write in accordance with similar principles, we need
only mention: Wilson, Hooker, Thomson, Miller, and Eastwick? in LEngland; Bopp,
Lepsius?, Lassen, and Weber, in Germany. In the Presidency of Madras, it has also
been officially introduced of late’.

B. DIPHTHONGS.

This class requires particular notice here. In modern Turopean languages there
are instances in which the spelling of diphthongs is phonetically incorrect, as will be
seen when we dissolve the diphthongs into their two component vowels, by pronouncing
the latter very slowly, as in singing, an experiment which we found exceedingly valuable
in many doubtful cases. By doing so, it is easy to perceive that, if we wish to write
phonetically, the German words “heute (to-day)”, “ Eigenschaft (quality)”, sound like,
“hdiite”, “Alligcnschaﬂ”; the diphthongs in the English words, “loudly™, “silently”, sound
like, “laudli”, “salentli”.®

These examples, at the same time, serve to show that, if the accentuated syllable

' A simple mode of writing also much [acilitates the printing of translations, and of abstracts in scientific
periodicnls,

? Eastwick. Handbooks for India. 2 vols, Murray, London, 1839. We take this oppo'rtunity of acknowledging
the valuable information contained in these volumes, which have proved of essential service to us, especially in
what relates to Southern India.

* T the details of transcription, his well known rescarches in connection with a general alphabet (Standard Alpha-
bet, London, 1855) have heen very imnportant to us.

* Allen’s Indinn Mail, November 28th, 1859,

* We add, not to be misunderstood, that we ure far from alluding to alterations, as little desirable in English
as in the German, in cases where orthography is based on history and firmly established hy universal usage.

9 *
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‘contains a diphthong, the accent, contrary to the adopted mode of writing it in
Greck, aways lies on the first vowel, even when the diphthong is in the antepenult.
When placed otherwise, the two vowels no longer form a diphthong, but are separated
by dizeresis,

C. CONSONANTS.

In reference to the consonants, simplicity could not be obtained without entirely
omitting many distinctions of the Orviental alphabets.

In the Geographical Glossary, which will be embodied in the third volume of
our publications, we have endeavoured to transcribe, with greater accuracy, the different
native consonants. We retained, however, as far as was possible, the English alphabet,
since for most general purposes it is sufficiently complete, and has besides for centuries

been intimately associated with Indian geography.

D. PHONETIC ACCENTS.

To each word of more than one syllable we have given a phonetic accent.

Although signs for distinguishing the accented syllable are generally considered
unnecessary in a complete system of transcription, where the quantity is marked in
full, yet in the more simple system here adopted, we have thought it advisable to
ensure correctness and facility in the pronunciation of the names by the regular
employment of the phonetic accent.

When the accent falls upon a diphthong, we place the sign over the first vowel,
in accordance with the principles explained ahove.

In rapid conversational utterance there is seldom any difficulty in distinguishing
the syllable upon which the principal accent lies. In compound words, indeed, some
embarrassment arises as to the disposal of the accent when one only is to be used; for
several syllables may here be pronounced with equal stress, or nearly so, as is often
the case with many German words. However, though but one accent is used in our
system, this will at least serve to exclude the possibility of a wrong syllable being
accentuated, and, what is more important, obviate the danger of a misapprehension, or
total misunderstanding, of the word.

Before our departure irom India, we had made an engagement with Sdyad
Mohammad Said, an intelligent minshi, from Calcutta, who was recommended to us

by the well known orientalist. Professor Sprenger, as one of his best scholars. He
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accompanied us to Europe, and remained in our service a year and a half. The miinshi
was well versed in Bengili, Ijrdu, Persian, and Arabic; but English he had yet to
acquire after his arrival in Europe. In consequence of his unacquaintance with
European languages, we were at some loss how to dispose of him at Berlin, during our
first short visit to England, immediately upon our return from the East: but Doctor
Dieterici, Professor of Arabic and Persian at the University of Berlin, came forward and
most kindly offered to take charge of hiin. The munshi evinced great interest for the
work in which he was engaged under our superintendence. The results will be given
in the glossary.

As an instance of the important assistance we were enabled to derive from the
native articulation of Indian names, we may mention the following: On our return,
via Trieste (June, 1857), we took the munshi with us on a visit to Professor Briicke,
in Vienna, who proposed to us several very successful experiments. One of these trials
was to determine, whether the glottis remained open or shut in the "pronunciation of
certain consonants without an accompanying vowel. This was easily ascertained by
applying the concave end of an acoustic tube to the outer side of the larynx, while
the other end rested in the ear of the observer. Other experiments were made, in
reference to the pronunciation of aspirated tenues and aspirated mediae. The results
Lave been recently published by Professor Briicke'.

We conclude by giving the alphabet employed throughout our publications:—

ALPHABET USED FOR TRANSCRIPTION.

a (@8 aa) iy b (bh); d (dh); e (888); £ g (gh): hy i @1: J Gh); k (kh), kh:

1 (h): m: 5 0 (60), 6: p (ph); ¢ (rhy; s, sh; ¢ (th): u (@ W), @: v; y; =

VOWELS.
1. a,e 4,0, u, as in German and Italian.
2. &, 6, 1, as in German.
3. Diphthongs give the sound of the two component vowels combined. Diwvesis
is marked by the accent falling on the second of the two vowels.

4.~ above the vowel makes the vowel long.

' Ucher die Aussprache der Aspiraten im Hindostdni. Sitzungsberichte der philosophisch-historischen Classe der
Wiener Akademie, April, 1859,
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In general we considered it unneccessary to add this sign when the accent
coincided with it, and the omission would not influence the correctness of the yro-
nunciation,

Short vowels are not separately distinguished.

5. - above a and e is a sign of imperfect phonetic formation, similar to the
open % in but, and e in herd.

6. ~ below a indicates the deep sound, like a in well.

In Hindostiani this sound occurs only in local dialects; in Tibetan and Turkish
it is more prevalent.

7. =~ above a and o indicates a nasal sound, like ¢ and o in the French words
gont and son; also €, 1, and @ had to be introduced for marking the nasal sound of
e, i, and u; in the nasal diphthongs at and al, we make the sign over one only,

though both vowels have the nasal sound.
CONSONANTS.

1. b, d, £, g h k L m n, p 1 s t are pronounced as in German and English
[the variations occurring in the pronunciation of g, and h (in English) excepted].

2. h, after a consonant, is an audible aspiration, except in ch, sh, and kh.

3. ch sounds as in English (church).

4. sh, as in English (shade).
5. kh, as ¢k in German (hoch).
6. J, as in English (just).
v, as the w in German (Wasser), being different from + in very, and w in water.
8. ¥, as y in the English word yes, or j in the German ja.
9. 2 soft. as in English.

ACCENTS.

* marks the syllable on which the accent falls, whether the syllable be long or

short.
ALPHABETICAL REGISTERS.

In our alpbabetical registers the letters follow the order of the alphabet,
irrespective of the signs attached to them. This arrangement has the advantage of
coinciding, as nearly as possible, with the system adopted in dictionaries of Kuropean

languages.
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SECTION L
METHODS OF OBSERVATION AND CALCULATION.

1. InsTouMENTs: a. Theodolites; b. Chronometers; c¢. Meteorological Instruments.—Mode of packing.

IL. IntnobucTORY CALCULATIONS: a. Refraction; b. Parallax; e¢. Methods of Interpolation, Quantities depending on
the Yearly Motion, or on the Anomalies in the Orbit, and Quantities depending on the Daily Motion.

M. METHODS FOR CALCULATING LATITUDE ANp TmE: 1. Observations of Stars. 2. Observations of the Sun: Method 1,
for uncqual Altitudes; Method I, for corresponding Altitudes; Method TIL, for circim-meridian Altitudes.
3. Determination of the Meridian.

IV. Merrops Fon cALcULATING THE Lownetrupe: 1. Longitude by Chronometers, Rates of the Chronometers used:
@. Chronometer 3, 1854 to 1857; b. Chronometers 1 and 2, 1854 to 1856; ¢. Chronometer 1, 1856 and 1857;
d. Chronometer 4; ¢. Resulting Table of Rates. 2. Longitude by Celestial Phenomena: a. Lunar Distances;
b. Eclipse of the Moon, October, 1856, with physical remarks.—Terrestrial signals.

V..Metnop or Equarions or Conpirion: a. Application to Latitudes; b. Example for Latitude; c. Application to
Longitudes.

I. INSTRUMENTS.
«. THEODOLITES.

T instruments for angular measurements which we used were the following:
Theodolite 1, Jones.' It had a horizontal circle of 5, and a vertical circle of
4'/, inches diameter. The horizontal circle had three verniers, reading 30 seconds; the
two verniers of the vertical circle gave the minutes.? There was also a tangential
screw, which allowed of repetfitions being made. For surveying purposles, as well as
tor an approximate determination of the declination, a magnet could be screwed
upon the telescope. The levels were large and always remained in very good order.

! Jones, 4, Rupert Street, Londan,

* The mean of the verniers and the use of the repetition apparntus allowed of 10 seconds being estimated with
suficient accuracy. I some eases, even 5 seconds or less were noted. being then the mean of several readings.
This remark alse applies to our other theodolites.

I. 10
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On account of the great length.of the telescope, altitudes could only be taken
up to 55°; and the telescope could not be inverted, without lifting the axis of the
vertical circle.

We received this instrument in Madras, 1856, through the kindness of Major
Jacob, and it was chiefly used by Robert.

Theodolite 2, Jones. This theodolite formed a part of the set of magnetic and
astronomical instruments, which were made for us in England under the kind superin-
tendence of General Sabine. Diameter of both circles 5 inches. The verniers, two for
each circle, gave direct readings of 30 seconds. It had no apparatus for repctition,
but a needle could be connected with the telescope.

Till May, 1856, it was used by Adolphe and Robert, later by Hermann. It
remained in perfect order till August 9th, 1856, when the horse that carried the
instrument tumbled down a ravine. The upper level was unfortunately broken; howev;er,
we managed to replace it by a spare level, which after many trials we succeeded in
connecting with the telescope better than could at first have been expected.! When
arrived in Kashmir, where clever workmen are to be met with, we were able to get
the spare level properly reset.

Theodolite 3, Troughton.® This was a very fine instrument; the diameter of
both circles was 5 inches, and the verniers read off 20 seconds. The horizontal
circle was provided with a very good repetition screw. The theodolite also contained
in its lower parts a large, delicate needle, with an independent horizontal circle
belonging to it.?

We received this instrument from the stores of the Surveyor General’s Office in
Calcutta, March, 1855. It was nsed by Hermann till May, 1856, and afterwards by
Adolphe, who had it with him during his last journeys. It was lost with his other
instruments at Kashgar. '

We found the construction of this instrument particularly {ve]l adapted for
astronomical and magnetic observations, as well as for topographical surveys. TFvery
part of it was very solid, but at the same time most minutely and carefully worked.

U See stations A Kiik-Kidl and A Stiget, in Turkistin.
* Troughton and Simms, London.

3 The needle could be easily removed when we observed the collimator for magnetic declination; but it could

also be used for an independent determination of the declination. See the comparisons made at Gohatti; Pact. IlL,

Station 4.
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Theodolite 4, Pistor.' This was one of their “universal instruments”, most
delicately executed, and light enough to be easily carried by one man. The dimensions
of the horizontal and vertical circle were 5 Paris inches, with two reading microscopes
belonging to each circle. Screw micrometers connected with the microscopes gave
readings of 10 seconds.

The instrument could not be combined with a collimator magnet, on account of its
having steel axes, but we used it very often for topographical measurements. The reading
microscopes, however, easily got out of order, and they then required a cousiderable
time for re-adjustment.

Theodolite 5, Ertel.® A ost accurate description of this “universal instrument”
is contained in “Sawitsch”,® p. 156.

This was the largest of our theodolites, with a diameter of 6'/, Paris inches for
the horizontal, and of 5 Paris inches for the vertical circle. 'Two verniers, reading
10 seconds, were connected with the horizontal, and four verniers, also reading 10 se-
conds, with the vertical circle. Repetitions could be made, and to the lower part
of the instrument a second telescope was attached for controlling its position, whether
it remained unchanged or not during the observations. As there was much steel in
its construction, we used it only for topographical surveys, and chiefly in Sikkim.
Its great weight, and the size of the two boxes in which it was packed, prevented
us from taking it with us as often as we otherwise could have wished.

Besides these theodolites, we had pocket sertants by Troughton and Simms, which
were used principally for minor topographical operations,* as we could always manage
to carry a theodolite with us.® The great altitudes of the sun, during many hours of the
day in these latitudes, somewhat limited the nse of sextants, and, indeed, in working the
theodolites we were often obliged to take prisms. Those by Jones and Troughton ori-

ginally had no prisms; but we easily succeeded in applying to them .the prisms of the

! Pistor and Marting, Berlin.

2 Ertel und Sohn, Munich.

? “Sawitsch, Abriss der praktischen Astronomie.” Translated from the Russian, by W. C. Goctze. Hamburg, 1850.

' As an instance of the execeplional use of sextants for Intitude and longitude, sce the stations Gartok and
Réampur, in Section II.

* In veferenee to the detail of the construction of surveying instruments and their use, we draw attentien to
the “AManual of Revenue Surveying”, by . L. Thuillier and R. Smyth. London, 1855. It also contains much valuable

information for the carvinge and management of instruments in Indian travelling.

10*
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theodolites by Pistor and Ertel. The great altitudes of the sun at the same time con-
sidqra,bly increase the difficulties of such observations, in consequence of the powerful,

and often dangerous, insolation to which the observer is exposed.

b. CHRONOMETERS.

Their description and their rates are given in detail, in connection with the

materials from which we have deduced our longitudes, in No. IV. of this section.

: ¢. METEOROLOGICAL INSTRUMENTS.

In this volume we give barometer readings, in millimetres and inches, corrected
already for error of instruments, and reduced to 32° Fahr. The temperatures of the
air are also corrected for the error of the thermometers. A detailed description and
comparison will be contained in Vol. 1L

As meteorological elements for the calculation of our astronomical and magnetic
observations, we have selected, in each case, one or two readings, which best represent
the mean values during the time of the observatioms. As far as relates to these cal-

culations it is unnecessary to enter further into detail.!

Mode of packing.

All our larger instruments were packed in strong wooden cases, light enough
for one man to carry easily, and with leather covers fitted to them. The idea of such
an arrangement had already occurred to us before we started, and upon actual trial the
covers proved to be of the greatest use. We found them to add materially to the strength
of the box; they limited the shrinking of the wood during the hot season, hoth in
the tropics and in the dry climate of Tibet, and also served as an excellent protection
against the effects,of dampness and moisture. In countries such as Tibet and Turkistan,
no large pieces of wood are procurable, and consequently the greatest difficulty would
bave been experienced in effecting the slightest repairs,

In this manner we succeeded in keeping our instruments in very good order,
although we found the screws frequently loosened by the unavoidable shaking. Indeed,

we were surprised to see how great was the effect produced by a constant succession

! Meteorology in genernl will be the specinl ohject of Vols. IV. and V.
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of little shocks during the course of a long journey. However, a cursory sxamination
of the different screws, and a little attention in seeing that they were all properly
tastened before making an observation, took up but a short time, and proved amply

sufficient to keep the instruments in good working order.
1I. INTRODUCTORY CALCULATIONS. .

The materials of the observations are: Apparent Altitudes of the Limbs of the
Sun, in some instances of the Centre of the Sun, and Differences of Azimuths; and in
other cases similar observations for the Moon and Stars. The observations of the
Sun form by far the greater part.

In all our calculations the numerical elements are talken frrom the “ Nautical Almanac”,
with a few isolated exceptions, which we have taken care to mention.

The first object of the calculation is the reduction of the values, observed from
the surface of the earth, to true and geocentric values: viz. the application of

refraction and parallax.

a. REFRACTION.

The refractions are taken from “Ivory’s Tables of Astronomical Refractions”,
in which 34" 32" is given as the Constant for refraction. They are originally published
in the Philosophical Transactions of the Royal Society for 1838.

Bessel’'s Tables refer only to variations of the barometer between 30 and 20 French
inches; consequently, they could not be used, as the lowest barometric pressure in
connection with our astronomical observations is as low as 14-6 English inches.

We had the advantage of using the detailed tables, based on Ivory's values, as
extended by General Boilean. They are contained in the latter’s valuable “Collection of
Tables, Astronomical, Meteorological, and Magnetical”, printed at Ambdila, 1850, and
to the kindness of the author we are indebted for a copy. His logarithms of cor-
rection extend from 32 to 14 inches, and from 10° to 130° Fahr.

The very convenient arrangement ot the tables may best be seen from the follow-

ing example: —
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Station No. 91. SkArpo m BAurr

Observed Altitude of the Sun’s Upper Limb . ... .. .. 25°15' 0"
583:2 millim. . (22°9 C.
Barom. * 22961 inches. Temp. of Air 73°-2 Falr.
Logarithm of correction for . ... ... ..... ... .. 22-9061 inches = 9-885
Logarithm of correction for .. ............. .. 73°:2 = 9-980
Logarithm of mean refraction for the Apparent Altitude of 25° 15’ 0”7 .. = 2:090
Sum = Logarithm of true vefraction . .................... = 1955
nat. num = 90"

Apparent Altitude of Sun’s Upper Limb . ... ... ... 25° 15" 0"
Refraction ... ... .. ... ... .. ... ... . ..., — 130"

................... 25°13' 30"

For altitudes of the sun below 20°, and particularly for those of the moon,
another correction depending on refraction must be applied.

Since the refraction is a different one for every point of the sun’s or the moon’s
dises which differs in altitude, it follows that the sun and the moon do not present
themselves as regular circles, but as transcendental curves. For our observations of the
sun, which were always taken above 20°, this correction was never required. At 20° it
only amounts to 27, but between 30° and 40° becomes 0.

The tables to be used for low altitudes are Nos. XIV., XV, and XVL in

“ Bremiker’s nautisches Jahrbuch.”

U. PARALLAX,

in reference to the System of Co-ordinates of Altitudes.

Taking the earth as a perfect sphere, the parallax alters the altitudes only, and
not the azimuths. This consideration is uite accurate enough for our calculations.

TFor the sun and the planets, the parallax of altitudes may be found either by
a simple multiplication of the horizontal equatorial parallax with the cos of altitude,
or by using the formul® which have been lately developed for parallax. In general, the
first term of the series gives the correct values, but, for the moon, it is necessary to

introduce the ellipticity of the earth and the second term of the infinite series.

I The barometer readings ave already reduced to 32° Iahr., and corrected for the instrumental error. Compare,
p. L.

2 (ompare, Briinnow, sphirische Astronomie. Berlin 1831, p. 94,
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The ellipticity of the earth is also the cause of the azimuthal parallax of the
moon, which need not bhe taken into account for the sun and the stars. *Bremiker's
nautisches Jahrbuch”, which we constantly use, gives the azimuthal parallax as a
function of latitude and azimuth.

Besides the parallax, another correction, as function of the moon’s altitude, must
be applied to ol')serva‘tions of the moon, the ohject of this correction heing the variation
of its apparent semidiameter, which depends upon its altitude. This correction in some

instances may amount to 187; it is proportional (Const. sin k).

¢. METHODS OF INTERIOLATION.
Quantities depending on the Yearly Motion, or on the Anomalies of the Orbit.

TFor the quantities depending on anomalies, the “Nautical Almanac” contains for
every Mean Noon of Greenwich Time, for the Sun: Right Ascension, Declination, and
Iquation of Time.

For the Moon, the “Nautical Almanac” gives, for each hour: Right Ascension and
Declination, and, from 12 to 12 hours, equatorial and horizontal Parallax and Semi-
diameter.

These values must DLe interpolated for the moments of observation. The first
differences already give a sufficient accuracy for all that must be considered as a function
of the anomalies of the orbits. But it is mecessary to know approximatively the
Greenwich Time corresponding with the moments of observation.

This can be done by a transformation of the well known formula:

sin i = sin ¢ sin § 4- cos ¢ cos § cos ?, (1
which, if we give to it the form required, becones:
sin b — sin ¢ sin 3

S =TS G ds b )

In these formulie:
v == Latitude of the place of observation, which must be known within ten minutes
for obtaining the Time with sufficient accuracy;
3 == the Sun’s Declination, for which the Declination at Greenwich Noon can be
taken for the first approximation;

L = the true Altitude of the Sun's Centre, corrected for parallax and retraction;
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t = the Apparent Local Time, sought for, which must be reduced by the Equa-
tion of Time to the Mean Local Time, and by the difference of Longitude
(which must be known within half or a quartér of a degree) to Greenwich

Time.

The diffeventiation of formula (1a) shows, that we must take for % the lowest
observed altitude. '

The following is an example of the mode of calculating :

Station No. 21. Ravreixpr v rue PANs£n.

1856, December 3.

Time by Chren. 3 . . ... ............. Bh 48™- 7
Lowest Altitude reduced to the Sun’s Centre . . 26° 0:0
Refraction . .. .. ... ... ... . ... ..... — 19
CParallax . ... Lo 4 01
True Altitude of Sun’s Centre . . . .. ... .. 25°582
Approsimate Latitude North . . ... ..... 33°6'
Longitude E. Green. ... 73°:1 = .Jh52m
3 at Greenwich Mean Noom ... ......... — 22°1Y
log sin b = 9-641 . log sin ¢ = 9-743 log cos ¢ = 9-921
sin T = 0437 log sin & = 9'577, log cos & = 9967
— sing sind= 4 0-209 ©9-320, T9-888
TTOGAG log = 9810

log cos t = 9-922
t = 33°°2 = 2h12m-8

Time of observation by Chron. 3 . .. ... .......... gh48m-7
Apparent Noon by Chron. 3 .. .. ... ... ... ... .. G 35m-9

The observations used for the determination of

Latitudes were made at. . . .. ... ... 4h 3;1".‘)
Mean Noon . .. ............... 6 458
Mean Local Time of the observations .. .—2 69
Longitude E. Green. . . . . ... ... ... 4 52-1
Mean Greenwich Time. . .. ... ..... —6 590
Sun's Declination at Greenwich, Mean Noon, Dec. 3, —22° 11’ 32"
Horary Vaviation . . ... ... —21"-2
log of Horary Variation .. ... 1-326,
log of G" 59™ expressed in hours 0844,
2-170
nat, num = -|- 148" = -I- 2 28"

Sun’s Declination at the moment of the observation —-22° ¢/ 4"
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We find the Apparent Noon:

h m

With the Declination at the moment of ohservation . 6 36:6
With the Declination at Greenwich Noon . ... ... G 359

Therefore there exists an errvor of 0™:7 in the determination of time, as it was
made for interpolating the sun’s declination. The horary variation of this value iw
21”, and, therefore, the error of declination which was used in the calculation —
¢ 02, a value which we consider by a calculation with 5 decimals in log to be

equal to 0.

Quantities depending on the Daily Motion.

The motion of the sun, as well in reference to altitude as to azimuth, forms
a series of differences of higher orders. If we have a series of observations of altitudes

or azimuths, in which the times of observations shall Le
Lt 8 &,
and the readings of the vertical circle, which alone are to be taken into the calculation,
expressed in zenith distances
2 2" &e,
then the errors in the readings involve the probability of being partly positive, partly
negative, and thus of compensating themselves.
If we were simply to take the arithmetical mean, we should get a plobable error,
about equal to, or greater than, the errors eliminated, since the motion of the sun

15 not a series of differences of the first order.

Tor, if the time of observation obtained by the arithmetical mean — T, -
if the zenith distance obtained in the same manner . . .. .. = Z,
and if f T =

. t — T =1,
t”—‘ 1v = T”,

we get as results from Taylor’s theorem':
d*Z

Z——Z“‘dlyr‘i /-ng.z"L"‘-l—&(‘.
dZ ¢ azz .

Z=14 +dT' - '/2d1,2~1:‘—|— &e.
wy dZ 3z,

Z=z ta7 T ‘/adl\z-‘r?—l- &e.

! Briinnow, sphiirische Astronomie, 1851, p. 226.
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The second differences can be taken into account either by developing the formule
for the zenith distances, including the higher differences, or by correcting the time
found by the arvithmetical mean of the zenith distances with veference to the higher
differences.

In order to develope the formula for the zenith distances, including the higher

differences, we know
t4 v 414+ & = 0;

we therefore obtain by a summation of the single equations, for Z,

z ! " 2 C. 9 .
7 = +$ + 2 ;:— +&C 4—]/2%'(124-1’2—'—1”2 4- &(‘..),

where n signifies the number of the observations.

By the well known formul® of reduction we can also write the formula:

Z_z+z’+z” + & 4 &  d*Z Z2sin? Yt
- » daTe’ ”n )

The double differentiation of the elementary equations (1) for the zenith distance

gives
2
dd—:,= cos%;s_q; - cos A cos p,
p signifying in this and also the following formule, the parallactic angle.
The final equation then becomes:

- ] " L1 in21
Z=”+Z + 2" +cos§ cosqa-cosAcosp 2 2sin /21:. (2)
n sin Z N

- The correction of the time, deduced from the mean of the zenith distances, is,

if we transform the above equations, obtained as follows:

dT | sin Z ) 1
dZ he €08 d cos @ sin 7 '

which must be introduced in the formula

dT o33 coso S 2sin? Y, 1
g- = . —=———T . cos 4 cos p —m%2 ",
F dZ sin Z cosp n
Since, besides -
in p—Sin? cos and sin 4— -2 T cos §
SMP=gnz e s " sinZ " O
we get as corrections of the Hour Angle
Yhs cos peosd Z2sin?lyt 3
) sin 1’ ” )

This method might have been applied as the principal one to our observations,

but we have preferred to use in its place another mode of calculation based on the
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principles of Equations of Condition, which have recently been used very success-
fully i.n calculating astronomical observations, particulirly after the precedent of
Gauss, who first collected them. We employ this method for the calculations of
latitudes and longitudes, especially as it has the great advantage of at once detecting
accidental errors of observations, and of determining the weight of each single ob-
servation.

At the same time, it is in general not affected by the higher terms of infinite
series,—terms which are neglected in the method communicated above. Lastly, it
makes, as final result, the value to agree with the principles of probability, and with
the method of least squares. In division V. of this section, this method is given in

detail, especially with reference to its application to latitudes and longitudes.

IIl. METHODS FOR CALCULATING LATITUDE AND TIME.

1. OBSERVATIONS OI" STARS.

The observations of the planets and stars in general, when not combined with
lunar observations, were considered only as a control for the rvesults obtained from
the observations of the sun. But observations of polar stars were preferred to ob-
servations of the sun for calculating the latitude, in those cases where, for obtain-
ing as correctly as possible time and longitude, the sun had been observed at some
distance from the meridian. Such solar observations are not well adapted for cal-
culating the latitude, since the differential of latitude is a multiple of the differential
of altitude.

In calculating the latitude, the mean local time (reduced from the observation
of the sun) was introduced to find declination and right ascension from the tables

of the “Nautical Almanac”.

If U == the time of Mean Noon by chronometer, :
« = the time of the observation by chronometer,
) = Longitnde Ilast of Greenwich,

986 = the Acceleration of Stars compared to the mean Sun.
we get the sidereal time of the observation:
s o= (—U=N 4 U + @—U—=20)" 986 4-2+ 8.
11*
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In this formnle, S denotes the Sidereal Time at Mean Noon at Gl‘eeli\\'icll; the
co-efficient of 9°-86 is to be expressed in hours; % is the Declination of the Star,
R. A4 its Right Ascengion—both corrected for precession, nutation, and aberration.
Then s—R. 4. is the Hour Angle of the Star. This being found, the latitude is ob-
tained by the formula given in Method IL; we, therefore, give no special example.
For Polaris, the “Nautical Almanac” contains tables for obtaining the latitude by a

simple arithmetical operation.

2. OBSERVATIONS OF THE SUN.

For all stations of particular importance, such as those in India, unconnected
with the Great Trigonometrical Survey, and those in the mountain systems of
High Asia, the formule generally used were only taken for the first approximation.
The preliminary results, so obtained, served to give the latitude and time by applying,
in a second series of calculations, the method communicated in division V. of this section,
in a form satisfying all conditions of the calcnlations of probability.

In every case where one method only was used, controls have been applied.

METHOD 1
The greater number of the observations form two groups, situated in different Azimuths, separated by

an interval of several hours.

Method of wunequal Altitudes.

The variations of the sun’s declination in the intervals have already been intro-
duced in the first series of calculations.
When the observations succeed each other at intervals so short that it is

possible to take the arithmetical means,

« being — mean of Times by Chronometer,
* h ., == mean of the Altitudes observed,
% ,, == Declination of the Sun,
R.A. ,, — Right Ascension,

we get for the mean of one group «, I, ¥, R.A’, the same data as for the mean
of the second group, either on the same or on the opposite side of the meridian.

We then obtain latitude and time by the following system of formulew:
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24"

A :A_)‘ﬁn BGm 45-

or in a more simple form:

85

] (' —y—(R. A'—1t. Ay,

A = (u'—u)— (9-"i “86— A\ R (w'—u)hor,

where A R. A. signifies the Horary Motion
Then, if we put
sin ® sin & 4 cos & cos &' cos A

cos § sin &' — sin d cos d’' cos A
cos d sin A

of the Sun in Right Ascension.

cos D
sin D cos s
sin D sin s,

and
sin b’ — cos 1) sin b
cos (s +p) = sin D cos & ' !
we get
sin ¢ = sin 2 sin & 4 cos & cos & cos p an
sin¢ = o3P sinpy A2
cos @
t being == the Hour Angle of the True Sun, to which must be applied the

respective equation of time for obtaining the mean local time, ¢ being the latitude,

and D, and s, the well known auxiliary quantities, used in calculating spherical triangles.

These equations can be somewhat simplified, and transformed into a system of

13 single equations, two of which combined give the tangent of an unknown auxiliary

quantity. These equations are:
sin 8 =
cos &' cos A =

cos &' sin A =

cos D=
sin ) cos s =
sin D sin s =

S =

tan? Y, (s 4- p) =
“sin g sin G =
sin g cos (& =

cos y =

sin @
cos @ sin f

o8 @ cos {

sin f sin I
sin f cos F
cos f

sin f cos (I'— &)
sin [ sin (I" —8)
cos f

D+ h+ W
2
cos S sin (S —h)
cos (S— 1)) sin (S—A")

sin

cos b cos p

cos k sin p

sin g cos (G — ) 13)
cos g

= sin g sin (G —3).
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Where observations of the sun are taken, no doubt can remain about the meaning
of cos (s | p) and of tan® '/, (s + p). It is also evident that this system of equations
represents a continuous series of controls.

By differentiation of the final equations, and if we make the possible error in
time equal to the possible error in latitude (since they can both be reduced to the
altitude), and if, for giving a more simple form to the differential equations, the

azimuths are introduced after differentiation instead of the hour angles, we obtain

dh = — cos Adp— cos ¢ sin Adt
dh/ = — cos A'dg — cos ¢ sin 4’ dt,
or
cos A’ cos A ,
s .
dp = — sin A sin A dn'.

snd—a " tsm@—a

For the observer these equations show that, for obtaining results as accurate as
possible, the sun must be observed in azimuths 90 degrees distant from each other,
since sin (A — A) is the number by which the error is divided. The details of the
observations, communicated later, will show that a similar arrangement had already
been made in most of the cases to which this method is applied.

For the calculation” they show the following: If the sun has been taken in low
altitudes, viz., if 4’ has been nearly equal to 90°, where sin (4" —.4) becomes nearly 1,

then

cos ¢ dt = cos A" dh — cos A d¥,
and

de = —sin A' dh + sin 4 d}'.

Now if 4’ (for low altitudes) is nearly — - 90°, 4 (for great altitudes) nearly
== 0, or 180°, we have, for d¢, the influence of dh — a minimum, the influence of &’
-= a maximum, and vice versi for dg¢, the influence of dh — a maximumn, the in-
fluence of dA -— a minimum.

It results that, in calculating, we must use the greatest. altitude for latitude, and

the lowest altitude for time.
Erample for Method 1.

Station No. 91. SkArpo, 1856, September 2.

Compare the detail of the observations in Section IL, Group XIL

Means from the two series of the observations:
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L m e

L4 o 7
- = 2'3
Sun’s Upper Limb “ 3 58 30 45 4
«' = 10 51 37 2515-0 -
o ’
I corrected = 45 25-8

I/ corrected = 24 57.7
Approximated Noon for finding the Sun's Decl. calculated from %’ by formula (1a) = 6" 46

h h
G- 46 646
Time of Observations. . ... ... . 3:97 10°85
Local Time .............. — 925 + 44
Approximate Longitude . ... ... 56 56
Greenwich Time, September 2 —81 — 12
Sun’s Declination at Greenwich, Mean Noon: o 1 e
+ 74610 4 74610
Iteduction to the Time of Observation 4+ 7 26 i+ 1 6
3=+ 7536 3 =+ 747-3
h m
Time by Chronometer ......... =2 = 10 51 3';
w = 3 58 30
Intermediate Time. .. ... .. = —u = 65 7T
Acceleration of Stars . ... .. = -+ 1 8
Variation of Sun’s Right Ascen-
sion, (u'—wu) A R. A. = — 1 3
»in Time = 6 53 12
. Min Arc = 103° 17’9
log sin & = 9-13777 log cos 3 = 9-99587
log sin 3 = 9-13199 log cos 8= 9-99597
log cos A= 9-36177,
8:26976 9-35361,
nat. num 4+ 0-01861
— 0°22574
— 0-20713 log = 931624, = log cos

log cosd = 9-99587
log sin ' = 9-13199

log sin & -= 9-13777
log cos 8 = 9:99597
log cos » = 9-36177,

9-12786

nat. nun 4 0-13423
4 0:03130

"F 0-16553

log cos ¥’ = 9-99597
log sin A = 9-98819

8-49551,

log = 9-21888 = log sin D cos

T 9798416 = log sin D sin s

87
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log sin D sin s
log sin D cos s
log tan s

arc

log sin ' = 9-62533 log sin b = 9-85272 log cos b = 9-84620
log cos D = 9-31624, logsin D = 9-99047
916896, 9-83667
sin M ... ... = 4 0-42202
sin hcos D .. = + 0-14756 log. — 9-75555
056958 log. cos (s + p) = 9-91888
s+ p = 33°56'4
arc s = 80° 155
arc (s +p) = 33°56'-4
p = — 46°19"1
log sin b = 985272 log cos & = 9°84620
log sin 8 = 913777 log cos 3 = 9°99587
log cos p = 9-83926
899049 968133
nat. num
0-48010
0-09783
0-57793 . .. . log = 976187 = log sin ¢
¢ = Latitude North 35° 18'-3
log cos 1 = 9-84620
log sin p = 9-85925
9-70545
log cos ¢ = 9-91173 ¢ — 38°27'-3
979372
h m 8
Hour Angle in Time. .. — 2 33 49
Equation of Time — 31
Mean Local Time —23120
Time by Chronometer . . 3 58 30

Mean Noon

Control of the cale., arc D from cos

ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES.

= 9-98416

= 9-21888

= 0-76528

= 80°15*5 . ... logsec = 0-00631
log'sin D sin s = 9-98416
log sin .D = 9:99047

o 7
180—78 26
arc D from sin = 180—782'6

6 32 50
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METHOD II

The observations form two groups on both sides of the meridian and in approximatively equal
azimuths and altitudes.

Method of corresponding Altitudes.
If we lhave two series of observations, in which A signifies the altitude, u the

time by chronometer,

before culmination after culmination
u h w, h,
1 1 1 !
W k w' h,
H i " "
u R w,” R,
™ R u® hpr,

and if the intervals between the single observations are not too great, and the
azimuths in both groups not too different in reference to their distance from the
meridian, the following formula can Le applied, where % is considered the lowest
altitude observed, and the time of chronometer, " | z, corresponds to an altitude

after culmination, which is equal to the lowest altitude, A, observed before culmination.

Then Y =) (2

(=1 11

The two altitudes being exactly equal at Loth these times, viz. at «, and at « - 2,
the moment of the true noon would be the exact mean of these times, were not the
declination of the sun changed during the time between the two observations.

If this change of the declination is considered as a differential quantity — d 3.

we get the correction in time by the well known formula (correction for moon):

— Yan d B t:i]:] T — tan d cotan i) (I 2)

Tables for finding this correction for noon, calculated by Gauss, are contained in
“Schubimacher’s Hiilfstafeln”, Altona, 1845, p. 100. Log p required in these tables is
annually publishéd in “Encke’s Berliner astronomisches Jahrbuch”.

As soon as the time of the true noon is found by this method, the hour angle
of the sun for the respective times by chronometer can easily be calculated;
it A 2 == the Equation of Time for the Noon of the place of observation,

A & = the Bquation of Time for the moment of the observation,
1. 12
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then the Hour Angle of the Sun (x, being the apparent local noon) is

t=u— (4, — A2) — A 7. 13
For obtaining the most favourable determination of latitude, the greatest altitude has
been combined with the hom; angle, and the latitude is then obtained by the following
formulee : tan & .

tan N =
cos t

(114)

sin b sin § cos d cos ¢
cos(p—N) = =37, where M=ty = cos N }

Example for Method II.
Station No. 21. Rauvrrinpi, N THE PANJAB.
1856, December 3.

Compare the detail of the observations in Section 1I., Group 1V.
w = Time by Chronometer; % = Appar. Altitude of Sun's Centre.

h m 9 ° ' "
u = 4 36 18 3 = 27 20 36
ur~t = 8 37 51 hp=1 = 27 13 24
w® = 8 43 16 hp = 26 37 29
525 T T35 55

h— o=t = 7' 12",
and & is therefore to be found by the equation:
5™ 25° > 7' 12"

= 357557 — O
The time p.M., corresponding to the Altitude, %, is therefore:
h m )
PoMe oo i e 8 36 45
AMe Lo 4 36 18
Uncorrected Appar. Noon 6 36 32
Correction for Noon . . - 4
Apparent Noon . ... 6 36 36
Equation of Time ... 9 56
Mean Noon . ... ... 6 46 32
Time of observation . . 4 42 17
Mean Local Time . . . 21 55 45
With the approximate longitude — 4" 52™ 24°, we get
h m B
the Local Sidereal Time . . . ... ... = 14 44 36
the R.4. of the Sun . . ... ... ... = 16 38 56
therefore the Hour Angle in Time . . . = — 1 54 20 = 28 34'9 in Arc
3 interpolated for the time of ohservation is . . . ... .. — 22 91

the corrected Altitude is . . . .. .. ... ... ... ... 20 56-6.



METHODS FOR CALCULATING LATITUDE AND TIME. 91

The remaining calculation is the following:

log sin & = 9:57641, log cos & = 996670
log cos d cos ¢ = 9:91031  log cos ¢t = 9-94361
logtan N = 9-66610, "9-91031
are N =—2452°2 ... ... .. ... log sec = 0-04227
log cos & cos ¢ = 9-91031
log M = 9-95258
log sin 7 = 9-67081
log cos (p — N) = 9-71823
arc(p— N) = 58 294
Latitude North: 33 37-2.

Of the two formule for M (p. 90, II 4), we select the one, as in all formule of
this kind, for which the i;ngular function of N can most easily be interpolated.

In order to make it possible to calculate the latitude from different combinations
of observations (taken for determining latitudes), it was necessary in a few instances
somewhat to modify method No. IL

1. In some stations, as No. 44, Nirigin, observations of the sun's altitude are
combined with altitudes of stars.

When the latter observations gave either of the elements (latitude or mean local
time) more accurately than the altitudes of the sun alone, the mean local time was
calculated from the lowest, the latitude from the highest altitude, either of the sun
or of the star.

2. Where observations of different stars only were taken, having different decli-
nations, as in No. 20, Lahoér, the mean local noon was calculated from the star with

the greatest polar distance, the latitude from the star with the least polar distance.

METHOD 1II.

Circum-meridian  Altitudes.

The changes of the altitude near the culmination are proportional to the squares
of the hour angles. On this principle the following method is based. If, not too
distant from the meridian, the altitudes be

h, N, W,
and the times Ly chronometer

[ TR TN
and 1f d® be the change in the sun’s declination in the unity of time,

12*
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then B — 0
m = P— + dd aw
, hll - }'/I
m = + db
lL” S h h” - hl
w—u" W —u
a = p—— (Il 2)
We find «,, the time of apparent noon, by
vy = u -; wo %
(111 3)
v — w+u m
e 2 2a

The identity of the numerical values for %, from both equations must be exact,

and gives a control for the calculation. ,
The altitude of culmination, k, is obtained, A" being the observation least distant
from the meridian, by the formula: )
hy = " o (w — )2 + dd (u“.—— u(,).. ] (111 4)
and the latitude :
¢ = 90 — (h° —38).

Ezxample for Method III

Station No. 95. A Sterr, i1vn TUurKISTAN.
1856, September 1.
Compare the detail of the observations in Section 1I., Group XII

o ’ " ' o ’ "
e 62 14 30 K = 62 14 30
h = 62 16 40 W o= 62 18 15
We—h = — 210 B—W = — 345
= — 130 = — 225
h m s : h om s L m a
woo= 6 28 33-0 w = G 32 222 o= 6 28 330
W = 6 36 40°2 W = 6 36 40°2 W = 6 32 22-2
w—un" = — 8 7-2 W—n' = — 4180 u—u = — 349°2
Variation of the Sun’s Declination in one second of time = d¥& = — 0".01520.
log nat. num — 130 = 2-11394, log nat. num — 225 = 2-35218,
log nat. num — 487:2 = 2:68771, log nat. num — 2580 = 2:41162,
log m, = 9-42623 log 'y = 9-04056
nat. num = 4 0-26682 nat. num = - 0-87208
dd = — 0-01520 dd = — 0-01520

" = + 0°25162 ' == + 0°85688
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My = 0°26662
n'y = 0-87208
mo—m'y = — 0-60520.
log mq — nt'y = 9-78194,
log nat. num — 229-2 = 236021,
log a = 7-42173
log nat. num -- 2 = 0-30103
log 2a = 7-72276
log m = 9-40074 log m' = 9-93292
log 2a = 7-72276 log 2 = 7-72276
167798 2-21016.
h m £} h m 8
 pat.num - — 476 ,  nat.num — 2 42°2
2V s LI = a1
Apparent Noon = 6 31 490 6 3l 49-0.

The coincidence of these two results gives a control for the calculation.

Observation 2 being the one nearest to the meridian, we use it for carrying out

our final calculations:

h m |

Apparent Noon = u, = 6 31 49-0
u of observation 2 = 6 32 22°2
w— U, = 33-2
log = 15211
log (16— u,)? = 3-0423
log a = 7-4217
log red. = 0-4640
nat, num = 291,

It is merely accidental in this case, that the value of the reduction of the observation 2

to the culmination is extremely small.

Observed Apparent Altitude of the Sun’s Upper Limb . . ... ... 62 18 5
Semidiameter . . . . ... .. ... L — 15 54
Refraction. . . . ... ..... ... ...... B — 18
Parallax. . . . ... . -+ 4
Reduction to the Meridian as above . .. ............. - 3
Calculated true Altitude of the Sun's Centre at its Culmination .. 62 2 0
Sun’s Declination . . . ..., ... ... ... ... . . ... ... + 812 54
Elevation of the Equator . ... .. ........ .. .. ..... .. 53 49 6

Latitade North . ... ... ... . ... . ... .. ...... .. ... 36 10 54
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3. DETERMINATION OF THE TRUE MERIDIAN

in rveference to the Position of the Theodolite.

From our astronomical observations, the true meridian is deduced for method I.
by the application of the strict formule, for methods II. and III. generally Ly an inter-
polation analogous to formula (II 1.)

The strict formule which we use for the determination of the meridian are:

1 1/ cos s cos (s — o)
sin 5 = cosp cosh ' ) @)
where
A = Azimuth
1
s = ?(Q—I—}I—’—O’)
¢ = 90°—3;
or,
cotan 4 — — o8 ® tan 5'—— sin @ cost' (b)
sin ¢

Very often we made direct observations, in connection with the magnetic declina-
tion, either by taking the corresponding altitudes of the sun at low elevations, or by
observing the passage of stars, both with the theodolite.

When remaining a whole day at one place, the observations of the sun at low
corresponding altitudes are the most simple for determining the meridian line. These
observations, with a very small correction for the sun’s declination, give the meridian

line and the apparent noon as immediate result.

IV. METHODS FOR CALCULATING THE LONGITUDE.

The longitude, i. e. the second angle of the polar co-ordinate p, cannot be obtained
by so simple and easy a way as the latitude.

Much more accurate ohservations, as well as more detailed calculations, are required
lor the longitude than for the latitude, when the same limits of accuracy are sought for.

Longitudes can be determined by transportation of chronometers, by observation
of celestial phenomena, and by the use of signals.

Our observations of longitudes are chiefly based on chronometers, to which method
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we give the preference' even in those cases where we have also deduced the longitide

from celestial phenomena.

1. LONGITUDES BY CHRONOMETERS.
Rates of the Chronometers.

During our journeys we used the following chronometers, marked in our journals
of observations with the initial signs as in the annexed hst:

Chron. 1, by Parkinson and Frodsham, original No. 2042, one day chronometer.
Chron. 2, by Parkinson and Frodsham, original No. 1864, »
Chron. 3, by Parkinson and Frodsham, original No. 3420, “

These three chronometers we took with us from London, their rate having been
previously ascertained at the Greenwich Observatory.

Chron. 4, box chronometer (two day chronometer) by Parkinson and Frodsham. original
No. 2295.
Chron. 5, by Grant, one day chronometer.

These two chronometers were handed over to us from the Madras Observatory,
1856, March 28.

We soon found that the latter (No. 5) did not keep its rate well enough for
astronomical purposes.

The best of our chronometers was No. 3;2 we, therefore, nsed it as often as pos-
.\'ible,'a.nd we have deduced from it the greatest part of our longitudes.

During all our journeys, each chronometer was packed in a large bag, stufted
with cotton, and carried by a separate kali (bearer). This seemed to us the Dbest
arrangement to obviate any bad effects, as well from insolation, as from shaking. The
very satisfactory rates of our chronometers, in spite of our travelling nearly always by
land, and not by water, may be attributed, in a great measure, to this precaution.

The rates for owr chronometers were ascertained with the greatest possible care,
as may be seen from the following details. We give first the data on which the rate

of chronometer 3 is based, then those for our other chronometers.

! See Raper, On Longitudes, Nantical Magazine, 1839; Dunussy, Sur la narche des chronométres, Paris, 1840:
Licussou, Recherches sur les pendules et les chronométres, Parvis, 1854; Shadwell, On chronometers and meridian
distances, London, 1855,

? This chronometer had been used, previous to our journeys, in one of the Arctic expeditions, as we were told
al Parkinson's and I~‘ruds*mn‘s office, where it was reconmended us a particularly good one.
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a. CHRONOMETER 3; 1854 To 1857

1. Lowpox.
1854, September 10 to 18.

Determined by comparison with Parkinson and Frodsham’s standard pendulum clock :

Mean rate, communpicated September 18: Gaining 1°-0.

2. VOYAGE FROM SOUTHAMPTON TO BoMBAY.
1854, September 20 to November 24.

We had arrived at Bombay the 26th of October.

Southampton, at Noon Greenwich Time, September 20, Chron. 3 .. ... .. t!)l 8 335.') P.M.
Bombay Observatory, at Noon Bombay Time, November 24, Chron. 3 . . .. 7 7525
Difference of Longitude between Bombay and Greenwich, in Time ... ... 4 51 16-3
Chron. 3, referred to Bombay Noon, Mean Time . . ............... . 1159 88
Chron. 3, Bombay, November 24, slow . ... ... ... ..... .. ..... 0 0512
Greenwich Time (Southampton), September 20, fast . . . .. ... .... ... 335
Lost from September 20 to November 24 (65 days) . .. ... ......... 82-7

Mean daily rate: Losing 1°-27.
When on board the steamers, the chronometers were kept in as uniform a
temperature as possible, and secured from the effects of the ship’s motion, by heing

placed in a thick wrapping of cotton.

3. BomBiy OBSERVATORY.
1854, November 24 to December 8.
Mean daily rate: Losing 0°:61.
The comparisons were made by Lieutenant E. F. T. Fergusson, I. N.
The following table contains the detail of the comparisons and the variation of

the daily rate, which may be considered as very uniform.

} Bombay is freed from crror of clock. Longitude Bombay Observatory, 72° 4% 5”7, as contained in the Bombay
Maguetical Observations, 1836, p. IlI,, and based on Taylor’s Longitude of Madras = 80° 13/ 56
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Bombay Difference of
Year, 1854. Mean Time Mean Time Time Chronometer 3 [rom Daily Rate.
by currected [or Error by Bombay Mean
Month.| Day. | Standard Clock. |and Rate of Clock. [ Clhronometer 3. Time corT. Gaining. | Losing.
h m h m 8 h m 8 h m 8 " _ i
Nov. | 24 11 52 (11 52 47-5 7 0400 452 75 B 0-50 i
" 25 11 56 56 52-0 7 4 44-0 4 52 80 e 075 \
- 26 . 0-75 |
" 27 11 51 52 15 G 59 52-0 452 90 o 0-00
" 28 11 51 52 6°5 6 59 57-0 452 90 L 1-50 i
" 29 11 31 . 51 12°0 659 10 4 52 11 P 0-75
” 30 .. . A S 075
Dec 1 11 34 34 180 6 48 5°D 452 12°5 1-00
\ 2 11 53 H3 215 T2 80 53 135 0-33
N 3 0-33
" 4 0-33
5 11 47 47 33°5 6 55 19-0 4 52 14°5 R 0-00
. 6 11 51 51 385 6 59 240 4 52 145 R B ]
" 7 0-75
\ 3 11 49 49 490 6 59 33-0 4 52 16-0
4. BomBay 10 MADRAS.
1844-5 December 8 to February 27.
Madras Observatory, Chron. 3 at Madras Noon, Mean Time, February 27 . .. ... . (;‘ 3? 4(;'6
Difference of Longitude between Madras and Greenwich, in Time .. .......... 5 20 573
Mean Time at Madras by Clwon. 3 . .. ... ... ... .. ... ... ........ ~.. 11 58 37°9
Chron. 3, slow at Madras . .. ... ... ...... [ 0 1221
“ slow at Bombay . .. ... ... ... 0 0512
" lost from December 8 to February 27 (81 days) . . ... ......... T 0 0309
Mean daily rate: Losing 038
The observations were made by Major Worcester and Adolphe.
Owr (H. and.R.) short stay in Madras made it impossible to rate Nos. 2 and 3 at
the Observatory itself, but Adolphe’s Chronometer 1 was rated: see p. 104.
5. Mapras 1o CALCUTTA.
1855, IFebruary 27 to March 8.
Surveyor General’s Office: Chron. 3 at Caleutta Noon, Mean Time, March 8 . . .. ... (I; B‘ lf'3
Difference of Longitude between Caleutta' and Greenwich in Time. . . ... ... ... 5 53 221
Mean Time at Caleutta by Chvon. 3 ... .. ... .. ... ....... ... .... L1158 334

PRof(vn'cd, as all our longitudes, to Taylor’s longitude of Madras.
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. h m 4

Chron. 3, slow at Caleutta . .. .. .. .. . . . . i, 0 1266
" slow at Madras . .. ... ....... e e e e 0 1214
" lost from February 27 to March 8 (9 days) . . . . ... .......... 0 0 52

Mean daily rate: Losing 058
Between Madras and Calcutta, by the Peninsular and Oriental Company’s steamer
“Bengal”, the chronometers were secured .in the same manner as during’ the preceding

voyage.
6. Cancurra OBSERVATORY, 35, PARK-STREET.
1855, March 8 to 22.
Mean daily rate: Losing 0% 65.

The daily comparisons were made by Babu Radhanath Sikdar.
The detail of the comparisons and the variation of the daily rate is given in the
following table. The readings are referred to Mean Noon Calcutta (already corrected

for error and rate of standard clock, by Thwaites).

Year, 1855. Time ot Calcutta, | Dajly Rate, Chron. 3.
Mean Noon, by —pe
Mounth. Day. Chronometer 3. | Gaining. | Losing.
hm s s s
March 8 65 11:30 0-27
“ 9 65 11-03 143
" 10 65 960 0735
11 A 0-735
s 12 65 813 C 4-981
- 13 65 315 3751
14 65 690 L 0-31
“ 15 65 659 B AR
“ 16 e B
17 BT L 0-925
R 18 S o
19 65 3-89 0-76
R 20 65 365 N 0-70
' 21 65 295 s 0-78
22 65 217

' These readings are evidently wrong, though they do not affect the mean olYhe daily rate.
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—

7. GomAtr: To CALCUTTA.
1855-6, December 13 to March 26.

a. Gohatti, December 13.

h m 8
Noon, Mean Time at Gohdtti, deduced from the observations by Chron.3 ... 5 44 15
Longitude of Gohatti, from the G.7T.S.,! East of Greenwich, 91° 43’45 = 6 6 55
Therefore Mean Greenwich Time at Mean Noon, Gohatti . . ... .. .. .... 553 5
Chron. 3, slow at Gohdtti . . .. . ... ... ... ... ... . .. . ... ... 0 8 50

h. Calcutta, March 26.

h m (]
Calcutta uncorrected Time by Chronometer Thwaites . . ............. 212 0 rm
Error of Thwaites, at Noon, fast . . . . . .. .. ... ... .. ... ....... 0 51 43-08
Rate of Thwaites (in 24" gaining 10°-44) in 2 hours ... ....... ... .. 0-8
LError of Thwaites at the time of comparison . .. ... .. ... ......... 0 51 439
Corrected Time of comparison . . . . . . . .. ... .. ... . 120 16-1
Chronometer 3 . . . ... ... ......... e e e e 7 20 23-5 a.Mm.

h m B
Time by Chronometer 3, at Mean Noon, Calcutta (Thw.—Ch. 3) ... ... .. 6 0 7-4
Mean Greenwich Time, at Calcutta, Noon . . . . .. ... ... ... ........ 6 6 38°4
Chronometer 3, slow at Calcutta . . . ... ... .. ... ... ........... 0 6 31-0

Gohdtti to Caleutta. (a.—1.)

Chron. 3, slow at Gohatti, 1855, December 13 . . . . . . . . ... ... ... ... 0 8500
" slow at Calcutta, 1856, Mareh 26 . . . .. ... ... . ... ...... 0 6 310
" gained in 104 days . .. ... ... ... o T 2190

Mean daily rate: Gaining 1°-34.

8. SimnLa 10 RAULPINDI.
1856, May 15 to October 24.

In the dak carriage, the chronometer was carefully packed away to mitigate the
effects of the shaking. It was not wound up before reaching Simla. Between this

place and Raulpindi, it was kept regularly going.

a. Simla.

. , h m 8
Noon, Mean Time at Simla, deduced from the observations, May 15, Chron. 3 6 28 21
Longitude of Simla, near General Boileau's former Observatory . ... ... = 5 8304
Therefore Mean Greenwich Time at Mean Noon, Simla

PR 6 51 296G
Chron. 3, slow at Simla . . . . .. .. ... .. ... .. ... .. . 023 86

' G.T. 8. = Great Trigonometrical Survey.
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b. Srindgger in Iashmir.

h m 9

Noon, Mean Time at Srinagger, deduced from the observations, October 24, Chron. 3 6 40 20
Longitude of Srinagger, fixed for the Shékh Bagh by measwring its distance from
Lanka Island and Takt-i-Sulaiman, Stations of the G. T. S.t: 74° 48’ 30" = 4 59 14
Therefore Mean Greenwich Time at Mean Noon, Srinagger . . ... ......... 7046
Chron. 3, slow at Srinagger . . . .. ... ... ... ... .. ... ... 0 20 26
¢. Simla to Srindgger.
h m B
Chron. 3, slow at Simla, May 15 ... ... ... .. .. ... ... .. ........ 023 86
- slow at Srinagger, October 24 . . . ... ... . ... ............ 020 26
" gained in 162 days .. .. ... ... 2 43
= 163
.. 2
Mean daily rate: Gaining 1°-01.
d. Leh in Ladak.
185G, July 11 to September 17.
h m
Noon, Mean Time at Leb, deduced from the observations, July 11, Chron. 3. . . . 6 29 24
Noon, Mean Time at Leh, deduced from the observations, September 17, after our
return from Turkistan, Chron. 3 . . . . . .. ... ... oL L G 29 27
Gained in 68 days . .................. e 0 0 3

The determination of Noon, July 11, is not precise enough to allow an alteration
in the general rate between Simla and Kashmir. But it shows, at all events, that

the chronometer had been going uninterruptedly during onr journey in Turkistin.
(] (=] =] J o

9, Aarsa 1o CAaLcurra.

1857, Jamnary 20 to April I

At Agra the comparisons were made with Parkinson and IFrodsham’s hox chrono-

meter 2325, at the Chief Engineer’s Office, by (reneral Boilean’s head assistant, Mr. Nutall.

1 See the detail at the station Srindgger, Section II, Group VIIL, No. 61.
2 The Time of the Raulpindi observation, December 3, was veferred by direct comparison to Adolphe’s Chro-

nomeler 1, for which the rate had been ascertained with particular accuracy for this period.

The comparison gave, Raulpindi 1856, December 3: b om s
Adolphe’s Chronometer 1. ... .. .. ... . ... ... G 8 530
Hermann's Chronometer 3 .. ... ... . ... ... ... .... 536 192
32 358

Chron. 1—Chron. 3. ... ... .. .. ..., S
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Readings of Chronometer 2325, Agra Mean Time, January 20 ... ... ...... 10 35 0
10 41 0
a8 o
2325 fast on Mean Time . . . .. . . . . L e 00 4 B
2325 corrected Mean Time Agra . ... .. P 10 37 56
Corresponding readings of Chron. 3 . . . . ... . ... ... ... ... . ... ..... 6 57 37
T 337
Mean 7 0 37
April 1. April 1.
Reading of Thwaites, Calcutta Mean Time. Jorresponding Readings of Chron. 3
h m B h m s
4 3 0 r M 9 46 594 A M.
4 6 0 9 49 59-0
4 70 9 50 59-0
4 8 0 9 51 59-0
49 0 ! 9 52 59-0
417 0 . 10 0 59-0
4 18 50 10 1 49-2
Mean 4 9 50-2 Mean 9 53 40-7
Frror of Thwaites at 4" 12™ v.wm.: fast 1" 56™ 59*-9 W oow W
Corr. Mean Time at Caleutta . . . ... . ... . v 212 50-3
Chron. 3, slow at Caleutta . . . ... ... ... ... ... .. .. ... .. .. 419 96
Longitude, E. Green., of Caleutta, in Time . . .. ... ... ... ........ 5 53 22:0
" " of Agm e e e 312 66
Difference of Time by Longitude . . .. .. ... ... ... ... ... ... ... 041 154
Clron. 3, slow at Caleutta . . ... ... .. .. ... ... ... ... . . ..... 419 96
" slow at Agra .................................. 3 37 190
Difference of Time by Chron. 3 . . . . .. . .. ... ... .. ... . ........ 0 41 506
Therefore, Chron. 3 lost from January 20 to April 1 (71 days) ... ... ... 0H 0352

Mean daily rate: Losing 0°-49.

10. Cavrcurra.
1857, April 2 to April 18
By direct comparison with the clock of the Calcutta Observatory was tound:
Mean daily rate: Losing 0°-57.

The details arve:
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Year, 1857. Time at Calentta Chron. 3, Daily Rate.
Mean Noon e —
Month. Day. by Chron. 3. Gaining. | Losing.
bom s . )
April 2 7 40 56-23 C 0-72
" 4 7 40 54-79 B 0-60
" 6 7 40 53-60 C 0-04
“ 7 7 40 53-56 o 0-27
“ 8 7 40 53-29 1-59
" 9 7 40 53.80 RPN 052
" 15 7 40 50.70 Ce 1-08
" 16 7 40 49-62 e 0-93
" 17 7 40 49-69 BN 1-56
" 18 7 40 47°13

11. Cavncurta To MADRAS.
1857, April 1 to 27.
Comparisons of the Chronometer Arnold 392, of the Madras Observatory, with

Chron. 3. .
Arnold 392. Chron. 3.

Madras Mean Time.
h m s b m s
4 29 30 12 35 14
4 30 30 12 36 14-4
4 31 30 12 37 14-4
4 32 30 12 38 144
4 36 30 12 42 14°4
Mean 4 32 6 Mean 12 37 50-3

Error of Arnold 392 at 4% 30™ p.a.: fast 7™ 13°-2

Corr. Mean Time at Madras . . . . . .« . . . i 4 24 52°8
Chrom. 3 Slow . . . o o v e e 347 25
Longitude, E. Green., of Calcutta, in Time .. .. ... .. ..... ...... .. 5 53 22:0

- . of Madras e e e 5 20 570
Difference of Time by Longitude . . . .. .. .. ... ... ... ... ... 0 32 25-0
Chron. 3, slow at Caleutta . . . . . ... ... .. ... . 419 96

- slow at Madras . . . . . o o e e e 347 2°5
Difference of Time by Chron. 3 ... ... ... ... .. oo 032 741
Therefore Chron. 3 lost from April 1 to April 27 (26 days) ... ... .. .... 0 0179

Mean daily rate: Losing 0°:69.
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The rates adopted for this chronometer, as well as for the others, during the ditterent
periods of our travels are contained in the General Table of Rates, p. 109.

The rate varied very little and with a certain regularity. 'The chronometer was

gaining or losing, according to the changes of temperature, a fact which was ascertained

by us, and afterwards corroborated by Professor Bruhns, in two extensive series of

ratings, made at the Berlin Observatory from June to August, 1857, and trom October,

1857, to January, 1858.

b. CHRONOMETERS 1 AND 2; 1854 o 1856.
1. Loxpon.

1854, September 18.
London, compared with Parkinson and Frodsham’s standard clock:

Chron. 1" (Or. No. 2942). Chron. 2 (Or. No. 1864).
Stand: slow 12-0 Stand: slow 575
Rate: Losing 2:0 Rate: Losing 2-3.

2. VoYAGE TROM SOUTHAMPTON TO BoMBAY.
1854, September 20 to November 24.

Southampton Noon, Greenwich Time, September 20:
Chron. 1: 11» 59™ 44%-0 Chron. 2: 11" 58* 57°-9.

Bombay Observatory at Noon, Bombay Time, November 24:
Chron. 1: 7" 5™ 35% 5a.m. Chron. 2: 7 3™ 36°'5 A. M.
Chron. 1. Chron. 2.
Rate: Losing 2°° 65 Rate: Losing 32 77.

Bombay Observatory at Noon, Bombay Time, November 24 to December H.

Chron. 1. Chron. 2.
h m 8 h m [}
November 24 7 5 355 A.m. November 24 7 3 365 a.m
December 8 75 2 a.m December 8 73 1 am
Rate: Losing 2-39 Rate: Losing 2-54.

The rate obtained for each day is shown in the following table; the numbers
united by braces are mean results for this group of days, without including direct

observations on the single days:
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Chronometer 1. Chronometer 2.
Month,j Day. [Losing.|Month.| Day. |Losing.||Month.] Day. |Losing.|Month.| Day. |Losing.
8 8 8 L)
Nov.| 25 |[2:50 | Dec.| 2 |2:50 | Nov.| 25 | 2:0 | Dec 25
» 26 2-75 » 3 |2-00; " 26 25 " 3 25
» 27 2-75 ’ 4 | 200 " 27 2-5 " 4 2-5
" 28 | 2-00 " 5 |2-00 " 28 20 " 5 25
" 29 3-50 " 6 |2-00 " 29 35 » 6 25
" 30 |[2-50) 7 (225 " 30 27 » 7 2'5
Dec.| 1 [2-50f| ., | & [2:25 | Dec.| 1 |27} . 8 | 25

3. BomBAY TO MADRAS.
1854-5, December 8 to February 27.

Madras Observatory, at Madras Noon M. T., 1855, February 27.

Chron. 1. Chron. 2.
6P 3T™ 418 A.M. 6h 20™ 48%5 A

Bombay Observatory, at Bombay Noon M. T. 1854, December 8.

Chron. 1. Chron. 2.
T 7h pm s Al M. 7h 3m 18 AL M.
Rate: Losing 3°:12 Rate: Losing 3°-05.

At the Madras Observatory the daily rate of Chron. 1 was determined from
February 12 to 26; the following results were obtained:

Chronometer 1.

Losing. ; Losing. Losing.
February 13 5;'17 February 18 25'70 February 23 2-73
o 14 284 ’ .19 2:82 . 24 248
" 15 3-50 - 20 3-07 " 25 2-40
16 2-46 " 21 2:00 - 26 2-70
\ 17 2-37 " 22 2-73

Mean Rate: Losing 2*-71.

4. MaprAs 1o CALCUTTA.
1855, February 27 to March 8.
Surveyor General's Office, Park-street, Calcutta Noon M. T, March 8.

Chron. 1. Chron. 2.
5h H8™ 40°- 8 . oM K7™ (-3
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Madras, Noon M. T. February 27:
Chron. 1. Chron. 2.
Gh 31™ 41°-8 A 6h 20™ 485 A. M.
Mean Rate: Losing 1°-4. Mean Rate: Losing 2°-60.

At the Surveyor General's Office at Calcutta the daily rates obtained by direct

comparison were:

Shron. 1. X Chron. 2.
Losing. Losing. Losing. Losing.
March 9, 2'77 © March 14, '2'25 March 9, ;'27 . 14, 3-25
. 10, 2-43 . 15, 281 . 10, 343 . 13, 2:31
. 12, 2:49 , 19, 3-05 . 12, 3-49 . 19, 3:70
. 13, 4-48 . 20, 498 . 13, 448 . 20, 278
Mean Rate  3-32 Mean Rate 3-46

Chron. 1 was purposely allowed to run down, since we wished to take one chro-
nometer with us, carefully packed away, in order to see bow far this plan would avail
in keeping the rate uniform.

Chron. 2 stood, when last compared ai; Calcutta, a day before our departure:

1855, March 22: 5% 56™ 17°-2 at Calcutta Mean Noon.

1855, March, to 1856, April.

During this period, chron. 1 could be used only for the determination of
intervals of time, when observations of latitude or of horizontal magnetic intensity
by vibrations were made; the time read must be considered as arbitrary; for on the
way from Calentta to Nainitil we had packed it away in a large stuffed bag, in
order to prevent alterations in its rate by the heavy shaking of the dak carriages.

Both chronometers were also taken with us on owr journey to Gnari I hérsum;
but both got injured.

o. First period. Chron. 1. While we were crossing the Sakh pass on the night ot
July 16, in secrecy and disguise, this chronometer fell off a little stone, on which it

had been deposited with other luggage during a short halt. An alteration of the rate

g
ensued, the amount of which was again determined at the Massiri Observatory, 1855, Nov.
The rate, ascertained by J. H. Hennesser, Assistant G. T. 8., was found to De:
Chron. 1, Losing 1°-2. .
Chron. 2 was kept going from March to July 13, 1855. At A Laptél we
found that it had stopped, though we were unable to assign any reason for its so
1. 14
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doing; comparisons with chron. 1 showed, however, that it had kept its rate. We set it
afresh at Laptél, and it continued going till after we had reached A Dira, August 12.
When set again, it kept the rate as before, till A Ulla Tingding, 1855, September 7.
Chron. 2, 1855, July 14, Mean Noon, 6" 21™ 57¢.
We adopt, as rates for the periods Qetailed above, the mean of all the preceding
rates, viz.. for
Chron. 1. . Chron. ‘2
Losing 29-46. Losing 29-85.

Frequent mutual comparisons of the two chronometers were made during the journey,
and they showed that both chronometers kept their rates. Chron. 1 had been keyed
and compared with Chron. 2 at Nainital.

B. Second period. Chron. 2. When Adolphe was the second time out in Gnari
Khérsum, the Bhutia, Ramu, who carried the instrument, fell down a precipice near
A Ulla Tingding, 1855, September 7, and was dashed to pieces. Singularly enough
the chronometer was not stopped by this accident, its rate, however, was much
altered, and became very variable. The chronometer was partly repaired at Simla, in
April, 1856, but we did not find it advisable to use it again as a chronometer atter
this catastrophe.

N. Third period. Chron. 1. 1856 and 1857. The rate of chron. 1 was found at
Simla to be losing 1°-7, and this rate has been adopted in the calenlations ax far as Diah.

At Simla, May 15, Mean Noon Simla Time, we had
h m R

Chron. 3. 6 28 21 a.m.
Chron. 1. 6 25 21  a.m.

When Adolphe passed through the Chetanga valley, the kiali with the chronometer
remained behind, and the chronometer ran down.

It was wound up at Hushe, 1856, July 14, and from then gave arbitrary time.

A similar accident took place again near Tashing, September 22.

From this date, up to the period to which our brother’s observations, as far as
they have been recovered, extend. the chronometer appears to have kept going without
stoppage.

TFrom 1856, July, to 1856, October, the rate adopted was -~ 0*'0, which also agrees
with comparisons at Srindgger with chron. 3, the rate of the latter being =—— 1*-01 gaining.

The observations of chronometric longitudes, as tar as Dah, were referved to Simla;
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from 1856, September 20, Srindgger was the place of reference. But for the short
isolated period from 1856, July 8 to September 20, we were obliged to take Shigar
as the starting point. We adopt as longitude of Shigar, from the most careful com-
putation of various distances, 75° 45" 30",
For Srindgger Mean Noon we obtained:

hoom o

October 24, by Chron. 3, 6 40 20
” by Chron. 1, 7 14 22.
1856-7.
For the observations during the last period of our brother’s journey we deduced
the rates of chron. 1 from the observations at Méirri and at Déra Ismael Khan. The
longitudes of these places are taken from the G. T. S. as detailed below, where our

own observations are given.

Marri. Déra Ismiel Khan.
Long. E. Gr. 73° 227 in arc Long. E. Gr. 70° 56’:5  in arc
" " 4" 53™ 31° in time " " 4b 43™ 46® in time
Mean Noon .. 7" 19™ 30" Nov. 13, 1856. Mean Noon .. 7% 23™ 108 I'eh. 23, 1857,
Difterence of Longitude . . . ... ... ... 9 45
of the Mean Noons . . . . . ... 3 36

Lost in 104 days 369
Mean Rate: Losing 3°-55.

c¢. CHRONOMETER 4; 1836 To 1857.
Chron. 4 is a Lox chronometer by Parkinson and Frodsham, with the original
number 2295,
We received this instrument through the kindness of Major Jacol, the Govern-
ment Astronomer in Madras, March, 1850,
Its rate was large, but it rvemained pretty uniform when the chronometer was
left undisturbed tor some days in one place.
The rates determined arve:
at Madras, March 1856, Gaining 117

at Leh, July 1856, Gaining 140
at Bombay, April 1857, Gaining 13-0.

A series of careful comparisons with chron. 3, during our journeys between Simla and
Kashmir, has, however, shown that its rate increased considerably, and sometimes be-

came 1rregular, when the instrument was carried about.
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The following table shows the result of the different comparisons. They are
formed into two groups, in consequence of chronometer 4 having run down during
our ascent of the Klchi pass, when we were obliged to leave the chronometer, together

with our other luggage, behind on the glacier.

Chron. 3. Chron. 4. Rate of Chron. 4.
Year, 1856. Corr. for Rate
'XIH:GﬂiHl"OL Reading. Interval of Time. i Rate: Gain.
L m s h m 8
Simla, . ... .. May 18 3 58 37 3 58 31 s
! May 18 to July 12 19-9
Leh, ....... July 12| 6 27 41 6 45 50 !
% July 12 July 16 14:0
Leh, ... .. .. July . 16 8 13 202 8 32 25 Tal 1t A (131
Ju i, August 2 43
Sdsser pass, . . . August 2| 11 3357 |12 5 15 ! X y t 1 | 5 L ) )
Aungust 2 | August 38
Kiak—Ki6l,. . . August14| 239 132 | 313 15 ‘ \ © RN i ¢ 91 .
August 14, August 2 72
Above \Simgal, August21 | 8 15 13-4 | 8 51 15 % > ‘ '
|

On the rugged ascent up the southern slopes of the Sasser pass, chron. 4 seemed
evidently to have been affected by the heavy shaking, and the rate obtained by the
comparison on the Sisser pass is therefore quite an exceptional one. Later, the original
rate very nearly returned. .

When travelling together (Hermann and Robert) from Leh to Turkistan, we never
had occasion to use chron. 4, chron. 3 being always in perfect order. But at Kirgil,
before we separated, it was set and compared again with cliron. 3. The comparison

was snbsequently repeated at Srindgger and Raulpindi.

Chron. 3. Rate of Chron. 4.
Chron. L.
Year, 1856, Corr. for Rate
XHI=Gain 18-01. Reading. Interval of Time. Rate: Gain.
h m ® o m 8
Kargil, . . October 9 156 15 2 13 40 N
° b 3 39 51 . : October 9 to October 30 17:6
Srinagger, October 30 3 30 5 3 25
88 ( October 30 . December 3 13-4

Raulpindi. December 3 3 02> 33135

On the way from Kargil to Bombay, from October, 1856, to March, 1857, where
1 (Robert) had ouly this chronometer with me, I used it also for the determination
of longitudes, adopting as mean rate: Gaining 15°0. Thix rate it seemed to keep

on an average tolerably well for longer periods of time.



TABLE OF RATES
ADOPTED IN CALCULATING THE CHRONOMETRIC LONGITUDES,

Epochs and Periods. Chro- Mean Local Noon. Rate.
Routes. Observer.| nome- No.
i ter. . . of Rate.
Year. Month and Day. Station. Date. Time by Chron. | Gaining. | Losing.
h m 8 E] s
1354-5 | Dec. 8 to Feb. 27 Bombay to Madras H.A.R.[ 1 | Bombay | Dec. 8 75 2 am 2-39 I
" i . ” 2 N . T3 1 . 254 | IL
- - " ” “ " 3 ’ o 7 7525, 0-38 1I1.
1855 | March 22 to July 16 | Caleutta to Sakh pass AR Arbitrary time 2:46 Iv.
1555 | March 22 to Sept. 7 | Caleutta to A Ulla Tingding | A. R. | 2 EZE‘;“ ;fl']‘;"};f : ;‘f o 285 | V.
1855 | March 8 to April 16 | Calcutta to the foot of
Sikkim, Himdlaya H. 3 { Caleutta ) March 8 | 6 5 11-3,, e 0-58 V1L
1835 | April 17 to July 29 | Sikkim, Himalaya H. 3 | Calcutta | March 8 6 5113, 03 . VIL
1855-6 | November to May 15 | Southern India to Simla A 1 Arbitrary time 1-2 VIIL
1855 | July to October Bengil to Khdssia Hills H. 3 Arbitrary time 0-17 l
1855-6 | Oct. 20 to Jan. 10 | Khdssia Hills, Assdm H. 3 | Gohdtty | Dee. 13 | 5 44 15 0-17 IX.
1856 | Feb. 26 to March 26 | Bengdl H. 3 | Calcutta | March 26 |60 7 0'175
1856 | May 15 to July 6 | Simla to Dzh A. 1 | Simla May 15 | 62521 ca 1-7 X.
1856 |July 8 to Sept. 20 | Hiishe to Tashing A. 1 | Shigar August 5 | 63244 . 0 0 XI.
1856 | Sept. 21 to Oct. 24 | Kinibéri to Srindgger A | 1 | srindgger| Oct. 2t | 71492 .| o 0 XII.
1856 | March to May Bengil to Simla H. 3 Arbitrary time 1:01 XTI
1856 | May 15 to Oct. 2¢ | Sfmla to Srinagger H. R | 3 ]Simla May 15 62821 . |- 1-01§ '
1556 | May to December Simla, Khétan to Raulpindi R. 4 Arbz’(rary time 15-0 % XIV
1856-7 | Dec. 17 to Feb. 24 | Raulpindi to Karrdchi R. 4 | Raulpindi| Dec. 17 | 7 18 21 15°0 ) ’
1856-7 | Nov. 13 to . . . . . | Marr to Turkistin A. 1 | Mami Nov. 13 71930 .. - 355 XV.
1557 | Jannary to April Lahér to Calcutta H. 3 | Agra Jan, 20 8 22 41 41 0 XVL

"IAALIONOT THL ONILVINDTVO HOJ SUOHLIN

601
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2. LONGITUDLS BY CELESTIAL PHENOMENA.

Longitudes can be deduced from celestial phenomena that are affected by paral-
lax, as:

Eclipses of the Sun, Transits of Mercury and Venus through the disc of the Sun, Occultations

of Stars by the Moon, Lunar Distances, cither from the Sun or from Stars,! Altitudes of the Moon;
and from celestial phenomena without parallax, as:

Eclipses of the Moon, Immersions and Emersions of the Satellites of Jupiter,® and Culminations
of the Moon.?

The observations of Jupiter’s satellites have only recently acquired an unexpected
accuracy by the nice calculations of Damoiseau.

Argelander, Pogson, and Julius Schmidt have calculated the epochs of the maxi-
muom and minimum intensity of more than twenty variable stars. But though in theory
such observations would give very easy determinations of longitude, they cannot be

practically used.
a. LUNAR DISTANCES.

We used theodolites only, not sextants, for lunar distances, a method to which
also all the formule given below are referred.

For calculating longitudes from lunar distances, # = the Mean Local Time, must
be known. We have deduced it from altitndes of the sun (see p. 84 et seq.).

¢ = Latitude of the place, needs only to be known within one degree, to be
able to find, with sufficient accuracy, the correction for parallax (see p. 79).

From observations with the theodolite, we do not obtain, as we do with the sex-
tant, the co-ordinates of both celestial bodies at exactly the same time, but with a short
space of time interveming; an interpolation, therefore, in reference to one of the
celestial bodies is required for reducing it to the exact time of the other.

The various modes for the interpolation are given in detail (p. 79 et seq.); generally,

however. we have only employed an interpolation with reference to the terms of the

' Professor Hansen's detailed tables, published only in 1859, have superseded Burckardt's former ealculations, in
which the error (gradually increasing every year) now exceeds 5 seconds.

* [mmersions and emersions of the satellites of Uranus cannot be observed with portable instruments ol the
«ize used by travellers. It is but recently that Professor Lamont, the well known astronomer al Munich, hns
published very detniled and elaborate elenents in reference to two satellites of Saturn.,

i The appearance of Ilansen's tables. 1859, renders the caleulativn of these ohservations much more accurate.
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first order, the terms of the second order being below the limits of onr caleulations

and observations,

* >

The co-ordinates of both celestial bodies having been first reduced to the swne
exact moment of time, the apparent altitudes have been transformed by the applica-
tion of the respective values of parallax and refraction into trne and geocentric altitndes
(zee . T7 et seq.).

The azimuthal parallax produced by the ellipticity of the earth has been taken
into consideration, but quite approximatively, since it never exceeded, tor our obser-

vations, the tenth of a minute.

1t I and &' = the geocentric Altitudes of the two celestial hodies.
A = the arc of the Almucantarat of hoth,
I} = the true geocentric distance,

we find D from the simple formula:
cos D = sinh sinh' 4- cos b cos b’ cos A.

The Greenwich time correspondiug to this distance is found by the aid of pro-
portional logarithms. (For lunar distances taken by a sextant the formule are much
more complicated; moreover, in this case, the geocentric distance can only be townd
by the process of several approximations.)

The difference between the observed mean local time and the mean Greenwich
time, which is deduced from the observed lunar distances themselves, gives as imme-
diate vesult the difference of longitude letween Greenwich and the place ot observation.
Lunar distances can only give a satisfactory result for the determination of longitude,
when observed with the greatest possible accuracy. The distance of the wmoon
from another celestial body changes in three hours' time only to the extent of one
and a half degree. 1t is evident that if there be an error of but 30 seconds in arc
in the observation of distance, this slight deviation from the true distance will vesult

m an ervor of 15 minutes in arc for the longitude.

Ervample for calenlating Longitude by Lunar Distances.
Station No. 21. RavurpixpL 185G, December 2.

Moon’s Lower Limb.

1856, December 2. Horizontal Circle. Vertical Circle.
h m L o I 1" ] 1 "

v 129 ¢ H 250 49 4 L 20 57 25

w 151 39 H 235 9 25 17 57 15
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Jupiter.
hoomos ° o ° ‘ "
0, 144 17 H, 204 10 30 h, 54 39 45
8 o
721-4 millim. 13-2 C.
Barom. . Temp. of Air
28402 inches. emp- 08 ) 5.8 Tahr.
1. Interpolation (preliminary calculation). )
m b
W —u = 2235
N, —u = 15 13
H— H = 4197
M —h =— 3 01
We obtain with these values the following two equations:

1. for AH
22m 35°: 15™13° = 4°19:7: AH;
2. for Ak
22m35%: 15™13* = 3°0":1: Ah.
These equations give ) )
° I
AH = 2 550
Ak = 2 13,
and with these values, we obtain the following interpolated observation for the moon:
1" 44m 170 253° 44’7 18° 56’ 1.
1I. Reduction of apparent altitudes to true geocentric altitudes.

Horizontal Equatorial Parallax of the Moon for the time of obser-

vation = 572 log . ... ... ... .. .. L = 1-757
log cos of the approximatively corrected Altitude! .. ... ..... 9-974
log of Parallax in Altitude . . . . ....... ... L 1-731
Parallax in Altitude . . . . . ..o Lo 53'-9
. Moon. Jupiter.
Apparent Altitude . .. ... lg 561'1 5; 3{;'7
Parallax . .. .. ..« . |- 53-9 0-0
Refraction . ... ... . ... ........ — 26 — 06
Semidiameter of the Moon . . . .. .. ... + 156 R
True geocentric Altitude . .. . . 20 30 54 391

I This value is obtained by a rough application of semidiameter, refraction, and parallax to ihe observed alti-

tude (see p. 77 el seq.).
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III. Calculation of the geocentric distance.

H = 253 447
H 204 105

t

Arc of the Almucantarat! ... = 49 342 = A

log sin 2k 9:91150 log cosh 976234
log sinh, 9:53509 log cos h, 9-97285
log cos 4 9-81192

9-44659 954711
0-27963
*0- 35246
0-63209

log = 9-80078
Arc = 50° 477

IV. Determination of the longitude.
Lunar Distance for the Meridian of Greenwich.

1856, December 2.

O Greenwich. 3 Greenwich.
51° 58'+6 50° 19'-5.
Variation of the Moon within 3 lhours. . . . .. .. 1391
Distance at O" — ohserved distance . ... ... .. 1 10-9.
These two values give the following equation:
99'°1: 709 = 180™ : x;
therefore & = 2" 8™ 48* = the corresponding Greenwich Time.
L m [
Time by Chronometer . . . ... ... 13 44 17
Mean Local Noon by Chronometer . 6 46 25
Mean Local Time . . . ........ 6 57 52 v .
Greenwich Time . ........... 2 B 48 '
Longitude East of Greenwich . ... 449 4

b. LONGITUDES BY ECLIPSES OF THE MOON.

Felipse observed at Pashmin in Kishtvar. 1856, October 13 to 14.

Latitude North. Longitude East Green. Height.
33° 57 75° 41’ 30" 8,350 feet.

' The Azimuthal parallax has been neglected in the calculation.

1. 15
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The latitude and longitude of Pashmin is deduced approximatively from omr
itineraries; but this eclipse could be referred by chron. 3 directly to Srindgger, the
rate of the chronometer being very well known, and the time being determined soon
after our arrival in Kashmir, October 24 and 25.

Though from eclipses of the moon longitudes cannot be deduced with the greatest
precision, on account of the phenomena to be observed not being sufficiently well
defined, these observations were nevertheless of particular interest .from the nature of
the physical phenomena attending this present eclipse.

In eclipses, the atmosphere produces, bésides the shadow of the earth itself, an-
other secondary shadow, which veils, as it were, the shadow proper of the earth in
forms often indistinct and diffused, and modified by atmospherical phenomena, such
as clouds, haze, &c.

According to circumstances, the forms of this atmospheric shadow are variable in
each eclipse, being sometimes spherical, and at other times of very irregular curvatures.
The magnitude also of this shadow is extremely variable, on some observed occasions
extending over a space of three minutes of arc, ax in the year 1772, on others of one
minute, as in 1773, and sometimes even less. The magnitude of the penumbra itself
is also subject to similar variations. It was observed to precede the nucleus of the
shadow from 2 to 10 minutes of time; in April, 1818, it even preceded the nucleus
by 15 minutes.

For 1856, when | (Hermann) had occasion to observe the moons eclipse, no such
observations by others of the magnitude of the penumbra are known to e

1 found the magnitude of the penumbra equal to the semi-minor axis of the Mare
crisium.  According to various observations, the shadow of the earth itself vequred

the following times for passing through the whole breadth of Mare crisium:

Observer. Time.
Neumayr . . ... ... 6 22
Niehour . . . . .. .. .. 70
Rémker . . . . .. ... . L 5 41
Sehmidt . . .. . ... o 7 10

Mean . . . .. Y

Half the value of this time is 3™ 17%, and this value of the magnitude of the
penumbra T adopted for the caleulation of longitnde from occultations of Tycho and

Mare crisium.
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Opsenved INarEss oF VARIOUs OBJECTS ON THE SURFACE OF THE MOOX.
a. CUircellus Tycho.

This high circellus forms, on account of its radiated and extremely ramified
system, the most conspicuous object on the surface of the moon, and is very favourable

for observations of ingress. It is situated in the south-east quadrant of the moon.

The following observations of the ingress of Tycho have been made in Kurope.
Tor convenience of direct comparison we have reduced the observed local times to

(Greenwich time:

Ingress of Tycho.
Place of Observation. Observer.
' First Limb. Centrum. Second Limb.
h m 8 h m £l h n K3
Hamburgh. . . . . .. Neumayr . . . . 9 39 28 R 9 40 55
o e Niebour. . . .. 9 39 31 9 40 26 941 2
Altona. . . ... ... Peters. . . . .. 939 3 . 041 0
Hamburgh ... ... Rimker . . . . . 9 39 49 9 40 27 941 1
W e Schmidt. . . . . 940 1 9 40 46 9 41 21
Hoya in Hanover . .| Winnecke 9 38 33 Y 39 45 9 40 15
Mean .. ... 98924 | ° 94021 | 94056
_J

At Pashmin I had:

Ingress of the Centre of Tycho in the Nucleus,

h m &

Mean Local Time of Srinagger . ... .. 14 44 58
Observed Magnitude of'the Penumbra. . . . 3 17
First Contact . .. .. ... ... ... .... 14 41 41
Ingress at Greenwich . ... ...... 9 40 10 (Mean from first and second Limb
Srinagger East of Greenwich in Time 5 131 of Tycho):
¥ “ in Are = 75°22' 40"

b. First Limb of Mare erisinm.

This Mare is an extensive and well defined circular depression, which to the eye
appears to make an ellipre in the north-west quadrant of the moon.

15*
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Place of Observation. Observer. Ingress of the first Limbh.
T m 8 o
Neumayr . . 10 22 0
" Hamburgh . . . . Naebour . 10 23 36
Riimker . . 10 24 24
. Schmidt . . 10 23 51
Mean ... 10 23 28 |

These are, as far as 1 know, the only observations of Mave crisiuni taken in

Europe. The great variations in the observed time show that the observations arve

extremely difficult.

I observed at Pashmin: .
Ingress of the first Limbh of Mare erisium at. . . .. [ l.; dl(l; 11'l (Srinagger Time)
Observed Magnitude of Penumbra . ... ... ... ......... .. 317
First Contact . . . . . o . o 15 26 54

Ingress by Greenwich Time . ................... 10 23 28
Srindgger, East of Greenwich in Time . . .. . ... ... ... 5 326
indAve........... S = T15° B 307

Explanation of the Plate.

L .

The first part of the plate represents the motion of the moon through the
shadow of the earth. The horizontal line represents a part of the ecliptic. It 1s
intersected by a second line at an angle of 5° 40, which is the angle formed by the

relative orbit of the moon with the ecliptic.

The bor. mot. of the Moon is: In Latitude . . ... .. ... ... .. - AR == A4 3 :),i
” In Longitude .. ... ...... ‘ = AN = 4 38 b

For the Sun, the hor. mot. is . . . . . . ... ... ... . ... .. .. == AN = 4 239

The relative motion of the Moon in reference to the shadow of the
Earth is thercfore. . . . . . . e - AL == 35 26,

. . A
%and the Angle of the relative orbit of the Moon . .. ... .. .. arc tan A—‘z = 5° 40
+ 29 44” North

4 Latitude of the Full Moon™, . . . . . . . . ... ... ... ...
10" 59™ Green. Time.

Full Moon at . . o oo e e e

Starting with this time, the ecliptic has heen divided into hours. The hgure

I For details in reference to the longitude we adopl, see Srinagger, station 61.
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shows for every moment the position of the moon in reference to the shadow of the
earth. i

The second part of the plate contains three figures, which show the three parts
of the earth as selenocentrically seen at the beginning, at the middle, and at the end
of the eclipse.

By these three figures, which are purely mathematical, without regard to the
refraction, it can, at the same time, be seen through which parts of the atmosphere

surrounding the earth the sun’s rays were refracted before reaching the moon.

Physical Remarks.

The beginning of the eclipse took place October 14 at about 2" 24™ am. local
time; the atmosphere being perfectly clear, and the sky without a cloud in any
direction.

Particular attention was directed to the appearance of the milky way. The
part of the heavens where it was expected to appear was pointed out to Mani, one of
my people, who was told to call out as soon as he could observe it.

The milky way became visible at 3" 37", or 1" 33™ after the beginning of the
eclipse, singularly enough precisely coinciding with the maximum of the eclipre. At
Santingo in Chili, Director Moesta' also saw the milky way appear in the moment of

the greatest darkness,

in this agreeing more exactly than could have been expected
with my own observation.

I also directed my attention to the changes of darkmness during the progress of
the eclipse. The obscured limb of the moon remained perfectly visible throngh the
telescope from first to last. The darkness of the shadow was (1e(=i(1e111)' greatest at
the beginning; for the first five minutes I could not distinguish any forms on the
surface of the moon; but even during this period the limb remained visible in the
telescope. The colour of the obscured part was that of Chinese ink, with a faint
yellowish lustre, very similar to thick Chinese ink, when dried upon porcelain. But
by degrees the darkness became less intense: the colour changed into a violet tint,.
and gradually became less and less dark.

Ten minutes after the beginning (2" 34™), the larger forms alveady appeared, but

Just distinguishable, as if drawn with ink on smoky paper.

! Astronomische Nuchriehten, 1837, No. 1066,
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Noon after the muclens had reached the Mare crisium. the penumbra was no
longer visible, since the general intensity of th(; shadow had decreased.

During the middle of the eclipse, the obscurity had so mmch diminished, that in
the telescope all the chief forms on the moon’s surface could be seen; Mare crisium
could be distingnished even. with the naked eve! The colour had now become
a reddish violet.

As to the intensity of the darkness at this time, I can best give an idea of it
by comparing it with the result of an experiment made by myself the following morning:
The surtace of a rotatory cyanometer?, I found, best represented the colour of the moon,
when 65 per cent. of its surface was covered with cobalt blue of the colour of the
cake, with 5 per cent. of white, and 30 per cent. of carmine red. The resulting intensity
of colour, compared with the white surface of paper, also seemed to me approximatively
to vepresent the difference of intensity in the light between the illuminated and
obscured part of the moon. '

Later I could not observe any increase in the darkness. 26 minutes after the last
observations in Mare crisium, at 3" 53™ A. M., Srindgger time, the moon disappeared behind
mountains; though, independently of this, the end of the eclipse would not have been
visible, on account of the setting of the moon. A red, similar to that observable at
sunset was not seen, the tint that appeared being rather comparable to the colour
below the antecrepuscular arc on a very fine day.

In reference to the phenomena of light and colour observed, ﬁarticular attention
may be directed to the distribution of atmospheric moisture and rain in the marginal
zone. There is scarcely any other month in the year, when, in the actnal position of
the earth towards the moon, the probability of a clear sky, or at least the absence
ol rain-clouds in the torrid and temperate zones, is greater than in the month of
October. Besides, in by far the greatest part of the northern half of the periphery
the atmospheric zone rests upon land.

The latitude of the moon being northerly, the atmospheric conditions of this

part are those which chiefly influence the colour of the moon, and the reddish tint

! A similar appearance was observed by Maedler, 1833, December 26. Compare also previons observations ol
Ielfenzrieder, 1776, Schroter, 1790. “Der Mond, von Beer und Maedler”, Berlin, 1837, p. 140,

1 As figured Plate X, fig. 1, in our “Untersuchungen iilicr dic physikalische Geographie der Alpen”
Leipzig, 1350.
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>

being considered priucipally as the etfect of atmospheric moisture, the circumstances

above mentioned must have considerably modified its intensity and colour.

To complete the methods which can be nsed for the determination of longitudes,
we have yet to mention the use of terrestrial signals.

Such observations can only be taken, when the distance of two respective stations
does not exceed a certain amount. Heliotropes are to be used during the day time,
and strong disappearing lights for the night. Among the latter, we name Argand’s
reverberatory lights, and especially the Drummond lights, which are visible, even in
hazy weather, at a distance of trom 60 to 80 miles. They ave very generally used
by the Great Trigonometrical Survey of India.!

For greater distances, telegraphic signals have been used with great success for
verifying the longitude of ditferent observatories in Lurope. In India also Sir
W. B. O’'Shanghnessy has recently comimenced such experiments.*

We employed lunar distances (example, Raulpindi, station No. 21), and in one

case the eclipse of the moon at Pashmin.

V. METHOD OF EQUATIONS O CONDITION.

This method was employed for stations, for which the nature of their position,
or the material of the observations, made it desirable to enter move into detail. the
values of ¢ and T having previously been ascertained by a first approximation,
according to one of the methods explained above.?

The first approximation is based on two or three values, but it is insufficient in
itself to take into consideration the values of the other observations.

The application of the method of equations of condition offers the advantage,
that it does not deduce the values of @ and 7' from two or three single observations
only, but from the entire series of the altitudes, representing each single observation

with the least possible error; and that it is also possible by this means to detect the

! Thuilliers “ Manuval of Surveying™. London, 1353, p. 37v.
* Allen’s Indian Mail, 1859, December 30, p. 1065.
* Compare methods 1, IL, T1L
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accidental errors of the observations. Tt shows, moreover, in general, the weight
which can De assigned to each single observation.

The method of “equations of condition” is based upon the principle, that the
probability of small errors is greater than that of large ones. It must be furthef
supposed that the values of @, and 7, be lkmown with such a degree of exactness, as
to render it possible to consider the remaining deviations of the single observations
as the first differentials.

Such equations of condition can be employed either for latitude or longitude.

a. DETERMINATION OF LATITUDE.

Tor each single observation we use the following equation:
sin b = sin ¢ sin & + cos ¢ cos & cos f. . (1a)
This equation gives, when @, and #, have been substituted for ¢ and f, a comparison
of each single ohservation, so that
h = arc sin (sin ¢, sin & + cos @, cos § cos t4) -+ dh.

T is considered so far known as not to alter 3; and it is necessary that the
values of the parallax and of the refraction are applied, so that dZ indicates the
true differential of the altitude. )

The method is entirely based on the relation of dk to the two differential elements
da, and di,

By the differentiation of the equation for sin % we obtain

cosh dh = (cos @ sin & — sin @ cos & cos t) dg — cos ¢ cos & sin ¢ dt. A\

The products of the values sin @ sin 3, cos ¢ cos d cos ¢, having already been
tormed during the process of comparing the observations, it is much more expedient
to alter the tormula in a manner which allows of the values of these products being
nsed again.

The formula then becomes:

cosh dh = (sing sind cotan ¢ — cos @ cos d cos f tan @) d @ — cos ¢ o8 Scost tantdt. (Aa)

This is the formula wsually adopted by us for calculating latitudes by equations
of condition.

The equation (A) contains the two unknown values de and df, for the deter-
mination of which two values dh would be sufficient; but the values of d¢ and df

can be determined trom all the existing values of dh.
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1. If the observations divide themselves into two groups, the mean of the
corresponding values of dk can be taken for each of the two groups, and we are at
the same time enabled to find ont any error in the observations, which is then
excluded from the mean.

TFor example:

The values of dk for the two groups at Chérra (station No. 5) are as follows:

¢ dh
— 31' 7
— 37
(—0-5)
—29

1I. Group 339 — 24
1410 — 26

1. Group

P

According to their positions, the observations of the first group and those of the
second could Dhe used for the means, but, as the third observation shows a great
deviation, it has been excluded from the mean. The first approximation alone would
not have sufficed to show the errors of this observation.

In this particular case the principle of probability could be still more strictly
applied, especially if each differential equation were multiplied with the number of
()l)ser\'ations from which it is derved.

2. If the observations airange themselves in more than two groups, a corresponding
number of differential equations mwust be formed. The application of the method of
least squaves is then indispensable. We select as example Gohatti:

In Gohatti (station No. 4), five groups must be formed on account of the very

different values of ¢.

Gohatt:

{ dh

I. Group 36:3 + 004

— 347 4- 86

II. Group — 14-2 + 19

aI. Group — 37 4- 03

IV. Group - 14:7 — 52

V. Group bk A0 —uo

Lpoasen — &3
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If in such a manner any number of equations have been obtained as:
0=dl 4+ a do + b dt

0=dh + o' do + b dt
0 =dh'+ a'do + b dt

and if 2 (a)2. . ... ... .. be the sum of the squares of the co-efficients of do,
TOR.. the sum of the squares of the co-efficients of dt,
3 (ad) ...... the sum of the products of the co-efficients of dg and dt,
3 (adh) = (bdh) . .. ... .. the sum of the products of @ and b in d#,

then the two final equations are:

0 =3 (a)* do + = (adb) dt + = (adh)
= (ab) do + 3 () dt + = (bdh),

from which d¢ and d¢ are deduced, so as best to be adapted to the entire series of
observations. ‘

If, in this second case, the weight of the different equations of condition is taken
into consideration, the corresponding equation must be multiplied with the radix of

the number of the observations from which the equation has been deduced.



b. EXAMPLE FOR THE CALCULATION OF LATITUDE: MXRRI (STATION No. 64.)

1856, November 13.

<91

Approximative values: ¢, = 33° 514. T, = 7° 19™ 34=.
1. 2. 3. 4, 5. 6. 7.

Time by Chronometer . . .| 6b42® 1% 6%48™25° 6h57m41s | 10420m29° | 10427714 | 10h34m51° | 10° 39™ 10°
Mean Local Nooa. . . ... 7h 19m 34¢ 7h 19™ 34¢ 7h 19m 340 7h 19™ 34° 7h 19™ 34¢ 7h 19™ 34¢ 7 19™ 34¢ 2

. g <2}
Mean Local Time. ... .. — 037™33% |— O"31™ 9° [~ 0h21m53° | 4 3 O=55° |4 3 Tm40° | 4 3v15=17* | 4 3" 19™ 36" 2
Equation of Time. .. ... 15™ 32 15m 32¢ 152 320 15 31° 15 31° 15= 31° 15= 31° S
Hour Angle in Time ....[— 0222 1° |— 0b15=37% |— O 6m2]1° |4 3b16m26° |4 323m11° | 4 3b30™48° | 4 3R 35= T¢ =
Hour Angle in Arc=¢ . .| 5°30"3 3° 54'-3 1° 35'-3 49° 65 50°47'-3 52°42'-0 | 53°46'-8 o
$ (Sun’s Declination) |- 18°3-0 |— 18°3-0 |— 18°31 |—18°5-5 |—18° 55 | — 18° 56 |— 18°56 e
logsing...... e 9:74594 9-74594 9-74594 9-74594 974594 9-74594 9-74594 §
logsind.......... . 9-49115, 9-49115, 9-49119, 9-49211, 9-49211, 9-49215, 9-49215, g
log sin @ sin & . . ... .. 9-23709, 9:23709, 9-23713, 9-23805, 9-23805, 9-23809, 9-23809, Z
logcos @. . ......... 991930 9:91930 9-91930 9-91930 9-91930 9-91930 9-91930 =
logeos &. . ......... 9-97808 9-97808 9-97808 9-97798 9-97798 9-97798 9-97798 3
logeos t........... 9-99899 9-99899 9-99983 9-81600 9-80084 9-78246 9-77150 z
_ o 9:89537 9-89637 9-89721 9-71328 9-69812 9-67974 9-66878 g
singsmnd ......... — 017262 (— 0-17263 |— 0-17264 |— 0-17300 |—0-17300 |— 0-17301 |— 0-17302 Z
cos g cosd .. ... ..., + 0-78590 |4 0-78772 |4 0:78924 {4+ 0-51675 |4 0:49902 |+ 0-47835 |4 0-46642
sinh .. 0-61328 0-61509 0-61660 0-34375 0-32602 0-30524 0-29340
h(True Altit.of Sun’s Centre)]  53° 49”6 37° 575 38°4’-1° 20°6'-3 19° 17 17°46'-7 17°3-7
Refraction + Parallax 09 |+ 0’9 09 |+ 19 4 20 |4 22 1+ 2'-3
=+ Sun’s Semidiameter . . . 162 |+ 16'-2 16-2 |+ 162 |+ 162 |+ 162 |+ 162
Calculated Observation. . .| 38° ¢':7 38° 14”6 38°212 | 20°24'-4 19°19'-9 18° 571 17°22"-2
Direct Observation . . . . . 38> 75 38° 15-2 38°21"-2 20° 24'-2 19°19'-7 18° 25 17°22"-2 -
Cale.—Obs. ......... 08 |— 06 00 |+ 02 |+ 02 |+ 26 |+ 0’0

gal
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From these deviations two groups were formed, corresponding to the position of

the different observations:

First Group.

Second Group.

dh dh

. — 08 + 02

— 06 4 02

— 00 (-} 2-6)

mean dh — 0°5 4 00
mean dh -+ 0-1 (dh No. 6 being excluded)
log sin ¢ sin § . . = 9-24, logsingsind........... = 9-24,
log cotan @ . ... = 017 ° log cotan @ . . ........ . .. = 017
9-41, 9-41,
log cos ¢ cos & cos t = 9:90 log cos @ cosd cos ¢t .. ... .. = 970
log tan ¢ . . ... = 9-83 logtange . ............. = 9-83
T 973 953
nat. num nat. num
— 026 — 026
: —.0'54 . — 034
co-eftic. of t'lzp. = — 080 co-eftic. of . . .. .......= — 060
log = 9-90 log = 978
log cos g cosd cost = 9.90 log cos @ cos & cos t ... ... = 9-70
logtan ¢ . . ... = 8-90, log tan ¢t . . e = 981
log co-effic. of dt. = 8-80 log co-effic. of dt ... ..... = 9:51,
log div . .. .. .. = 970 logdh . .............. = 9-00
log cos h. .. ... = 9-89 logcosh . ............. = 9-98
log cos A dh .= 959 log cos h b . . . ... ... .. = 898

These values give the two logarithmic equations of condition:

0= — 959 — 9:90 de + 880 dt
’ 0= -+ 898 — 978 de — 9-51 dt.
The solution of these two equations gives:
de = — 04
dt = -} 1'-1; therefore dT = — 1%4
¢ = 33° 510

T = 7% 19™ 30~

In order to show the greater precision resulting from the application of this method,
each single observation has been compared with the last definitively resulting elements.
This, however, was effected, not in the direct way, but by the corresponding differential

equations. The errors are:
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!

i I3
Observations 1. — 0-3 ' Observations 4. - 0-1 .
. 2. — 01 " 5. 001
“ 3. 4 0D 7. — 01

The final correction is not very considerable, as the observations have already been

very well represented by the first approximation.

b, CALCULATION OF THE LONGITUDE BY LEQUATIONS OI' CONDITION.

We limit ourselves to showing, in a general way, the application of this method
also to longitude. The method can: be successtully applied only, when there are two
variables.

For the latitude, these two variables were d¢ and df. For the longitude, ¢ and
T are considered to be exactly known, the variables being here, 3 — the declination,
and R.A. = the right ascension of the moon. L .

The longitudes are then calculated in the same way as the latitudes, but instead

v

of the equation (4a)
cos = Al = (sin ¢ sin & cotan ¢ — cos @ cos & cos f tan @) dop — cos ¢ cos d cos / tan.t dt,

the following, formed according to the same principles, is used:

cos I dh = (sin ¢ sin & cotan & — cos @ cos & cos ¢ tan f) 3
— cos ¢ cos & cos t tan ¢ di. (AB)

On the supposition of great correctness in the observations, the resulting values
of dt and d% will both give the same differential of longitude, thus allowing of a very
minute control of the observations.

Besides this, it would Dbe possible to express the differential of longltude in

functions of time; but this operation is best reserved for the numeric process.



SECTION 1L

OBSERVATIONS FOR THE DETERMINATION OF GEOGRAPHICAL
CO-ORDINATES.

A. INDIA.

Group [ Aesém and Khdassin Hills: Stations 1 to 5.

Group Il Delta of the Ganges and Brahmapitra: Stations 6 to 9.
Group III. Valley of the Ganges and its Tributaries: Stations 10 to 18.
Group IV. Pinjab, Sindh, and Kich: Stations 19 to 30.

Group V. Central and Southern India: Stations 31 to 43.

B. HIGH ASIA.
a. Himdlaya.
Group VI. Bhutin to Nepil: Stations 44 to 49.
Group VII. Kimion and Giarhvil: Stations 50 to 55.
Group VIII. Simla to Hazdra: Stations 56 to 64.

b.  Tibet.
Group IX. Gnairi Khorsum: Stations 65 to 73.
Group X. Ladék: Stations 74 to 83.
Group XI. Bilti and Haséra: Stations 84 to 92.

c. Karakorim and Kuenliien.
Group XII. Turkistén: Stations 93 to 113.

Concluding general remarks and results.

IN India, the operations of the Great Trigonometrical Survey, under men so
distinguished as Lambert, Hodgson, Everest, and the present able superintendents,
Colonel A. S. Waugh and Major H. L. Thuillier, are well known to be executed with as
perfect accuracy and fulness of detail as the best existing. In places, therefore, the
positions of which have been previously fixed by the general triangulation, we give
their determinations as definitive results. But even in such statipns our own obser-

vations were indispensable for obtaining Time and Meridian.
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In some few places, however, our time, limited by the difficulties of travelling,
only allowed us to make observations of magnetic intensity. In quoting the deter-
minations of the Great Trigonometrical Survey, we mark them G. T. S. Some of the
determinations, contained in the Appendix of the ‘“Manual of Surveying”, by Smyth
and Thuillier, London, 1855, p. xcvr., are marked Thuill. App. We adopt as longitude
of the Madras Observatory: 80° 13" 56” Ilast Green.

In countries not yet properly surveyed, such as many parts of the Himalaya and
of Tibet, we had no other material for comparison than maps, the nature of which
did not allow of so accurate and direct a comparison. In general, we give no
latitudes or longitudes taken from maps. At the end of this part, in the “Con-
cluding General Remarks and Results”, we have drawn up a general list of the prin-
cipal original maps of the Himalaya and of Tibet for comparison.

In the Himalaya, where the operations of the Great Trigonometrical Survey
extend only to the determination of single peaks, and in the as yet unsurveyed coun-
tries of Tibet and Turkistin, the determination of the geographical positions became
of equal importance with the magnetic observations. In these territories, when diffi-
culties presented themselves, as they did occasionally, for extending our observations,
we considered it desirable to determine latitudes and longitudes in preference to
magnetic observations. '

The following groups, therefore, contain all the stations where latitudes and
longitudes have been determined by us, as well as those where magnetic observations
only have been made.!

In India, the stations generally follow each other? from Last to West and from
South to North. Every station is preceded by a short topographical explanation,
having reference chiefly to the position of the instruments.

The heights refer to the place where our magnetic instruments were put up, and
are given in English feet; the observations on which they are based will be given in

detail in the second volume.

! The materinls of our observations are contained in Vols. 5, 9, 10, 11, and 12 of the manuscripts quoted
p- 8. We give, as will be seen, all the detail of the ohservations, even including readings, which are occasionally
affected by (comparatively small), errors of observation.

? The chronological order is s matter of comparative indifference, and may be seen in the itinerary, pp. 11 to 35.
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A M. and P.M. will be seen to refer to apparent local time, and not to time
hy chronometer. ' )

We were authorized to engage a computer, Mr. Charles Linsser, to assist us in
the publication of this volume, and we profit by this occasion to make particular

mention of his zeal and activity.

A. INDIA.
GROUP I
ASSAM AND KHASSIA HILLS.
STATIONS 1 10 5.

Dibrugarh. — Tezpur.— Udelgiri. — Gohatti.— Chérra Panji.

No. 1. Dmruakrm, v Upper Assim.

This is a permanent military station on the Brahmnaputra, farthest removed from
its mouth. Sidia, though still higher up the river, is only temporarily occupied by
an officer and his escort.

The observations were made on the left side of the Brahmaputra, near an open shed
erected for the free use of Bhitias and of neighbouring hill tribes, when coming for
trading purposes to the station. Such sheds are called “namgirh”, and are to be

seen in many of the villages of Assim.

Geographical Co-ordinates.

Latitude North. Longitude East Green. Height.
27° 327 0 94° 57" 35" 395 feet.

Obscrvations: 1856, February 5.

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer:’ Hermann.
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Latitude.
Sun, Upper Limb.
1856, February 5. Horizontal Circle, Vertical Circle.
P.M.

Irom u ° ’ " o ] "

1) 3 039 263 44 0 16 32 55
2) 3 941 - 266 52 20 46 20 O
3) 419 42 285 4 10 41 16 18
4) 7 23 40 325 8 10 11 26 40

o
Barom. 7546 millim. Temp. of Air 19-2 C.

29-709 inches. 666 Fa!n‘.

“alculated by Method I., from observations 1 and 4.

1. 4.

‘ "

Refraction . . . ... .. — (l) 52“ — 4( 28

Parallax . . .. ... .. + 0 6 + 0 8

Semidiameter . . . . . . — 16 15 — 16 15

Sum of Corr. . .. — 17 1 — 20 35

o i " o [ "

1) h corr. = 46 15 54 8 = —16910

4) k' corr. =11 6 5 ¥ = — 16 5 53
Latitude N. . . ... ... 27° 32"-0..

The latitude by a preliminary determination of the G. T. 8. (Thuill. App) is
27° 31" 45", based on Wilcox and Bedford’s Survey of Upper Assim. It perfectly
agrees with our results.

Time.

h m s

Apparent Noon, deduced from the Altitude of the Sun, from observ. 1 2 52
observ. 4 2 52 6

o

We give the preference to the latter, on account of the altitude being 35 lower:

hnt. the values, being identical, also serve as a control of the observations.

L m o«

Apparent Noon, adopted . . . ... .. e 252 6
Equation of Time . . .. ... .. ... . ... 4+ 014 15
.................................... 237 51

Mean Noon

Longitude.
Our Chronometer giving in Upper Assim arbitrary time only, we adopt the
Longitude of Thull. App. . ... .0 o0 oL S == 94° 57" 35" Kast Green.

1. 17
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Meridian.

Meridian, deduced from the observations of the Sun . . . . ... . .. 260° 47'-1.

No. 2. Tizrur, 1n Assim.

Coming from Bhutan, this was the first station I reached. It is situated on the
right side of the Brahmapitra, and has during the last few years become a very
important place for the manufacture of lac, and for the cultivation of tea and indigo.

Tea ought to be particularly mentioned in connection with Tézpur, on account
of Mr. Bruce, a resident of this station, having first found it growing wild in Assim.

My instruments were placed near the circuit bangalo, a government building

erected on a slight eminence for %he temporary residence of officers while travelling.

Greographical Co-ordinates.
Latitude North. Lougitude East Green. Height.
206° 34" 35" 92° 46’ 45" 239 feet.
Observations: 1856, January 25.

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann.

Latitude.

1856, January 25. Horizontal Cirele. Vertical Circle.
AM.

Sun, Lower Limb.

h m )

1) 13233 269 10 35 43 40 58
2) 139 42 271 49 45 43 51 45
3) 146 41 273 50 5 43 56 38
4) 152 40 275&8 0 43 59 18
LM
Sun, Upper Limb.

h m s o 12 7] o i "

3) 2 410 279 35 40 44 28 15
G) 2 16 40 280 40 45 44 12 45

o
7553 millim. . CAir ‘ 27-4 C.
Barom. | 20-737 inchos. Lemp. of Air | 813 Fal,

Caleulated by Method 1. from the Altitude neavest the Meridian.
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Refraction . .. ........ — 056
Parallax ... ........ .. 1 0 6
Semidiameter . . . ... ... 4 16 1R
Sum of Corr. . ... 4+ 15 28
Q I
True Altitude of Sun’s Centre at Culmination, calculated ... = 44 164
Declination = 3 . ... . . ... ... ... = —19 90
Latitude N, . . .. . . = 26 34°G
Latitude N. (Thuill. App.) . . . 26° 36’ 45".
< Time. W oe
Apparent Noon, deduced from obs. 2 and 3, and 3 and 4 = 2 1 22
Equation of Time . .. .. ... ... ... ... ..... = 4 12 28
Mean Noon . .. . ... ... . ... .. ... .. ... 1 48 54
Longitude.
The adopted longitude, as given above, is taken from Thuill. App. .
Meridian.
I‘'rom ohservations of the Sun . .. .. 278° 11'-3.

No. 3. Ubeneorr, 1IN Assim.

Situated at the southern end of the road from Lhassa to Assim, vid Tauong
and Narigtn, through the country of the wandering Kampo-Bhutias, it is an important
trading station, with extensive bazars much used at periodical fairs.

The instruments were put up near a government house, constructed of bambu

and cane, in charge of the dardga of the place.

Geographical Co-ordinates.

Latitude North. Longitude Last Green. Height.
26° 45' 40" 91° 56’ 30" 352 feet.

Observations: 1856, *January 2.
Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermanu.

Latitude and Time.
1856, January 2. Horizontal Circle. Vertical Circle.
AM.
Sun, Centre.

h m L]

h [~} ! " o ! "
1) 2 26 29 306 33 20 20 32 20
2) 2 41 52 309 12 30 23 155
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Sun, Upper Limb.

@

=] 1 H i i1

3) 251 23 310 16 50 2: 50 b5

4) 259 41 312 18 5 25 59 10

5) 5 244 342 20 20 39 22 50

6) 511 14 344 49 30 39 46 5

PoM.
h o s Q T o ’ "
7) 5 48 A7 356 6 35 10 31 44
Sun, Lower Limb.

) h m £l o t " =] ’ "

8) 6 32 39 9 5 10 38 47 20

9) 6 39 48 10 30 15 38 27 20

]

7543 millim. 23-0 (.

Barom. 7 ml, m Temp. of Air 23 (_
29-697 inches. 73:4 Irahr.

At Udelgiri, the observations were calculated more in detail, in consequence of
.

the greater number of observations, and on account of this place being well sitnated

as a starting point for some longitudes by chronometer.

Liirst Approximation.
For the first approximation, the mean of observations 3 and 4 = I, and obser-
vation 7 = II., are chosen, as they are nearest the meridian. They are caleulated by

Method 1.

The usual corrections for these series are:

1 11

1 i i "

Refraction . . . . . .. — 158 — 1 ¢
Parallax . . . . . ... 4- 7 4- 7
Semidiameter . . . . . — 16 18 — 16 18
Sum of Corr. .. — 18 9 — 17 17

o I Q 7
1. I corr. = 25 69 S = - 22 52K
1I. W corr. = 40 14°4 § == — 23 05
Latitude N. . . . ... ... ... ... 26° 450

Mean Noon (corr. for Equation of Time) 5" 44™ 1
Second Approximation.
Comparison of the single observations with the elements obtained by the first

approximation.
Formule: Adea (p. 120).
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The mean of the deviations (Cale—Obs.) in Group 4 is —= — 4+9, excluding
observation 4 at 2" 59", and the mean of Group B — — 0"*9.
We obtain the following differential equations for reducing the errors to their

minimum : .
1) 0 = — 068 — 984 dcp — 9-81 dt
2) 0 = — 98 — 999 dcp — 9:23 dt,

the co-efficients being logarithmical.
The solution of these equations gives:

dt = — 10'"1 in Arc dT = + 40°4 in Time

de = + 0"7;
therefore,
Latitude N. = ¢ = 26° 45'°7
Mean Noon = T = 5" 43™ 21

The following table shows the remaining errors after these new elements are

introduced:
No. of Observ. Cale.—Obs.
1 — 13
2 + 14
3 — 0-3
5] — 02
6 + 01
Longitude.
h m 3
Mean Noon by Chron. 3, at Gohétti, 1855, December 13 . 5 44 15
Mean Noon by Chron. 3, at Udelgari, 1856, January 2 .. 5 43 21
Rate for this period = IX. = losing 0°'17
Correction of the Udelgiri Noon for 20 days . . . . . . . + 0 0 34
Meridional Difference between Gohdtti and Udelgiri . ... 0 0 51
Therefore, o 1 m
Udelgiri East of Gohatti . . .. ... .. 012 45
Gohétti East of Greenwich . . ... ... 91 43 45
Udelgiiri East of Greenwich . ... ... 91 56 30

For this station the G. T. 8. could not supply ns with data of latitude and

longitude for comparisoun.
Meridian.

Calculated from the second approximation .. .. .. .. 355° 36'-9.
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No. 4. GomATrI, IN ASSAM.

Besides containing a large native population, this is the principal British Station
of Assam, and the seat of the Governor Gengral’s Agent for the provinces of the
north-east frontier. The Brahmaputra flows by on the right. My instruments were
put up near the house of Major Vetch, who gave me the most friendly and cordial
reception.

Geographical Co-ordinates.

Latitude North. Longitude EFast Green. Height.
26° 5" 50 91° 43" 45" 134 feet.

Observations: 1855, November 19 and December 13.

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann.

Latitude and Time.

1855, December 13. Horizontal Circle. Vertical Circle.
A M.

Sun, Lower Limb.

h m 3 ] ’ " © ’ 1"

1) 31217 318 0 55 29 810

2) 318 45 319 23 45 30 2 35

3) 4 40 41 349 53 20 38 37 5
Sun, Upper Limb.

h m 8 o. 1 [¢] I 1

4) 5 22 35 355 7 30 40 55 35

P.M.

h m 8 o 1] " o ‘ H

5) G 36 18 14 8 0 39 7 25
Sun, Lower Limb.

h m s o ] o ' "

6) 8 5 31 36 7 40 28 59 b5

7) 810 34 37 10 10 28 17 0

n g
7542 millin. 185 (.
Barom, ° Temp. ol Air ’

29693 inches. 65-3 IFalr.
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First Approximation.
Calenlated by Method 1., from observations 4 and 7.

The corrections arve:

- 1 7.
Refraction . . . . .. — 1 5 — 1 44
Parallax . .. . ... 4 0 7 + 0 7
Semidiameter . ... — 16 17 4- 16 17
Sum of Corr. . . — 17 15 + 14 40
o 1 H o 7
4) &k corr. = 40 38 20 d = — 23 80
7) I corr. = 28 31 40 M = — 23 84
Latitude N, . . .. ... ... ........ 26° 5'-8

Mean Noon (corr. for Equation of Time) 5" 43™ 17=.

Second Approximation.

Ualeulated by formula da (p. 120), which ix used throughout in calenlating the

second approximations.
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AM. P. M.
Group L Group 1L Group IIL Group 1V.
1. 2. 3. 4. 5. 6. 7.
Time of Observ. by Chron. 3k 12m17° 3h 18= 45° 4b 40m 41¢ 5h 29m 35° 6t 36™ 18° gt 5m3]e 8h 10™ 34°
Mean Noon ‘ from 1st 58 43=17° 5h 43m 170 5h 43m 17° 5b 43m 179 5h 43w 17¢ 5h 43m 17¢ 5h 43m 17¢
Mean Local Time! Approx. | — 2h 31™ 0® | — 2P 24m 323 | — 1B 2™ 36% | — OB 20M 42° [ 4 OB 53™ 1° | 4 2b 22m14° [ 2P 27™17®
Equation of Time. . . . . . +  5m53 |4 5mB3 |4 5Bl |4 BmAls (4 5m49s |4 sm4Ts |4 5m4T
Hour Angle in Time. .. .| — 2t 25= 75| — 2P 18 39¢ | — 0P 56™45% | 4 Ob 14m51° | 4 Ob 58m 50° | 4 2hogm ]¢ | 4 92b 33= 4s
Hour Angle in Arc = ¢ . . 36°16'-8 | —34°39°8 | —14°11''3 | — 3°42-8 | 4 14° 42"°5 | 4 37° 0'°8 | 4 38°16°0
3 (Sun’s Declination) . . . .| —23° 7-6 | —23° 7-6 |—23° 77 |—23° 7-8 |—23° 83 |[—23° 85 |—23° 85
sinosind.......... — 0-17278 | — 0-17278 | — 0-17279 | — 0-17280 | — 0-17286 | — 0"17289 — 0-17289
cos @ cos d cost. .. ... + 0-66579 | 4 0-67930 | 4+ 0-80070 |+ 0-82414 | 4 0-79875 |4 0-65939 | 0-64837
Sum = sink .. .. 0-49301 0-50652 0-62791 0-65134 0-62589 0-48650 0-47548
A
I{True Altit. of Sun’s Centre) 29°32'-3 30°26'-0 38°53'-8 40° 38’6 38° 44'-8 29°6'-6 28° 23'-4
Refraction . . ........ + 7 |4+ 1“6 | 4+ 16 |+ 11 [+ 12 |4+ 17 |+ 17
Parallax . .......... — 01 | — 01 |— 01 | — 01 |— 01 |— 01 |— 0'-1
Apparent cale. Altitude of
Centre . ........ 29° 33.-9 30° 27'-5 38° 553 40° 396 38° 45-9 29° 82 28° 25'-0
+ Sun’s Semidiameter - 163 |— 163 [— 163 [+ 163 [4+ 163 | — 16-3 | — 16'-3
Caleulated Observation. . .| 29°17-6 | 30°11"2 | 38°39°0 | 40°55°9 39° 22 28°51'-9 28° §'-7
| Direct Observation . . . . . 20° 82 | 30° 26 | 38°371 | 40°356 39° 74 28°59'-9 28° 170
| Cale.—Obs. .. ....... + 94 |+ 86 |+ 19 |+ 03 | — 5:2 [— 80 |— 83
“ DY g ) ) - J
Group 4. Group B Group C. Group D.

‘1 400¥D

‘STIIH VISSYHM ANV Wyssv

Lel
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In the preceding table, we separated by vertical lines those observations, the
difterentials of which could not be considered identical; we thus obtain the four

following groups:

Giroups. Cale.—Obs. {
’ o
A 4 90— 355
B. 4 1’1 — 88
¢ o — 52 4182
D. — 82 -} 376
This shows that, in accordance with the observation No. 4, we may consider
do =: 0, and that all the corrections of the elements consist in a correction of the
mean noon.—Therefore, in the following equations we have put, do = 0:
0=+ 08 — 984 do + 9°68 dt
0= — 08 — 984 dp — 9°69 dt.

These equations are referred to the groups A and D, and give:
dt == — 155 in Are dT == - 1™ 2% in Time.

The corrected elements, thevefore, ave:

Latitude N. . .. = @ = 26° 58
Mean Noon ... = 1" = 5" 44™ 19,

A comparison, after introducing the new elements, shows the following errors still

remaming: No. of Observ. Cale.—Obs.
1 + (;‘4
2 — 04
3 4 08
4 — 08 M
D 00
6 1 02
T — 01

The latitude trom Thull. App. is: 26° 117 15" N,

Longitude.
Observations of the Moon and Jupiter.
1855, November 19, Horizontal Circle. Vertical Cirele.
.M.

Moon, Centre.
3ho21m 138 213° 56" 50 6730 307,
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Jupiter.

0 m 8 o ] " o i 1"

3 10 47 234 44 20 24 42 45

3 29 44 238 4 25 21 0 50

1 85 (

~RT - 1 BN R 18. n '.

Barom. | ' ' ml_ m Temp. of Air b L ? .
29-808 inches { 65-3 Fahr

Co-ordinates of Jupiter, interpolated for the time of the lunar observation:
3 21m 13¢ 236° 3474 22° 40’6.
Corrections for reducing the apparent altitudes of the Moon and Jupiter to true

geocentric altitudes:

for Jupiter for Moon
Refraction — 2'+2 — 06
Parallax 0-0 + 332
. [} t
Jupiter, true Altitude . . . .. ... 22 384
Moon " e e 56 361
Arc of the Almueantarat . . . . . .. .. .. ... ... ... ... 22 168
Reduced Distance of Centres . . . . . ... .. ... ......... 37 50°R
to which corresponds a Mean Greenwich Time of . ... ... .. 3 30 20 po.
Mean Local Time . . ... .. ... .. .. .. .. .. .. 9 36 50
(veferred to December 13, the Rate . = losing 0°-17 would give
a correction of — 37 which, however, does not affect the result
within the 10® adopted as limit for our, longitudes). —
Meridional Difference in Time . .. . ... ... ........... 6 6 30

theretore,
Longitude Bast Green, . . . ... ... ... ... .. .. ..., 91° 37 30"

This result happens to agree, beyond the limits which could have heen expected,

with the longitude of the G. T. 8. == 91° 43" 45" East Green.

Meridian.

Caleulated from Observations of the Sun by the second approximation . . ©° 3’8

No. 5. Cuirra PONs, v mHE Kudssia Hinis.
This station has been made the chief -place for the political superintendence of
the Khassia Hills and of Kachar. Tt is situated on the eastern margin of the Khassia

18*



140 ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES.

Hills, which terminate here very abruptly toward the plains. "All the eastern border
of the Khassia and Jaintia Hills is particularly remarkable for excessive precipitation
of rain, often exceeding 600 inches in a year. Soon after the rains the climate becomes
dry and very healthy, during which period it is found to Le an excellent place for a
sanitariam.

. My instruments were set up in an open sitmation, not far from the house of
Captain Byng, who, unfortunately, was killed during the tim¢ of the rebellion, in an

expedition against the Kacharis.

Geographical Co-ordinates.

Latitude North. Longitude East Green. Height.
25° 14' 15" 91° 40’ 30" 4,164 feet.

Observations: 1855, November 4.

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann.

Latitude and Time.
a. Observations of the Sun.

1855, November 4. Horizontal Circle. Yertical Circle.
Sun, Upper Limb.

P.M,

h m . o o o 7 17

1) 5 40 23 2 24 10 49 43 0

2) 552 21 6 39 50 49 23 40

3) 6 014 9 31 30 49 1 10

4) 6 4 50 11 9