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ALPHABET USED 1:Olt TRA~SCRII~'T1ON. 

a (:L :L 5 ii); ii; b (b l~) ;  ch (~1111); d (~111); c ( G  6 6 ) ;  f ;  g (gh); 11; i (i 7) ;  ,j ( jh) ;  k (k11,. h; I (111): 
nl; 11; o (6 61, 6 ;  1) (1111); r (dl); s ;  s11; t ( t l~) ;  II (0 ii), ii; V ;  y;  Z, 

1 .  a, e i, o: 11, a.: in German and Italian. 
2. 5, 6, ii, a s  ~ I I  (;rr111a11, 
:3. Diphthougs gin: the sound of the t,\\,o con~l)onent 

\zo\\.els combinctl. D i ~ r e s i s  is marked by the 
a c c c ~ ~ t  falling on the sccond of the two vo\vels. 

-1. - abovc the \ro\vcl malces the vo\tpel long. 

In  general we considered i t  unnecessary to add 
this sign when the accent coincided with it,, and 
the omission wo111d not iuflucnc the correctness 
of the pronuuci:~tiol~. 

Sllort ro\vcls arc not separately clistingnislrcd. 
.;. - ;~bo\-c a a ~ ~ d  c (6, 6 )  is a sign of imperfect 

phonetic formation, similar to the open tr ill Otrt, 
and e in 11cl.d. 

ci. - below a indicates the (lee11 sound, lil;cl (1 in 
~ c n l ! .  

i .  - above a : I I I ~  o it~dicates a nnsal sound, lil;e 
(1, and o in thc I ~ r e n c l ~  \vords galit  and salt; 

also C, i ,  and ii had to be introducccl for 
marltin:: the nasal sound of c, i, :ntd 11; in the 
nasal diplrtl~ongs ad and a:, \Ye luakc tllc sign 
over olle o ~ ~ l y ,  though both yo\\-cls 1,al-c tile 
11asa1 s o ~ ~ n t l .  

1. b, d, f, g, 11, Ii, 1, rn, 11, p, r ,  s, t. are ~ ~ r o r ~ o ~ u ~ c t . t l  
as  in German and Englisl~ [the variations oc- 
curing in the l)ronnnci:ction of g. n t ~ d  11 (ill 
Euglisl~) excepted]. 

2. 11, after a c o ~ ~ s o n a n t  is all :~udiblc : ~ s p i r a t i o ~ ~ ,  
except in sh, and I d .  

3. ch, ns in F:nglislr (c.11tri.c.k). 
4. slr, as in English (skntlc.). 
5 .  () as c.W ill German (11or.h). 
6. j, as  in English (jzr.c.t). 

' 5 .  r, as the IU in C;er~nan ( Ilirssc.r), I r r i ~ ~ g  c l i t l ( ~ r ~ ~ ~ ~ t  
I 

from v it1 I~C~IJ ,  and ~ r .  ill trrtte~.. 
8. y, :IS in the 1;nglish \vo~.tl ye.\.. or , j  ill tl~rb 

Ger~uan jrr. 
9. Z, soft, as in E ~ ~ g l i s l ~ .  

dcc,ertts. 
rnarl;s the sgllnble on \\'hicl~ tllc ;~ccc.~~t f;~llz. 

\\.hether t l ~ c  syllal~le be lo~tg or short. 

Alylrnbeticnl Re.qisters. 
111 our ;~ll~llabetical registers thc 1rttc.r~ ti11l01~ 

the order of tl~ct nlclhabet, irrchspective 01' the signs 
attacI11,d to ~ I I ~ I I I .  

r 7 1110 measuretnents of heigllts and ilistancrs are 
qiven ill ICnglish fcct, and the miles also arc Englirl~. 

The readings of the barometer are given in ~nilli- 
lnctres and 1':nglish inches. 

'rllc longitudes are referred to the n ~ e r i d i a ~ ~  of 
(:rcen\vich. Adoptcd longitude of the hladr:ls Ob- 
servatovy: 80' 13' 56" ]Cast Gr.ern. 

The ~nagnetic elel~lents are g i v t . ~ ~  ill 1<:11glihl1 
units. 

The sign n before a name indicates :III I I I I ~ I I -  

l~abited place. 
I,. a. L. S. = Little above t l ~ e  level of the sea. 
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I .  AL)l)IIESS 'J'O Slli CH,\lLIJlSS WOOll, UART.. SE('l<E!l'.\IiY OF STATE 

Ji'OH 1NI )I 11. 





I. ADDRESS TO SIR ClIAltLES WOOD, B:\liT., SE(1KE1'AHl' OF 
STATE FOR INDIA. 

1. 

1 3 '  is not witlro~rt at, lively sense of the great  clifticl~lties of t , l ~ r  work we have 

llll(1ert:rken, that  we endeavour, in  the fijllowing voln~nes. to  l~reaen t  tlle rrsult,s of the 

scie~ltific mission wit11 \\rllicll we were c?ntrnsted in  the years 1854-ti. 

!l!lie flattering interest which His hlajesty, Pretlericlr Mrilli:un IT., l i ing  of Pruusia, 

so emi~lent  i~ 11atr011 i1,11(1 1)rotector of science i~11il ; ~ r t ,  graciolrsly co~rtlesct:~ltlt:tl t o  take 

in our ti~rnler researches, on the physical geogr;~l~l ly a,11(1 the geology of t J ~ r  Alps. 

gave the first, iml)ulse wllicli resultetl in  our ~rrissioir t,o Inrlin. 

It was in Februitry, 1854, w l r n ~  our  late fi.irnd, Baron H ~ ~ ~ ~ r l ) o l ( l t .  i l ~ ~ t l  the 

tlist,ingnished P~USS~RII  Minister, Baron S ~ u i s e n ,  then a t  Lollelon, ot'ticii~lly conrlntu~i- 

r:nt,etl His I\l;tjesty's intentions to  the C o l ~ r t  of Ilirectors of' the East Ill(1ii1 C o r n l ~ i t ~ ~ y .  

Soo~r i~f te r  this, our l;rtc~ 1,rotllel.. ,Itloll)lrr, let% Alru1ic:h ti)r Lolldo11. \vIrere Ire receive(1 

fi.onl 13aron Cetto, t l ~ c  B:lr i~r ia~i  Ninistcr, the Ici~ldest 1.ecelrtio11. \\-IIo ga.ve Irim ; ~ t  t,llr 

same ti111e irrost. valr~nble ;rtlvice in  fi~rt,llel.anct. of o11r 111i111s. 

Su lq~) r te ( l  l)y t,lrc: c~rergetir ;lsaistalrcr of Clolonel Sykes, OII  t,lre 11i1rt. ut' t . 1 ~  C;ourt 

of J)irt!ctors, ancl of (3enrl-al S;l,l)in~ ;111(1 Sir  ltoclericlc M~wchison. 011 t l ~ r  11;u.t of tllr 

Hoya.1 Soric:ty, all t,llc. official arr;urge~ne~rts were 111;1tlt: witllout, tleli~y. 

One of' tllc! cl~i(?t' olGects 01' 0111. L ' C S ~ ~ ~ L L ' C ~ I H S  \VUS the co111~)1etio11 of t lit. hl:rg~let,ic 

Snrvey 01' Intliil, \vlric.l~ Iriirl 1)c:t.n c.onmiencet1 in  1H4(i 1)). t l ~ e  lat,r C;~l~t;tin Elliot. i ~ r  

t,llc: ICaste1.11 Arc.l~il)eIago.' At  t l~t .  sanre ti~lie, in  e o ~ ~ s e q ~ l e ~ i c ( ~  of tlle Iligl~ i~rterest 

c:vinc.rtl ill seicncc by tllc: disting~risl~eel Court t l ~ e n  at, tire 11e;tcl of I~rt l i ;u~ ;~ffilirs. O I I ~  

~lrissio~r ;rss~l~netl ;I velsy gt'neral :~ntl extelrsive cl~aracter.  



0 1 1  the 20tl1 of $eljtc:inber, 1854, we left Engliinci, 11nder c,ontXitio~~s luost F~vour- 

nlde fiw t l ~ e  resenrclles \\,it11 w11ir.h we had t,lie l io l~ol~r  to be charged, and we arrived 

in I-)ol~lbii~ on tlie 2 6th October, 1854. In 1 ntl in, as in England, every official nssist;t.llcc 

\\.as most, kindly given to us, and we h n n d  ourselves liberally provided \\lit11 thr 

11ecessilr.v orders to the resl~ect~ive civil ylrl  military ~ ~ ~ t t ~ l l o ~ i t i e s ,  aacl with cli1)lomatic 

iiit,roduct,ions to the Courts of the Native States. ' These documents \\.ere of - the most 

essential imyort,ance in enabling us to extent1 our mission into countries, wliicl~,,otl~er- 

wise, \Ire conld never have hoped t,o reach, ant1 \vl~icll, incleed, were far bcgond t,he 

limit,s of' om. original intention. 

Not\~it,l~standing, in the inclependent territories nortll of the HiniQlaga, and es1)e- 

rially an~o~i,ast t.ri11es whose hostile dispositicm often obliged ns to travel in disguise 

and conceal our instruments, our progress was not. without many and ~unexl~ected 

difficnlties-diffirulties which inost unhapl)ily ended in the 1a.mentable death of our 

dear hrother, Aclolphe, who was killed a t  IClishgar, in August, 1557.' 

We met on our way home in Egypt, Herinnnil having come down from Tibet,, by 

the ec~sterly route, via Calcutta, Robert by tlie westerly route, vi8 Bombay. We a(rriver1 

a t  Trieste on tlie 8th of June, 1857. 

Our assistants had been allowed by ttie Gorernnient to continue their o1)ser- 

vat,ions in the special branches of pliysical geogmpl~y until Btarch, 1958. To t~bout 

t.liis (late also ext.ends tlie int'ormation received froin those of our brother's cstill~lish- 

merit,, whu ret.urned after his death, from Turkisthn." 

ortiticisl nssistal~re. 

\Ye s re  nlvo iludcbtc11 to LIIC nun~erous I'ricl~ds, I I I P ~  \\,it11 dur i l~#  our lravcls ill I I I ~ ~ : I ,  ( i l l .  I I I I I C ~ I  vnlu~nl,l,~ :~~l\ ' ice.  

support, and scicl~tific i~r for~r io t io~~.  Alrronpst o l l ~ c u ~  15.c 111ng n ~ r l ~ l i o l ~  Sir Jol111 I,n\\rrnc(, n ~ ~ d  Lt,r11 I\'. I1;ly. ill tlrr I'dnjill 

trnd Llle Ilimllilys. C o l o ~ ~ r l  N'nuglr and hlnjor Tl~r~i l l i~ , r ,  ill (:;tli:ulta, a1111 t l ~ c  Ho~rou~~.iul~lc~ \\.nllrr l.:llic11, ill RIndrils, nlld 
llrougl~ !ve lnrlst rerrain in this plnce Tronr cor~~plrt i l lg t l ~ c  list 01' llnnlrn. \vr nllnll gI:t,lly nu:lil ollrsrl\'rs 1111~ l~lilllg 

~~~j~ ,or l l ln i l i cs  wl~iril \rill orrrrr ill the roorsc ol' O I I ~  \r.ork fur ~r~c.l:tioning tlrcln ill r ~ ~ l r l ~ r c l i ~ ) l l  \vitil 1111. c~l!jccLs 0l' ,1111. 

rcscarclre~. 



IT. 

[TI)OII our r c : t ~ ~ r ~ i  to E~u.ol~(+. tlici worlcing on t  of o ~ t r  scio~~titic. tnat.c:riil,ls, I L I I ~  t,heir 

I)~~l)lici>.t,io~l, \virs imme~liately comlnc~ncctl. 'rhe Irintl :rsSistancc:~ wlliclt \r-c: \vrrl: t i~r tu~~at t .  

c!nougl~ t,o rcceivc? from Lord Stanley, t11e11 Secrct,ary of Stat(' tbr Intliit. greatly 

litcilitatcd t,licn preliminary l)repamtic~ns for our intenclcd work. 

I t  ~vk1.s not witllout sornt: anxicty in reference to t l ~ c  rcsults wc ~ n i g l ~ t  obtain. 

that we took in hand tlie ela.bolation of our various observations: but. t l to~~gl i  we 

oft,c:11 fi)lln(l 111511)' clifficult,ies presented 1)y the intimate and conil~licated connection 

of t,h,: various physical. laws in nat'nrc, vet tlie progress of our la,bours, ot' which we 

here present the first volume: has, if \Ire may venture an opinion, tleveloped results. 

for which we ma.y hope to find an incl~llgsnt. reception. 

It has becn a circnmstance pcculi:~rly cncol~rnging tlint Her Majesty, your lnr~st 

gmciolls Sovereign, 1in.s been plea,sed to  confer u11on 11s the Iligh lionour of acceptsing 

the dedication of the artistic parts of our p l~ l~ l i cn t~ io~~s .  This l~ortion of our work 

consists of :In At,l:rs in three folio vo111mes (containing 80 views and l~anoramas. 

ant1 fkorn 20 to 3 0  maps ancl ~lrofiles), :incl also of ;L plnst,ic series of 276 etl~no- 

grapliical heatis. 

Our scientific ~)~tbIicatiuns. in eight quarto volnmes, contain the cletn.ils of the 

ol)scrvn.tions. togethcr with the general results which we cndearourecl t,o obtain by 

the comparative and mutual apl~lication of' tlte related branches in physicnl science 

:t.nd nnt,nral history, our 1wincipa1 object being to l)rc,sent a general pllysicnl t,nhlet~1t 

of the variol~s countries explorerl. 

1. OI~nervnt,io~~a mndr 1111ring the srx voynge lio111 Sol~t l~nnr l~ to l~  to 1l0111lmy. by I ~ ~ ~ I B I ~ I ~ I I I .  A ~ l o l ~ ~ h ~ ,  nlld Robert. 

2. 13olnbny to RI:ldrns, through Snlltllern Indin, l q  I l c ~ m a ~ ~ n ,  xi~lolplle, :rnd l lo l~r r t .  l'llcsr. t\vo R c ~ l ~ ~ ~ r t u  \~.erc 
I ~ ~ l ) l i s l ~ r ~ l  in ;\Indms, RIny, 1855, nnd repl-illtvd ill C:~ln~ltn.  Junr ,  1935. 

. Sil1i111, l ~ s i x  I i  I I I I  I I C I I I I I I .  ('nli-r~ttn, F ~ % l , r ~ ~ n l y ,  18jG. 

4. 1 n o 1  i t  I I y I I R o t .  :igr;l, necrlnbr:r, Id>;,. 

!I. IJpper i \~shln,  1il111ti11, alld Ucngil, 11). 11rrni:r1111. 1,:1hGr, I Y j G .  

ti. C ~ * ~ ~ t r n l  Illdin, JIndrns l'rrsiilcnry, and Nilgiris, Ijy ;\dolpl~r. Lnh6r. 18jti.  

7 .  (:rntml 111,lin ;u1$1 Nortll \Vest I'rovinccu, I I ~  I tol~rrl .  LnllB~.. IS>r;. 

4. I,:~<lhl< nnrl Tllrkiathl~, Ijy IIcrmnnn n l~d  Itobert. . \xra, 1337, 

9. \Vrstrr11 IIilnhlnyx nlld 13411L 11y ;\dolpl~e. Lalllir. 1H57. 

10 .  I1a~~Jiil~. Lhronfih Sindl~. to Unmhny, by Rnl~rrt .  C';llrutt:~, 1 ~ 5 7 .  

I t .  On I.llr Illrl . jn~~rnr~ys  nlld t l r : ~ l l ~  of Adolpllr, Iry I I r r ~ ~ l n n n  nllcl Ilobert. Uerlin. 1859. 



To t,l~esr i.ol~imes \\fill he adtlerl i~nother rlescriptive one, forming No. I) of the series. 

l'llia will not 1)t. :I narmt,ive of tlie tra,vels in t,heir chronological order, such 1)eing 

giV1.n in t l r ~  tirst volumc' in a conrlensed tal)ulal* fbrm, but, on the contmsy, a general 

compnr;it~i\~c. representation of' whnt we considel. to be the characteristics of tile 

Ilat,~~rirl scenc+ry ot' tlw tlitferent regions esn,ininecl.' 

The nrril, ovt-,r wliicli ollr ol~era~tions were carried on, every fhcility I)c<ing givcn 

11s t,o fbllow independently differe~~t routes as often as circumstances allowed it, was 

rxt.rnclri1 f i . 0 ~ 1  Cle~rltin to I<h,sligar in TurltistBn (Lat. N. 6' to Lat. N. 38"), and 

ti-om Sintlli to Asslilu (Long. E. Gr. 67" to 95"); and all along these vmious routes 

we were enabled to collect, in addition t,o our own observations, materials very 

y n l ~ i a h l ~ ~  fbr t . 1 ~  work we 11nrl to publish. 

111. 

111 \\,orking out ollr observ;ltic)ns, tlie well known labours of numerous scientific 

I ,~*t~il~rrssors" 11:rve proved of tlie greatest i~nporta,rice to  us. 

T11(1 ~naterials 'collect~~l I)y 11s n.re c.omprisc?rl under the fbllowing l~eatls: 

A, NANUBC:RIPTS, DBAVCTINGS, MAPS. 

1 .  45 ~~ianr~scril)t,  volnmes, containing the ol~servations made 1)s orirselves and 

I I I I ~  respect,ivr establishments. 

2 .  172 ~uireduceil stations of meteorological observations, part  of wliicl~ were 

made \)rcvioasly to olrr arrival in India, and commanicatecl to  us, a t  o~u .  reql~est, by 

t.lle (iovernnlrnt. 
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3. 750 vicbws ant1 1)nliori~mar I)y I-lerrnanll and Adoll)lre, including some p l ~ ~ t o -  

gmplls of lanrlhcal~es by ltobcrt. 

4. T'nriol~h malls aiitl l~rotileb in connectioi~ with tlie geological arid geographical 

o1)servations. ' 

B. COLLECTIONS. 

rr. GISOLOCiY AND NIWURAL FIIS'I'ORT. 

1 .  Il'lrc Qcologicrcl Collcctio~~s consist of allout 2000 specimens of rocks :~lld f u ~ s i l ~ ,  

and of 1400 speciinens of soils ancl del3osits no\v filled ill glass cylinclers. The set,ting 

nl) of' the l ;~t , te~, ,  which are ill tlie inuseuln of tlie India Hol~se, is now iiea,rly com- 

])letel a.li(1 tlic lubclliilg : b i ~ t l  armngcinent of t l ~ e  reinnilling part of t,he collection is in 

active 1,rogrws. 

2.  Tlt(a Ilct.bti~~iiotz- \\.as formed pri1icipall.y \\'it11 a view to represent t,lie geo- 

gmpliical t1ist~ril)utioii of plants, zulrl is l)a,rt'icularly coinplete for Tibet,, from Gnhri 

l<litirsuin to Hilstira, ant1 for t,lic rontes from Lud;i.lc to TnrkistQii. 

3. 771e Zooloyic~ll (=c)llectio)ts contain skeletons, ~ l i i i ~ s ,  niitl aiii~nals preserved in 

sl~irits of wilic>. iiiai~y of \vhicIi : I ~ C  :11rca1ly l>lacerl ill t ,l~e India Honse illuseurn. 

111 illustrat,io~i of tliis bra.nch of science \ye 11:Lve collected \rnrions articles of 

11i1.tive tlress, ~niunnf~lctures :ind \vea\ii~g, 351 sl)uci~ncns of' \\fllich hare I~cen delivered 

to the I l~tl i :~ Honse innseruln, \\hose et l~nogral~l~ical  collect.ion for the Eastern Eml~ire 

is uiil*i\~allecl in Enrol)e. Tlle ~iiore in~l>ortant port,ion, however, consists. l~esicles tlie 

slculls and sltelctons, :nltl iinmerons ~~l~ot~ogmpl is ,  of' :i collection of 275 facial casts and 

39 c.;~sts of 11alids ant1 feet,. 
r i  1.11(1 coml)lete series, l)nblislled ill nict,a~llic casts since May, 1859, by J. A. Bnrtll. 

;~ , t  Loipzig, is ill tlie scull,tlu.e room of t,llc I l ~ d i : ~  House. 

11art,ic111:1rlp ~nciitioli 0111. ol~lip.tioiis to the late Dr. Horsfield. aud also to 

1)r. l'orbes \\';~tsoll. tlic ~n.esent supe~.inteiitlellt, for tllcir kilitl anti val~iablc :rssista~lce in 

i~~*ra .ngi l~g ollr co~it,ril)~~t,ions. 



T l ~ e  Hoyal Gociet,y, to \vho111. as lins been i~,lrencly stilted, we are ~ u ~ t l e r  deep ohli- 

g:~t~io~l tbr their act,ire int,crcst ill ollr missio~i, 11:~vc highly honom.cc1 us by acce1)ting 

t,hc declicut,ion of' t,liis roltulle, the first of' the series, ~ \ ~ h i c h  cont,ail~s t,he results of 

our rt?senrches 011 tcrrest'rinl magllet,isill, a s  \yell i \ ~  the tletenninnt,ions of lat,itudes 

and loilgit.~ldes, co~ii~rc,terl \vit.l~ t'hese observations. 

Tllt~ tletnils of' the nst~ronomicnl and inagnetic obser\.at,ions are l)rececle(l by ail 

it,illerary in n ttlba1:lr forn~, hy the c~o~~~i~irtnicat,ioiis receivetl in reference to t,he fjte 

ot' 0111- lntc: brother, Bdolplle, ill111 by espln,natory notes on the mode of transcription 

ndoptrtl. 



11. ITINERARY, WITH AN APPENDIX ABOUT THE ESTABLISHMENT. 

A. ROUTES. 

1. 1':11rolw to I : r~~nl~ny ,  vi$ ICgy11t 11. Honil)ay t o  3Iadrncr. III. Calcutta t o  Ni~initkl, U I I ~  Calvl~t ta  1 0  Darjlling. 

1V. I l ini i lay:~ m ~ d  C'cntr:~l T;l,c(. V. B c ~ ~ g i l ,  territories of Llle Nortll-East Frontier ,  and Ilindo.stJ11. VI. Central 

and Son(llvrn India. VII. \Vcstern 'I'il~rt. VIII. Ch:~ins of t l ~ c  Ifarakorilm and Ilurnlilell. IX. Tibet and 

IIi~nhlaga. S.  I'in,jhl, to Cnlc~~t ta .  wit11 a r is i t  to  Crntral NepB1. XI. I'.;ln.iih to  Bombay, and visit to  Cey16n. 

M I .  Retnrrl t o  Ellrope, viB Ekr~'pt. XILI. ~ i d o l l ~ h c ' s  last j o ~ ~ r n e y s .  XI\'. Routes of Adolphc's r s t ;~ l~ l i s lnnrn t :  

n. ill tllr IIimQlny:~: b. in Central Asin. 

'rllr ~,nnt,ra nrr  laid  do\\.^^ on  Map No. 1 of tlic Geographical ~ l t l n s .  

B. ESTABK,ISHi\IENT'. 

I. Obsrrvrrs. 11. Interpreters. 111. C'olleclors. IV. Servants 

Tlic tletail of the t,r;ulscril~tion used fbr~us the object of' No. IT. ot' the (+enera1 

A. ROIJTES 

IN tlit, Tables, ill which we present the different 1.outeb' taken by o~irselveh aud 

by o111, ;~ssista.nts, we give t,he tlet;~il in such a form, as to render i t  possible mi- 

1111t,t:ly to follow tliem on the ltout,e Alap, wllicl~ is contained in tlie geograpliical 1m-t 

of ollr Atlas. 

Wr havc fi)r~uetl our routes in 14 groups, arranged in  chrono1ogic:ll order. 

T l ~ e  sign A intlicates an u~~iilhal)ited place, where ;I halt 11:ltl bee11 ~natle. Such 

~)l:~ct.h ;ilong conimerc~:~l routps are alho tlie halting placesoof caravan>. 
1 7  1 IIV tliflbrent routes are 1)rccerled 1 3 ~ -  esp1:~natory remarks, having ~.r l ' t~r~iice ])rill- 

(-11);111y to tl~c, motlc of trk~velling ant1 to the general character of the viirrli~te. 

' .\s nlatr11 in o11r r ~ i < l i > ~ l c r  J I ( . I ' ~ I ~ C  t l ~ r  S~.lv('t ( : i ~ n l ~ l ~ i t t v r  on ( ' ~ n l o ~ ~ i z a l i < n ~  ~ 1 1 ~ 1  S C ~ ~ I ~ , I I I V I I I  in I~~cli:! (F1~11rtll 
1(1'[1ort. ~11111lisl1rd d111y 28r11, 1858. 11. ?), tile totnl 1r11pll1 of I I I V  v n r i o ~ ~ s  r< , l~ t r s .  I I I ~ I I ~  \ v l~ ic l~  ,1111. ~ . ( . ~ ( ' i l l . l ' ~ l l ' ~  \v~-re 

cnrrii,il 1111, ill Indin an(1 to  lllr na)rt11 of i f ,  ~ I I I O ~ I I I ~ S  t o  C L I B O I I ~  I ~ . O O O  111i1 l . r  

'" 



111 writing t,l~ese notes, \v(! ever esl)e~iencetl t,he most lively co l~v ic t io~~  of' thnir 

i~rconll~lete~rrss. If, lion~ever, for the l~rese~it,,  we have lilnit,ed ourselves to t,he cleline- 

otioli of a f'c~v (1escript.i~e out,lines; we have dolie so only with tlie hope of heiiig 

i~ble 11creaftc.r t'o lxesent t,l~e clet,:~ils ill a form bett,er adapted for scientific and 

dcscril>tivr pml>oses than thc cln.c)~lulogical arrangement appears to be. This 

enurnemtion of onr routes in a conilcnsed forin may at leiwt be f'olmrl usef111 in 

fi~cilitati~rg the general gc~ogral~hic:~l connection of tlie objects of' our researches. 

111 the hrconcl 11art of this cll;~pter. we give all eiiumeratioii of the esti~l)lishmcnt 

we had nigagecl, ill ~vliicll all the clctail about the persons, occasio~lally mentioned in 

our itinerary. \\7ill he f'o~urtl. 3'111: routes they took are only give11 ~vlien they mere 

sel~araterl froin us. 

1. H~na ia sx ,  L ~ ) O I . P H ~ ,  I t o n ~ n ~ .  

185-1. 

Septen111i.r Nth, left Sootlramptnn, per strnlncr 1 0ctol1c.r Stl), left. Rnea, pcr steamer "Ori~ntnl". 
.. Illdus". . 14tl1, :\tlcn, per steamer "t\ucklnntl", for 

I 

25th. (;il~r:~lt:tr. Ijombay. 
.. 30tI1, AInltn. ,. Slitll, Uoml)ng. 

Octol~r 5tl1, ~\lc~s:mdrin. 

Ullriilg o11r j~llrlrey t l ~ r o ~ ~ g l i  t8he sontherlr 1);trts of' thu l'e~riilsl~la of' llltlin we 

h;rd ellgageti n caiiiel proprietor. The: mcil k c c p i ~ ~ g  c:unels renrly for hire ;Ire called 

niokntl;i~r~s in Boml)ny, chi1111l.i~ ill Hc~l~pil. Y'liis 11ii111 s11pl)li~:cl 2 0  camzels (tlro1nct1;u.it.s) 

ir11d six scbrvant* lbr the trirrlsj)ort. of orir teuts, ~ollectioiis, i111rl 0111. llettvy Ingg:~ge in 

geiicral. ,111 the dclicato i~lstr l~ments were c ; r ~ ~ i c d  by killis on long I)an~hoo sticlis; 

the cl~ro~rolnrters. t l i rong l~o~~t  the journey, \yere caref~~l ly  packed 11p ill bags, tl~icltlg 

strtfietl \\-it11 cntblr, ;IS \!-ell to prevent tlie ill efc~cts of ~ularoitlable d~uking,  as to reclnce 

as  nlurh as pc,ssihle thtb v i ~ r i ; ~ t i o ~ ~ s  01' temperatr~rc.. Tht: kc~lis werr challgetl every 



kulis :ultl tllc greatcr par t  OF tho clromctl;~rie~, 11wt1 t o  lcnve the c~ncnn~lnut~nt  wlliclr hot1 

slleltrred 11s dlwii~g tllc dily, :iiltl push ft.)r\r;~rd i n  ncl\-ai~c:~! of 11s t l rui l~g the  cool liours 

of' the  night.. Early ill t,l~c? rnor~lillg, b e t ~ r e e ~ l  t l ~ r c e  or  four o'clocl<, w(; o~~rselvt:s set OH' 

on l~orschnck, reacl~ing the  new halting l)l:icr, alreatly prcl)aretl I)? tl~cb part,y 1)recetling 

us, ; ~ t  abolit, t ~ n  o'ulock. 111 t l ~ e  afternoon, \\,lleil t,llc s~ln's r:l,ys \rurc. sonlt:wl~at tt:lrlperetl. 

occasion:~lly rode dromeclaries, inhtencl of 11orae.;. 

I n  the D6khnn thc  mornil~g., were geilerally cool. C o  to  1 lo C'. (4-10.ti t o  > l 0 . t i  F'alir.). 

ant1 (luring the 11o11rs l ~ r e c c c l i ~ ~ g  sunriso a \\-ell mtukotl hazc, co~isitlernbly ; t t f rct ' i~~g 

t , l~e  t'mnsparency of the air, was  regularly ol~srrvetl when the te~ul)cl;~tru.e rc~nclied it,s 

~ n n x i ~ n u m  of heat. A t  allout three o'cloclr in  the  nftc!r!loon tlic tl~crt~loluc:ter r ;~~lge t l  

I~et \ \~een 23" to  2 i o  U. (i3O.4 to  Pallr.). 111 II;~issilr. t,he s o l ~ t l ~ c r ~ ~ n i o s t ,  l ) o i ~ ~ t  

ol' this journey, hci~vy ~ i~or i l i i lg  ~le\vs \\-ere n cl~amcterihtic fei~tlirc. I'he tenll)erirt~lrc 

also \\,as consitlerably higlirr, the  morning minimum bcing on ZIII average 14" to  1 8 "  ('. 

(.5i0.2 t o  G 4 O . 4  Fahr.), the ninxiniu~ri 25' to  "9" C:. (77" to 8 - 1 O . 2  F a h . ) .  Tllc o ~ l l y  wc.t 

day was tlie 19th Yebr~iary on Robert's ronte, t,lie rail1 Iwing l ~ ~ n v y ,  t,hollgl~ of sliort 

r l l~rat iol~,  :und quite local in  its effects. 
r 1 .I.he l1wiodica.1 s e t t h g  in  of t,he scbn Ilrecze in  the a f t e r ~ ~ o o l ~  \\as tlisti11c:tly felt 

50 miles ii~lairtl. 

.,4. AI)~T,I>HI,:.  N. Htsasr.\x~, l ionlsa~:  
1854-5, 

l)cccn~l)cr 2 n d ,  left 1jn111lli1y l)y I)o:tt. I Derelnl~cr 31st, left Holnl)ng I)g ste:umcr. 
. (itli, RIn.h:ir. 
,, 9tl1 to 15tI1, ,\Inli;~l)nli.sl~~-;ir. 

Ja~runrg 911t1, :lrross thr 1:11111. (illst. 
,. 4tl1, l ' i ~ ~ ~ n ,  1v11vre they jni11et1 .\tloIpl~e. 

.. 20t.11 to .1n1111nry 4tl1. 1855. l ' i l l l :~. 

Fro111 I ' i ln ;~  hc ~isitt-11. l ) rcc~nl) t~~ 2Stl1 to 31st, sin girl^. 



(;l':Nl$It~\l, INTHODUCTORY IIEPOHTS. 

111. CALCUTTA 'rO k h l N 1 ~ t k  AND C:\LCUTTi\ TO DARJILIN(; 

I S55.  

.I:tnnnry 31st. left l3eIliri. / d:nlnarg :Ilst, left Bellkri. 

One mode of rapid t,ravelling in Bengdl is by palallqnin or p;ilki, wit11 relays of 

1)earers previonsly poster1 a t  t.he tlifferent st,ations along the line of ronte. Thc 

luggage (reclnced in our case chiefly to insbr~unents) is conveyed a t  the same sl)eed 

\\.it,l~ the t,mveller. A large p d k i  train, t,rnvelling during the night, accornl)anierl 

torches aild kept a t  a unifoi-m rate by a pec~diar monotonous chant of the bearers! 

is :I cliar;~cteristic peculiar to Indian travelling. The prilki dnk 11as the advant:~ge of 

Iwing pr;rct,icable even along bad roads, and over the l~il ly tlistricts, in fact on nearly 

every kind of route where bearers can be procured. I n  Uengil t,he office of piilki 

I)e;~rer is confinecl exclusively to one particular ,caste, named the KahQrs. 

,Xilotlier mode of t,rnvelling is I)y cariiage dnk, wldch, however, can be used 

along I)nt very few roads, ancl even on these ibs progrcss is often interlr~pted by the 

swollrn state of t'lie rivers, nearly all c)f which nl~lst I)e crossecl without the help of 

11ro1)cr l~riclges. These carriages are four-\\-heeled, of the same make as n palancluin, and 

11rnw11 I,y one horse, which is ch:ulgecl about every six miles. 

,\ 11:wt of our journeys was performed during the setting in of the hot sezlson; 

the nlasinlunl tempc.rature reached 36' C. (9G0.8 Fahr.), but duri~lg our later journeys 

~ v e  l~arl still higher temperatures. T h o ~ ~ g l i  ill the morning the thermometer usoally 

reavlletl 2 0 "  C'. (G8" Fahr.), yet tlle air \\-as very pleasant to the fcelingw of the tra- 

veller. 

Fehrunry 5tl1, Bnngmlpflli. 
.. 9th, lCi~(l:~l~a. 
.. 14t11, 'l'irp<~ti. 
.. lGth, Xellnti~r. 
. 18th. AIndrns. 

I"cl)ronry 4th, Paulasnmhdri~n. 
8th. Bnngnli~r. 

Herrunnn, I)y r:lrringc d j k .  

I , 12tl1, Mndms. 
Robcrt. 

.. I lth, I<istnngl:'hbrri. 
,* 15t.11, Jrel16r. 
. 19tl1, Mndras. 

Nr remainetl in Alndrns till hInrcll 2nd, nrrired at Calcutta per steamer "Bellgal", bInrcl~ 5th. 

Qnnrtcr llnstrr (kneral's Guide, Salm6nji, retmned round CeylGn to Bombny. 
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A t  Parrulrhubritl, 011 the  l l t , l i  of April,  18,56, there was a heavy tlnst storm. f ro l l~  

\vllicll \Ire defended oursclvos as well as we could 1)y putt,ing wotterl tattis I~efort~ 

onr doors. These ta t t is  are  mats of grass! and, when kep t  met, lowcr considerably the 

temper,zt,ure of t,he room by t.he process of evaporation. Some peol)le c:onsirler them 

unhealthy; thongh for our  O \ \ ~ I ~  par ts  me never espericncecl any bild ctfccts froin their we.  

The ascent to  the  top  of the first ridges of the EhiuSlaya, \vhich are  more than 

G O O 0  feet high, is very stcep, and the climate, i n  consequence, extremely \ra~ied. 

Sndeed, the very first e\,eiiiug, after leaving the licated l)lains, fotlntl i t  desiral~le 

t o  have fires. 

4. A n o ~ r l ~ ~ ,  Ronen.1.: Bengil and HiudostBii. 

1S.53. 
hIarc11 24tl1, left C'alcatta by rail. Apil 6th and 5tl1, 1illn11nl):itl by't>nrriagc t1.1lc. 

,, 29tl1, I'itna by pillti dak. ,. 10th and llth, liutig.frh .. 
~\dolphc, ri8 Ihlesar. .. 13tl1, Bnreli by pilki dik. 

April 4th, nc~tiircs 
Rol~crt, via Sllergh6tti. ,, 16tl1, KainitJ1. 

lire remained at, N;~i~~it:il  till 1In.y lFtli, making occasinnnl rscursions: to C'liiltn pc:~k. 27th and 
28th April, to L:irin lL'~nta, RIay 5th to Bth, and in tlie cnrirons of the lake at Sainitiil. 

Assistants: hlr. Daniel and gnidc Elenznr trarcllcd along tltc (;r;md 'l'r~urlc Iload, 1I:trcll 15th 
to Nay 9tl1, from C:ila~tta to NninitAl. They mntlc a stay of several days at :\llnl~nl)itl. Ilenircs. 
;t11(1 YAtigitr11. 

Tliey lincl their lnggitgc carried by tlie Uoverniuent biillock t ,n~in.  Tliis consist's 

of ;I. iilunlber of strong c:uts, with solid wootlen \vl~eels; they a re  dra\\,ii by bullocks, 

wliicli are  clia,iigctl a t  (+\-cry six o r  eight miles. This train is used chiefly tbr the  

carriage of Government stores, merchonclize, and lieary luggage i n  geileral to the  

al)l)er l~rovinces, 311~1 tr;~velling, as  it tloes, day a11tl iiight, reaches Ilahi,r, tlui-ing t l~r :  

tlry seilson. ill aljout frcnil 3-1 t o  2G d;lps after leaving C';~lc~~tt;t. 

1855. 
11pril 3tl1~ left C~tlrtttta l)y p<Il<i (1;lk. 

.> 8tl1, BGrlta~~ipi~r. 
,. l l th, I)in?ipu~.. 

t\]>ril 1.ltl1. Siligtiri. 
,, lGth, I'nnlcnlxiri. 
?, 18t11, I);~rjiIi~tg. 

Re~tin.it~etl at Dal:jflitig t i l l  hl:xy i t l ~ ,  making occasio~~al c~scursions. 
Assist:~nt : Iiic~tter~ant i\tl:~lns Irft C~nlcnt,t:~, 1I:u.clt 30tl1, \rent 11y str;~ntrr 1111 t l~e  (iill~gcs. ;t11t1 

rc:tclrcd Dnrjfling, \ - i i  l'iir~le:~. ,\p~.il 23rcl. 



ti. H I . : ~ I X , ~ N  : Silikim, Hhwilayn. 

31y rese~urches in Silrkim were iliade a~long tlie Siiiglialili~ ridge. Thc hostile 

di\l~)sition of the Siklum C:o\.eriiinent since Dr. Hookey's and Dr. Canlpbell's travels 

utterly frustrated all atteni1)ts to obtain perinissioli to travel in the lower parts of 

Sikkim. Eve11 011 tlie ronte \\~hich, a t  first, I thought i t  possible to  follow unobservecl, 

bincc i t  lay nlong a jluigly mld lliiiilhabited ridge, I soo~i  found that  lny lri~lis and 

worlrnlen, of \\-horn I liad :I great nlui~ll~er for clearing paths and irrokillg tree 

sections for the collection, grat l~~ally disappeared. This seems to have been a device 

oiu tlie 11mt of the Nepalcsc to make i t  impossible for irie to continne luy jonriiey. 

I3ut in spite of this ant1 all otllcr difficulties I sncceetled, partially a t  least, in effecting 

iny puq)ose. Tllree weeks later a. Nel~alese gnarcl l~resented itself, and, after nllo\\~iiig 

rile to mal;e a few marches for\vard, furcecl me to retllril 

UII tc) 'l'ciuglo I hail the 1)leasrlrr of being accoml)niiieil 11y I~ieutellants Coiigreve 

a l ~ t l  (:otltl:~rtl. ;uitl Dr. 1)omiiiiclirtti. I~icuteiiant Congreve, wlio rctnriierl I)y the Ncl)alese 

ii11.t Il;im, hat1 the lriiidilehs to commiinicatr to  mr his route. 

111 tlir sc,~ithenl l ~ a r t s  of Sikkini, and 1)articulnrly in the ei~virons of Uaqiliiig, 

tlle lxiluy spason is very heavy; the irmo~unt of rain w r y  often exceeding, during t,liis 

periotl. 1 2 0  iiiches. Fiurt,h~r to the ruortli tlut: rains werc not quite so violent, 

nr~ertlielrss they ofier~ld very serious 01)st~acles. r)~iriiig my travels in Silrkim, mv 

tvnt \\-ah \vet through for three \\leeks continruonsly, and everything insitle. i ~ s  m:uy be 

~vcll iiuagi~~ccl, ill ;I state of excessive moisti~re. 

1855. 

Jl:uy it11. I14t I)a~:iflir~g. .Ilulr 211tl. 1:lst c3:clnl) Si~~gl~:~lil:l. 
.. ! I t l l .  Sni~no~~l~~ing. .. 12/11, rc.tnrrlctl fro111 I.':~l~it. 
., llltl~. 'I'GngIo. .. lit11, r(::tcl~(~cl 1);~yjiIi11~. 
.. 2Otl1. C ~ I : I I I ~ ~ : ~ ~ ) I I .  .luly 1st. coi~l I I I ~ I I ( ~ S  O I L  tllv 1htii11g. 
.. 2211cl. 1:iIlit. .-\IIZIIS~. 19tl1. I r s f t  I):u:jili~~g. 
.. 30tI1, t;t\za. .. 1.l.tl1, SiligAri, foot of Hi~n;il;~g:t. 



ITINERARY, WITH AN APPENDIX ABOUT THE ESTABLIHHYENT. 
I 

The Traill's pass was the first high pass which Adolphe hat1 to cross in the Himalaya. 

This pass had been first discovered by Mr. !Prailll: we tllcrefore kept his name 

connected with it. It offered great difficulties, as well from the enormous quantities 

of snow, which d i l l  covered its flanks a t  this season, as from the religious snper- 
1 

stitions with ~irhich i t  is regarded by the Hindus, to whom these stupendous moun- 

tains are objects of a particulitr worship. 

I ts  height exceeds 17,000 feet; but on account of its being impassable for horses. 

i t  has never been, like marly high passes in the Alps, of practical use. The me11 

whom Adolplie had succeeded in engaging were, wvit,h the exception of one, entirely 

ignorant of the direction to be taken; they could only be incluccd 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 religions ceremonies, some of the meri 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 a t  the same time the route of trade between the plains and the higher 

parts of ICrimkon. The road, as far as Rigeser, is excellent; bnt between Munsllari 

and Milum, the valleys are generally so narrow, and the slopes so stcep and rugged. 

that  great difficulties were experienced in bringing up the horses, even without t,lleir 

loads. The only time that  horses can be brought up ancl down with sa,fety is early 

in the spring, when the remains of the wintcr avalanches form solid snow bridges, 

exactly similar to those in the higher parts of the Alps. 

The influence of the rainy season \\,as felt in the higher valleys of Joh i r  only in the 

beginning of July, when there were heavy showers of ruin for three consec~ltive days. 

1855. 
&lay 20th, left Nainithl. I $lay l i th ,  left Nxinitil. 

,. 22nd, 1\lm6rn. I .. 21st, BBgcser. 

.. 2ith,  I<:ithi. .. 25th to 27th, Mn~~sh:iri. 

., 3lst, 'rr:l.ill's pass. i .. 20t,l1, 1jilki)t. 

Jl~nr 4t.11, Rlilum. .. 3lst, Rlflrum. 

Adolphr and Iiobert both re1n:lined at Rlilnrn till July 4tl1, a.nd visited: 
,JUIIC 9t,h to 12th, environs of N61rdn DBvi. I June 16th to 21st, the glaciers 1le:ir hlilum. 

1 MI.. l'mill is well knotvn hg his puhlirations on I<;~milon See Asintic Rescnrrl~ra. Vol. S V I . ,  1811, p. 137, 1111il 

Vol. XVIII.. 1832, p. 1. 
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The only cllance \c-e llarl of crossing the 'l'il)etan frontier wau to l):~ss it in clis- 

guise. Not~n-it.l~st~a~~dingg a,ll our precautions, we were soon recognised as Europeans 

1)y t,he Chinese a~nthoiities, ant1 liereml>torily orderecl to  ret~urn. To prevent our enter- 

ing t.l~eir t,ewitories, from \\-Iiich Europeans a.re so jea.lonsly ancl s~iccessfillly exclncled, 

;L Cllinese gna.rc1 \\-as orclcred to bring 11s l)ac,k. But nre vrerc a.111~ to escape t,heir 

vigilance, and, late ill n clarlr night, to cross the Salt11 pass. Tl io~~gl i  soon traced 

n.nd overtaken by 0111' guard, we nevertlleless sr~cceetlecl, 1)s a liberal nse of money, 

in ~u:!king arrangements \\,it11 the Clllinese to  allow 11s to proceed to the nort,ll as far 

as t.he Sd.tlej. \lTitll the assistance of the UAm Bliini, t.lle head of the Bfani fhinily: 

we we1.c :l.ble t,o pelletrate as far as Glirtoli. 

Tllis iml>ortant, tmding st.a.tion in Central Tibet mas first made known I)y Noor- 

croft's ~i.;it in 181 2 '. A t  that ti~ilc? i\Ioorc.uoft wa\ i~lho accompanied by mcmbers of 

JIATIIIs family. 

On this jonrney, 111 our ascent of tlle 1111 (+;inin, we attained a11 elevation of 

22,260 fect, the greatest height, :I\ fbr a\ we lino~v, that  lias yet I)eei~ reached on any 

luoill~tnin. 

Ere11 here th1, influence of' the T11ili;ul riri~ly heason \\.;IS htill al)l)reciable; it, 

nlallifestcd itself ill sncltlen thuilcler-storms, for tlie   no st part, accompnnied 1)y hail ancl 

r;leet. Occasionally \\7(. had to sntfer v ~ r y  lilllcll fi'o~n cold. 

Arlolphe manager1 to roml>lete his secontl ,jol~riit?y i r~ to  (h1ii1.i Iih6rsu11i witllo~it 

the disgllise he had assnmed heing iletcacterl. Rut,, besides rliffic~~lties of n political 

nature, lie had to contend wit11 natural i~nperliments, in t,lie slinl>e of n very rougll 

road with ~ , ~ I P P  high passes. 

1856. 

,111ly Sth, left Ililnm. 
.. Gtll, ~ t n  Dlii~rn p:lss. 

,. 8th and nth, .J.i~iti 1)nsn 
,, llth, 1Cii1ngc.r pass. 

., 1.5th, Snkh pass. 

.. 18tll to 20tl1, enviro~ls of I):il1:1. 

.111ly 28tl1, cw\.i~,o~is of (;:irtol<. 
. 2!)tl1, (;unrl~:~~~k:ir peal;. 

.\~ignst 5th t o  Ptl~, hl;iiig~ia~ig. 
, 19th to l!)th, Il~i G5mi11. 
.. 99nt1, Il~i ( i i r n i ~ ~  pass. 

.. 25th to nlst, n:itlri~inth nntl hli~ln. 
.. 26th ('l16ko I,n pass. 1 
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Robert examined tlle territory i n  which a re  situated the  sourcen of the Ciangee 

alltl the Jdlnna with their 1)rincil)al tribntaries. The surface of the country is ex- 

tremcly precipitous and rugged, difficult of access, and quite impassable for horses. 

At  the same timc, the great  number of fakirs travelling as pilgrlms over these 

regions gives to  them n very lleculiar character. 

V. R E N G ~ , ,  'I'EIIRITOIIIES 01' THE NORTII-EAST FItONTIER, AND H I N D O S T . ~ .  

10. HERYANN: Uengiil and Khrissia Hills. 

A. ADOLPHE. B. ROBERT. 
Second ,jonrney to 'Tibet alld rcturn to G6rhvh1. GRrhvBl. 

1855. 

Not~vithstandiiig the unfavonmble scaholl for travelling i n  tlie plains during ancl 

Septenibcr 211~1, left B.iiIri11at11. 
, 5tl1, hlbna, pass. 
, 10t,l1, I'llcilto IJa pass. 
,, 16th. Puling. 
,, 19t11, Ndlong pass. 
,, 27th to 30th. Mukba. 

0ctol)cr Gill to 9tl1. Usflla. 
,, 12tl1, I<idnrk:i~ita. 
,, 1itl1, M5ssi1ri. 

after the rains, :L boat journey throng11 thc ,lluls, nearly across country, was nncler- 

taken from Sililrinl to  the foot of tho Klikssia Hillh, since it had become imprac- 

ticable to malie any furtller exploration in the interior of Sikkinl. 

I had two 1:trge native boats, called bbnders, and k t  slnaller one besides. The 

firht was for the assistant and nlysclf, ant1 also carried tlie instroments; the  second 

was for tllc scrvants and for cooking ol~erations; the  smaller one conveyed our  two 

September ith, left Bidrinatl~. 
.. 9t11, dh6silnntlr. 

1 . 15tl1, hltirnath. 

,, 19th to 2211~1, I<idan~atl~ ant1 
glaciers near it. 

Zdtli, Tlijugi N a r i i ~ ~ .  
October ]st, Maserthl. 

,, Gtl1,~ri.  
,, 13tl1, I<hSrdli. 

horses, which we folund very usef~ll i n  exploring thc lleigltbourhoocl of our  halting 

1 , alst, Mdss6ri. 
Separstu routes of assistants: 

In klay: fro111 Nainitbl to IIilnm, virt Niolik; in  July: from the Sakh pass, vik Niti to Bitlrillath; 
in October: fi.0111 hlasertbl, rih S:ilu to I<hhrsili, by two difi'ercllt routes. 

places, which we did every evening, as far as the state of tlie country a,llowed. 

Simi1:v boats \\?ere also sometimes nsed i n  Assam. 111 the l<h8ssia Hills ; ~ n d  ill 

lJl11ltii11 I tra.vellrt1 wit,ll horses a.nd k6lis. 

'l'lie climate in  East,ern I3eng;il is exceetlingly t l ; ~ ~ ~ g c ~ . o u s  a t  this SI::ISOII, ~ , ; ~ r t i c . ~ ~ l : ~ r l y  

:I '? 
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for a part-y like ours who had come down so iecently from the cooler regions of the 

Himklaya. The temperature, \ ~ h i c h  keeps nearly the same range both day and uight, 

is not excessively hot,, but  vcry op1)ressive from the great moisture and almost entire 

absence of winds. The greatest danger, however, proceecls from the nlalarious ga,ses, 

which affected us severely, though we shollld not otherwise have not,iced their exist- 

ence. Lieutenant Adams mas the first att,ackcd by a brain fever, and shortly after- 

wards I was myself taken dangerously ill and la'id up for a fortnight with a severe 

illtermittent fever. 

In t,he l<hBssia Etills I could still observe the last t,races of the rainy season, 

which is tthe heaviest as yet known in the worlcl, the total amount of rain exceeding 

600 inches a year. 

T1he climate of Asaim d n r i ~ ~ g  t'he cold season is a most agreeable one, though, on 

accouilt, of t.he latitude, the insolation is still very powerful. 

I)mughtsman A1,dnl came down the river Tista from 'ritalia and joined me by Silliirt a t  Chkrra 

1'61iji. Mr. Nonteiro, the zoological assistant, lcft Sikkim, August 24th, and dcscendecl by the Iatcral 

hranches of the Ganges to Calcutta, where he rctilained till April 4th, 1856. 

1855. 

11. & ~ ~ I A N N :  AssBm, outer ranges of t,he Rhuthn Hinl6layo, and the Delta of 

August l j t l i ,  Siligrjri, on elephant 
17tl1, Uariadtingi. I)! boat. 

22nd, MBl.ldn. 

. 2.5th to  30st, RBmpur Bblea, by boat. 

September 8tl1, to loth,  DhLka. 

.. 1Ytl1, Kittin. 

22nd to 24tl1, Silh6t. 

September 29th to November 5th, ChBrra Punji. 
November 9th and 10tl1, MBirong. 

. 11 tli, ICklong ItocL. 
,, 12th and 13t11, ~ i n * l .  

, l l t h ,  Jiirong. 

, 15th, lianigodinn. 

1 Gth, Gohitti.  

the Ganges. 
1855-6. 

Sovemher lGth to Decernber 21st, a t  GohBtti. 
Deceml~rr 28th, >IarigeldLi, I)y boat. 

Deceniher 30th to ,January 6th, Udelgilri, on ele- 
phant. 

.January itli,  Bogagi~un. 

February itll,  lcft Dibrngarh, by river steamer 

.. loth, Tdzpur. [" Tl~arnes ". 

.. lath,  hy canoe to Gohitti,  stcamer sticking 
fast in the mud below Icklang. 

.. 13tli, 14th, Go1iBtt.i. 

.. 10th to 13tl1, N~r igun .  I 
.. 1 i th ,  Scrnighng, by ri\.er steamer "Thames". 

.. 23th to 30tli, Tespur, by river steamer ( .. 21st, D11Qkn. 
..Thamcs". .. 24th. Icillna. 

Fehruary 21td. SalaniBra. I . 29th. ('alrattn. Hcmniricd here fill 

.. 5th to i t h ,  I)ihrr~garh. I March 3Otl1. 
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Assistants: Lieutenant Adam and draughtsman Ahdnl left Her~nann at  M8ngeld6i, January 21~1. l @ . i C .  

They went up the B6ri I ) i l h g ,  and on the 28th of hIay rcacl~ed thc place where the Niill Dihing 

bmnchcs; thcrr following the NBh L)ihing to Sidia, on tbc Brnbmaphtra, they descended thence to 

Calcutta, where they arrived on the 28th of June, 1856. 

This was one of the most clifficult expeditions which they had undertaken alone. 

Only the smallest canoes could be used, a,nd even these, on acco~int of the rapids. 

had often to be carried over jungly ground. 

The chief objects of their researclleq were: the coal strata, the pc.troleum springs 

along the foot of the NBga Hills, and Inore especially the rare l~ydrograpliical pheno- 

inenon offered by the Dihing. This river divides itself, even in the npper part of 

its course, into t\vo great branches, which afterwards discharge tliemsel\,es into the 

1 2 .  HERDIAXN: Bengal, Audh and Hindostan. 

111.. Xlonteiro, the zoological collector, left Calcutta. April 4tl1, and marched to Si~nla, where he 

arlirecl, JIag 20th. 

As far as A~nbiln by horse dsk. 

1856. 

hlarch 31st. left Calcutta. A1)riI 17t11, Dbhli. 

\'I. CENTRAL AND SOUTHERN INDIA. 

April 4tl1, Benires. 

, 7th to 9th. Llkhnia.  

, 15tl1, Agra. 

The following route of Adolphe, to Southern Inclia and thence up to Siinli~. 

extended over a much larger area than any of our others in one heason. Along 

the Godhveri, in particular, where he had to march with fifteen camels, the 11iltnri11 

obstacles were very great; but his experience in Indian travelling. together with thr 

assistance of a \\.ell trained establishment, enabled him to overcome them witho~lt 

inaterial loss of time. 

.. 18tl1, h1ir:lth. 

,, 22nd. B~nbila.  

., 25tl1, Sin~la. 

A part of Robert's journeys led through the jungles and mountain h)-ht?lllh of. 

Central India-unhealthy countries, inhabited by the nild aboriginal tribes of the 

(kds ,  Bhils, and lCols. The road was for the most part stony, arid altogether ho 

b,1d that the camels could scarcely follow. Buffaloes, procurable in large quantities 

i n  .Jabll)ur, would have been decidedly more useful. 
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Amarkkiitak is, for the  pliysicnl geographer ancl ethnographer, u iuost interesting 

ron i~ t ry .  It lras been only once esan~iilecl, ' by  Dr.  Spilsbiury.' Tliough its height is  

only 3580 feet (instead of 7000 or  9000 feet, as  had generally been supposed)" thc 

i ~ i a s i i ~ i ~ i n l  of teniperature clid not  exceed, i n  January, 24" C. ('i6O.2 Fahr.), ancl a sky. 

alniost contiilnallp overcast, sensibly mitigated the efiects of the  illsolation. 

Adolphe, dturing his extensive joi~rneys, had to pass tllrougll such a varicty of climates 

that  ~ - - r  find it inipossible to  give tlie general characteristics, witllo~lt entering too ninch 

into t,hr details of his obser\.atiolls. 

I 3.  S n o r , ~ ~ s ,  ROBERT : Hindost in and Biindellrhhnd. 

Fron~ DAra to Agra by l~orse dRk; thence with can~els. 

1855. 
Sovcmb(3r 8th, left lliiss6ri I)y p:ilki d5k. ( December 2114 Gvilior. 

.. 10th to 14tl1, Dha. 

i 
, 7tl1, Jhinsi. 

.. 10th: blir8th. ' ,, 1 ltb, Baln6ri. 

.. 21tl1 to '39t.11, Agm. I ,, 15th to 19tl1, Siger. 

i;nide I<lenznr went alone by way of DGl~li to Agm, thence ~vilh Adolphe and Robert to Sager. 

14. ADOI~PHE: Central and So~itliern Inclia and Nilgiris. 

Fro111 Siger to Iiajan~indri with camels; Madras to the Nilgiris by pillti dilli; 

I Src Jourlrul 01 Illr Asiatic Sucicty, Val. 1X. lalo, pp. 885) to  003. A lettrr of 311.. O. 1'. M'I.1~011, 1,rilllcd i l r  the 

Trnnrnctio~~s o f  t l ~ c  ALrnic~~It~~raI Socivty, Val. VIII., p. I+$, contains only snmc gcnclal rrlnnrks about the l > ~ ~ ~ s i b i l i t y  

Calcutta to Alnbila by l~orse dBL. 

1855-6. 

,,I ilp I r r i n ~  (110 ~ i l r  n1 a a:~nitnritlrn. 
2 Spc I) , , .  ll4,okrr'e \vrll knc,\~ll " t l i ~ n a l n ~ a n  .Iollrnnln ". 3111rr:1y. Lundnn, 185.1. VoI. I . .  p. 32 

Derember 1'3tl1, lcft Sdger. 
.. 2211tl to 2Gtl1, Jiblpur. 
., :mt ,  S C ~ I I ~ .  

.lanunry 4th to 8th. ?;iigl)llr. 
.. I lth. KAgri. 
., 17tI1. 1~ i l~ l )~r i .  

March 4th, Ut:~ti~r. 
,, 7th, Tricl~ir~bl~:~li. 

,, 11th to lGth, Utnkam:t~ld and Nilgiris. 
.. 20tl1, Bangallir. 
:. 22nd to 31st, 31adr:lu. 

April , 6t,h, Calcutta per stenn~er bbOriental" 

.. 24tl1, I{njnpi4t:1. ) ,. 14tl1, left Cnlcnttn. 
Ft~brr~i~ry 1st to 'itll, Raja~nindri. , ,, 19th, l i i~~l lpur  (Cawnl)on5) 

.. !)tll. JI:~tlms I,y sailills vcsssel "'rraf:~lgar ". I ,. 22nd, DOl~li. 

.. 24tl1, lcft ;\I:~dr;~s. I .?  24th. .\n~l~iln. 
, 2Ttl1. I'or~dishi.r~i. / 3 3  26tl1, Sinll:~. . 



At Simln we all thrce mct, and took atlvnntngc of onr stay in tllnt ~dnc.cs to 111:lkc :I gt.~~rr;il 

co~nl~:wison of our instrurne~~ts an11 ol)servntions. 

Assistants: Guide Elcnanr nccompnuied Xdolphc tllrolrgll (,'entral a1111 SOII~I IP~I I  Intlia :IS Far ns 

BIa,lms; from that pl:~ce Ile \\,as sc~lt by a diil'ere~rt routc to l1ondish6rri; son~ewl~:tt Inter I I C  :I(.- 
companied i\ilolplle to Cnlcutta. From Calcntta he 111arc11ed to Siml:~, hl~ril  5tli to JIng "Jtll. 

15. l ionl . :n~:  &!Blv:~ and Hinilostri~i (N.W. I'ror.). 

1855-6. 

Ucre~nl~er 19tli, left S:iger. I I"cbrnal.y 4th to 6th. Sol~:igl~nr. 
3211~1, R2rml1in. , l2tl1. Iii~na (Ile\vnl~). 

2Stl1, Nilrsinglrpr~r. I .. lLLl l  to L8t11, .\llal~nl~iid. 

, 30th to .J:lnuary Lth, .T:iblpur. / , 91st to hIarc11 8tl1, Agrn I,!. 1101.sc tl.;lk. 
Jannnrp 9t.11. hI:indla, on r l~pl~xnt .  ! Rlnrrh 9th to lltll. I)i.l~li. 

, 13tl1, llamgirh. ( .. 1:3tli to 14tl1, 8:1l1;'trn11l)~tr. 
.. ltrtll, Gorilthpnr. / .. 18tl1,n'nllBn.. 
.. 20tl1 to 2Gth, r2111:1rlc:intali. I .. 25th to BIay 28th. Sitnla n ~ ~ d  r~~virons. 

. 31 st, N ~ I I I ~ : ~ .  1 (May Gt.11 to loth, hot springs at 8i111i.) 

'rile nat,ivr doctor HBrliisl~en mnrrl~ed from ~\l la l~aI~id to Silnla, IIarch 8th to 2Gth. 

1'11. WESTERN TIBET. 

I(;. Hls l~ar~ \ f ;~ ,  Hon~sn~r:  S i ~ i ~ l l ~  to  Leh. 

On each of the routes lentling fro111 Sinlln to  the .interior of Western Tibet, the 

road, for eight o r  ten days, lies t~l i rongl~ high, 11nin11al)itecl countries, where s11el)herds 

only arc? to  be met with, an(1 occasionallp czlmcims of salt  traders, who en1l)loy sheep 

for the transport of their goods. 

Passes, exceeding 17,000 feet, increase the cliffic~~lties of the roacl. Herlu;un~'s 

ronte, wl~ich lay quite across t,lle co~ultry,  was cllosen chiefly wit11 ;I. view of visiting 

ils Inany of the salt lakcs as possible. 

Soon after crossing the ridge of t,lie Hin~dlaya Proper the chz~racteristics of the 

Tibctnn c.liii~a.te I~eroine decidedly pron~inent,  viz.. a n  excessive clryliesu of the at1110- 

splirre, u cloudless sky, ancl very ~)o\verfill insol;~tion. 

111 LiitlAk, n l~ecn l i i~r  tlry I~nze is very ].enlarkable dm.ing tlle latter 1)urt of 

sunnmer; in \,alleys of ill1 elevation of 11,000 oi* 12,000 feet. tlle tel~lperatrlrr is st,ill 

rrn~nrlcably high. 
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l%iss&r, Spiti and Pangkbng. 

1856. 
hlay 29th, left Simla. 

,, 30st, Rotgirh. 

June 2nd, Rimpur. 
t . 5th to i t l ~ ,  Vingtu bridge. 

, 8th, T i r i  pass. 

.. 12th and 13th, Mbd. 

.. 18tl1, Pirang pass. 

.. 21st to 24tl1, Lake Tsomoriri. 

,. 26th to July 2nd, Lake Tsomognalali. 

,July Gth to 23rd, Leh. 

B. ROBERT. 

Kulu, Lahhl, and H6pch11. 

May 29th, left Simla. 

,, 31st, Shulii. 
June 2nd, Rissilu. 

.. 5th to 7tl1, Sul thpur .  

, 9th, Iloting pass. 

., 13th to 15th, l<irdong. 

,, 19th, B i r a  Licha pass. 

,, 23rd, Licha Lung pass. 

,, 26th, Tiklang pass. 

,, 30th to July 23rd, Leb. 

17. ADOLFHE: Simla to Skardo, 1% Kulu, LahS1, and Teanskar. 

Adolphe's journey in Ba1t.i included one of the largest groups of glaciers, as well 

a s  solne peaks remarkably high for this longitude. He examined carefully the most 

western part of the ICarakor6m range; but his attempts to cross i t  into Tnrkistin 

were frustrated by the hostile attitude of the predatory tribes infesting its northern 

foot. 

In Balt,i, the principal valleys being at  a lower elevation than those of Ladak, 

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 inlportartt 

article of trade. 

1856. 

hlay 29tl1, left Simla, I nccompanied by Robert, 
and mnk~ng the same 

Julie 13th to 15tl1, Kirdong, stages 

.. 19tl1, Shinko La pass. 

.. 23rd to 26tl1, Piduln. 

., 29tl1, 1'Qntse La pass. 

duly 4th to ' i t l~,  Dah. 
.. 8th, Ch6rl1at pass. 

.. 12th. Khipalu. I 

.. 14th and 15tI1, Hi~she. i 
I 

.. 16th to lgth, S6spor glac~ers. 

.. 21st. Chorkbnda. 
I 

July 24th to 29th, Chork6nda glnciers. 

August lst, I-Iildi. 

,, 5th, Shigar. 

. 8th, Chutr6n. 
,, 12th, Urahildo. 
., 14th, ~ s k o l i .  

,, 17tl1, Shkrshing. 

., 20th to 23~~1 ,  Jlustik glaciers and pass. 
,, 29tl1, Sk6ra La pass. 

., 31st, Sliigar. 

Sept. 2nd to 5tl1, Skirdo. 



[TINB~ARY, \\'ITR AN I ~ P P I C N D R ~  ABOUT THE ESThBLISI~>lEiil'. 

VIII. CHAIKS OF THE I C A R A K O R ~ ~ J I  AND ICUEXL~JEN. 

18. H E ~ N A N N ,  ROBERT: LadQk, N6bra, Turkiitkn. 

We are fortimate enough to have been the first Europeans that ever crossed t,he 

chains of the T(arakori~m and of the Iiuenluen; Dr. Thomson had 1)roceeded MO far 

as to reach the Rnrakori~m pass,' but the ICl~enl(ien, erroneously considered as the 

watershed I~etween Cent.ra1 Asia and India, Iiad hitherto remainetl a perfect'ly unknown 

and unvisited territory. Iiarco Polo, in the 13t,h century, only penetratecl in these parts 

as far south as Eiishg.8.r. 

The success attainecl by ourselves, though scarcely anticipated, may be nticribed, in a 

great measure, to the precnutioils we took to keep all ollr arrangelnents for this journey as 

secret as possible. It \\-as very inlportaut, for the purpose of a.roicling iinmediate discovery, 

to follow a route not generally taken by caravans trading t,o Y ~ r l ~ ~ n d .  AIohan~mad 

Amin, our chief guide,2 therefore, proposed to ns a direction, which we followetl. 

and along which we travelled, ~ \ i t l ~ o u t  any t,race of a road, from the I<arakorilm pass 

as far as B6shia. 

Tllc cotunt,ries me passed are certainly some of the highest of our globe. A t  

these great elevat,ions (14,800 to 17,600 feet,, with passes abore 18,000 feet) \re very 

mrely found \\,ood, and scarcely sufficient food for o~u .  horses; even water, though 

generally plentiful in summer, by reason of the melting of the snows, is occasionally 

obtainable only nit11 great difficulty, when the clays are more than usually cold. 

On leaving Laclik, we had nineteen horses with us, of mliicli, however, we lost 

seven between Leh and A S6mgal. On the 13th August, while crossing the glchi 

pass, -\-re were overtalicil by a violcut snow storin. The cold was intense clnring the 

night, and two of the horses, n.hic11 were lying close to our very feet, diet1 from the 

effects of it. Before our return from Kh6ta1i we succeeded in making 1)nrchases of' 

frcsh horses, ' togctlier wit11 six yaks and t \ ~ ~ o  Bactrian camels. 

As far as the southerli foot of the ICuenl6eu the climate is always very dry, 

and, as must be expected from tlie great elevntions. exceedingly cold and bleak. In 
thesc regiolls tlie rarefied air frequently became the cause of severe suffering for all 

our party, even tlle horses ancl our two Bactrian cnnlels being decidedly artizcted by it. 

I \\'estern Ilimillnya nlld T i l~e t .  I,ondnn, 1852. 

For dctnils xl~ollt him, see B. Establiel~nrent. 

T\VO of thesc 1101.ses \\x 1)1.011glrt \\.it11 I I S  to E:~lrolvc., :IS \ v c I I  :19 111c C ~ I I I I P ~ S :  111e I:~tlvr \\re ~ ) r e ~ e ~ , t ~ d  ( I ,  tilC 
zoologirnl :.orden a t  Derlin. 
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IX. TIBET AND HIMALAY,\. 

'Arc were snrlwiserl t'o find how much t,he effect of the rarefaction of the a.ir mas in- 

creased when winds sprang up. 
1856. 

19. B o o r . ~ m :  Hasbra and Iinshmir. 

Adolphe selected this route chiefly with the view of examiniilg tlie large peaks 

and glacier groups surrounding the Dihmer, which attains a, height of 26,629 feet.' 

Ki~inibiri  and Nunnivari peak were inlportant stations for his geographical surveys. 

,Inly 24tl1, left Leh. 
.. 29tl1, ~ a n a ~ i n i k .  

hngust 2nd, Sisser pass. 
.. 3rd, Sbse r  peak. 
.. Gth, A Fi~l ld<.  

.. 8tl1, A Dbulat Beg 6lde. 

.. 9tl1, crossed Karakori~ii~ pass. 

.. 12th to lJth,  Salt Lake ICiitk-Iciiil. 
,. 16th to 18t.h, to Sikbnder Moltbm. 

., 19th to 22nd, Iisrakbsh valley to ASiulngal. 

.. 23rd,crossed theliuenli~en by thc$lchi pass. 

' Angust 24th, A Oitish. 
, 25th and 2Gth, Bi~shia. 
,, 28th, recrossed the I(ue1116e11. 
,, 31st, A Sf~get. 

September 2nd, Vblilcsha. 
,, 4tl1, recrossed l iamlcori~n~ pass. 
, Gt,h, Silltan C116slcun. 
. 8th, SIsser pnss. 
. loth, Iirirsnr. 
,, 12th, Leh. 

tlin plant collectors and ~hikbris (shooters) rhietly explored the country aes t  of Skbrdo 

Assistants: HBrkishen and observer Nain Singh remained a t  Leh in charge of a corresponding 
magnetic observatory; plant collectors and sllooters collected in the Indns valley from Dah to Hbnle, 
and in Tshnskar and N6brs. 

1856. 
September 6th, Bf~rge pass. 1 September 27th to 29tl1, IiiuibAri peak. 

20. HERYANN, ROBERT: Ladiik to Kaxhmir. 

The Silnl pass, being already covered with suow, was crossed with rlifficlilty so 

late in tllr season. In general, both the roads followetl are coiiiparatively easy. 

.. 9th, Naugium. 

.. 12th, tIas6ra. 
, 15th, Tishing. 

.. 17th to lgtli, DiAmer glaciers. 

.. 20th to 23rd, Tashing. 

1 See JIomorand~~nl on the N n n p  Pnrbet, hy Cnptnin T G. Nontgomerir, III  the Jpurnal of the Asintic Society 
avf Hrngnl. Xo. IY.. 19.57, p 266 

October Ist, Dorilt6n pass. 

3rd, Gur6s. 
6th, Nnnnivbri peak. 
9th to No~renlber 2nd, Srinigger. 
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fl ROBERT.-Northern route. 

October 4th, left [,ell. 
,, Gth, Lama Y~i ru .  
, 8 t h  to loth,  Khrgil. 

,, 12tl1, Drm.  
, 14tl1, Tsi j i  pab5. 

,, 16th, Khnner. 

,, 17th to Nove~nber 2114 Srinigger. 

A. H~nnr~~~ . -So t l the r l l  ~ O U ~ C .  
1856. 

21. Separate routes of the establishment: 

A. Mr. Jlonteiro and guide Eleazar. 

October 4tl1, left Leh. 
. Gtl~, L i m a  Yilru. 

.. 8th,  I<hrgil. 

.. l l t h ,  Silru pass. 

.. 16th, l'ashmin. 

.. 17tl1, Islunabhd. 

.. 19th to November Znd, Srinigger. 

Pronl Simla Mr. Mollteiro and guide Elenzar took the route to Ica~hmir, vib lC611pa 

kind JQmn. This journey was performed during the rainy season, which is not only 

I 

t,hc unhealthiest time of the year for travelling, but has such effect upon the roads 

as to render rapid movement an impossibility. 

U. Plant collectors : 

The plant collectors Dniidher mid JohAr Sing11 went by the follo\'ing route to ICasllmir. nftcr 
leaving Atlolplir and Robert a t  ICirdong : 

1856. 

June Znd, lcft Simla. 

.. 27th to July 9th, ICAngra. 
August 2211~1 to 26th, .Jsrhtha.  

22.  H E ~ ~ I A N N ,  AI)OLPIIE, HOBERT: liilshmir to the PBrijlib. 

Septe~nber  1 l t h  to  14t11, Hajiuri.  

. l i t h ,  l'ir Pi11j:~l. 

,, 23rd, Srinigger. 

1866. 

During onr atay ill SrinLgger, tlie cal~it,al of lcashmir, where we all met togetller 

for tho second trine, we occupietl the large ]louse built by the late Riijijah Gul$b Si~igll' 

for the reception of (:overnnie~it missiolls. I t  is situated close to the banks of the 

Jlul~un,  in a large garden, ancl though not so richly ornamented as the Htijah's own 

palace is 1nl1c11 bet,ter ndaptetl to  Jh-opeal~  purposes. 

.. 29th to  Pepten~ber 4th, J i lnn .  I 

June lFth, left T<irdong. 
,, 2211~1, Triloknith. 

.July Gth to 8tl1, Chrimba. 

I (;111611 Sing11 clierl in A I I U I I R ~ .  IXSi, and \vn8 succeeded by Iris aon, Ilnrt~bir S ing l~ .  thc ~ ~ r < , r t , l ~ t  ruler ul' ICIlsllllri~. 

4 * 

July 26th to 30th, I<isl~trBr. 
August 7th to  lOt11, IslamabAd. 

.. 12tl1, Srinagger. 
.. 18th to 23rd, Illlndrir.  



!rhe difierent routes from Iiashmir to t,lie Plrljiib offeel. in themselves no particolar 

tll)stncles; hut  as all the collections which nre had made during the surnmer, and 

\vliich hacl alreacly been forwardecl fi-om t.ime to  time to  await our ar1.iva.l a t  I<asl~miel., 

had nccnmdlated in large qnant,ities, we founcl great clifficnlt~r in procuring the necessary 

ilieans of t,m~isyort, t,hongh me clivicled our lnggage betnreen t h e e  caravans and sent 

t,l~cw~ off' before us a t  several days' interval fro111 each other. 

During our stay, in October, the climate was mild and agreeable, the nlinimun~, 

2" to 3' C (35O.6 to 3i".J, Fuhr.); t,he masiiuum, 19" to 22" C. (66'.2 to i1°.6 Fihr.). 

The season a t  the end of autumn is one of the finest in t,he world. 111 summer the 

heat is much greater t,han is generally sapposed, thoiigh i t  is often interruptecl 

by rains. 

III t,he annual clist,ribution of rains, slunlmeel. rains, deci(1edly prevail, coiriciding 

wit,ll tlie pe~iocl of the miny seasou in t,he plains; bnt occasional falls occur in every 

~llor\t,h. Snow falls in the middle of winter only, and then lastv but for a short time. 

The clinlate of liashmiel. is generally consiclerecl to be very Iiealtlly; but n year 

after our clepart,are, in the summer of 1857, cholera 1:~gecl to fearful extent ill its 

somewhat tliickly populated  district,^. 

d. HER~~ANX, ~ n o ~ ~ ~ l s . - S o n t , h e r ~ ~  route, \.i& I\ldrri. 

1856. 
Soven11)cr 2nd. left Srin:igger. I Koren11)er 10th to 12tl1, i\.Ioz8t'ernbid. 

' 

.. 4th. Sanslr(.ra. 

.. nth, Hitinn. . ,, 1Gth to 1)rcclnber 18tl1, Raulpindi. 

L\ssist;u~ts: hI.ini ant1 Nain Sing11 \rent across the I'ficli pass by Thinlili to Itaulpindi. 

1856. 

S. l ' i \ ~ ~ . \ l :  TO CALCUTTA\, \TIT11 A VISIT 'TO C'I<SrF11AI. N E I ' ~ ~ L .  

It Ilotl bee11 tlie intention of Adol1,lie ant1 Ilo1)eel.t to visit Nepcil in the h~l~llllleel. of' 

I xT):i. Hut not only was the ~)ermis\ion for ;L reg~lliu. jonrney rcfiist.d, but 111y (Herniann's) 

Sorrlubrr 2nd, left Srinigger. 
.. 5tl1,Uri. 
, Rth, Hlitti. 
.. 9th. C111kir. 

Noren1l)er 12th to 1Gtl1, blirri. 
,, litli to 1)ec. 13t11, r\dolpl~e : Haulpindi. 

,, 17th to Dec. 18tl1, IIern~nni~: llaulpindi. 
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first :lttellq,t, even, to  proceed in tlie same year along the frontier between Silrkiln ant1 

Nelxil, rasulted in being turned bncli by force.' 

It was 0111s after t\ro years' diplomntic negociat,ions, very kindly entered into 

u1>011 our bellalf 1)y the Governor Gei~eral m1(1 Colonel Ramsay, Rritisli Hesident in 

I < a t l ~ i ~ ~ ~ ~ i ~ c l n ,  that the Court of Neplil allonrecl me to visit a port.ion of its territories. 

Upon al-riving a t  the fi.ont,ier 1 had quite an official reception, rind :I guard of 

sepoys const,itnted theinselves my constnut companions, part,ly in the capacity of guides, 

but illore especially for keepillg watch nl)on my operations. No rest,riction, however, 

nrns placed up011 the use of Iny instruments, and I \\-as allowed to take measureme~its, 

and also to tlraw withont let or hi~iderance, a, privilege of ~vhicli I availed inyself by 

making tlra\vings of the beantiful l~eaks of Central Nepil from different heigl~ts in t,he 

environs of l<:~thmAudu. 

The Ta.rBi, the ttul~ealthy belt of forests and jungles a t  the foot of the Himiilaga, 

was crossed on eleph;rnts, kinclly provided by Major Holmes, who, to the great r e g e t  

of his nmncrous friends, mas ltilled n fern months later in the India11 mutiny. 

,The climate of tl~'? valley of I<athmBncln will hereaft,er be t,lie ohject of n detailed 

treatment I~asetl on a, most valuable series of obserrat,ioi~s taken a t  the Residency. 

Tllese obserrations 11:icl their origin in Mr. H. B. Hodgson's i~rdent love for science, kun11 

have been lately t:l.keii 1111 again by the medical geiitlelneii attached to the Residency. 

l<atln116ndu has very warm suminers, a well marked rainy sensoli, and mild 

winters. Snow is esccedi~lgly rare; hut  a. few isolated occasions of its a,pl'earancc. 

are Itnown, and t,hen i t  fell in t,he night only, arid disappeared with the earliest ra,ys 

of the sun. 

23.  HIFHRLANN : A. Piirljlib and Hindost6n to Nel)lil. 

I\S f :~ r  as ~\rnl):iln by pblki d.;lk, tlietr to Pdtna I)y horse tlik. 



C. Bengil.  

Portly by pilki, pnrtly by llorsc djk. 

1857. 

Vcbruary 14tl1, left Piginli. 
. 1Gtl1, Chiria Ghat. 
.. 18tI1, I<athmind~~. 
.. 28th, Icikani penli. 

Assistants: 1,ieutenant Adan~s nnd draughtsman ~ b d o l ,  after their return from Ass8m. left 
Calcutta per river steamer, Jlarch loth, reached I'Btna, February lst, travelling tl~ence with Hermann. 

After tllc departure of IIermann to Europe, Lieutenant Adams remained still attached to the 
Survey, for scientific obscr~atious, n.liic11 11e carried on successfully till RIarch, 1858, chiefly in Bengil, 
BallAr, and the 1tajmall.il Hills. 

hIarc11 lst, I<Bulea peak. 
.. 4tl1, ICathmandu. 
,, Gth, Cllandragiri pass. 
, loth, Firfing. 
, 13th, SigBuli. 

1857. 

X. P ~ N J A B  TO BOJIBAY, AND VISIT T O  C E Y I ~ N .  

JIilrcl~ 14t.11, left SigBuli. 
., 15th, Cllipm. 
.. 19th to 22nd. PBtna. 

The greatest part of this journey might  have been performed by water, viz., on 

the  t 'dbntaries of the  Indus as  far as l\lult&n, on the  Inclus itself from Mult'hn .. t o  , 

I<i1Tiichi, ancl by sea from K ~ r r 5 c h i  t o  Bombay. However, I (Robert) preferred to  

go by land as a mode of travelling l)et,ber suitecl for the  examination of the  conntry. 

Before ai-~iving a t  the Gulf of lcambay I had t o  march nearly 1500 miles, on horse- 

I ~ a c k  ahnost all  the way, except in Sindh, where I made use of camels. My caravan 

of I~aggage-camels had  t o  be changed three t,imes before I reached Bhiij; subsequently, 

however.! I ellgaged bullock carts. 

Tllere is no par t  ill the lki ins  of India. which presents greater estrelnes of 

temperature than the  Piilijkb. I n  ~ l n t e r  i t  enjoys a cold season in the t rue sense of 

the word, the thenilometer from Woveml~er t,o the  end of Pebi.ua,ry scnrcclg rising :l.l~ove 

19" C. ( G ( i O . 2  Fahr.); in summer t,lie heat,, accompaniecl by fearful dust-stor111s and hot 

win&, is exce~s i re .  The varieties 01' climate which I llassed through OII my route, 

March 24th, Yarisnith peak. 

.. 27th to April 2211d, Calcutta; left per 
steamer " Bengal", for Europe. 
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nearly dne south, were most striking, the clifference of temperature f ~ ~ l l g  correq)oud- 

ing t,o a clialige produced hg a clescent of from 6000 to 7000 feet in tlle Himlilaya. 

In  Lower Bindll lienvy fogs mere not unfrequent. The sea breeze was felt nearly 

60 miles inland. I11 March, cluing my trawls across the sterile delta of the Indus, 

in IGch, and Icattivir, the lieat was ver,y oppressive, and especially so in the c lo~e 

atmosphere of t,he tents. 

Deceml~er 18tl1, left Raulpi~ldi. 

,, 21st to 24tl1, salt mines a t  ICifirn. 
,, 27th to 29tl1, Shil11)nr. 

January ls t ,  Jl~Sllg. 
,, 5th to 12tl1, hlnltin. 
, 15tl1, Hl~inlpnr.  

. 20t11, l(11inpnr. 

January 22nd, Mitl~iinkijt. 

25tl1, Nausl~kra. 

.. 30th to Felwuary 4th, Siiltker. 
lcebruary 9th, Niri .  

, 13th, Sbvar~. 
.. 19tl1, JI.inchar lake. 

. 22nd to 29th, ICBrriicl~i. 

B. I<&ch and U ~ j r i t .  

1857. 
blarrh lst, left 1<8rrichi. BI;~rch 19th, Gulf of l i k h .  

.. 3rd, Thithn (Titta). I .. 21st and 2211~1, Hajltot. 
,, 9th nnd loth, L$khpilt. April 2nd, Siunt. 
.. 15th and 1Gtl1, 13111=1j. . 4th, Bombay, per s tea~ner "I,o\v,lrc 

Family ". 

Xlr. Monteiro nccompnnied Robcrt only so far ns I'ind Didan 1iha11, from this place Ilr took 
I~onts, and \vent to hIult : i~~;  t l~enre  by river steamer to ICBrrichi, where he r e ~ n a i ~ ~ e d  during tllc mo11t11 
of Rlarch. Arrive11 Ily steamer in Bombay- April 5th. L)urlng Robert's ~ l s i t  to the i ~ ~ t e r i o r  of C'eylS11 
he remained a t  Gdllc. 

1857. 
April 4th to 17tl1, liombay. 

,. 17th to 21st, no~llbay to (;ill?, per 

stemner "Norna". 
,. 24th to 2Bth, ICol611rbo. 

April 29th to YUth, 1Ci11di. 
AIay 3rd to 4tl1, NurBli:~. 

,, 11th to l4th, G611e; left per s tea~ner 
.'Nabin", for 1Surolw. 



XII. RETURN 'I'O EUROl'E, VIA EGYPT. 

25. HERNANN, ROBERT: Overland route. 

June 211t1, IIcrmann and Ilobert left Alesa~ldria per steamer .LBonrbay", for Tricstr. 

.. 8th, arrived a t  Triesle. 

A. HERMANN. B. l t o n s n ~ .  
1857. 

XIII. ADOLPHE'S LAST JOURNEYS. 

April 23rd. left Calcutta per steamer "Bellgnl". 
.. 2Gtl1, AIadras, 

rimy 1st to .itlr, G ~ I I ~ .  
.. 1~11,  Aden, 

,, 20tl1, Sues, 

., 32nd to 30tl1, liairo, 

On the 17th December, 1856, a t  Raulpincli, we took leave of' each otlier, and set 

hIay l4tl1, left Ciillc per btc,a~ncr '.Piub~n". 
.. 231.4 ilden. 

.. 28tl1, Suez. 

, 31st. left Iiairo. 

out on separate routes. This was the last time we saw our unfortunate brother. 

His plans were, a t  one time, to go to Bombay by a lnorc easterly route than 

Robert, after revisiting the fossiliferous onter ranges of the Himhlaya. He detern~ined. 

ho~\lever, again to examine the TCarakoriun chain and to visit the Kuenli~en and the 

countlies to the north of it. 

The details of his last journeys, ancl their fatal termination, are given separately in 

KO. 111. of the General lntroductory Itel~orts. 

26. ADOLIBHE: P&njAb and onter ranges of the Hirnilaya. 

'rhe da ta  for this journey are less l~recise t l ~ t ~ n  those for t,lre 1)rccecli~ig ones. 

1856-7. 

December 13tl1, left liaulpindi. 

. l ~ t h ,  Atak. 
December 18th to Jmlnary 3 0 t h  I'esl18ur \\-it11 

excursions. 

J:u~~u:cry 31st, visit to 1)ost JIohim~nnd a ~ l d  en- 

virons of the I<hiiiber pass. 

E'ebruary 1st to 5th, Iiollht. 
,, 10th to l4tI1, l<:~IaI)igIr. 

. lGt.11, AI11s:rk61. 

.. 23rd to 2Yth, D6ra Istniel I<llan. 

AIarcl~ 9th to 2Otl1, 1,:1l16r. 
April 5th to 20tl1, I<Angrn. 

111 I'eshiur he was i~lvited to accompany Sir .lol~n 1,xwrence to J51nri1d, on his oftici:ll intcrviev. 

\vitll 1)ost hlolr:in~mad, the ~.uler  of I<hln~l. 



L- 

1857. 

April 20th, left I<ilrgm. .July !,tll. cwxisrtl the liarnkorum c l ~ : ~ i ~ r  tly 

May 5th, S n l t d n p ~ ~ r ,  I i i~ lu .  i the pass north of ~\ks$eChin,wIricll 

.. 15tlr to 26tl1, I<:irdong, La1161. i lios thrce 111:~rc:hes south-east of the 

,, 31st. I3:il.:~ J,iclrn. pass. 

I 
I(arakori~m p:lss. Ily a. new and 

,June IJtIi, C:hnngcl16n1no, nvoidilrg Idell, for entirely unfiequcnted road. 
greater facility of c r o s s i ~ ~ g  in tlis- ,. 20tl1, crosscd tllr I \ aen l i~rn .  near 
guise t l ~ c  Tibetno frontier. A Knrangolik. 

August 1st to 6th. rn\-iro~rs of YBrk;rnd, Sl~iilrll:~ 
Iill~jja, N6gs;r. 

A Icokiir. 

I i i s l~gnr ,  \vllere he \\.as killed. 

Before starting for Turkisth,~~, Arlolplie despatched the different parties of his 

estublisl~iuent upon thc followiiig routes:- 

a) A partry of plallt collectors was discha,rged by him in LahS1 and \vent vib 

I<islitviir to I<aslimir, tliellce to Iiiclia. 

b)  A second party returned from Ladik, by La1161 and I(.61u, to their ] d i v e  

villages near I<i~>gxr. 

c) 'J'lic 11at.ivc tloctor, HRrliisheii, was left by Adolphe in Lah61, and was ordered 

to visit a t  x later period Spiti, lGiniiur, aiid Uisskr. When, after some time, no news 

of Adolplie llad reached him, he rcturnecl to I)&ra and Alrn6ra. 

After Adolphe's rlcnth, liis fbllo~vers were partly tlispersccl; t ~ v o  of his chief 

servants some time afterwnrcls colnlnullicaterl to uu, alnongst other infonliiltion, the 

routes t,liey had respect'ively taken after the sad catastrophe. 11s they had been for a 

long pcrio(l in 011r service, as well a,s his, t1le.v had ga,ii~ecl some experience in tmvel- 

ling, and were I~ettcr able to define a11d give an accoullt of their marches, than nat,ives 

in general monlcl hare been able to do.' 

1 It iu well I<nown t l~nL this \!.as t l ~ c  snlnc w t ~ j -  i n  t v l ~ i c l ~ ,  Y ~ I I I C  J . C ~ I I Y  ago. v ~ I ~ I ~ I J I c  i~~l'or~nation \vus ol~tail~ed 
Ipg AIir i m t  Ullal~, :I ~ ~ n t i r r  s1.1.vnnl 01' AI~lorrrol't. 01' l l ~ r  salllc coo~~l~.irs, tirst ~,nplorrd a t  a later pe~iorl Ily our I,rotl~rr 
.\cloll~l~r ;lnd o ~ ~ r a v l ~ f r x .  . 
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28. Hdrltishen's route. 

29. Honte from I<rishgar to 1<6Bancl, made by the gnide ~ b d u l ,  nntlve of. Peshiur, 

after our brother's death. 

1857-8. 

May :3lst to dune 9th,glac,icr group'romld the 

southern f nnlrs of tlle 
Bdra Ldclin pass. 

J ~ i n e  14th to July 28th,I<Lrdong, tllc chief place 
of La1161 and its environs. 

August 11th to 21st, Tdnltnr in Spiti. 
1 25tl1, Shilltar. 

1 ' l ' l~r f l i p  11 indicates l ~ n l t i ~ i g  plnces, gt.nernlly r~n in l~nb i t rd .  

2 .\ paw ( D P \ - ~ I I )  tbnst 01 it in ca l l c~ l  the S l ~ c r t  DerBn, ant1 in r r o s e d  hy the following roncl: 

a 1rin o r  Ybrin. 1 AkJt6sl1, foot of Shcrt  I)evni~, in  tlic Snynn S l~nn ,  

(1 Tnkui pinhi. I nrroun the Sliert Devnn tn D l i11rnUk6lln.  

,> Cl~vr  kt1 I:II. , A Shfi 01. Alsiigr, nnd thence I,y t l ~ v  on1i11al.y roilrl 

i. Y~~hnl lnknr r l~n .  to IiAknnd. 

October 6tl1, KhAlsi on the J i ~ u n n .  

, 1 ltll to Deceniber 1 l t l ~ ,  Dbrn,in the D6ra 
Diln. 

December 14tl1, Tiri, I in C;irhril. 
,, 18th, Srinfigger, 

,, 25th to IvIarcli 2nd, A11ui)rn. 
hlrtrcli 5tl1, Srinigger, in G:rh\fLl. 

Xbd111, before ])roceerling on this jollrney, 11nd been taken prisoner and sold :IS ;I 

slave. For det.ails, see p. 62. 

1858, hlny to July. 

Septembei and, Nisaug in Bisssr. ,I ,, l'ith, D6m. 
, 3rd to 31st, down the Rdspa valley, 

along P l ~ t i  md across 1 
the Guniss pass. 

liksl~gar. 
1 I i n r n ~ l . ~  C l ~ i ~ ~ e s e  post station. 

Jlinggiiil, tents irlllabited Ily 
Iiirghises. 

ICha~~suvnlik. 
1 Kg~g:~shimk~ne.  
A 0 ~ h s n l o r .  
1 Yisltrcl~ik. 
1 Irin or Y6ri11. 
1 lkisnk, foot of T(.r~li 1)evin.' 

acrofis the Terek Dev811 o 

Iiissilgorgin, 
Gi~lsha, I 'rents in1id)ited by 
Ii_nbl_ankil, Iiirgliisrs. 
liarran kil, 
S:inkecli~~lr. 

A illidu. 
I Osh or 'I'akl~t-i-Suli111i11. 

Amvan, 
Tdlrnasar, 

\h':~phtlin nlld pe- rro,vlls inll;d,itcd 
lIargel611,. IPOICUII I  a p r i ~ i ~ d : ~ ~ . ~  I 

I,! Koli:~lndis. 
(in tlic ~ , n r i r o ~ ~ s ,  A S6fi, or lilsiige. 

' Iiam61 1)ipn. 
h.cl~alik.  

Iidkand, A Supeneke. 
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30. lCi,kand, vii Samarkand to Uolthka, by the guidc Abdul. 

1858, July to end of September. 

32. Guide Mol~Aminad Amin's previous journey froin iish to Tirshkend, 1855. 

I(6ltand. 
1.8ri Derian. 
l<s6lios. 
l<hGchaud. 
Nau. 
Kisseli. 
Uritpa. 
, I , s61nnn1. 

31. Uokhi~ra, v15 ICund6z and Badakllsh&n to ICibul ant1 Pebhkur, IJJ the guide 

i ibdd .  

1859, end of September to Decembcr 15th. 

Jisak. 
Yiltorgan. 
- I<hisbobrGlt. 
Sarnarkir~d. 

I<iressu. 
l<itegorgin. 
I<irmina. 
Bokllira. 

October, Bokhira. 
, l<&san. 

I<oshmug6ralt. 
I<brchi. 

.. BdlkJ. 
. Sllnl~irnLrdan. 

_1 T:~itbli, font of a. pass in the i 1 (~l~ilicl~ik, 
on t,he Sir Deriau. 

I<i~ldirt{~u range. Tislrlie~~d, 

Ciood road; inhabited places all tire \tray. 

October, U u l ~ n .  
November, I<und6z. 

Fnizabic1,clrief place of Iiadakhil~in. 
December lst ,  I<ibul. 

, 10tl1, Je1l:~labad. 
, 15th, I'esl~dur. 

For coinpleting the rontes in Central Asia, we annex n very interesting route 

\vl~ich was traverseci by Nohilnmatl Alllin (our chief guide during our travels in 

Tnrltistin) in the suinlller of 1855, from Osh to T;ishkend, the most northern 

military frontier post of Kbkand, on the Rnssiali frontier. 

Osh. 
I<i\llgar I<slll:tk, village. 
Andlshlin, to\\,ns on the I Nd~nn~~g;tn, Sir Deriau. 

A T6itipa. 
_1 Iiisltbt. 
A TclAu. 
_1 I<urruma. 



B. ESTA BLIRHb1ENl7. 

W e  hacl been ant,horized by the Go\rernmcnt of India, to eliga,ge the establisllinent 

rrquired for our mission immeciint,ely 11l3o11 onr arrival; nncl as the selection of the 

assist,ants, 1)ot)ll as to nnmber a.nd qua,lifica,tions, was entirely left to our own di~cret~ion, 

me foluld ourselves a t  liberty to  engage those persons best suited for our purposes. 

Sccordingly we foiund t,hat, after sufficient t'raining, me could entrust somc of them, 

even i11 olw z~bsehce, with magnetic and nieteorological ohservntions a t  fixer1 stations, 

corresponrling mit,h t,hone niade 11y onrselves during our jonrneys in the neighbonring 

conntrios. 

The a,ssistant Lieutenant Aclams and the draughts111,zn Abdul renlai~lecl peralrt- 

nent,ly nt,t,ached to Hermanu; the others used to travel, somctirnes with one, some- 

t.imes \vit,h tlie other of us; very often they were sent ont on lateral routes, and 

even perfoimerl jonrneys of considerable extent by themselves. 

The. ethi~ogrn.phical remarks, which we give about the tribes a,nd tlie comnt,ries 

they l~elong to, ma,y tenrl a t  t,he same time, we t,hink, to a clearer apprehension of our 

gmeral motle of' t.rarrlling. 

1. MR., afterwards IJIEU-L'ENAKT ADAAIS. 
I T  l h i s  gentleman was engrngetl by Herinaun, a t  Calcutta, and from llarcli, 1865, 

\\.a\ head assistant to him tl~roughont his tm\lels. After Hermann's dclxwtnrc to 

Europe, he cnnti~ined still engaged with observations till Ifarch, 1868. 

111 l1in1 we f o ~ u ~ d  a most ti~lenterl and energetic coacljutor, who very ~natt~rially 

contril~uted to the progress of our mission. His important journcy in Upl>er Asslim, 

ns  well as his ol~servations in tlie Rajmali~l  Hills, are rleserr~ng of pa r t i c~~ la r  ~rioltloll. 

2. L b ~ c ~ . ,  ;I I\I~~sslilinAri fro111 RIadms, Imt of Hindu origin 

This nativc. held an appointment as draughtsmnn a11~1 assintalit surveyor n1 the 

oftice of thc (J~iarter 31:larter General of that Presidency, who was kind cnongh to l~luce 

hi111 ofticially a t  our disposal in February, 1855. He l~ecanie Hermann's secontl 

a~sistailt, and contin~~ecl so till nearly the completion of the travels, when 11c died, 

at Calcutta. in Apr11, 1837. 
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k l ~ t l n l  Iind tmvelled alone on several routes in Siklti~n, made the boat voyagr 

from Sikkim to i\ssAnl by an mdependent ronte (along tllc 'Cibta), and was attnrl~otl 

to Lirutcnant Adams during tllr latter's examination of the Uihing. Hiq death iu :I 

s u b j ~ t  of sincere regret to us. 

3. H i n x i s ~ r e ~ ,  U~i lunan  from Almcirn in Itam&on (HimAl:l.ya). 

Before entering our service in April, 1855, he had been attnclled as a native 

doctor to t,he llosl>ital a t  Almhm. He mas our (Adolphe ancl Robert's) chief assistant, 

anrl rendered us important services by his zeal and diligence in gelleral, as well as 

by the accuracy of lliv observations. He was also supelinte~ldel~t of our p1:ult- 

collectors. He co~lltl write, b11t not speak, English, and lal~elled, in Hintlost6ni and 

Englisli, our etl~nogral~liical collections. 

Dmiilg our travels in Turlristin, in 1856 (Herman11 and Robert), he remained at, 

Leh in charge of' onr magnet,ic :uid meteorological observatory. In l<anll)in& he again 

11ecame attached to olur late brot,l~er ilclolphe's est,a,blishment, ancl sccon~paliictl him as far 

a s  I~ ;~ l i i l .  wl~cn lie was instructed to follow a, separate route tllrougli Tibet arid t,he Himi- 

l a p .  In the different pro\inces of these mountninous countries-where he spent niile 

months, from June, 1897, to N;~rch,  1858-11~: made a series of ol)ser\-;ttioi~s deserving 

of all pr:t,ise. 

011 all occasions me fonnci liini to be :L veKy honest,, trust\\-ort,hy, :1nd illtelligel~t 

11;ltiyc. As :L medical attendant Ile was also vcry \-alnal~le t,o us, from his lilio\vletlge of 

sllrgery and of t l ~ c  use of simple remedies. 

4. Mn. DANII~:L. ;ti1 Indo-Uriton (Eurasian), i~ccompanied us (Adolphe and 13ol)ert) 

only fro111 t'alcutta to ltlrniion :~nd (+;lrllvlil, 1)etn~een llarcli and September. 1865. 

\\'P discharged hhn a t  his o11.n rerll~e.;t. 

6 .  Er,sazan, n guide in the Quarter Master General's Department,, of Hornbay, 

\\-as ordered to join us a t  tllc colninencement of our journeys. 

This nlan \\'as iI Jew of the black tribe,' which is known to have beell settlecl 

tbr a long time in Intlia. He was with us (At1oll)he and Hobert) till R'obert's return 

t,o Ji:11rol)c, May, 1867. He actecl as an excellent guide during our travels in lnrli:~ 

L'roper. ;lnd eve11 in the Hiiualay;~ we could safely ent,rust hirn wit,ll the superint.enclence 

of the tmnsport of our instrmnents and collections. He was also frequently engaged 

' Ser :  Ritlrl., 161.dkonde v o t ~  Asiet~. 1'01. IV., 11. 598. 



witli success in surveys of a less difficult character, and could read correctly the 

~neteorologicnl and nlinor survejing instroments. 

G .  SALB~~NJI ,  from the same oftice as Eleaznr, also a colonred Jew from Bombay, 

nccoli~l)anied us from Pt'lna as far as Madras; he then obtained leave to return roullcl 

Cepl6n to Boinbay. 

7. RAMCH~ND,  a Hindu n~iuislii fi-om Pesliriur, seems to have been but n short 

t,inle with Aclolphe, who took liinl into his service a t  that place, abont the end of 

L)ecenlber, 186 7. 

8. M o ~ A n r ~ r . 4 ~  H L s s a ~ ,  was a native of Lah6r or Peshaur, whom Adolphe 

had engaged as a miinshi nearly a t  the same time with RamchSncl. He could write 

English, Hindostini, and Persian, and doubtless proved ubeful on many occasions, though 

liis character must certainly be consiclered as a questionable one. He travelled with 

Adolphe as far as the frontier of Turkisthn, where he treacherously left him, just 

a t  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.) 

LI. INTERPRETERS. 

During our travels in Tibet and Tnrkistrin, and also in some parts of Siklrim, 

x e  had to engnge clifferent men, who knew HindostSni as well as the languages of 

the countries which me were traversing. Besides filling their office as interpreters, they 

occasionally gave us valiuable geographical information abont the countries bordering 

111,on our line of route, and proved of great use in our linguistic inquiries about 

dialects and geographical names. 

9. MANI (fill1 name Man Singh), a Bliot-Hajpttt, the member of an influential 

anrl wealthy family from Jolllir, in northern I<;lmion (Himklaya), was charged, during 

two sumnlers. with the difticult arrangements of our travels in Tibet, during whicli 

lie provecl of thc most essential service to us by his excellent behaviour. He 

u7aH the only one of our establishment whom we trusted sufficiently to take with 

us to Twkistrin. Mini is also well ltnown as a faithful servant to the British 

Government, who have nlarle him tlie PltvSri, or head man, of Johar, a district of 

Kamlion. 



His father, DGvi Ringh, who is still alivc, was the companion of Moorcroft, in 

181 2 ;  and he himself liad once been engaged by the Strachey~, during their travela 

in Tibet. 

10. D~I,P,\, MQni's cotlsin, a s~~bo~cl ina te  attendant during our travels in Gnari 

I<l~brsum, w;~s  mntle, by Adolphe, his interpreter and clief gnitle for Nilti. He was 

rather i~ rongh liind of man, but full of courage, energy, and devotetlness. 

11. NAIN SINGH, another relative of RlA,ni, a n-ell disposed and intelligent 

nat,ive, wcnt with us (Hermann and Robcrt,) to Larllilc, in 185G. He took a great 

interest in our operations, and though a t  first unacquainted with instruments was so011 

taught their use, as he showed a very great desire to be able to read off the scales 

and write t l ~ c  rearlings in 1i;nglish numbers. He coulil also rend ancl write Tibetan. 

D~tring our travels in T i~ r l~ i s t in  he ren~ained a t  Leh, where he acted as assistant to 

Hiirliishen. 

We had prol~osed, and with apparent acq~uescence on his part, to take hiui wit11 

us to 1i;nrolw; but, like all hill men, he was too much attached to his native mo~~nta ins  

to bring hiinself to leave tlleii, and h r  ~mespectedly went nv7ay from us a t  Raulljindi, 

leitving I~ehincl a lo l~g letter of al)ologies. 

1 2 .  Mo~Xarnr,i~ Aarix, a ratlier ngcd TurBistani, froni Yh.rkand, rendered 11s 

most Fc~itliful ancl important services rlilring ollr expedition to Tnrltist6n. He li:~tl 

formerly carried on extensive tmcling operations between Tibet unrl the 1111ssi:ln 

fi-onticr, which seemed to have brought hi111 int,o great trouble with the Chinese 

(:overrnrlcnt. 

His manner of treat,ing the nat , i~cs,  and the cordial reception every where give11 

to h i~n ,  1)laillly showed that anlongst his co~untrpnen he was a \\,ell lcnom-n 1)ersonage. 

ilnd considorrtl as a man of great respectal~ility and inflnencc. It is l>rincil):~lly owing 

to his c~scellcmt arrangements, carried on under difficulties whicli seemed :kt first 

insurmo~u~tal)lv, tml~i~t we fot111d i t  1)ossil)le to penet.rat,e to the north of the lCuenl<ien. 

He was :11so Xtlolphe's chief gniclc during his last :und f:rtal journey to Yirkantl 

ancl KAshgnr. As ~:II .  as wci are i~ble to jlidge. no I~lame whatever call be attachrtl 
to him in connection with the murder of our I~rother. 

Few persons have tn~velled Inore in the western part of Ckntral Asia, or  are 

better acc(uainted with the different routes of that region, than filohimmatl h n ~ i n .  
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13. A I a ~ s a i r ~ ,  an Intlian hInssilmAn from DBhli, who llad been sett,led for a long 

tililt, in Lacldk, was orir Turkisl~ interpreter in Tnrlrist6n, as Mohimmad Amin Icne\v 

no Hindostiini ancl very little Tibetan, and Mrini was acqilainted with Tibetan and 

Hi~itlostiini only. 

Nakshilt was cl~~cidedly wantring in energy; so much so, that when difficulties, 

l~hysical or political, arose, he \voulcl try his utmost to incluce us to return. This, 

liowevel-, llliist in some measure be escnsecl on the score of his delicate health, \\,hicl~ 

rendered hiin incap;~l,le of bearing up against the fatigues and hardships of the 

14. C H ~ J I ,  a Lkpcha from Tassidingin, in the Siklzim Himalaya, afterwards a 

settler in British Sikkim, was originally en~nged  as a 1)lnnt collector; but he soon 

distinguished hilnself so well that I (Hermann) made him my chief interpreter for 

Bhiltia and Lbpclia. He was with me a whole year, and from A s s h ~  accompanied 

rile to Uliutin, where again 11e was most useful in my interview with the head LLlri;~ 

of Sirigiln. When sent forwarcl wit11 t\vo Uh6tia compal~ioils towards TQuoiig, hoar- 

ever, 11c did not succeed in innking more than a few ir~arches 

The noluber of the people employed for assisting in the collection of natural 

Ilihtorp varied niucli according to circunistances. A few only were attached to our 

est;tblisliment a t  a fixed salary; bnt we occasionally engaged a greater number, when 

\ye reniainerl a longer time than usual in one place. 

I n  general we met with great difficulties ill bringing togctlier the ~iumbcr of 
.A 

1)rople requwetl. Prejudices of caste, real hricl fictitious. and the \\,ant of energy, 

\\-Iiich ib so general a characteristic of the natives of India, obligetl us to n~:tkc 

fiequenl changes; at a later period of our travels, however, we sricceedecl in nlaki~ig 

;I fair selection of the most active and intelligcnt a~nongst them, and sonie, as nimtionetl 

I)elo\v, ~.eniniried \\-it11 11?r a considerable time, and worked very wrll. 

14.  MR. MONTEIRO, an Inrlo-Portugnese, of Calcutta, wa,s general sal~erinteritlelit 

of tlie collectors, hesi(1es having the special charge of t,he zoological collections. 

far as l'ossil~le, we always arranged for him to remain ntat,io~lary a t  those places 

\\.llcrc, \vc. cc~illtl ~~311~1 lliul down niateri;~ls to l ~ e  worked. He 1tnt.w his I~tlsiness t,l~oorougllly 
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and xl\iayb evinced great activity. He entered our establisl~ment in April, 1855, and 

was engagcd on the zoological ~ ~ ~ e p a r a t i o n s  a year after our departure from India. 

16. 17. D h ~ o w a ,  a Bh6tia, who Ilad formerly travelled with Dr. Hooker, and 

CHXOI, a LBpcha, who went with Herlnanu over AssBm and Hh11t6n to Calcutta, 

wete plant collectors. Dihlong dieti 1857. 

18 to 22  Amongst the people engaged by Adolpl~e and Robert for longer 

~ ~ e r i o d s  of time, between 1855 and 1857 we especially name, as llavlng been very * - 
useful and active persons, the shooters, - 

T J ~ R I  and JOHXR S~NGH, from Aln16ra in ICRmion a l ~ d  the plant collectors, 
* 

l C a f s ~ , ~ n  and M ~ H O N  SINOH, from the same place, and Sir~na, fro111 Qvalior in 

Uiinclelkhtnd. 

IV. SERVANTS. 

For completing the sketcll of the estnblisl~ment wl~ich accompaniecl us, me add 

yet a few words more about the servants. We will not go into detail upon what 

has been already so oftell described, aild is so well knowm iu England, as to the 

great number of personal and office servants required in an Indian estahlish~nent. 

111 a fixed residency, a numcrous retinue is not inconvenient, as the wages are 

1)retty low, but \vhen taravelling in mountainous districts, or thinly inhabited conntries. 

i t  beconles 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 nr;lges, and thus recluce 

t l~eir  i i u~nbe~ .  It was impossible, however, to do with less ttllan eight or ten in India 

Prol'er, since inany more servants are ahsolotely necessary for the Indian mode of 

tmrrlling than are ordinarily required in Europe: such as ICi118~sis (or Laskars), for 

tent pitclling: Ullistis, for fctclling water; Ghnsvalas, for cntting grass; Saises, for 

:~ttendiilg to tlic horseb; Cl~aprAssis (or Pi6ns), for procuring sul~plies; Chaukedarh, for 

guartling the caml) a t  night; Dl~tjbis, for \\rasl~ing, kc. 

As one instance, connccted \\it11 caste, which seriously il~terferes with work, we 

may illention that nearly cverg one of our cstablishinent thought i t  necessary to pre- 

1)are 111s own food, a 1)rocess wliicl~ ~nateiially reduced the time availaide for our 

1 ) ~ ~ l ) o s e w n  the c a r  of nearly every one of thc nttentlnntq . 
I. ti 
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In the Himiilaya, where the native races, pa.rticularly those of the higher va,lleys, 

:ire not so prejudiced a.nd much more active, we were enabled to get on with 

comparatively few men, especially where we could procure horses or yaks (bos 

gr~umiens) for the transport of our luggage. When we travelled in disguise we ~uessed 

togc~tliel. with the pcople of our caravan, who were on such expeditions always v'ery 

few in ~iiunber. 

On one occasion our camp presented a most interesting variety of tribes and 

creeds, and for t,he tinie being might, a,lrnost be said to form a.n ethnographical luuseum 

of living specimens. Tlus happened upon our return from separate travels in different 

parts, when we all three met a t  Kaslunir with our several establishments chargcd 

with one sumnier's collections. Besides the many divisions of Indian castes, the following 

relig~ons were represented: Christians, Mr. Monteiro, and one nativc Christian, a laslrlir 

froni I\lnclura, in Southern India; Hindus from different parts of India. and thc Hima- 

laya, Blltldlusts from Tibet,; Muss&lm611 T6rlrs from YBrlrand, i t l ~ t l  &1ussbl1nans from 

India and HBlti: a Jew (Eleazar), and a Parsi (fire-worsl~ipper), both from Bombay. 

The lang~iages spoken by these natives were, HindostBni, BengBli, QuzerBti, &JaharAt,i, 

P~njBbi, Kashnuri, Persian, Tibetan, Turkish, and Portugueje and Englisli. 

Of all our private servants we here name only t,lic Parsi, L)lriin~.rr, who was 

Hermann's chief servant. Dhamji mas the only one who remained with 11s from the 

t)eguining to the end of our travels, and was absent during those expeditions only when 

we \\-ere ohliged to ttravel in disguise. A few mont,lls after niy (Hermann's) dep;lrture 

to Europe, he ncarly lost his life, and was severely \volurcied, in attempting to give 

assistance to Eiiropeans a t  the fearful lilassacre a t  Lianhpui- (C'awnpore). He proved an 

excellent bntler, honest and trl~stwortliy in a l l  the vai-iolls trans;ictions with which Ile 

wns clin~.ged, and dist,inguisl~ed liiniself by t,he care whicli lit! alw;~ys toolt to mnint.:li~l 



111. LAST JOURNEYS AND DEATH O F  OUR BROTHER ADOLPIIE. 

1. Verbal statement of the natiyc doctor HBrkishen. ?. Statement nlade by Blli~tiils from Johir .  3. lnfnrn~ation 
contained in tlie Dellti Gazette, and genernl remarks of Capt. Straclley. 4. Report from i l l h i  and Wiin Sin!$. 

5. Verbal Statement of ICBttah i l i  Shah from Tbrknnd. 6. Statenlent of Gos l~ t  illohimmad, one of Adolphe's 

servants. 7. Letter from Mr. Vardouguine, Russian Consul a t  Chugurhak. 8. Second report fro~rr &It.. Vardougoinc, 

forwarded to Baron Budberg by Mr. George Kowalewski. 9. Letter  to R. Tenlple, Esq., Secretary to the Cllief 

Co~nmissioner of the l'snjib. 10. Verhal statement given by the Kashmiri, ~lbdlillah, an attendant on  Adolphe. 

11. 1,ettcr from ilIohimmad Amin of YQrkand to Colonel Edmardes. 12. Conclnding remarks. 

WE 11,ve to fulfil the melancholy duty of presenting here in a collected form 

t l ~ e  reports in reference to the unhappy fate of our beloved brother Adolphe. He fell 

a victim to his scientific zeal a,t I<ashgar, in Turkist,Qn, August, 1857. In him \re 

lost ;I dear brother, in the prirne of his youth' and activity, a colnpanion in travels, 

t,llc? recollection of \vlicli, notwithst,anding all hardships and difficulties, would be :b 

cl~eerfi~l oiie, if i t  were not also connected with. this sad event. The numerous friends 

he foilntl \vllerever he pas s~d  will know how to appreciate our loss. 

'L'lle importa~lt share wllicll he toolr in all our scient'ific and art.istic labours 

\\rill be apparent in t,he course of these p~tblications, a.11~1 prove the rriost lasting 

inrinorial that can be erected ,in order to preserve his name. 

'l'lle various reports wl~icll we.  received from hldia and ltussia, collected froill 

n;iti\.es 1 ) ~ '  Earo1)ean officcrs of the adjoining districts, do not all a,gree as to t l ~ e  

imnletli:~te cause and pnrt,ic~~lnrs of his death; yet it is evident from all of them that 

tile 1)olitiral conciition of these count~.ieu, i~nd  the circ~unstance of tlle deceajatl's being 

recog~~izetl as an officer of t>l~e Indian C+overninent, in spite of every precaution he 

took. csse~~tiall\- c~ontribut.ec1 to his t.r;lpic c~ntl. .klven wit,l~ t l ~ e  lively s y ~ ~ l p a t l ~ y  ;rlwnys 



60 cnerget,ic,i~lly evinced by England for the fate of scientific travellers, i t  will sca,rcely 

be l~ossible t'o sncceetl in bringing the inurderers of our brother to account. Ac- 

cording to solue reports, he perisliecl through taking up the cause of some captive 

Rhot,-RaijpIitjs, British siil?jectu, and from using his influence to prevent them from 

being put to deat,h, or sold as slaves. Other accounts state the immediate cause of 

his death to  h:i,~.c. been, thnt he was recognised as a European by some fanatic &Iuss&l- 

inB,ns, ancl pnt to deat,h hg t,heir hands. 

Many very inlport,ant geographical co~ninunications ha.ve been made t,o 11s by his 

follom~ers, and 11-e are not wit.hout hope tllat, from the active sympathy which t,lle 

Indian government has always displayed in our scient,ific mission to India i ~ n d  High 

Asia, no efforts mill be left untried which ]nay tend to the recovery of the papers that  

were in his possession a t  the time of his dea.th. Up t,o t,he prescnt time, i\llarcli, 

18(i0, \vr 11n.ve. however, only received a ])arcel of his clrawings, l~ l l t  no let,ters anrl no 

manuscripts. 

We owe t,he reports' respecting the fat(? of o11r brother Adoll)lle to the exertions 

of the following gent,lemen: 

I. Captain Henry Strachey, 66th G6rlcl1as, of Al1n6ra (Himilapa), who, in conse- 

quence of his scientific journeys in tlie Himilaya, and in Western Tibet: was ill a 

l~osition to  select tlie persons on whose reports the most reliance could be placed, illld 

was thus enabled critically to elucidate their st:ateinents, as he has done with the greatest 

at,tention. a 

11. G-. Knox, Esq., and Sir Alexa,nder Lawrence!, i\ssistant. ('olnniissioncrs of 1Cfil11 

itnd IZlingra (Himrilaya). 

Mr. ICnox found an opportunity of nixking i~iql~iries of' the YarlrAntli, TZBttah 

Ali Shah, a t  NQgger, a place a t  a very great (listanre from YA.rlcanc1; Sir Alesander 

was also fortunate in obtaining information from a servant of ollr late brother. 

111. 31r. Vi~rdonguine, Russian Cons111 a t  (I~lihgncl~aclr (C'entl-a.1 Asia), whose reports 

we have received throngh t,he kintl offices of Baron T3ntlberg 11t Berlin. Sotwitlista~~tling 

1 \Vr l~nd  already printed these rrpnrta Tor ~ ~ r i v a t p  ~ l i s l ~ . i l ~ ~ ~ t i o ~ ~  i l l  l l : ~ y ,  l8:)8. 

The rel)orts collected by Captain Strxrhcy \\.err coni~nnnirntcd I)y 11in1 to t l ~ e  <\sintic Socii.ty OP Ui.~lg:~l ,  ill111 

are p~interl in Xo. I\'., 1438, pp. 374 lo  388, and in Xo. II., 18>!J, 1i1). 1GG to liO, of t l ~ r  Asi:ltic Society's d o ~ ~ r n a l .  

.\ part of l l~rec  rrl~orls  i8 also rontnincd in t l ~ r  P~,orrrdings or thr [loyal O ~ o g r n ~ i l ~ i r a l  Sorinly, I.onrlnn, 1838-9, Vol. 111.. 

pp. 144 nut1 l i ? .  



the distance, these relmrts hil.vt: re;~clied t i n  in a remarl<:~bly short t,ime, a circumstance- 

(or which we are intlel~ted to the activo sympat,hy of Prince (fortschakoff. 

IV. Lieutenant ('olol~rl Edwardes, C.B., in wliorn ~ l d o l l ~ h e ,  when a t  PeshBur, 

had :~lreatly found a warm ii-iend. This energetic officer, 1)y malring lise of the inflnence 

of his important polit,ica.l position, l ~ a s  recel~tly been c!xcrtiug hiinself to the t~tnlont 

to obtain the latest, definite inforumtion relating t,o our ill fated l~rother. 

In  addition to the above, we had repent,etlly received general accounts of Adolphe. 

accoinpanied wit11 exl~ressions of the most cordial syml,atl~,v, bot,li t , l ~ r o ~ ~ g l i  the nieclir~l~l of 

the 1ndia.n press, and also from the private coinmunica,tio~~s of the ti~llowi~ig gent,lemell: 

The Rev. R. Jiischlce, Rlissionary at LaliGl (I-Iiiiiiilaya), 

A.  (7 .  Gnni~e r t ,  Esq., Coris111 for Hamburg arld 0ldenl~m.g a t  Holnbay, alicl 

1'. Scliiller, Esq., Austrian Consnl at C';rlcntta, 

Lord Elplunstone, Lord 11'. Hay, Major Hamsay, thc Hon. I\'. Elliot,, E. Bowring, 

Esq.. Private Secretary to Lord C'nluling, W. Russell: Escl., Correspondent of the Ti~iws 

during t l ~ e  India11 rebellion, and others. . 

We l~nve fiirt.lier to nclmonledge the important axsist:mce ~ v c  )lave rcceivctl, ill 

collecting information respecting our deceased brother, from Lord Stanley. C'olonel 

S.yltes, and Sir Itoderick Rlurchison, in England, nlitl from our ltincl ant1 veiier;~ble 

friend, the lat,e I3aroli Hulnboldt,. 

Our own observstiol~s arc inclitdecl ill brackets, [ 1, ulid are also given i r ~  foot notes. 

The verbal statenient,~ of iintiw \vit,licsses are disti~~guished by ill~crtecl conimar;. '. ". 

I. REPOIWS CO1,LECTEI) IIY C,\I"rt\IN HENRY STRACHKY. 

.'Adoll)hc Schlagi~ltweit crossecl the Slira Llichn 1)ass frolrl Diircl~e, ill Lalibl, into 

'Llt6pchu, a provillce of Ladtilc, ,i. c., froill Illdia to Tibet, on the 31st of May, 1837. 

* '  tilliing with liinl : 

' For detail :rbont tllc p c r s o ~ ~ s  here ~~ lent ioned ,  sec t l ~ c  grrrcrnl list of our ~ ~ s t : ~ l ~ l i s l ~ m c ~ ~ t ,  given :IS rnl . \ l ~ l ~ e ~ ~ d i x  
to tlrc I t i~~crory ,  p. 36. 

111 consequence of our giving lllc staten~er~ls  oT the rrnti\.e \vit~resscs literally and allnost 11-itl~orrt any alteration 

we could not  of coursc avoid the occt~sio~ral repetilio~r oT the expressio~~n of tllc drpolrents, nor t l ~ r  opi l~ions l l ~ a t  

thry gave of the chn~.nctel. of thc nttendnr~ts of Adolpl~e.  

A reference to the general liet of our estnblislrnrer~t \\-ill, Irorrcvcr, slrow c l i s crc~~a~~c ius  existing bctwec~r t l~e i r  
opi~rionn and ours. 
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1. Moha~n~ilad Amill, native of Ybkand,  chief guide, 

, . 2 .  A Yal~litli (Jcw), engagcd as second guide, 

3. TYIollrimnlacl H6ssai1, of Peshaur, m6nshi, 

" 4. ~ b d u l ,  of l<ashmir, 1 dou~lestic servants, kc., 
'&5. Ghost Mohiinmad, of ~ u r a d a b k d , \  

6. Murli, of Bhagsu in I<ingra, 
chaprhssis. 

&'7. Dla~ula Uaksh, of DIuradabBd, and others 

',The first of these, Mollammad Amin, was a person of questionable antecedents, 

.Lnominally a merchant, trading between YBrlrand and Leh, but sa.id also to have 

"acted in the capacity of a gang-robber on the road between t,hose places. 

'&Being a t  Leh, in 1856, he was arrested by the D6gra thanadhr, B&sti Ram, for 

"debt, at, the suit of suridry  merchant,^, or for otlier reasons, and released on the 

Lsayplicat,ion of Hermann a,nd R,obert de Schlagintweit, who engaged him to act as 

.'guude for their journey to\~n.rds l<l~tjtan, in the summer of that year, the accollnt 

"of which is on record.' On their return to India, in the aut~ulln, he was discha.rged, 

auld r e~r i a i~~ed  a t  Leh, where he soon got into trouble again with the D6gra C+overnluent. 

"Some say tlmt the agents of the Chinese Government in YBrkand having heard 

"of his brillgillg European travellers across their frontier (which is high treason in 

.:their code), offered a reward of 1000 rtupis for his apprehension, and perhaps coerced 

&.some of the Kashulliri residents at  YSrkauld to work upon their friends in LadSlc 

..and Kashmir for the same object, which Oulab Siilgh and Blisti Ram possibly also 

.'turned to a mercantile transaction. 

"However this may be, Guli~b Sing11 having ordered his :wrest and tl~reatenetl 

"to hang him soon after the Schlagintweits' (Hermann and Robert's) depart~ure, he fled 

"from Ladtik into Kulu, where Adolphe found him, a t  Soltinpur, in April. 1857. 

"There had possibly been some previous arrangement between them. Any way, 

"lie was again entert'ained as interpreter, guide, and baggage master for another 

'' journey into TurkistBn. 

"As a specimen of his veracity, it inay 1)e me~lt,ioned t,llat lie informed me that lie 

..was to have a mor~tlily salary of 2000 ru~pis whilst tra.velling with Mr. Schlagintweit, 

L'and a mont.hly pension of 1000 rupis after Ile liad brought him back safe to India. 

I IIQrkta11~11 al l~l i les  (n  0111. ofticinl R ~ p o r l ,  No. 8. ;\p, Sccondra Orplr:~n l'rcr.;. 145G: SIT 13.  7 .  
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'.Major Hay, Assistant Commissioner of IClilu, pro1)al)ly lulown more of Mohammarl 

am in'^ history." 

[So far H&rkishen. We have already girc-:n onr very favol~r:lble opinion about 

Mohammad Amin a t  p. 39. 

The name of tlie Ya,hudi, the Jew, mentioned as the seconrl g~tide, was not known 

to H&rltisl~cn. This is not so smprising as i t  may appear. It soineti~nes I~appeno, 

that natives go only by the name of their caste or  their nativr place. Tile name of 

the Yah6cli is MnrBcl; he i~ x native of Bolrhkra. We saw him first in Latlhk, after 

our return from Y'urkistAn, ~vllen he gave us ruucl~ ~a1ual)le il~f'or~nat,ion about tlre 

various routes in Central Asia, and have always found l~ i ln  t,o 1)c :I  cry trl~st\\,ort,lly. 

respectable native. 

Hih.kislien says about I~im:] "He was commonly caller1 k'nllilrli', i .  e. ' the .Jew', 

was n native of Y&rka,ncl and de1)eiiclent of Mohimnlnd Amin : they hntl some baggage 

Lgpo~iies wit11 them, aiid four Tnrkish grooms or baggage-men, all of whom nrere cn- 

&,gaged for the journey. The tliird man, Mo11;imaiatl Hbssmi, of Peshriur, way engaged 

. 'by my inaster as a ini~lishi, \\.lien he was a t  that place, in Decen~l)t.,r, 1856, ancl Ile 

..assisted him also in scientific ol~servations ancl accounts." 

[To this statenient of H&rliislien, Captain Btracliey adtls:] 'l'he last, tlocnmentary 

evidence of Bdolphe's niovenlents written by l~ilnself is a letter to H~rliishen, dated from 

Changch6liiuo, in Lacllik, June 14tl1, 1857, a post,script to tlle same, st,at,ing t,ll:~t it  was 

not sent till the 24th inst., and one or two notes for sundry pa,yments of money, of tlle 

latter date. !rhe letter consists chiefly of instructions to Hh.kiulicn, :111(1 of' lijnlself 

Adolplie only sa'ys: "1 am quite well, and a t  present all things seein to go on 1)retty 1.ig1lt." 

but as it also mentions two clak parcels, one for Lieutenant Charles Hall (hwsista.nt 

Co~m~lissioiier of Bhdgsn), eent by the Yanle clispatch for transmission to TCAnga, I t,hink 

ut,l~er persons l1lil.y 11ave 110 doubt received letters fro111 him, and also particulars of 

his history "1' to that t,ime. 

[But no letter 11j1s as yet reaclled us. Tlie Rev. H. .JBsclllie alscr. n~issionary a t  LahB1, 

\\rho about the sanie time received letters f ~ o m  our brother (copies of which Ile had 

t.l~e kinrlness to send us), could not give us any .other information iibol~t llis later 

moveme~~ts. 1 
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T h ~ s e  letters to J;i~chlie and Hlirlcishen were brongllt from Ladalc by the chaprbsis, 

Rliirli and MAnla Dalcsl~ (Nos. 6 and 'i of the abore list), who joined H&rltisheii at  ICSr- 

dong, in LaliB1, on t>hc 20th of July, 1857. 

I t  appeared from t'he statement of these nlen (made to H&rlcishen) that. "before 

Sit,hey left Adolphe, the milnshi, Mo11Sn1ma.d HBssan, had gone off, taking with him 

b'one of his master's (or Moh~~mmad Amin's) horses, some litt,le money, and other 

'.articles helongi~~g to Aclolphe. The chnprii,ssis were directed t,o overtalie llinl if 

.'t,lley conld, recover the property, and make i t  over to H&rlcishen in ICida. This 

LLt,lwy succeeded in doing, but left the m6nshi himself in Iladiik, whence he probably 

&.made his \iray to ICashmir and Pesliiur." He gave them a letter for his nmster, 

which they lwought to Hhkishen, and which is still extant among his papers, written in 

pencil in broken English, excusing his sudden departure on the score of inability to 

rnclure the l~ardship of such a joilrney any longer, and admit,ting a balance of 72 rupis, 

of mhicl~ he gave t,he cl1apr;issis the account, but did not pay the money. 

[This letter nre now have in our possession.] 

I t  must 1)e observed that Adolphe makes no allusion to all this in his let,trr to 

I-liirlrisl~en; from \vhich i t  may perhaps be inferred, that he dicl not a.ttac11 much im- 

portance to the milnshi's desert.ion. 

H~rkishen,  ml~en a t  Dbra, in November, 1857, gathered fro111 Capt;~in Mont- 

gomerie, an officer of the Great Trigonometrical S.iurvey, and his native cloctor, that 

t,hey had been in LadBk during the past summer, and that Adolphe 11ad left Lehl  

or it,s environs before t.heir arriva,l there, and t,hat they knew notl~ing more of him. 

From tlie 1oca.lity of Aclolplie'~ last dispatch, Clk~ngchbnmo, at  the 11ort11-east 

~11~1 of Ladhk, I [Captain St,rache,v] infer that he crossecl the Turkish ~\latersliecl to 

the east of the I<arakorum pass, properly speaking perhaps to Sfiget, thence followiug 

:~~)~)roxiinatively the route taken by his brothers the year before, towards Icilian and 

I<lltit:tn. I t  appears that he had h i d  in a, stock of merchandize in tnclia, with the 

vie\v of facilitatiug his journey by trade, or tlie alq>carance of it. 

(7T'e also carried with us merchanclize instead of money, chiefly rich Indian clotl~, 

silks. ~kc.1 
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Prom the Bhutias of Johir ,  who obtained their information from Kashrniris of LadLk 

at  the fair in the autumn of 1857, I [Capt. Stracbey] have heard, that Adolphe had 

succeeded in reaching the margin of' the inhabited country a t  the foot of the rnountdns 

north of the Icuenlfien. 'lThere," tliey said, "lie went out from llis camp some way 

to reconnoitre, and in his absence the miulshi AIohlimlnad Hbssan absconded, with most 

"of tlie baggage and cattle, ' towards Yirkand. Adolphe Schlagintmeit, being left helpless, 

"sent back some of the Ladiki baggage men he had brought with him with a letter 

"or message to the thaiiadir of Leh, requesting liinl to send assistance in men, cattle, 

~ L ~ ~ o v i s i o n s ,  and money." Whether for the purpose of contiillling l ~ i s  attempt to pene- 

trate into Turkistin, or merely to return to Ladik with less Iiardship, cloes riot 

apl~ear. 

When liis messengers arrived a t  Leh, they found Bbsti Ram's son in authority 

there, the tlianadir himself being away in Kashmir. The son is said to have 

rehsed the required assistance. l lore probably, he was too silly and timid to 

act npon his o\vn responsibility, and referred for instructions to his father, or Gulib 

Siiigli the Rijah of Kashmir, a t  the espense of great clelay and danger to Aclolphe. 

:j. ~ N F O R R I ~ T I O N  CONTAINED I N  THI:. " I)EHL~ GAZETTE", AND GEXERAL REMARKS OF 

CAPTAIN STIUCHEY. Sunr~mn. 1858. 

T ~ I H  follo\\riiig accounts are derived from letters, which were published during 

the sl~iniiier of 1R58 in the DcAli Gazette, from a corresponclent of that paper, apparently 

at  Simla., and obta,ining his illform:ltion from merchant travellers h-om Ladak. 

I?ronl these letters i t  may be gatliered that Adolyhe lrassed t,he winter of 1857-8 

at  tlie foot of the iuountains [of tlie l<uenli~en] on t,he border of IChotan, on this 

side of the Chinese outposts, among the same bribe of sheplierds, perhaps, who 

gave liis brothers a friendly reception t l ~ e  jrrar before. On his arrival tllerc the 

provinces of Icrishgar and Yi~rI<aiid were in a very disturbecl state, in conseqoence of 

one of those invasions of the Turks from 1<61cand wlich have been recurring 

periot1ic:~lly every tkn or twenty years ciuriiig t l ~ e  past centnry. 

' 13rsidm tllr nl~i~nnls of  Ilordcn, such ne I~orsca rind yaks, trs\fellers in tllrse rcpioos itre always obliged to take 
\\.it11 tllcm n l i s i l~z  stock or allcep, goals, kc. [or tllrir support. 

1 .  7 



These letters to Jii.schlce ant1 H~rlcishen were brought, from Ladalc by the cha,prhssis, 

M i d i  and Mliul:~ Ba,lrsll (Nos. G and 7 of the above list), who joinecl I-lilrlrislien at 1Ci.r- 

(long, in Lah'ol, on t,hc 20t.11 of July, 1857. 

I t  a.l)pea.rd from t,lie statement of these men (made to H~rkishen) tlla,t, "before 

.'t,lley left Adolphe, t,he inilnshi, fiIoll~mrnac1 H6~s;i.n~ 11a.d gone off, taking \\ritll him 

b ' o i ~ r  of his master's (or Moliliminarl Amin's) horses, some little money, ancl other 

'.art,iclcs l~elongiilg to Adolplie. The cliapr6ssis were directed to overta,lre him if 

*'they conl(1, recover tlie property, and inakc i t  over t,o H~rlcishen in Iculu. This 

"t,lrry sncceeded in doing, but left the mlinshi hiillself in I~adrik, whence he probably 

&&made his way to ICashmir and Peshkur." He gave them a letter for his master, 

\vhicli they brought to Hiirkishen, a,nd which is still extant among his papers, written in 

pencil in brolren English, excusing his sudden departure on the score of inability t,o 

c.nd11re t,l~e hardship of such a jollrnuy any longer, and admitting a balance of 72 rupis, 

of which lle gnve t,lle cl~aprQssis tile account, but  did not pay the money. 

[This letter we now have in our possession.] 

I t  innst l)e observer1 t.llat Adolphe makes no allusion to all this in his letter t,o 

I-ifirltishen; from \rl~ich i t  may perhaps be inferred, that he did not at,tacli much im- 

portance to the milnshi's desertion. 

Hiirl<ishen, when a t  DSra, in November, 1857, gathered fro111 Ca,ptain Mont- 

gomerie, an officer of the Great Tiigonometrical Survey, and Ids native doctor, that 

tlley liad been in LadBk cluring the past summer, and that Adolphe had left Lehl 

or its environs before their arrival there, a,nd bhat they knew notl~ing inore of him. 

From the 1oca.lit.y of Aclolpl~e's last rlispatcl~, Cl~ngchBnmo, a t  the iiort,ll-east 

enrl of Laclkk, I [Captain Strac1it:yl infer that he crossed tlle Turkish watershed to 

the east of the ICar:tkor6m pass, properly speaking perliaps to S6get, thence following 

npl)roo'niatively the route taken by his brothers the year before, towards I<ilia,n and 

I<l~[jtau. I t  i~l~pears that he had laic1 i11 a stock of mercllaiidize in India,, with the 

vie\\- of filcilit:ttiug his jollrney I.)y t,rade, or the ;lppearance of it. 

PVe also carrietl with us rnercliandize instead of money, chiefly rich Indian cloth, 

silks. &c.] 



L A W  JOUILNEYH AND U E I Y ~ H  01" OUX BROTHER ADOLPHE. 4 9 

2. STATE~LRNT MADE BY BH~TIAS,  FROM JOHAB. A~nrdaa, AUGUST, 1858. 

From the Bhstias of Johrir, ~vllo obtained their information from Kaslimiris of L d a k  

at the fa.ir in the autumn of 1857, I [Uapt. Strachey] have heard, that Adolphe had 

succeeded in reaching the margill of the inhabited country a t  the foot of the mountains 

north of the ICuenluen. l1There," they saicl, '(he went out from his camp some wag 

to reconnoitre, and in his absence the mimslii M o l ~ m m a d  HBssan absconded, with most 

<'of' the baggage ancl cattle, ' towards Ykrkand. Arlolphe Schlagintmeit, being left helpless, 

'<sent back some of the Ladkki baggage men he had brought \vit.h llim with a letter 

"or message to the thanadhr of Leli, requesting to send assista,~lce in men, cattle, 

.'provisions, nncl money." Whether for tlie purpose of continuing his attempt to pene- 

t.rate into Turkisthn, or merely to return to Ladiik wit,li less hartlship, does not, 

"p1'ea' 

\Vhen his messengers arrived a t  Lch, they found Uisti Ram's son in authority 

there, the tllanadjr himself being away in ICashmir. The son is said to have 

refused the reqnired assistance. More probably, hc was too silly and timid to 

act 1qlon his own responsibility, and referred for instructioils to his father, or Gulab 

Sing11 tlie Ri.jah of I<ashmir, a t  tllc expense of great delay and danger to Adolphe. 

:(. ~ N P O R N ~ T I O N  CONTAINED I N  THE " ~ E H L I  GAZETTE", AND GENERAL R , E ~ I A ~ K ~  OF 

CAPTAIN STIL~LCHEY. SUHNER, 1868. 

'I'll(> following accounts are derived from letters, nrllich were published during 

the summer of 1858 in the Dehli Gnrettc, from a correspondent of that paper, apparently 

at Simla, and obt.aining his information from mercha~iit1 travellers fi-om Ladiik. 

From these letters it may be gathered that Atlolphe l~assed tlie winter of 1857-8 

at. the foot of tlie mountains [of the I<uenli~en] on the borcler of IChbtan, on this 

side of tlie Chinese outposts, among the same tribe of shepherds, perhaps, who 

gave l ~ i s  brothcrs a friendly reception the year before. On his arrival there tlie 

1)rovinces of I<Asligar and Phrlcancl were in a very disturbed state, in consequence of 

one of those invasious of the Turlrs froill IC6kand whicll have been recurring 

periotlically every t'en or twent,y years duriilg the past century. 

' Dcsider the m~imnls of I~orden, snclr as I ~ o ~ ~ s c s  nnd yaks, trn\.rllcrs ill tllc~se regions ilrc nl\vays obligcd to tako 
wit l~ I I I ~ I I I  n living ~ltork of ~ h r r p ,  gonta, kc. For their zolrport. 
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0 1 1  tllese occasions, t,he tbreigii invaders being joined by t,he Tnrlis of the count,rp, 

they ~ ~ s u a l l y  ssl~ccecd ill clriving the Cllinese garrisons into t,heir forts :~nrl subverting tlieir 

government for a, t,ime, till reinforcements conie froin the Ohii~ese provinces further 

tsast, \vlieii t,lie ra,bhle of Turlzs sooil bccoines rlisorganized, t , l~e ICokbidis retire to tlieir 

ow11 countl:)-, and the peoplc of YBrl<:~nd and &ishgar are left to settle their owl1 

acconnts \\lit,ll t,he Cliinesc~, \vl~icll is somet,imes clone 1,. wl~olesale massacres of' tlie Turks 

of' tllose cit,ies. . 
T11e inv:~,lers are coin~nonly llaatled I)v one of the SCh6jalls of Andishin, a, fiunily 

wlio ruled a t  l<i~sh,aar l~cbfore thc C'l~inese coriqne~t, al)out 100 years ago, imd wlio 

still aspire to thc. recovery of thcir former tlon~inions. 

A11 unsnccessfid invasion and rebellion of tlie Turks, as here described, occ~lrred 

wheii I (C:tptain Strachey) was in LadBk in 1H47-H. On tlie present occasion the result 

is said to have 1)em the same. 

So long as the Cllinese were in the nscondallt, Ac1oll)lie Scl~lagintweit \voul(i have 

had lit,tle chance of ~)enetr,zting tlie inhabited coluntry to so great a distance, as they 

have ontposts on all the roads across their froittier, and froin the rarity of' populatiori 

a i d  traffic, individuals are tbasily nlarked, and inoreover he \vould 11nrdly llavc: 

1)eeii al)le to tlisgnise lliiriself rnongh to bear scratiny. 

A Eurol)e:~u traveller attempting to pass ally of' tliebt! o~~ tpos t s  wol~ltl pro1)nl)ly 

1)e stopped and turned hack, and extra l)recal~tions ta.keii against liini 2\11 along tlie 

frontier, h i t  if tletected after l)eiletrat,ing the inllal~itetl cotmt1.y to :u~y clist;~n~e 11e 

wo111d n ~ o w  pro1)ahly be niurdthretl. 

l'he Englisl~ oiltl l<okhntlis are, gellei-ally sl)c:akiilg, ill iio liost,ile reli~tiolis, aiicl 

ti.on~ liis 1)rothers' and liis om11 successf~il aiiteccdents in the Ylirltantl co~~ritry,  Xtlolpl~e 

~iiight possibly have met with a friendly receptioil there. 011 the other liantl, tlic 

I(okhlldis, as is 11sua1 with the Twks  of' this conntl-y, are oli I~atl terins \vitli all their 

neigliho~~rs, inclutling t l ~ e  Russians, \vl~o are steadily encroaching on their nortll-wcst 

t'rontier. A11 this agi~in \vould 1i:~ve :~tlrled to his difficnlties ill getting ;~w;ly ti.0111 

1 . \ l r d i s l ~ i ~ ~  ia  :I large Io\\.IB t r ,  the cast ol' lC6kn1111; its collncctio~l will1 otller ] ~ l l ~ c e s  is yivcii p. :Is. routc 32. 



MAni and Nain Singll, frorri Milurn in .lohrir, liatl left Adoll)l~e at I'eshhur. in 

January, 1857, autl had ret~uiietl to their own country during the next three months, 

malril~g a fe\v observations by t l ~ e  way. After this they hat1 no f~lrther com- 

lnll~lic;ttioil with him, except by a Incssage sent in hIarch, 1867, t l ~ r o u g l ~  me, wl~ic l~  

reqne"ed MLni to join Adolplle tigain either a t  KLingra, in April, or later in T~a'dAk. 

Tllis, liowever, Rllini did not attempt. 

Going as usual to the Cflirtok fair in the summer of 1857, hl ini  l~eartl o111y 

solne vague reports  bout hdolphe fi.0111 traders of Ladlik. the sttbtjta~~cr of which is 

already given (see No. 2, 11. 49). 

111 Septernber, 1858, &I,lliiii, being again a t  t l ~ e  (f ir tok fair, obtainetl sorile t'urt.her 

i~~formation  bout Adolplle, chiefly from Nurpnr, a native of N6na1n ill I<dllB~~r. trading 

to Lat~lilc ant1 Yli.rk;nld. This 1)erson was himself a t  Ylirltand in 1857. Ni1r11ur 

said: " Wllen Atlolpl~e Schlagiiitweit arrived in that  quarter, the Turks of K6knmd 

"were already a t  or near the city. He himself &d not enter tlie town, but his cliief 

L L g n i d ~ ,  Mohliinnlad Amin,' ditl so, and left i t  agai11, eit,ller before, or  dnring the siege. 

6 s t l i o~~gh  u~lder mliet relations wit11 liis own ~ r ~ a s t e r  or the insurgent Tarlts ix not 

"liiiown to me. 

"As the siege coutianetl and tlic Chinese \trere sl111t np in their citadel, t.lley 

.bol)ligetl the inl~abitililts of the place to take part in tlie fighting, k ~ i l c l  also a lot of 

"foreign n~ercliants, inclutling abol~t  forty five of t l ~ e  Hisseris, of' \vho~rl fifteen only 

"returi~ecl, 1 (Ni~rpur)  being one of them; the rcst were either killed or rrlade prisoners 

"by tlie Tlirlrs. 

"After t,lie siege was raised, .l Ilet~rti that t,l~e Slihib (Atlolphe) llad joinecl the 

"calllll of tlie Tarlts, nntl had been a t  first well received by t,hern; oil their retreat 

"towtrrds I<bktmd, lie n.cco~nl)a,nied tllein as far as Iihslsllgar. As the I~ordes of T ~ ~ r k s  

" \\-ere carrj'iug ofl' with t,l~em n. lot of their prisoners, to be kept or  sold for slaves 

"(nccortling to their custonl) soiiie of the Biss6ris2 being among t l ~ e  ]lumber, tile 

'LS;il~il) t,rictl to assist. tliem, rc?i~ionstratt~tl t l ~ t ~ t  tlley were Brit.ish subjects a!~d sllonld 

' i l c c o r , l i ~ ~ g  10 t l ~ r  Inorr prol,al,lc i ~ ~ f i t r l n a l i o ~ ~  ,,I' iibdul (ari* No. 10, 1). G I ) ,  it \van not  ~10116rn1ni1d Alnill. bnt 
J I \~rk l ,  W I I O  r111rrrcI 111<\ rily Lo g(,t inrc,r~i~:kti<~~l. 

\Vr hall tr;~rcllccl a grc i~ t  den1 in tllc roll~ltry of L11c Uiss$ris. 

-I 1 '  
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"be released. 011 this arose a dispute: the Turks accused him of taking part with 

.'their enemies, ancl ended by killing him." 

RIini also said that N6rpur had certificates from the Chinese authorities of 

YArkand, testifying his services in the siege, and promising him some reward at  tt 

future opporttu~ity. 

The above account of the BissBri, Nurpnr, was confirmed by Omar, an Argol~' of 

Laditk, who had receiver1 letters from his friends at  Yirkand to the same effect. 

11. INFOR&it\TION RECEIVED FROM G. ICNOX, ESQ., llSSISTANT COMblISSIONER OF I < ~ I ~ u ,  

AND FROM SIR ALEXANDER LAWRENCE. ASSISTANT COMhIISSIONER OF IL~NGRA. 

5 .  VERBAL STATEBIENT O F  ~ T T A H  L L I  SHAH, FROJI YARKAND. EXAMINED AT NAGGER 

I N  IC~LU, SEPTEBIBER 2 8 ~ ~ ~  1858.2 

"Last year in the month of Sbvan (July, 1857), viz. 14 months ago, the Andishiinis 

..ca~ne to Yirkand to fight with the Chinese. and I went to ICirgalik, two days' journey 

6.sontll of Ybrkand. The Andishinis took me and all the PinjAbis, ICril)ulis, I<asluniris 

"it~ld HinclosL~ni~, in all some 40 or 50 persons, prisoners; a t  that time two Andishinis 

"and a miulshi were accompanying a Skhib who was coming from the Ladik side; 

*'these three nlen ran away with the Skllib's property and cam: to l<.irgaGk; there 

-they stoppecl in the house of one ICurbin, and they said to him: 'We have some 

ulwol~ertg for sale, do you take i t? '  Whcn he llacl scnt for the property and examined 

-it, Ile found i t  to consist of 1 2  or 14 yards of valuable embroidered cloth, a quantity 

-of ordinary cloth and some other property also, but I did not see i t  wit11 111y o\vn 

-ryeh. Kurl~in having seen the things, went and reported the fact to HAji Misser, 

..Iiardar of the Bndishitnis, sa,ying that these men were poor and had nothing of their 

'*own, ancl that they mnst have robbecl somebody of this. Hkji Misser sent for tllenl 

,&and intimidated them, clucstioliing as to wllere they got the property, and wllove 

, , i t  Nil- .  

1 .irgou i~ the name of the mixed rnccs or l';~rlcinclis nnrl 1,ndikis. - 
' In t h i ~ ,  na in the other stntements, me h n v ~  not mailc xny nltcr:ltion in the language, which often presentn a 

f i~ i t l~r~ l l  piclrlre of the nntive nlodc of erprcasinp illens. 

li.tlnll .\li Sl~nh's s tn tem~nt  i w  prilile~l in the Jotlrnal of  the Asintic Socic'ly of Uengel ; No. L, 1959; p. 57, LC. 
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"Tllcy a t  first asserted the property was their owli, but wheu threatellet1 severely, 

.$they stnted that I\Ioh;immad Amin had brought a Feringhi,' ant1 that they had ~ t o l e l ~  

.'these articles and were escaping with them. Hij i  Misuer askcd where the Feringhi 

,'was; they replied: 'God kno\vs, he was or1 his way to YArkand; if lie was gone 

b b  there, he will 11avc arrived a t  the village of I<ili:ln.' Hliji hlisser therefore sent two 

'.or threc of his own men, a ~ i d  told them to go and fetch tho S i l ~ i b ;  they, therefore, 

.&went to ICilian ; ~ n d  brought the Si~llil) from t,lience to  l<lil!~nlik, and Mohkn~mad Amin 

also \\-it11 him." 

[ I t  may be surprising, tlmt MohCrnmad Amin slio11ld not have been sclectecl ;IH 

interpreter at. the following interview; but we, as well as Adolphe, cotdd only 

speak through interpreters with Noli~mmnd M n ,  who, in ilddition to T~wkish, 

llis native language, knew only a ,  little Tibetail iilltl some\\-hat more of Persian, hut no 

HinclostQni ~\rlintever. Mini and Makshiit were our interpretera. Our l>rother's inter- 

preter seeins to have been the runaway milnshi; Abdullah is not mentioned here.] 

"Nobody lii~derstoocl the Siihib's speecli in tlie country; they searched therefore 

"for somebody who could understand him, in hope of finding some one \vho could 

"unclerstancl Hindostini or  P5nj;ibi. I was in confinement, a.nd tlrcy took me to the 

g'pbce. Hhji nlisser told me to ask the SBliib why lie 11acl come there. I asked the 

"Sildb;  he replied that there was Shazkclal~, son of hlohrimmad Rlialr, living in tlie 

s'Anclish;~n country, and he had visited hini (Adolphe) in Lahor, and had said: ' L)o 

.'you come to AndisliBn, Rihib, mid 1 will establish friendly relations between the Snvkl) 

"of Andisllh a i d  tlie Ri,liibs.' It was on this account that he was on his \Yay to 

"AndisliQn. Hkji RIisser confiscated all the SAhib's property, and p1!t the Sihih ill 

"confinen~ent., nncl sent him to Zilllah Kha,n, a principal SirdQr. IVhcn t,liey put t,hc 

"S;ilillib in confinenlent lie said to me: ( N o  one here understa,~~ds my lunp~age,  and 

"lily belief is, that t,llesc peo1)le nil1 kill me. Should yo11 go to t1i:~t side of t,he 

"country, by Kuln, tell this niatter to Hay SAlrib; if you go by l<ashn~ir, tell it. to 

'.what,ever RAllib you meet.' After this tlie SBllib went a\jra.y. 0 1 1  the day tllnt the 
"S{~hib went to SirdAr Zi~llah l<l1a1l1 on the same day the Cliinese force callre to fight 

"\\.it11 the Andisl~iinis; and the AndishAnis fought for half arl l~onr,  slid the11 rnn away 

"ant1 took thc S611il) \ \ l t , l~ then]. ITl~en t,he Cliinese force came, all the AndishBn 

' I1'crillgl~i in, i l l  India n n d  Cclllrnl iisin, the ge~icrnl d r s i ~ ~ l n t i u ~ ~  of II Krlropcnn, the tvln~ I~eirlg :I ~no<liticalion 

c ~ f  t111, word lJrnl~lc 
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"l<nrdtirs ran iiway, and we 40 01- 50 me11 who were in confinmmcnt got free I 

"after\vnrtls heard that  1)il Kh:ui, the great chief of the AncIishBnis, had taken tlie 
"q ' l  ' 1  

b a 11 1's property and put  him to death, but I only llearcl this from report of travellers 

.' fro111 LCishgar ant1 Tlirltanrl; I (lid not see i t  with my own eyes." 

[ T h e n  K5ttah Ali Shah was asked by Mr. I<liox-, whether he knew any thing 

of the property of the S{~llil) or  his s e r ~ ~ i n t s ,  he said:] '[No, I do not know ally 

tlling about them. I only saw the Skhib ant1 i\'tohAlnn~ad An~ili b16gliul."' 

"Besides me and several chaprassix, my master had with him the following mfinshis, 

L ' ~ l ~ o  colild a11 write English:- 

"1. RamchAnd, whose honsr is near the city of Lal~or. He was engaged a t  

"Peshiiur; 111 reaching Icirdong tlie Siihib sent him to l<:islimir, saying, he would rejoin 

"liinl vi;i Tirlrar~tl. I do not know where this milnshi is now, I have not he;~rd of 

'[ liini since. 

" 2 .  Hirkishen, native cloctor fro111 Alm6ra. He left ns a t  the foot of tlic Bira  

..Licl~n pnbs, a~it l  went by Lah61, Spiti, Hiss4r ancl (ishrvlil to Dkr;~, where he gave 

'.over all the instruments he had to the office of the Surveyor General of India. 

'[ 3. ;11oh6111ni;1(1 HBssan. a 1i;itive of Yeshi~lr, accompiliiierl 11s nearly as flir as 

'.l,atliik, I)nt hacl to return. as he suffercd a good (leal froni ophtlialmi;~ ' 
'L\Ve left Bhigsu about the end of A1)ril ;111d marclled on through lC61n to Itupcliu In 

-I<I'I~II Iny niaster met Xohiirmnatl Aniin BIrighnl, wlio llatl accoml~anied hls Iwothers to 

"'l'urkistin, and RIuriid, the .Tern, who knew his brothers from LadBk. As the SBliib 

" ~ l i t e ~ ~ d e t l  to personatr a ~nerchant, lie bonght in I<i111t 40 horses and sonie cloth, and 

'.;lt tlitx snlnc time ~nountctl three of his servants. After c.ornplet111g a11 h ~ s  prepara- 

Lctlollc. set out with tlie lutention of going to K6ke11tl. When we came to 1161)cliu, 

L.l\loli:~~nn~atl Amin said he ~vonlil take my niaster 1)y the ordinary route to liciknnd ; this. 

. ' l it ,~ever. 11t. tl~tl 11ot wish. i\Iohan~mid Amin therefor(. took nnotl~er ro~ite,  ant1 after 

1 .\I;ngl~ol in t l~p general de.ipntitnl~ of Lllr T111.k~ in Centrnl Asin. 

1 ,\I1 tllr othrt. r~poTl-9 ~ O P I  I~o*it iv~l! .  .tote that he nhscon(lr(1: 11111 it I I I R ~  I I C  (111ite tr111. that l ~ e  SIIRPPC~ from 
,,1,11~11n11~t,ta, i t  \.rr)- g ~ l l e ~ i l l  r o ~ ~ ~ l b l t ~ i ~ ~ t .  ~nlisvd 1,)- t 1 1 ( ,  gl;lrt> t l~v \-;IuL 3111)\\- ti~I11,. 
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"niarcllillg for some clays we reached, after great difficulties, a place where thr water 

"was very halt; 1 5  horses died here. About tliiiu time, I, who continued to r e ~ n ; ~ i ~ ~  

-witlr the Siil~il), fell sick, a i d  he wished to send me 1)aclr with RIurli,' 11ut I wit1 

"I woultl rather rcmain. Here we had considera1,le tlifficulty in finding the road; at. 

"last we discovered a pass, on which lily a heap of stones, for marking the placr 

"wllere i~ 1n11rder had been committed. This pass is not far from Suget, whence the 

"ro:~d branclles otf to Karalthsh. 

.<After proceeding two mirrches from Silget, wc: halted; the Sahib iilways oca~l~ie t l  

"one tent, his scrvaiits anotlicr, and the camp followers encamped all rountl. 

. L L ) ~ ~ r i r ~ g  the night, three men who had been cngaged in IClilu w:~lked off wit11 

'51 Irorhes and other prol~erty: a fr~~it less search was inhtitlitetl after the thieves: of 

" t l ~ c  21 stolen horses, 11 had such sore I)aclts and \vercb so lame that the tl~ievrh 

"abandoned them. 

.*From this point my niiister again returned to t l ~ e  pass i~l,ove Silget, \vliere he 

"reniained some days, i ~ n d  t,lieli l~roceeded ill the direction of Yrirlmm~d; but  in the ro:~tl 

"he fell in nit11 three Inen who told him, that there was a goocl ileal of tigl~ting going 

&'on in YGrliand, and adviscrl I~ im not to proceed any tiirtllc~r. Htb i~ccortlingly 

(1 :~g:un . retnrlied to t l ~ e  pass. in tlie neigl~l)ourl~ood of wl~icll he rcw~ained iihoat 

',a iriontll, and tlie11, l~eing htill very iuiixious to reach Y~~~. l r ;u~t l ,  if he coultl possibly 

'.cIo SO. 11e again set oat. I, I~owever. got \-cry ill, ancl we 11al)pened to ~nclet a 

' ~:W:IV;III of ~lrercl~ants ])roceecli~~g froni Ylirltantl to Ladiik, he entnibted me ant1 

c'so~ne of his collectio~rs to the care of these l)eol)le, who sl~ould take llle I)ilck ah fitr 

.'as Laclilr. He grave the mercliiu~its a bill for j>O rupis, tui~cl to me one tbr 50 rnl)ih, 

b'botli cIrn1v11 on the t l ~ a , ~ ~ a d i r  of Ladiik. Morc?orer, Ire gave 111r it tlraft of 250 rwl)is, 

"olr IGngra. ant1 a horse for my use. 1 received orders to proceecl froni Ladak to 

"Uhiigs~~. 0 1 1  re;icliing Ladbk, I ~ ) r e se~~ te t l  the tirst 1)ills to the tha,nad,ir, who refi~sed 

"to c:ilsl~ the111. I t11~1.efore ~ ~ I I I : ~ ~ I I C C I  ill LaclAk tliree ~nonths, and as t,hc nirrcllants 

.'hec,i~n~c, very iml)ortun;tte on account of not receivi~~g tlie 50 rupis, tbr whicli my 

"niast,er hat1 given tl~elml a, bill, I soltl nly l~orsc Sol- 54 rnpis. ilnil out of tile money 

"thus renlizrtl, l)ti,itl t,lle ~nc?rchnnts their 50 rrlpis. 'l'l~c cX:rrn\.;1n l)clol~ged to Hillxi 8hal1 

"from Y;irk:untl. 

"I  l~avc not heard anything more :~bor~t. my n~aster." 

' 'l'llis rllnpr&sni was srllt b:wk \\-it11 .\la~tlu Unk911 to Lnlliil. Scc 11. 4s 
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111. INE'ORMATION RECEIVED FROM THE "1)EPARTRbLENT ASIATIQUE" OF ST. IJE'rERS- 

BURGH. TIIROUGH BARON BUDBERG, RUSSIAN BllNlSTEll AT UERLIK. 

5 .  L E T T E ~  F I l O l I  Mn. V,\R~~UGUINE,  RUSSIAN CONSUL A T  UH~CUCHAK.' 
Iloccntber :iI~t. 1958. 

C H ~ G ~ ~ H A I ~ ,  , T ~ I , T ~ R Y ~ T  

Although the followiilg inforina.tion must tend to increase the general sympathy 

which is felt in the h t e  of t,he renowned and universa.lly respected traveller, Adolphe 

Schla,$ntweit, they unfortunately offer no consolation to his brothers. 

I n  thc aut~unn of 1857, at  the time of the insurrectioii against the Chinese in 

Turkistrin, \vhicl~ was headed by Buzruk Khan, a nephew of JehBngir Hiji, a Feriughi 

(European) came to TurkistSn from India" giving himself out for a merchant. 

Having received the permission of the Chinese authorities to proceed to lchshgar,. 

the traveller unfortl~nately arrived on the day zyvlien Buzn~lr Khan made his entrance 

into the town. The nest  day he presented himself before the latter to obtain his 

pernlission to extend his journey into K6ltand; Bilzruk Khan, however, taking him 

for ;I Cliinese spy, caused him to be n~urdered. I t  has been asserted that he declared 

to Hiuruk IClinn before his death, that  his murder should not remain unpunished, as 

no nlenns would be ileglccted to find him. This report has occasioned a belief in the 

country that "this Earopean was a person of high importance, belonging to the 

Feringhis who govern India", i. e. that he was an Inclian officer. It is also asserted 

tliat the four Europeans composing his retinue3 were also murdered. The person, 

through whose agency I obtained these details, did not know whether he was ~ l s o  

accompanied by MussllmAns. All the effects of this traveller are said to have been 

taken by U6zruk Iclian on his return to I<6kand. 

It ir ftlrtller reported that this traveller came from lndla, intencling to proceecl 

tl~rougll Tibet to T<cikantl, or. in the event of being prevented from doing so, to return 

;IS he I ~ a d  come. His nanle is unknown. All that I can learn respecting him is tliat 

he was very tall [at least in comparison with the much smaller races of Central Asia]. 

I obtained these statements on inquiring of the head man of a large caravan from 

1 ( ' l ~ ~ i ~ ~ w l ~ n k .  in 4C" 9' X. I ,n t . ,  83. i' 1 , o n ~ .  E. from Grecn\vicll, is n Rnssian station, sooth of  the Ztiisnng Inkc. 
2 Thr nnnle Sikernnratn. given in Mr. Vnrdo~~puinc'n original Ictler ns the name of n little town from which hc* 

i A  B ~ p ~ > ~ > ~ ~ d  to hnvc colnr, must rrbr  to  t l ~ r  country 01 the Sikhs, the P5njtih. \\'r are unncrjnainted with nny t o w l ~  

I,earing this or n 8inlil:tr name. 
I This nppears to hc nn t,rror. 111. had IIO Europr: t~~s  with hirr~. 
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that place, whether any Europeans had fallen in the rebellion in Turkistkn. Un- 

fortunately the statements I received, especially as to the routes', agree but too well 

with the points to whjch my attention was directed, as being essential ones in reference 

to the person about whose identity I mas commissiolled by the Asiatic Department. 

in November, to malce investigations. 

8. SECOND REPORT FROM MR. VARDOUGUINE, FORWARDED TO BARON BUDDER(: BY 

MR. GEORGE ICOWALEWSRI, ST. PETEBBBUROH, March g:, 1859. 

Prince Gortschakoff has already communicated, in his dispatch to your Excel- 

lency (Baron Budberg) of the % of February, some information wllicll Mr. Var- 

dongnine, acting as our Consul a t  Chugnchalr, had forwarded to him, and which 

ap11e;~rs to have some bea,ring on the fate of Mr. Schlagintweit. According to a fresh 

r e ~ o r t ,  clated ~ P ~ : ~ , , ' ~ : ~ ,  from the same official, i t  would appear that this ill-fated 

traveller had n o t  four, but only three companions, who did not share his fate, but 

saved themselves. Mr. Va.rdonguine brings forward a circumstance which, llowever 

indefinite i t  nl~pears, n1a.y still not be witbout weight for those who personally h e w  

Mr. Schlagintweit~, iii establishing his identity. The traveller, who is said to have 

been killed, is described as having a, mole (tciche nntuvelle) under his right eye. 

[Oar brother certainly had no such mole, but i t  is' riot impossible t,llat some 

scarred \\round, of which we Icno\v nothing, might be meant.] 

111 cou~lnunicating this information, I consider i t  useless to observe how little 

credence? slloulcl he att,aclled to it. The inllabitrtnts of those distant regions where it 

was collected, generally speaking, make no scruple of modifying their reports at 

pleasure, especia,lly \\,hen Europeans are concerned. 

' 0111. Icttcrs, ill c o n s e q ~ ~ c ~ ~ c e  of wl~ich Prince Gortschnkoff hnd the kiudness to  institute inqoiries, coutnined details 
: ~ l ~ o n t  our I)roLh~r'~ possible r o l ~ k s  to Turkistln, nnd nlso nbor~t those wllich he might hnvc adopted in order to r.eacR 
the R~lssinll territories. 
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11'. llEPORTS COIdLECTED BY LIEUTENANT COLONEI, 11. 13. EDWt\llDES, C.B., 

COBIJIISSIONEI1 AND SUPE;l<INTENDENT, PESHAUR DIVISIOh'. 

9. LETTICR OF COI~ONRI, EI)WARIIES To R. TENPT,E, EsQ., SECRETARY TO THE CHLEB 

C ~ ~ I ~ I I ~ ~ I O N E R  O F  THE P ~ N J ~ .  PESIIBUI~, DECEMBER 1 ~ T H ,  1858. - POLITIU~L 

DET'ART~IENT. 

I a111 not aware \vhet,her the Chief Commissioner has yet received a reliable 

:~crount of the circtnnst,ances attending the death of the C+ennan traveller, Mr. Adolphe 

Schlagintweit; but, a t  any rate, i t  mill be ~a~tisfactory to the Government, as well as 

to his friends, to be able to compare the enclosed na,rratives of the sad events. 

The first [No. 101 is the verbal statement of one of his followers, a Kashmiri 

nanled Ah(lulla~l~', ~vlio arrived here viB Bolrhhra a.11~1 ICi.bul three days ago, I)eceniber 

1311, 1838. 

The second [No. 111 is the writtell report of a native of YBrlrand, nniiietl MohAm- 

mad Amin, who al)l)enrs t,o have been provided by Lord Williani 'Hay, as a kind of 

agent, or chief guide, to Mr. Bdoll,lie Schlagint~veit. He 'writes fiom lCtilmnt1, imtl All- 

dullah is t,he bearer of' his letter. 

From these statements, whicl~ al)l)ear to nle s~~l)stant~iallg trnstful, it seems t l ~ a t  

Jlr .  Rclilagintweit was inipelled by :L desire to iincl a road to Yarltand which neod 

llot 1)asstlirougli Ladiilr ; t,llat he reached Yhrkancl ; fbuncl t,liat country 1i:~rried by 

fanatic Nllssalminu ikon1 KSlranci; and 1,nssed on to l<islig.a.l., where the rialne f'a11atica.l 

rnicls where going on, iuid the leader of one of' t,heiii, a SSyad, ~lanietl Vrili ICllan, 

seized hi111 and barbarously caused him to 1)e I,el~eadetl, without : I I ~  other offencc. 

i11)1)iwwtly, than t,llat of' being a foreigner. 

It' a~yt~l i ing  co~~l t l  soothe tlie distress of' JIr .  Scl l l ;~~i~~twei t ' s  f'ric!uhs in 15111.ol)e, it, 

\vonltl silrely I)t: t,llc. nol,le contrast 1)etween thr r~~lightenetl l~llrl~ose ant1 liluna.ne 

searcli i i ~ r  knowletlg~: \vliicli I,orc~ lii~ri into tliosc: \\,ilils, wit11 liis life in liis ol)rll 

I~antl, iu~tl the harlxwii~~ls' iic~nzy t i~r  t l ~ c  11rol)agntion of error I)y t l ~ e  I~lootl of his 

fillo\v Inrn. 

1 11:1ve se~lt, l)y $e11:1rate 11i1rcc21 i b  slil) of paper, : I I I ( ~  :I 1)roI<e11 \~i)<:l<t:t' t(~:lk5~~~1])('. 

\vl~icl~ wc,~*c~ t,l~(b o111~  ~.c,lics .~l~tlrillali c~~n l t l  l)ring away wit11 I I ~ I I I .  



[ W e  have received these articles. Tlie llanclwriting on the slip of paper is cer- 

tainly that of our brother; but i t  is beyond rdll doubt that  it had not been written 

during his travels in Tnrkistlin; i t  is dated "Peshriur", and was l~robably written in 

December, 1856. It seems to be a rejected label, belonging to a specimen of his 

ethnogra.]~hica,l collections. 

!Che telescope, which Abclullal~ says had been bought of one of the people who 

stole our brother's property, was certa.inly not his; i t  looks as if i t  had been 

purcliased ill a native bazli.r of Pesllliur, ancl is of such rude external appearance 

that our brother cannot eveii have ta,ken i t  with him as a l~resent for natives; it. only 

magnifies orice and a half; and gives the images very badly defilled. 

We have communicated to Colonel Edmarcles onr strong doii1)ts as to ~\,hether these 

nrt,icles were actually fo~uld amoilgst our brother's property in Tnrkistii,n, and nre have 

reqiiested hirn agzin to cross-examine Abclldla,b, and a t  the yame t,ime to lteep in 

niinrl t.lle iin~~robability of 111s sta,tements, a t  least in reference to these alleged relics.] 

10. T'ERBAL STATE~IENT CiIVEN BY THE ~CASHBI~RI, ADII~LLAH. 

6L8bou t  two years a,go, when t,he Amir of ICribnl came to lxry a visit' to  Pesliaur. 

-illy master was in Peshi~ir ,  ancl I was employed under hini as a sepilii of the guard. 

csAfter illncll tml-elling in t,he l'6nj6b1 he went to Sulthnpur in I<lllu, where he got 

..acqnaintecl with 3loh:i.nlmacl Aniin of Y;lrk;~nd, whom Lord William Hay had sent 

* '  fbr t,llcb ])url~ose. 

"i\lol~Bmmad Anli11 \\.as ob1igc:tl t,o go for protect,ion to Lord \\'illia~n Ha,y, to be 

,'safe from (:nl,ib Kingh's prosecution.' 

"Also the officer, nnmecl BAsti H;I~U. who was posted ; r t  Latlik, as n thonadir, by 

~'II:~liar;ijah C+ulib Singh, bore very ill feelings t,om;~rds &Iolximmad Amin, because hr 

"had slio\vn to Eurol)c?ans, tlie brothers of lny master, the way to YLirkand. 

"At  Snlt'hnp~lr, the chief 1)lace of ICi~lu, the S;~hib stopped for sollle (lays, wit,li 

"a view to arrange \\it11 i\loh;iminnd Alllin for the journey. He theu sent hie bz~ggnge, 

.'nncler t'he care of 3loli;iinmatl Amin, by tlie dircbct l.octd t,o Kirdong, and he. wit11 

' l'his offci~t l  visit loolc p l ;~rc  a t  Lhv rlrd o f  1)vrrrnl)rr. 1856. 011r  I~rotllrr, Adolpllr, \\.an in the s ~ ~ i t r  of Sir JOIIII 

I,n\vl.r~lcr, a.11c11 Ilr 11x11 his intrrricw wit11 1)ost IIIol~Rrn~~lnd 1illa11, n t  .Inrllrdd, ncnr I'esl~;ior. Src Itinrrnrg. p. 82 .  

? S1.r 13. 41;. 
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"myself, the native doctor Hsrkishen, and Gosht Mohimmad, the butler, went there vi$ 

'.t.he Bi,nglxil pass. In  lcbdong he halted five days, sent his muushi, ltamchincl, and 

" t,wo cl1npl6ssis to Iiashmir, purchased 60 liorses and provisions, and with the inlinshi, 

~'~f~lirimrnnad Hkssnn, a native of Peshaur, Hzrkishen, Gosht Mohd.mmar1, mvself, and 

~'Moliininlrnacl Amin of Pdrlrand with his three followvers, proceeded to Lad& When 

"we reached a pla.ce three clays' journey from Leh, Mohinlmad Amin pointed out to 

.'the Sahib a road, vib Siriliill to ICblrand, which he proposed to follow. The master 

"coilsent,ed to this proposal, ordered Hirkishen, two chaprAssis, a,nd two other men 

..employed in the survey office to return to Hindostan, sent one chnprissi with his 

..heavy baggage to Ladik, and he with myself, Mohkmrnad Amin, and some other 

b~followers, went to Cllusel [near the Tsomogualari, the great salt lake of Pangl<6ng]. 

"There lie hired sixty porters and with them set out. 

"Aft,er t,hree clays? journey, munshi Mohimmad Hissan of PeshSnr, having talrel~ 

..away i ~ t  night one of t'he Bi'hib's horses, ran anray and carried off wit11 him llis boolr 

.,of accounts. The SLhib sent a man namecl Rihiman, a nntive 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 i\lohim~nad Amin and two nat,ives 

"of Tibet, the master went away alone to discover the way. By means of a telescope 

"he a t  last found a way, and started with his baggage; but we soon missed the proper 

'&route, and after a weary journey came by the sicle of two sinall lakes, the water ill 

b ' o~ le  of which was reddish and in the other greeuish, but both bitter [saline], so that  

,'all his .followers, through despair, began to lanlent and sigh to return. 

[The difficnlt,ies of travelling, here described, perfectly agree with what we also 

had to experience during our passage over tlle chains of the I<a~r i~l tor i~~r~ and tlle 

l<ne~ili~en.] 

b'U1)o~l this my liiaster dis~nissed some Tibctaiis, togcther witli one chapr;issi, by 

"niiine llurli.  He t,hen \\it11 myself, 3Iollimmad Amin, and his three followers, Goslit 

'LMoliAminad, and t\vo Til~etaus, resumed his journey, and on his way met wit11 only 

"a single house, situated in x desert bract of country, from whicli the cit,y of hlclli, 

Lbt,lie cal~ital of Kl~citan, was distant by three days' journey. 

. 'Aill our way had hitherto lain tlirongh an uninllabitecl country; fbr our m:lstcr 

"liar1 selected a new route, marked i t  \\.it11 stolieu as 11e went i~ loi~g,  and macle a sketch 

-of it. This was n \vay wvhicl~ led straight to Y;irk:~inrl, wvitllont passing tllrollgh Leh: 
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' .but with the exception of a few inhabited Iluts [on the Tibetan (southern) side of the 

L~I<ar Jo r~m]  in so1110 places, the whole of the tract was an entire wildcrnesa. MTe. 

d6however, did not l~rocecd from this single house, sit~lated a t  threc days marches from 

ihklchi, iu the direction of this city, but turned towards %get, where we stayed three 

.'days, RlohAmmad Amin here again urgcd npon the Sdhib not to l~roceed to Ydrkanrl, 

L L b ~ i t  to Sirik61, and thence on to K6ltand. We consequently bet out for Sirik61. 

L'On the third day me arrived a t  the summit of a pass where, the same night. 

'&snonT fell to a great extent; here the horses me had were all taken away by the 

"servants of Afoh6mnincl Amin, but we 11ext morning went in pursuit of the robbers. 

.'ant1 MohAmmad Amin with one of his servants, who was a Jew, also accompanietl 11s. 

IThis must have been AlurAc1.1 

"We a t  last recovered seven l ior~es from tlie thieves, and sent 3loh6nimacl Amin 

b,and his servant a.head to search for the rest. Moli6,lnmad Amin liad not instigated 

.,his Inen to rob our SAhib of his horses, but they, of their own accorcl, had done the 

,'deed. On our return, we asked the Siliib to retire ,clown the pass in order to be 

..safe froin the severity of the cold, and to get proxisions. He accordingly descended 

.'from the pass, ancl rcached A S6jad-61la IClibja, ~vhere Noh6mmad Amin also came ul) 

.'nfith the three relnailling liorses mhicli had been stolen, and despatclied his ~ervant, ,  

. g  by nanie Mnrdd, tlie Jew, to Yhrlrand, to bring information of the wars that \\.ere 

scthen going on there. The Jew returned, and reported that i t  \\-as tlie IChan of' IC6kalld 

..wllo had been making war. DTe therefore, wit,I~out hesitat~ioii, set out for. Yiirlii~lld; 

L.Gosllt AlohQinrnad, uncler the protection of a caravan, was sent back to I<li.ugral. 

"After his cleparture, we l~assed tllrough Khrgalik aucl Bozg6n2, aiid arrived a t  t,he 

of Uil Khan, Siyad of 1<61ralid, who had come rnit.11 an arnied innltit,ude to 

bbmnke a religiolis war ~vi th  Ydrlrand. His cam11 lay 'outside t,he city, and about all 

.khour after onr arrival, tlie a,rmy of the IU~a.tdis~, rvhich hrnled tlie garrisoi~ of tlre 

"city, can~e ont to encounter the besiegers on t,lie open field, and routed t.heln, ant1 

'hobliged Uil laIan to fly. Mr. Schlagintweit,, likewise 1e :~~ing all liis baggage there, 

"fed with his followers to N6gs5r, and thence \vent to ICdshgar. Here another Sli.y;~tl 

"of' K O ~ : L I I ( ~ ,  I I ; I I ~ ~ ~ ( X  VAli 1<11;111. \\1110 11;~l lilrewise collie on n 1-eligious c.spedit.iol~ Il;~cl 

I Scc 1,. 55 I I I I ~  p. G.1. 

' Tllcse ~ ~ l u c c s  arc renpecli\.elv LIVO d:~y.' n l ~ d  ullc ~ l t ~ y ' s  111;1rrl1 divtnnt hwln Yill.knlld. 

V i l ~ a l n i  is t l ~ c  Ilnnle givclr to tl~c, C ' l ~ i ~ ~ e s e  in Turkiutu11. - 
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'.succeeded in gettlng the throne of Kisligar; Mr. Schlagintweit desired an inter>vie\r 

.'\\.it11 him, but i t  was refused, ancl a guard was sent to apprehencl us. 

.'They accorclingly carried us prisoners into the presence of Vbli Khan, who ordered 

"Mr. Schlagintweit to be beheaded, a i d  so the order was instantly carried out. Vhli 

-Khan did not ask any question of Mr. Schlagintweit before his murder, and he was 

.'executed outside the city of Kasligw. He mas allowed no burial, but a man, named 

. . ~ t t a  Bihi, a native of Yirlrand, had collected his bones, and RilohBmn~ad Amin assured 

.&me that. he would send them over to India, vii Lnclhk. T h s  tragedy occurred about 

.. *eventeen months ago [August, 18571. 

"Vili Khan then sent me and Moharnmad Amin of Yirkand, and Murid, the Jew, 

..and n native of Tibet to prison; ancl afterwarrls sold me as a slave to a man calletl 

6'T6zik, for 25 rupis, by reason of my being a native of India. 

" A  month after, an army of 1Chnt;lis came and expelled 86yad V611 1Ch:un of' 

-I<cikand, together mtli the inhnbitants of Kishgar, who tool< refuge in ICcikand. I 

LLalso accompanied the fugitives, and on my arrival at IC6knnc1, a Sayad of Peshaur, by 

&.name Ni6n IChalil, procured me freedom by paying to my master, Ti~z,ik, the arnonnt 

'.n.hich lie had paid for me. 

"After I was set at  Liberty, I stopped in ICokand for ten months, during which 

..time I sent three petitions to the King intimating that Mr. Schlagintwelt had been 

-murclered, and praying that justice might be clone to him. But the Icing of ICcikand, 

..without giving me any reply, tore up all my petitions. When I was in IC6kanc1, i t  

'.\vas the season of minter, and, coiisequently, I never went out to see the country. 

&.I met R1oht'~mmad Amin of Yirkanrl r ~ t  Kokancl who ntlvisecl me to return to 

.,Tnclia, and said that he would again al)ply to the K ~ n g  of IC6knlld for justice in thr 

..case of Mr. Schlagintweit. Meanwhile the King of Bokhllra prepared to make an 

..inroad on Kcikand, upon which, fearing bad consequences from a longer stay at  K6lrand, 

. ' I  \vent to Bokliira. On iny clepa~t~lre from IC6kanr1, Molrrimmad Aniin gave me i i  

..Persian letter for delivery to Colonel Edwardes, in Peshiur, which I now present. 

.[From Uokhim 1 caiile to Ballih. from Bkllrh to l<$hul, ancl from l<Abul to I'cshiur. 
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1 lnet Mr. Schlagintweit a t  SultB11l)ur in Killu, then weut wit,l~ lliin to Lahhl. 

a.11~1 over ;L pass reached Rupchu. 

Here t\vo roads diverge, one leading to Leh, :uld the other to Uliilsel. RIy master 

z~sketl me to direct the way to Alrs5,e Ullill, we conseq~lently 1)roceedecl thither, and 

passed t l~ roug l~  Uliangcl~dnino, a l ~ d  having crossed n high ridge [this is the Karakori~nl 

chain], me came up to the road leading to Akslie C%inl. We i1,rrivetl a t  :L ~ ) ~ I C H !  

whcreabont two forts were sitnatecl. Tlie one was  aid to have belonged to SikAnder, 

and was situated on the fla,nks of the Yur~iiigkBsh pass. p r e  ourselves also passed. 

\\it11 &toh&minatl Amin, through Siklintler RIolrBin, on the 18th of' August, 1856. I t  

is ;I, sinall fort :und now deserted; i t  seeins never to have bee11 al~ytlling else I)ut 

;I, fortifier1 place, and mas never pernlanently inhabitecl. The name of Alexa'nder 

t,he (ireat, a.fter whom i t  is called, is well lrnown to the inhabitnnt,~ of 't'urkistkn. 

l~art ly in historical, partly in more fa.l)ulo~~s form, and appears several t.imes' witli- 

out mly real connection, and quitr unexpectedly, in geographical t.erminology.1 Tllr 

ot,her fort lay on the bnnlrs of' the ICarakBsli, 11-hir11 is one of bile strc~ams tlint, flow 

through iChtit,all. 

Trn'velling t~loilg the ICarali5sh river [anrl after 11a.ving c:rossed t,hr JCurnlilen]. \ire 

c.:unc down the n~aiil stre:ln~ of I<hi,tan, and passed tfllrougll SAyatl-idli~ 1Cllciji1, wl~irh 

was intersc.cted hy two ro;lcls, one connect,ing Y6rk:lntl \\.it11 Tihrt.. :1.11d t.ll(, o t l t ~ r  

leading to Tashl<org;in, (is11 ant1 l<i,lini~tl. 

We I~nltecl at  S ; i .~~t l - i~ l l i~ .  IZh6,jn for tivr days. It was t,\vet~ty tl:~j-s' joi~rn,ly Fro111 

t 'lii~ to 0~11,  V~:L l ' a ~ l l l i ~ r g h ~ ~ ,  i111(1 fi\.13 (I:I,.YS' jo11ri1ey to \r;irlial~(l. 

Aly Skl~ih toltl nit! that, tlle \v:~y t l lro~lgl~ Tasltkorgiiir nnrl 0sl1 was very lollg. 

:~irtl tll:~,t to Yi i rk ;~~~t l  coinl):uat,ively sltort. :~ntl that h r  \ \-o~~lt l  t:tkr t.11c. I;~t,ter. I 

rc~inoilxt,r:~tc?tl t,lli~t tlto I;rt,tel was ;I claiigero~ls, i~11d thr ii,r~llc>r ;I si~fc~, \ v ; I ~ .  He tllcbrl 

seltt A ~ I I I , B ( ~ ,  tIl(: *Je~v, t'o 11ritlg ii~forii~i~t,ioii ti.0111 Yi'~rlz:~l~tl. T11r .It,)\- ret11rtl(-,11 t~ftrr  
right. tlnys ill t l ~ e  coilll)illly ot' r ig l~t  car;t\raiis, and rt:l~ortrtl t,l~at tltcb l<lt;~n ot' Ktilinll(l 
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had wrested from the people of IChatais [Chinese] the provinces of 1CQshgar ancl 

Yhrkand. 

I, however, discredited the report, and said that the real Khan of K6kand would 

never undertake such a dista.nt expedition; but that within the last twelve years some 

of the B i ra  Skliibs [great men] of Kokand, who were Sayads by birth, having collectecl 

vagabond outlaws and all sorts of rabble, made frequent inroads on Kbhgar ,  some- 

times succeeded in defeating its governors and occnpjing their throne, and a t  other 

thnes were repulsed by the Chinese army and obliged to retredt, and that one of them, 

Ohikchik Khbja,, had once fallen into the hands of the army of Ichatiis, and was 

since in collfinement. If wars were going on a t  KBshgar, I added, they must have 

been waged by these Siyad fanatics, and n$ by the Khan of K6kand. 

My master nevertheless persisted in g o i n e o ~ i r k a n d  [evidently,-because the road 

to Icishgar ant1 IGkand mas equally dangerous on account of the distnrbances ill this 

direct,ion, and because the distance to these places mas also much greater]. He sent 

back Gosht R'lohkmmad the butler, in company wit,li a caravan, to ICBngra. 

We then set out for Ykrkand; on our approach, the inhabitants of that place 

t,reated 11s with great courtesy, and furnished us with provisions; Mr. Sclllagintweit 

also gave t,lleiu presents suitable to their several ranks and deserts. 

From t,l~ence we proceeded to Icishgar which mas then occupied by a IChoji~ of 

ICokand, who had defeated the oi-iginal governor and wrested from him his provinces, 

1)nt the a . m y  of IChabiis was also encamped outside the city, and laid siege to a fort, 

r;~lled G111-Bigh, situated about a mile from the towli. 

The Mussilmins of the garrison every day came out ; ~ n d  gave them battle. 

Tile fight was going on when we arrived; the MussilmBns asked who we were, Mr. 

Hcl~lagintweit replied that he mas the Honourable East India Uoml)a.ny's envoy, and 

was going to the Khan of lC6kand. Upon this they got into a rage, an11 ordered 

Us. Schlagintweit to be beheaded, and me with my followers to be throw~i into prison, 

and I,lruldered of all our property. During the thirty five (lays of our confinenlent, 

111y two servants cliecl and the tliiscl was missing. 

AIeanwhile t.he army of lChat&is, having been reinforced fro111 MBha Chin, ' ovcr- 

po\~-ered tlle ICllrjja, and ol~liged him to fly. I col~sequently got my relca.se, place11 
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. 
the remains of Mr. Schlagint~veit in charge of Nurad, for safe custody. and proceedetl 

to ICokand. 

I have been eight months in Kcikaad; and as the way to  ICBshgar rernninatl 

blockaded during that time, and no traveller could 1)nss to  and fro, I collld send no 

message to you; however, lately envoys have been sent to. and received from, Khshgar, 

and peace restored; and the Khan of R6kand has deputed n man, named Aka Sikdl. 

to Kbshgar to bring about the state of aifairs on the old Sootiug. I shall, t,liereforr., 

shortly leave for Icbshgar and proceed to Peshbur wit11 the remains of my u~lfortnnate 

master. 

12. CONCLUDING R,EMARKR. 

The latest news which we have re*ved from India about Adolphe, is contained 

in a letter of the 27th November, 1859, from the Rev. H. Jiischke, missionayy a t  Lahol. 

He derived his information from a man, recently returned, whom he had prevailed 

upon Hari Chand to despatch in August, 1858, to Ybrlrand, for the purpose of making 

inquil-ies 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 bee11 

transformed by the Turkistinis into Sdlad,igz. 

Mr. Jaschke's communication allo~vs 11s also to hol~e, that we Inay still receive 

some of our brother's manuscripts, instrulllents, and collections. 

Prom Russia we hear quite recently (end of April), through the kind exert,ions 

of the I~nperial Geogmphical Society of St. Petersburgh, that t,he son of a ICirghs 

cluef, by uame TTanikotf, has just returned to St. Petersburgh from lCiishgar, and 

given a,n account of his journeys to the Society. He most 1)ositively confirms the 

acco~~nts  a.s to Adolphe's sad fate, who, according to his statement, was killed by Hkji 

Misser. 
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Systenr ndoptcd. . I .  Vo~vels. R. Diphthongs. (! Consonants. D. l ' l~onet i~  ,\ccents-I~ingoistic 13xperi1nents.- 

.\lpllnl~et ~lscd for Trnnsrription. 

THE t,ranscril)tion of words from thd different languages of. Inclia, including 

Tibetan and Tnrkish for High Asia, Ilas, throughout our jonmeys, been an object to 

whicli we have al\\rnys endeavoured to give an attention proportion:~te to its difficulties. 

Our pri~icipal object has been to define, to the best of our ability, the pko~zctic sound 

of the words. l ~ r l ~ e ~ i e r e r  it mas possible, we f'ollonred the nat,ive orthogra.phy; but in 

cases where this orthography was indeteiminate as to  the vowels, or too com1)licatetl 

ill t,he system of consonants, me have always cleviatecl fro111 it. 

Where t,he provincial forms were found to be well tlefined or ~noden~ized,  we 

kept them unaltered, in confol-mity mit,h the rule adopted in geog~apliical works. For 

a few of t'he familiar and most generi~llg used names, such as Calcutta, Ganges, Inrlns, 

Madras, kc., we haye ret.ained the establislied Enropean n~otle of' sl~elling. 

\TTe are ]lot Orient,al scholars ourselves, Ijut hacl acqnirecl a sufficient knowleclge 

of Hindostkni to  converse with the natives-s~rcl~ all ali~ount of acquaintance with the 

language l~ r ing  in itself indispensable, both in India, to facilitate intercourse with 

fbllo~vers and servants, ant1 in tlie territories I~eyond English influence, which a,re 

generally inacessible to Eoropeans, to elinl~lc the traveller to assume disguise \\-it11 

more cliirnce of success. Though could never have hoped to 11ass as natives in i~ 

country where Hindostini was tlie native langl~age, the difficulty was f ~ l r  less in Tibet 

or  'l'llrkistin, where tlie chief requisite in sl)ea.king with our interpreters was fluellcy, 

and not correctness. 

The syste~ris irtloptetl for tlre tmnsc,ril)tio~~ of' 1ntlin11 1i~11g11a.ges are very nunierorls. 

Our rese:rrcl~t~s rcbli,~,~.ing ; ~ l n ~ o s t  1~xc111siv~I~ t ~ )  l)hysiical gec~gr:rl~l~g a.11t1 natural Iiistoq, 



\\.e tllougl~t, it iinl~ortant to adopt a system as little complicated as posaiMe, and ; k t  

t,he snme time to preserve an ;llphabet, not differing too widely from the letters 

generally used in typogra1)lly. For writing the names on maps :~lso, i t  is very 

convenient not to have too nlaliy clistinctive signs added to t l ~ e  letterh; for they are 

easily overlooked, when they llappen to coincide with the lilies of shading on tlie map. 

Resides, a simple method makes i t  so much casier for the general reader in following 

our researclies and in rememhcring the names comecteil wit11 t,heml. 

A. VOJ\'ELS. 

As will be see11 from our Alphabet, we generally write the vowels on tlie 

German or Italian system of l)ronunciation, a system already int,roducecl by Sir 

William Jones, and, wit11 sonle slight modifications, no\\- allnost universally ailopterl. 

Amongst lnaliy others who write in accordance with similar principles, we need 

only mention : Wilson, Hboker, Thoinson, RZiiller, and Eastwick', in England; Bopl~,  

Lepsiuss, Lassen, and Weber, in Germany. In  the Presidency of Madras, i t  has also 

been officia,lly introduced of late'. 

B. DIPI-ITHONGS. 

This class requires particular notice here. In ~notlerl~ European l;i~~gn;lges there 

:Ire illstances in which the spcllllg of diphthongs is phonetically incorrect, as will l)o 

seen when \ire dissolve the clipbtl~ongs into their two component vowels, l ~ y  p r o n o ~ ~ ~ ~ c i ~ l g  

t,lle latter very slowly, as in singing, an erc1)eriment which we found exceedingly valuable 

in mally doubtful cases. By doing so, i t  is easy to perwive that,, if we wish to write 

l)lloneticall,y, the Uernlan words "helife (to-day)", " Eiiqe~?sc1inft (quality)"? sonntl like, 

" liciiife", " ~' , i~el lschn. f t  \ tlie diphthongs in the English \vords, " 1olttEl:y ", "~i lenl l ! /  ". so1111d 

like, " ltiltdli, ", "sriiloztli". ' 
Tliesr pxan~l~les, a t  the same t in~e,  serve to sllow that,, if tllc? nccentrl:lted syllablr 

' I\ s i~nple n lo(1~  of writing 111.90 I I I U C ~ I  fncilitntes the p r i u t i ~ ~ g  of translations, and o l  nbstracts i n  scientific 

~,~riodicnls.  

' East!\-ick. Hnndl~ookn for Indin. 2 vole., nll~rrny, London, 1859. I\-c tnke this oyportl~nity of n v k n o \ ~ l e d ~ i ~ ~ g  
I l~c  vnlunble i ~ ~ f o r n ~ a t i o n  contnincd in thmr  volumes, \rbicll l~uve proved of essentinl nervicc t,o us, especinlly i l l  

wl~nt relatcs to Sol~tllrrn India. 

"11 tllr detuila o l  tmnsrription, Ilia \wll kno\ro rcscnrcl~ca in cunnertion \\-it11 :I ge~~er:ll nlpl~;ll~et (Stn~ld;lr(l AI~II:I-  

I!f,t, 1~,1ndo11, 1.555) 1 1 % ~ ~  11rr11 w r y  i~nportnllt to us. 

l\llcn'n 1nClin11 Hail, No\.r~nbcr 28th. 1.559. 

IVc ndd, no1 l o  bc ~ninu~~dcrstood,  tl~nL \\-c itre h r  Tron~ ;rlludil~g to ;~ltc~.i~t.ionu, 21s lilt11 Jcsirnble in I C r ~ ~ l i s l ~  

:IS ill I11c Gcrnr;ln, in cases a811erc o r t l ~ o p n p l ~ y  is I~nsed OII I~inlury ttnd f r n ~ l y  ertnljlisl~ed Ily ~~l~ivvr. inl  I u s n ~ ~ ~ .  

!I + 
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cont,airrs ;I dipllt,hor~g, the accent., contrary to tlie adopt,ed mode of' writing i t  in 

(:rerlr, a\vays Lies on the first vowel, even when tlie diphthong is in the antepenult. 

M'II~II placed otherwise, the two vowels uo longer form a diphtliong, but are separated 

11y i1i:er~sis. 

Q CONSONANTS. 

In reference to the consonants, simplicity could not be obtained witl~out entirely 

omitting nlany distinctions of the Oriental alphabets. 

In t.he Geographical Glossary, which \\rill be embodied in the third volume of 

oar publications, we have encleavoure'd to transcribe, with greater accuracy, tlie 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 with Indian geograpi~y. 

1). P H O N E T I C  ACCENTS.  

'Po r i ~ ~ h  word of more than one syllable we have given a phonetic accent. 

Although signs for distinguishing the accented syllable are generally considered 

imnecessary in a complete system of transcription, where the quantity is marked in 

full, yet in the more simple system here adopted, we have thought i t  advisable to 

ensure correctness and facility In the pronunciation of the names by the ~ g u l a r  

emplojnlent of tlie phonetic accent. 

When t l l ~  accent fallb I I ~ O ~  a dipl~thong, we place the sign over the first vowel, 

in accordance with the principles explained above. 

I n  rapid conversatio~ial utterance there is seldom ally difficulty ill distinguishing 

the syllable upon which t11e principal acceilt Lies. In co~lipound words, indeed, some 

euil~arrasslnent arises as to tilt. disposal of tlie accent when one only ih to be used; for 

several syllable.; niay liere be l)roiiouncetl \\it11 equal stress, or nearly so, as is often 

the m.;e with inany ( iern~an worrls. However, thong11 but olic accent is used in our 

sp t em,  this will at Irast srrvt. to ~~sclncle the l~ossibility of a wrong syllable being 

accent~latetl, nntl, what is no re  i~nportnnt, ol~riatc the danger of a lnisal)prchensiol~, or  

total misl~ntler.;ta~rtli~lg, of the ~vortl. 

Bt\forr our rlel~artllrt. li-on1 I ~ ~ d i a ,  we llad matle a n  t~ugagen~el~t  wltll Shyad 

Alol~A~nn~atl Said, an i~itrlligclrt lnlinshi, ti-on~ Calcutta, who was ~.eco~unlenilcd to US 

tllr well liIlo\\'l~ orie~~t:~li.;t. Profekwr Sprcmger, as one of llin brht h('~l0lill'~. HC 
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accompanied us to Europe, arid remained in our service a year and a half. The mlinshi 

\\,as well versed in BengMi, ~ r d u ,  Persian, and Arabic; hut  Englisll he had yet to 

ncqllirc after his arrival in Europe. In consequence of his nnacquaintance with 

European languages, we were a t  some loss how to clispose of liim a t  13erlin, during our 

first short visit to England, immediately lip011 0111- return from the East: but Doctor 

Dieterici, Professor of Arabic aiid Persian a t  the University of' Berlin, came for\\-ard and 

most Irinrlly offered t,o take charge of him. The milnshi evinced great interest for the 

worlc in 1v11ich lie mas enga.get1 under our superintendence. The results will be give11 

in t,he glossary. 

As an insta.nce of the importatit asnistailce we were enabled to tlerive from t,he 

~rative articulation of Indian iiaines, we may mentioil t,lle following: On our return, 

vih Trieste (June, 1857), we took tlie nlilnshi with us orr a. visit to Professor Uriicke. 

in Vienna, wvho proposed to ns several very successf~~l exl)eriinents. Onc of these t,rials 

~vas  to determine, wlicther tlie glott,is remained open or shut in t,he 'l~ronunciation of 

certain consollant,s without an accompanying vowel. This was easily ascerta,inecl by 

ap1dyitig the conca'vc end. of all acoustic tube t,o the outer side of the larynx, while 

the othet. cnd rested in the ear of ' the  observer. Other experinlents were made, in 

reference to the proiiunciatioil of aspirated tenues iilirl aspirated metline. The results 

Irave been recently pitblishcd by Professor Uriicke'. 

We conclrlch~ by giving the alphabet ctnl)loyetl througl i~ut  our l)r~I,licatiotrs:- 

ALPHABET USED FOB TRANSCRIPTION 

a (5 5 5 fi), iI; 1) (bh); d (~111); ( 6  p ) ;  f ;  g (gh): 11; i (i i); J (~11); k ( ~ I I ) ~  ~; 

1 (111) ; 111 : 11 ; o (6  0)) 6 : 1) (1111); r (1-11); s, sh ,  t (th) : 11 (u i~), i ~ ;  v: y : z. 

VOWEI>S. 

1. a, e, i, 0, 11, a s  ill (frrmnn and Italian. 

2 d, 6 ,  ii. as it1 Gcnnan. 

3. Dil)htlrotlgs give tlie hountl of the twvo coml)onent vowels c:ornbi~~ed. I)itere+is 

is niarkecl by tlie acccllt filling OII tlle second of' the two vowels. 

4. - abovc the vowel ~llalieb the vowel long. 

' Udlur die .iusal~rilclle der Aspiretell ill1 Ililldurtani. Sitzu~~gsbericlltc! dcr pbilosol~llist~l1-llisto1~iscllcll ('l;~asc dcr 
\Viel~cr A l i n i l ~ ~ ~ l i c ,  ;\l)ril, 1 ~ 3 0 .  
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In general we considel*ed i t  Imneccessary to add this sign when the accent. 

coincided l~it.11 it,, anrl t,lie onlission \\~ould not influence the correctness of the 11ro- 

nunciation. 

Short vowels are not separately clistingnished. 

5. . a,bove a and e is a sign of imperfect phonetic formation, simi1a.r to the 

open 16 in hzct, a.nd e in Irevd. 

6. - belo\\. a indicates the deep sound, like a. ill rurtll. 

In Hindost,ini this sound occurs only in local dialects; in Tibetan and Turkish 

it is inore prevalent. 

7. - above a and o indicates a nasal sound, like n and o in the French words 

ga)rt and soln; also 6,  I, and ii had to be introduced for marking the nasal sound of 

P, i, and u ;  in the nasal diphthongs aii and ai, we make the sign over one only, 

though bot,11 vowels have the na.sal sound. 

CONSONANTS. 

1. b, dl  f, g, h, lr, 1. IU: 11, I), r, s, t, are pronoui~ced as iri (ferinan and English 

[the variations occurring in tlle pron~~nciation of g, and 11 (in English) excepted]. 

2. h, a,fter a consonant, is an audible aspirat,ioii, except ill ch, sh, and &. 
:3. ch sounds as in English (ckzrrcl~). 

4. sh, as in English (sh,ade). 

5. a, as ck in German (Irock). 

cj. j, as in English ( jz ist ) .  

7. v, as the ru in Gelman (Wirsser),  being different frorn r .  ill iler!/, ant1 tu in ~ o n f e ~ . .  

8. 7,  as y in the English word yes, or $ in the (ferinaii ,jn. 

9. z, soft. ils in English. 
ACCEN'rS. 

' marks the syllable on \\lliich the accent falls, whether t l ~ e  syllable be long or 

s11ort. 
ALPHAIJETICI~L REGISTERS. 

In our alphabetical registers the letters follo\v the order of the alphabet, 

irrespective of the signs attached to them. This arrangement has the aclvantage of 

coinciding, as n a r l y  as possible, with the system adopted in dictionaries of European 

1:r nguages. 
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METIiODS OF OBSERVATION AND CALCULATION. 

I. INsTnuaxNrs : a. Theodolites ; b. Cllrono~nrters; c. Neteorological Instruments.-Node of packi~~g.  
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for uncqunl Altitudcs; nIetl10d II., for corresponding Altitudes; illethod ILI., for circum-mcridinn Altitudes. 

3. Detprmination of the nlcridinn. 

1V. ~ I E T H O D ~  Fon CALCULATINO TI= LONGITUDE: I. Longitude by Chronometers. Rates of the Cllronometera 11eed: 

n. Cl~ror~ometer 3, 1854 to 1857; b. Cbronomcters 1 nud 2, 1854 to 1856; c. Chrouolneter 1, 1856 and 1857; 

d .  Chronometer 4 ;  e .  Rcsultillg Table of Rxtcs. 2. Longitude by Celestinl Phenomena: a .  Lunar Distances; 

h. Eclil~se or the Moon, Octoljcr, 1856, with physical remarks.-Terrestrial signals. 

V. . ~ I E T R O D  O F  EQUATIONS OF CONDTTION: a. Application to L:~titudes; b .  Exanlple for Latitodr; c. Application tn 
Longitlldes. 

I. LYSTItU&IENTS. 

11. TH1;ODOLITES. 

T H I z  instrl~ments h r  ang111a1. ~ ~ ~ e a s w e m e ~ l t ~ s  ~ I ~ ~ C I I  we used mere the following: 

Tl~cotlolitc 1 ,  Jones.' I t  had a horizontal circle of 5, and a vertical circle of 

4'1, i~iclles diameter. The horizontal circle had tllree verniers, reading 30 seconds; the 

two  vel-niers of the vertical circle gave the minutes.' There was a,lso a tangentrial 

sere\\$, \~liicll allowed of repetitioils being made. For aurveping purposes, as well as 

tor an a'l>proxiinate tleterminnt,io~~ of the declination, a  nagn net could be screwed 

1111oii t l ~ e  telcsco~~e. 'rlie levels \\ere 1:lrge and al~vays remained in very good order. 

' nJ<lllrs, 4, ltll~,erl SIriTt, 1,~~11,I~~ll, 
, . %  - Illc mean I B P  1l11, \-rm~ir,rli alld tllv use I I P  t l ~ c  rcl>r.lili#,ll 111)pnrnln~ nllo\vrd I)P 10 sccouds being r s t i ~ ~ ~ a t c t l  \ \- ir l~ 

h~lft i~i( . l~l  ~c.cIII.:I(~J.. 111 ~ ( 1 1 1 1 ~  CISI~I I .  C V C I I  :) S C , . ~ D I I L ~ S  or ICPS \VCI.C 11oteC1. I ~ c i l ~ g  t11r11 tllr IIII';III of s e ~ c r a l  r(~n<li~~gs.  
'l'l~iv I ,I .IIKI~I< : I I ~ < ,  :~pplivs t n  C ~ I I ~  (t1111~ t l ~ < ~ o i l o l i l ~ , ~ .  

1. 10 
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011 account of the great length of the telescope, altitttcles co~dd only be taken 

~ 1 )  to 55"; and t'he telescope coulcl not be inrerted, witltout lifting t.11e axis of the 

vertical circle. 

We  received this instrument in Madras, 1856, through the kindness of Major 

Jacob, ancl i t  was chiefly usecl by Robert. 

fieorlolite 2, Jones.  This tlleoclolite formed a part of the set of magnctic ancl 

astronomical instrnnlents, ~vllich were made for us in England under the ltiild snperin- 

teiidence of General Sabine. Diamctcr of both circles 5 inches. The veriliers, two for 

each circle, gave direct reaclings of 30  seconds. It hacl no apparatus for repctition, 

but a needle could be comected with the telescope. 

Till Nay, 1856, i t  was used by Aclolphe and Robert, latcr by Hermann. I t  

remained in perfect order till Angnst 9th, 1856, nllien the horse that carrietl the 

iustrument tumbled down a ravine. The upper level was nilfortunately broken ; lio~verer, 

we managed to replace i t  by a spare level, which after many trials we s~~cceecled in 

connecting with the telescope better than could a t  first have beem expectecl.' When 

arrived in Kashmir, xvhere clever workmen are to be met ~vith,  we were able to get 

the spare level properly reset. 

T l ~ e o d o l i f e  3, Tvoirgl~ton.? This was n very fine instrnment; the diameter of 

both circles was 5 inches, ancl the verniers read off 20 seconds. The horizontal 

circle n7as provided with a very goocl repetition screw. The theodolite also contained 

in its lowcr rar ts  a large, delicate nceclle, with an independent horizont:~l circle 

belonging to it. ' 
JVe receired this instrument front the stores of the Surveyor General's Office in 

Calcutta, March, 1855. It was 11sec1 by Hermaml till May, 185G, and afterwards by 

A d o l ~ l ~ e ,  who had it with him clnring his last jonrneys. I t  Ivas lost wit11 Ifis otller 

instruments a t  liasl~gxr. 

We found the construction of this instrument particularly well adaptcrl for 

astronomical and magnetic observations, aa well as for topographical surveys. Every 

part of i t  was very solid, but a t  the same time most minutely ancl carefully \vorltcd. 

Sce stiltions liiilk-1<i&l and A Silgct, in Tl~rkist in.  

Trollghtor~ and S i n l m ~ ,  L o n d o ~ ~ .  
"he needle could be sasily removed when we ol)serrr~l the rnllimntor I'nr rnngnctir declinntioli; Ijut it could 

also I,e nscil for nn indep~ndent  determination nf the del,linntion. See the conlpnrisons made rt  Gvl16Lti; Part. I I I . ,  

Statin~r 4. 
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771cndnli tc 4 ,  Pistor. This \\,as one of their "nniversal instrumenh", most 

t1elic;~tely executed, and light ellough to be easily carried by one man. The dimensions 

of tlie liorizo~~tal and vertical circle were 5 Paris inclies, wit11 two reading microscopes 

belonging to each circle. Screw ~nicrometers coilnected with the microscopes gave 

readings of 10 seconds. 

'I'lie i i~stnuin~nt coulrl not I)e combined ~r i t l l  a collimator magnet, on acconnt of its 

having steel axes, but we user1 i t  very often for to l>op~phica l  measurements. The rending 

inicroscopes, liowever, easily got ont of order, and they then required a cousiderable 

time for re-:~tl,jnst,~nc.iit. 

27teotlolifc 5,  Ertcl.? ii most accurate description of this "~miversal instrument" 

is contained in " Snaitsch ", 1). 15 6. 

This mas the largest of our tlleoclolites, with :L diameter of' 6% Paris inclie~ for 

the horizontal, and of 5 Paris inclies for tlie vertical circle. Two verniers, reatling 

10 seconds, \Irere connected with the horizontal, and four verniers, also reading 10 se- 

conds, \n th  the vertical circle. Repetitions could be made, and to the lower part 

of the instruinent a second telescope \\-as attaclied for coiltrolling its position, mhetller 

it reinained unchanged or not during the observations. As there was much steel in 

its coustrnctioi~, vre usccl i t  only for topogml)liical surveys, ancl chiefly in Sikkin~.  

Its great \)-eight, aiid the size of' the two boxes in wliich i t  \\.as packed, prevented 

11s Born taking i t  with us as often as we otherwise could 11a\.e \~isherl. 

Bcsitles these theodolites, we had pocket sextnnts by Troughton and Simms. which 

were nsetl princi1)ally for minor topographical  operation^,^ as we could always manage 

to carry a tlreodolite wit11 us.' Tlie great altitudes of tlie s ~ m ,  during many lionrs of the 

day in these lnt,itndes, some\vliat lilnit,ed tlie use of sest,ants, antl, indeed, in working the 

tlieodolit,es nre were oftell ol)liged to l>risins. Those by Jones and Troughton ori- 

gillally liacl no 1)risms; but we easily succsedecl in applying to them .the l)l-isms of t,lle 

' l'istor and blnrtins, U r r l i ~ ~ .  

Ertel nnd So l~n ,  hIunic11. 
"S:~\vilsch, Al~risa dcr prnktiscl~cn Astro~lor~~ic." Translntrd I'rntl~ tlir l t ~ ~ e s i : ~ ~ ~ ,  by I\'. C. Goctzc. I I s ~ ~ ~ l , u r p ,  1850. 

' As R I I  instoncc or the rsccl~l ion:~l  rlsc or sextnnts ror Intitude and longitude, sce t l ~ c  stations Girtok and 
I t n n i l ~ ~ r ,  in 8cctio11 11. 

"11 rcfcrrnrc to tlic dct:~il 01' t l ~ c  ronstr~~ctig~n of sorrcying ins t l .un~~nts  nnd their use, we dm\\. nttrntion to 

thr "Jlnnnnl 01' R r v c n ~ ~ r  S ~ ~ r v c s i ~ l g " .  I J ~  1.1. L. Tl~uillicr and R. S~nytll. L o I I I I ~ ~ ,  1855. I t  also r o n t n i ~ ~ s  much v:~ltt;~l,lc 
i~~fnrn~ntion 1'011. Lllc cnrri~~gc : I I I I ~  I I I : ~ I I ~ ~ C ~ ~ I I C I I ~  111' i n s t r ~ ~ ~ n c ~ ~ t s  io 111dinn Lrnvelli~lq. 
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t,heodolites by Pistor and Ertel. The great altitudes of the sun a t  the same time con- 

siderably increase the difficulties of such observations, in consequence of the powerf~ll, 

and often dangerous, insolat,ion to which the observer is exposed. 

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

materials from which nre ha've deduced our longitudes, in No. IV. of this section. 

1 C. 1\IETEOROLOGICAIA INSTRUMENTS. 

In this volume we give barometer readings, in millilnetres and inches, corrected 

already for error of instruments, and reduced to 32" Fahr. The tenlperatures of the 

air are also corrected for the error of the thermometers. A detailed description and 

conlparison will 11e contninecl in Vol. 11. 

As lneteorological elements for the calculation of our astronomical and magnetic 

observations, we have selected, in cacll case, one or two readings, which best represent 

the mean values during the time of the obsel-vations. As far as relates to these cal- 

culations i t  is unnecessary to enter further into detail.' 

,110de of' pnclzirrg. 

All our larger instruments were packed in strong wooden cases, light enough 

for one lnan to carry easily, and 154th 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; t,liey limited the shrinking of the wootl during the hot season, 110th in 

the tropics antl in the dry climate of Tibet, and also served as an excellent protection 

against the effects .of tlaml>ness ant1 moisture. In countries such as Tibet antl Turkiskin, 

no large pieces of woorl are in-ocural~le, and consecluently the greatest difficulty ~vonld 

have beell exl~eriencetl in effecting the slightest repairs. 

In this Inanner we succeerled in keeping our invtrillnents in very goor1 orclcr, 

althougli we f'ouncl the Rcrews freqnt>ntly loosened by the unavoidable shaltillg. Indeed. 

\ve Avere surprised to see how great was the cffect 1)roducecl 11y x constant succession 

1 hleteorr,lc,g in grllernl \ \ i l l  Ile the special olljcct of Yuls. IV. nlld V. 
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of little sliocks during the course of :I long jolirney. However, a cursory c:xamini~tlu~~ 

of the difirent screws, and a little attention in heeing that they were all pro1)erl.y 

fhstened before making an observation, took up but a short time, :~ntl prover1 amply 

sufficient to keep tlie instruments in good working order. 

11. mTRODUCTORY CALCULATIONS. , 

The materials of' the observations are: Apparent Altitudes of the Liinbs 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 ancl Stars. The ob~~rva t ions  of the 

Sun form by far the greater part. 

In all our calculations the numerical elements are talien from the "Na~~ticalMm:~l~ac".  

with a few isolated exceptions, which we have taken care to mention. 

The first object of the calculation is the of the values, observecl from 

the .surface of the earth, to true and geocentric values: vix. the application of' 

refraction and parallax. 

rc. REFRACTION. 

The refractions arc taken from "Ivory's Tables of Xstrononiical liefractions". 

in which 34' 32" is given as the Constant for refraction. They are origirl:llly ~>nhlishetl 

in the Philosophica.1 Transactions of t'he Royal Society fbr 1838. 

Uessel's Tables refer ollly to varia,tions of the barometer bet,ween 30 and 20 French 

inches; conseqnently, they co~ild not be used, as tlie lo~vest baronletric presslire in 

ronnect,iol~ with our ast.roilonlica1 observations is as low as 1 4 . 6  English inches. 

We had the advantage of using the det;~iled tables, based on Ivory's \,slues, as 

extended by General Boileau. !l'hey are ~o i i t ,~ ined  in tlie latter's valuable "C'ollection of 

Tables, Astronomical, Meteorological, ancl Nagnetical", printeci a t  Anibdla, 1850, and 

to the kintlness of the author we are indebtecl fbr a. copy. His logarithms of cor- 

imtion extcnd from 32 to 14 inches, and from 10" to 130" Fahr. 

The very convenient arrangeinent of' the hables m q ~  best be seen ikom the follow- 

ing example : - 
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Observed Altit,ucle of the Sun's Upper Limb . . . . . . . .  25" 15'0" 

1 583.2 mill in^. 
Baro111. 

22 .961 inches. 

Logarithm of correction for . . . . . . . . . . . . . . . . .  22.961 i11c11es = 9.885 

Logarithm of correction for . . . . . . . . . . . . . . . . .  53O.2 = 9.980 

Logarithm of nleall refractio~~ for the Apparent Altitude of 25" 15' 0" . . = 2.090 
Sun1 = Logarithm of true refraction . . . . . . . . . . . . . . . . . . . . .  = 1.955 

nat. num = 90" 
A ~ p x e n t  Altitude of Sun's Upper Limb . . . . . . . . . .  25" 15' 0" 

Refraction . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 1' 30" 

True Altitude of the Sun . . . . . . . . . . . . . . . . . . .  25" 13'30" 

For altitudes of the sun below 20°, and particularly for those of the moon, 

another correction depending on refraction rnust be applied. 

Since the refraction is a different oue for every point of the sun's or the moon's 

cliacs which cliEers in altitude, i t  follows that  the sun and the moon do not present 

t,hemselres as regular circles, but  as transcendental curves. For our observatiolls of the 

s1111, \~llicli were al\~n;ps taken above Y O o ,  this correctiou was never requirecl. A t  20" ~t 

only amounts to 2", but between 30" and 40" becomes 0. 

The tables to be usccl for low altitucles are Nos. XIV., XV., and XVI. in 

.. Breluiker's nautisches Jahrbuch." 

L. I'ARALLAX, 

Taking the earth as a perfect sl)lierc, the parallax alters the altitudes only, and 

not the azimuths. This cousicleration is cl~ute accurate enongh for our calculetions. 

For the sun and the l)lanets, the parallr~x of altitudes may be found either by 

;I slwple mnltil~lication of the horizontal equatorial parallax with the cos of altitude, 

or by using the f o n n n l ~  ~wliich have been lately tleveloped for parallax. I n  gencral. the 

fird term of the series girus the correct values, l)ut, for the moon, i t  is necesrlary to 

~ntroduct! the ellipticity of the earth ant1 the second tct-111 of the infinite ser~es.' 

.. 1 TIIL. I,sr#,~rretcr r e n r l i ~ ~ ~ s  are nl~.rnlly r ~ , l ~ ~ c e d  10 32" I"ir111. a ~ r d  corrected for the i~rstromental error. Co~npnrr.  



!L'he ellil~ticity of the earth is also the cause of the azimuthal para.llax of the 

moon, which ileecl uot I)e ta.ken illto account for the snn and the stars. "Brenliker's 

nautischcs Jahrbuchn, which 'ive constnnt,ly use, gives t,lle azimutha,l parallax as n 

fiulction of latitude and azimuth. 

Besides t l ~ e  parallax, another correction, as f~~nct, ion of the moou's altitude, must 

be allpliecl to observations of the moon, the ol~ject of this correction being the variation 

of its apl~arent se~nidiamete~, wllich del?ciids upon its altitlide. This correct,ioli in some 

instal~ces may amount to 18"; i t  is l)rol)ort.ional (Const. sill 11). 

C. i\IETIIODS OF INTERPOI~ATION. 

Qtinr;liticjs dryeutlilrg or) t l ~ c  Yenrl!, .ilIofiot,, 01. 011 f lw i l t torrtnl ic~ of' tho Ot.bit. 

loor the quantities depending on anonialies, the "Nantical Almanac" colltains for 

eve]-jr I\lean No011 of Greenwich Time, for the Siun: Right Ascension, Declination, and 

Eq~lc~tion of Time. 

For the lIoo11, the L'Nant,icnl Alma~lac" gircs, for each hour: Right Ascension and 

Declination, and, from 12 to 12  hours, equatorial allcl horizontal Parallax and Semi- 

dia~neter. 

There values rniist be iaterpolatt-il for the inon~ents of' observation. The first 

(1iffBrences already give a si~fficient accuracy for all that ~ n n s t  be considered ;IS a, f~inct,ion 

of tlic ;~nomnlies of the orbits. Rnt i t  is necessary to know al)proxi~nat,ively the 

(41.cenwicli Tinle correspondiug with t,lie momc.nts of ol)servat,ion, 

This can be clone by a transformat.ion of t,lle \\ell kilown fornl~ila: 

sin 11 = sin cp sin 8 4- ros q cos S cos t ,  ( 1 )  

\\rliich, if we give to i t  the form requirc!d, becomes: 

sin IL - sin cp sin 8 , 
C(lS f = - - 

cos p cos S f la) 

In these formu1;r. : 

cp -1 Latitude of the place of obser~ation, which nzilst be lrnown \vitl~in tell minutes 

fbr obti~il~ing the Time ~\7itli snf ' f ic i~~~t  accur;lcg; 

8 - tlie Sun's I)eclinatio~~, for \\~llicl~ tllc Declination at Gree~l\~icli NOOII call be 

taken for the first al~])ro?rin~ation; 

1~ = the trne :\ltltude of the Suu's Centre, correcterl for par all;^^ oud refi.nctio~~; 
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t = t,he Bl~parent  Local Time, sought for. which must be reduced by the Equa.- 

tion of Time to the Alean Local Time, and by the difference of Longiturle 

(\vhicll milst be kno\vn within half or a qnarber of a degree) to Greenwich 

Time. 

The difierentiation of formula ( I n )  shows, that  we must take for k tlre lowest 

observed altitude. 

Tlre following is an example of the mode of calculating : 

8tation NO. 21. %AULP~NUI 1N THE P~NJAD. 

1856, December 3. 
Time by Chron. 3 . . . . . . . . . . . . . . . . . .  811 48"'. 7 

1,o~vest Altitude reduced to the Sun's Centre . . 26" 0 l . 0  

Refraction . . . . . . . . . . . . . . . . . . . . . . .  - 1 l . 9  
Parallax . . . . . . . . . . . . . . . . . . . . . . . .  + 0'.1 -- 
True Altitude of Sun's Centre . . . . . . . . . . .  25" 58 l .2  

,a ~ t u d r  Nort,h . . . . . . . . . .  33'6' 
Approxitn:ttr 

Longitude E. Green. . . .  73". 1 = 4"52"' I 1  t '  
6 at  Greenmiell Rlemi No011 . . . . . . . . . . . .  - 290 19' 

log sin 7~ = 9 . 6 4 1  . log sin cq =' 9 . 7 4 3  lirg cos p = !).!I21 

sin 11 - - 0 . 4 3 7  log sin 6 = 9 ,577 , ,  
-- 

log rns 8 = 9,!J(i7 

- sill? s i n & =  + 0 . 2 0 9  9 .320,, !I .  8 8 s  

0 . 6 4 6  . . . . . . . . . . . . . . . . . . . . . . .  log = 9.H10 
- - -- 

In:: cos t = 9 . 9 2 2  
t = 33O.2 = 2"] '- ," ' .8 

Time of observation I J ~  ( ' l~ron.  3 . . . . . . . . . . . . . . . .  81' 4 ~ ~ ' .  7 
- 

. . . . . . . . . . . . . . . . . . .  Apparent Noon by Chron. 3 (;I1 35Im1.9 

T l ~ e  o1)serrntions nsed for the determinatiot~ of 
11 I" 

Latitudes werc madc at . . . . . . . . . . .  4 38 .9  

JIcan Noon . . . . . . . . . . . . . . . . . .  6 4 5 . 8  

BIean Loeal Time of the observations . .  .-2 G . D  

Longitltde E. Green. . . . . . . . . . . . . .  4 5 2 . 1  
- - 

Mean Greenwich Time . . . . . . . . . . .  .-G 5 9 . 0  

Sun's Declination a t  (;recrl\ricl~, ;\lean Noon, Der. 9. -22" 11' 32'" 
Horary l 'ar iat io~~ . . . . . . . .  - 21". 2 

log of H ~ ~ r n r y  Y:~ri:ltjor~ . . . . .  1.326" 

10:: of GI' 6!)"' esprcssrtl ill I~ours O.R48,, 
--- - 

2 . 1 7 0  

11nt. I I I I I I I  -- I 148" =- . I .  2' 28" 
- - - - - - .- ..... 

Snn's D c ~ c l i ~ ~ : ~ t i o ~ ~  : ~ t  1I1it ~nonicnt of tllc ol)srr.vntio~~ -- '2" !I' 4" 



W\!c ti1111 the 12l~par1.11t n'oon: 
11 111 

Wit11 the Decli~~ntion at the moment of ol>serratiol~ . 1; 3 6 . 6  

With the Declillation at Crreenn,icll Noon . . . . . . . (i 39.9 

Therefore tliere exists an error of On'.'i in the deterinination of time, an i t  was 

niade for interpolating tlie sun's declination. Tlie horary variation of' this value is 

21", and, therefbre, the error of declination which was used in the mlculatiol~ -z 

0' U"'2, a value ml~ich we consider by :L calculation wit11 5 deciiuals in log to be 

equal tjo 0. 

Qlrnlltities dependil~g olz the Daily Motiou. 

Tlle niotion of the sun, as well in reference to altitude as to ;~zlmtitll, fbrms 

a series of differences of higher orders. If we have a series of obbervartions of altitutles 

or  azimuths, in which the tiines of observations shall be 

t ,  t', t" &c., 

and tlie readings of tlie vertical circle, which alone are to be taken into tlie calculntlon, 

expressed in zenith distances 

I, I' 2" kc., 

then thc errors in the readings involve the probability of being partly positive, partly 

negative, and thus of compeilsating themselves. 

If we were simply to take the arithmet(ica1 mean, we slio~lld get a probable error, 

about equal to, or greater than, the errors eliminated, since the motion of' the sun 

is not a series of differences of the first order. 

For, if the time of observation obtained by the arithmetical meail = TI 

if the zenith &stance obtained in the sa.me manner . . . . . . - - 2, 

a.nd if t - 1' = r. 
t' - T = r', 
t l ' -  l' = r'l, 

we get as result,s fioin Taylor's t,heorenl1: 

fl z d2 z Z = S '  +- . r' - 1 -  'I2-% . TI2 -1- 'tC. 
dl' d l  

I Elriinnow, sphiirische A s l r o ~ ~ o m i e ,  1851, p. 226 
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Tlie second differences call be taken into account either by developing the formula: 

for the zcilitli distances, including the higher differences, or by correcting the time 

tolui~d by the arithmetical mean of the zenith distances with reference to the higher 

differences. 

I n  order to  develope the fol-mnlz for the zenith distances, including the higher 

ditferences, we know 
r 4- t' +t"+ kc. = 0; 

we therefore obtain by n sumn~ation of the single erluations, for Z, 

~vhere 11 sigrufies the number of the observations. 

By the well lrnown fomulze of reduction we can also write the formula: 

z + 2' +a'' + e"' + &c. (1% Z 8 2 sin '1% r Z= 
11 + d m '  78 

The double differentiatioil of the eleineiltary equations (1) for the zenith distance 

gives 
r12z cos6 cos p -- 
d l 2 - +  s i u z  . cos A cos 11, 

p signifying in this and also the following formulz, the parallactic angle. 

The final equation then becomes: 

Z + Z ' + Z " + ; ' " . . .  c o s 6 c o s p  8 2 sin '1, t Z =  cos Acosl) . (2) 
) l  +- sin^. 11 

The correction of the time, deduced from the meen of the zenith rlistauces, is, 

if we transforin the above equations, obtained as follows: 

which must be introduced in the formula 
d T ros h cos 9 -f-- .- .  

B 2 sina I/,r 
cos A con 1) . 

rl Z sill i: 71 

Since, 1)esides 
sin T . qin T 

sin 1) = cos p, and sin A= . ros X. 
s ~ n  d sln Z 

w get as corrections of the Hoar Angle 
1 cos P roa st 3 9 sin2 '1, r + -11 5 - - -- . -, 

sin II' 11 

'lYii~ method might have been applied as the principal oire to our observations, 

but we hare preferrerl to w e  in its place another mocle of calculation based on t l ~ c  
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principles of Equations of' Condition, whicll have recently been used very Huccess- 

fully in calculating astronomical observations, particularly after the precedent of 

Gauss, who first collected them. \Ve enlploy this method for the calculationu of 

latitutles and longitudes, especia,lly as i t  has the great advantage of at, once detecting 

accidenta,l errors of observations, and of determining the weight of each ~ ing le  ob- 

servation. 

A t  the same time, i t  is in general not affected by the higher term8 of infinite 

series,--terms which are neglected in the method commnnicated above. Jdastly, i t  

makes, as final result, tlie va.lue to agree with the principles of proba.bilit.y, and with 

the method of least squares. In division V. of this section, this methotl is giren in 

detail, especially wit,li reference to its apl)lication to latitudes and longiturles. 

111. METHODS FOE CALCULATING LATITUDE ANl)  T M E .  

1. OBSERVATIONS O F  STARS. 

The observations of the planets and stars in general, when not conibined wit11 

lunar observations, mere considered only as a control for the result,s obtained from 

the obser~mtions of tlie sun. Hut obsesvations of polar stars were 1)referred to oh- 

sel.vations of the sun for calculating the lt~titnde, in those cases where, for obtain- 

ing as correctly as possible tinle and longitude, t,he sun had been observetl ttt some 

tlistnnce from the meridian. Suc11 solar observations a.re not, \\,ell adapt,ed for cnl- 

c.ulat,ing the latitude, si~ice the differential of latitude is a multiple of the differential 

of alt,itncle. 

In calculating t,lle littittide, the mean local time (rediicetl from tho observ:~t,ion 

of t,l~e sun) was iiitrodrlced to find cleclination and right ascei~sion from the tables 

of tllc L'Nnnticn.l Alninnnc". 

If [J := the tinle of &lean Noon by cl~rononieter, 

$1 = tlie time of tlic observat,ion by chronometer. 

), = Tiongit,~lde East of Green\\-iclt, 

9'.HG = t,he Accelern.t,ion of Stars contparetl to t>he mean S!111. 

we get the sitlercn.1 t,i~ne of t,lie ol)servntio~~: 

,? = (11- [I-A) 4.- [I' f (rt- Lr-1) '"" . !I ' .H G -1- 1 -+ 8. 

11'  
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111 t'llis fol.mulz, S denotes the Siclereal Time a t  Meail Noon a t  Greenwich; the 

co-efficient of 9". 86 is to be expressed in hours; 6 is tlie Declinat,io~~ of' the St,ar, 

R. A. i t s  R'igllt Ascension-both corrected for precession, nutation, and aberra.t.ion. 

Tlleii s-R.A. is the H o w  Angle of the Star: This being found, the latitncle is 01)- 

tainetl 1)y the formula given in I~ethocl 11.; we, therefore, give no special example. 

For l'olaris, the "Nautical Alrnannc" contains tables for obtaining the latitude by a 

siinple arit,l~meticnl opernt,ion. 

2. OBSEH\ 'hTIONS 0 Y  T H E  SUN. 

For all stations of particular importance, such as those in India, unconnected 

with t,he Great T~*igonometrical Survey, and those in the mountain systems of 

High Asia, the formulae generally used were only taken for t.lie first approximation. 

The ~relinlinary res~dts, so obtained, served to give the latitude and time by applying, 

in a second series of calculations, the method commnnicated in clivision V. of this section, 

in a form satisfying all conditions of the calculations of probability. 

In every caqe where one method only was used, coritrols have been a1q)liecl. 

hIETHOD I 

Thc greater 111r11ib~r of the n1)s~rvntions form two gronps, sitrraterl ill difl'el,rl~t Azin~uths ,  eel~arnted by 
all interval of several I~oars. 

'L'lie variations of the sun's de~linat~ion in the intervals have illready beell intro- 

rluced ill t,lle first series of calculations. 

When t,he observations succeed each other a t  intervals so short that i t  is 

~ossible to take the arithmetical nieans, 

.rc being - mean of Times by Chronometer, 

11 , = mean of the Altiturles observed, 

8 ,, z Declination of the Sun. 

R.A. ,, = Right Ascension, 

we get for the mean of one group tc', W', F', It. A,', tlie sanie data as for tlie mean 

of' tlie second gro1111, eit,her on the same 01. 011 the opposite sitle of the ineridian. 

We t.hen o l j t a i ~ ~  Intitntlo anrl t,ime l)y the followiiig system of l ' o ~ ~ m n l ~ :  
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and 

we get 

or i11 ;I illore sinr1)le tbrni: 
A = (11'-11) - (9". Yti -A H. -4.) (tll-ll)llOr, 

~vllere A It. A. signities the Horary Motion of the Sun in Riglit, ~lscension. 

I!lien, if' vre 1 ~ 1 t  

sin 6 sin 6' + cos 6 cos 6' cos A = cos D 
cos 6 sin 6' - sin 6 cos 6' cos A -- sin D cos s 

cos 6' sin A = siu D sin s, 

sir) W' - cos 1) sill 11 
COS (S + 1)) = -- 

sin D cos h ' 1 

sill g, = sill lb sin 6 4- cos 71 COR 8 cos 11 (1 1) 

cos 7h sin 1 )  sin t = - 
cos p ' 

t l~eing = t l ~ e  Hour Angle of the True Sun, to which illust be al~l)lied the 

resl)ective equation of time for obtaining the mean local time, being the latit~ide, 

and B, ancl s, the well known auxiliary quantities, used i11 calculating spherical triangles. 

l'hcse oqni~tio~ls can he solllewhat simplified, and transformed into ;I system of 

13  hii~glv ~ ( l ~ i i ~ t i o ~ i s ,  two of which combined give t l ~ e  tangent of an linknowrl auxiliary 

quantity. 'I'hese eql~ittions are: 

sin 6' = sin f siu F 
ros 6' cos A = sin f cos F 
co4 6' sin A = cos f 

cos I)  = sin f cos (11' - 6 )  

sin D cos s = sin f sin (F - 6) 
sin U sill s = cos f 

t:m" % (s 4- 11) = con S sin (S -- k) 
cos (S- I ) )  sin ( S - 7 1 ' )  

sin g sin G = sin k 
sin g cos (: = cos h cos 21 

cos = cos 71 sill 11 

sit1 9 = sin g cos (U - 8 )  . 
[.us p sin I = cos g 

con p cos 1 = sin g sill (O  - 8 ) .  
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Wlicre observations of the sun are talren, no doubt call remain about the meaniilg 

of cos (S + p )  and of tana % ( s  + p). I t  is also evident that this systein of equations 

represents a continuous series of controls. 

By different,iation of the final equations, and if we malce the possible error in 

time equa,l to the possible error in latitude (since they can both be reduced to the 

altitude), and if, for giving a inore simple fbrm to the differential equations, the 

;~zimnths are introduced after differentiation instead of the hour angles, we obtain 

dl/ = - cos Adp-cosp sin Adt 
dl&' = - cos A'dp - cos cp sin A'dt, 

cos A' cos p d t  = - dh- cos A dh' 
sin (A1- A) sin (A'-A) 

sin A' sin A 
d p  = - d7a + ,- sin (&-A) sin (A1-- A) 

d h'. 

For the observer these equations show that, for obtaining results as accurate as 

l~ossible, the SLUI must be observed in azimuths 90 degrees distant from each other, 

since sin (A'-A) is the number by wluch the error is divided. The details of the 

observatioas, communicated later, will show that a similar arrangement had already 

been made in most of the cases to which this met~hod is applied. 

For the cnlc~clatiora' they show the following : If the sun ha,s been t,aken in low 

;~lt i t~ldes,  viz.. if A' has been nearly equal to 90°, where sin (A' -A) becomes nearly 1, 

cos p d t  = cos A'dh - cos Adh', 

d p = - sin A' (771 + sin A c17i'. 

Now if A' (for low altitudes) is nearly = + 90°, A (for great altit~ldes) nearly 

-: 0, or 180°, me have, for dl ,  the influence of d h  = a minimum, the inflllrnce of dh' 

- - - a maximum, and vice versd for dp, the influence of d k  = a maximum, the in- 

flnence of d h' -= a minimun~. 

It results that, in calcnlating, we must use the greatest.altitntle fbr latitucle, ailtl 

the lo\vest ;~ltit,ude for time. 

Ern~rrplc for ~llrtl~orl I 

Station No. 91. 8~Anuo.  185G, Septeml~er 2. 

Compare t l ~ r  detail of the observations in Section II., ( ; rol~p XI. 

blenns from tlie two ~rbrien of tlie observations: 
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I u = 3 58 30 
Sun's Upper L i ~ n b  

fc' = 10 51 37 
0 I 

corrected = 45 25.8 

A' corrected = 24 57.7 

Apl)rox~mated Noon for finding the Sun's Decl. calculated from 71' by forn~ula (1 a) = Gh.46 
I, h 

6.46 6 .46  

. . . . . . . .  Time of Obscr\~ations. 3.97 10.85 
-. -- -- - - 

Local T ~ m e  . . . . . . . . . . . . . .  - 2.5 + 4.4 

. . . . . . .  Approximate Longitude 5 .6  5 .6  

. . .  Greenwich Time, September 2 - 8 . 1  - 1.2  

Sun's Declination a t  Green\\.ich, Menu Noon: 
0 I I ,  0 I I ,  + 7 4 6  10 -(- 7 46 10 

Ileduction to the Time of Observat~on + 7 26 + 1 6  
6 = + 7 53.6 6' = $ 7 47.3 

I, "1 R 

Time by Chronometer . . . . . . . . .  = 11' - 10 51 37 

u = 3 58 30 
Intermediate Time . . . . . . . .  = I(' - a = 6 53 7 

- Acceleration of Stars . . . . . .  - + 1 8  
Variation of Sun's Rigl~t  Ascen- 

- sion, (fd- 2 0  R. A. . . . .  - - 1 3  

X in Time = . . 6 53 12 

X in Arc = 103" l7'.9 

log sin 6 = 9.13777 log cos 6 = 9.99587 
log sin 6'= 9.13199 log cos 6'= 9.99597 

log cos X = 9.36177. 

8.26976 9.35361. 
nat. num + 0.01861 

- 0.22574 

- 0.20713 log = 9.31624, = log ros I) 
log COS 6 = 9.09587 log sin 6 -2 9.13i77 
log s ins1= 9.13199 log cos 6'= 9.99597 

log cos X = 9.36177,, 
9.12786 8.49551. 

Ilst. nuln + 0.13423 

4- 0'03130 
- 

-1- 0'16553 log = 9.21888 = log sin 1) ros  s 

log cos 6' = 9.99597 

log sin X = 9.98319 

9.9Y41G = log sin D sill A 
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log sin D sin s =. 9.98416 

log sin D cos s = 9.21888 

log tan s = 0.76528 

arc = 80' 15"5 . . . .  log sec 0.00631 - - 

log Sin D sin s = 9.98416 

log sin D = 9.99047 

0 1 

(I:ontrol of the calc., arc D from cos = 180-78 2. (i 

arc D from sin = 180-78 2.6 

log sin h' = 9.62533 log sin JL = 9.85272 log cos h = 9.84620 

log cos D = 9.31624,, log sin D = 9.99047 

9.16896. 9.83667 

sin 11' . . . . . .  = + 0.42202 

sin 11 cos D ... = + 0.14756 
- -- . . . . . . .  log. = 9.75555 

0.56958 log. cos (s + p )  =-9.91888 - 

arc s = 80' 15l.5 

arc ( s  + p )  = 33' 56l.4 

p = - 46" 19l.1 

log siu h = 9.85272 logcos k = 9.84620 

log sin 6 = 9.13777 log cos 6 = 9.99587 

log cosp = 9.83926 

8.99049 9.68133 

nat. nurn 
0.48010 

0.09783 

. . . .  0.57793 log = 9.76187 = log sin p 
p = Latitude Nortli 35" 18"3 

log cos A = 9.84620 

log sin p = 9.85025 

9.70545 

log cos 9 = 9.91173 
f = 38" 27l.3 

9.79372 

11 m s 

. .  Hour Angle in Time. - 2 33 49 

. . . .  Kquation of Time - 31 
-- - 

. . . .  >IP:LII Local Time - 2 34 20 

T ~ m e  I)y Chronnrneter . . 3 58 30 

. . . . . . . .  11~~11  h'nnn 6 32 50 
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Tllo ol)sc~~.\.atiol~s form two gro~~l)s 011 botll bides of the meridian al~d ill approxirnntively equal 
azimuths and altitudes. 

If we l~itve two series of observations, in which IL riignifies t,he altitl~de, it t l ~ e  

time by chronometer, 
before cuhnination after culmination 

91 11 71, 71, 

11' 11' 71,' 11,' 

11" 11" 71," 11,'' 

11" hn w , ~  A,", 

and if the intervals between the single observations are not too great, and tlie 

azimnths in both groups not too different in reference to their distance from the 

~neridian, the following formula can be applied, where h is considered the lowest 

:~ltitude observed, and the time of chronometer, 26,'' + x, corresponds to an altitude 

after rulmin;ltion, which is equal to the lowest altitude, h, observed befbre culmination. 

1 1  Lhe two ult.itucles l~eing exactly equal a t  both these times. viz. a t  w, and a t  ~ c , ~ - j -  L. 

tile moment of tlie true nooil mould be the exact mean of these times, were not the 

declination of tlle 8nn changed dnring the time between the two observations. 

If this change of the declina,t,ion is considered as a differential quantity = d 6. 

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

-- ,I3" ({ 8 (9 - 
sin t ta, 8 cotan 9. 01 2) 

Tal~les for finding this correction for noon, ca.lculated by Gauss, are contained ill 

c b S c l ~ ~ ~ l ~ ~ ~ ~ n c l ~ e r ' s  Hiilfstnfeln": Altona. 1845, 1). 100. Log p required in these t.ables is 

:~nnn:~llg pnl~lislied in " Encke '~  Berliner astronomisclies Jahrbucl~  ". 
As soon as t,he time of the true noon is fount1 by t , l ~ s  met,liod, the hour angle 

of tlir slul for the respective times by clironoineter cau easily be calculated; 

if A i = the Equntion of Time for the Noon of the 1)lace of observatioli, 

A i -- the Equatiol~ of' ti in^ for tlle lnomelit of the ol)srrvat,iot~. 

I .  12 
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t.llrn the Holu i l~ ig le  of t,he Sun ( 1 6 ,  being the apparent local iiooi~) is 

t = 2( - (u, - A Z )  - A 21. (11 3) 
For obtnini~~g the most fa,voonrable determination of' latitude, the greatest altitude has 

been combined with the hour angle, a.nd the latitude is then obtained by the following 

Stat,ion No. 21. RAULP~NDI, IN THE P~NJAB. 

Compare tlie detail of the observations in Section lI.,  (houp IV. 
r c  = Time by Cbrono~neter; 11, = Appar. Altitude of Sun's Centre 

iuld .c is therefort! to be found by the equation: 

Tile time P.M. ,  corresl~onding to the Altitude, W, is therefore: 
L m  n 

P. >I. . . . . . . . . . . . .  8 36 45 

.I. 51. . . . . . . . . . . . .  4 36 18 

Uncorrected Appar. Noou 6  36 32 

Correction for Xoon . . -I- 4 -- 
Apparent Noon . . . .  6 36 36 

Equation of Time . . .  9 56 
... -- - - 

. . . . . . .  Mean Noon 6  46 32 

Time of observation . . 4 41 1 5  
- - - -. . - 

. . .  Mean Local Time 21 55 45 

With t.11~ approximate longit,ride = 4h 62" 24", we get 

- . . . . . . . . .  the Local Sidereal Time -- ld: 4; 3; 
. . . . . . . . . . .  t h e R . A . o f t h e S u n  = 1 6 3 8 5 6  

-- 0 I 

therefore the Hour Angle in  Time . . .  = - 1 54 PO -- 28 3 4 . 9  in ,\IT 

. . . . . . . .  i5 interpolated for tlie time of ol)servntion iu - 22 9 . 1  
. . . . . . . . . . . . . . . . . . . .  t l ~ c  c-orrectrd Altitude i n  20 36.6.  
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Ylhe rema,ining calculation is the following: 
log yin 6 = 9.57641,, log cos F = 9.96670 

l o g c o s 6 c o s t  = 9 , 9 1 0 3 1  l o g c o s t = 9 . 9 4 3 6 1  
-- -~ - -. 

log tan N = 9.66610,, 9.91031 

arc N - 
0 I 

- - 24 52.2 . . . . . . . . . . . . log sec = 0.04227 

l o g c o s b  c o s t  = 9,91031 

log M = 9.95258 
log sir1 k = !J.67081 -- 
log cos (p - N) = 9.71823 

arc (p - N) = 58 29.4 
-- 

Latitude North: 33 37.2. 

Of the two formtdz for M (p. 90, I1 4), we select the one. as in all formulre of 

this kind, for which the angular function of N ca.n most easily be interl~olated. 

l n  order to make i t  possible to calculate the latitude from different combinations 

of observations (ta,lcen for determining latitudes), i t  was necessary in a few instance8 

somewhat to mod@ method No. 11. 

1. In some stations, i s  ~ d .  44, N&rigfin, observations of the sun's altitude are 

combinecl wit,li altitudes of stars. 

When the latter observations gave either of the elements (latitude or mean local 

t,inie) Inore accurately than tlie altitudes of t,he sun alone, the mean local time was 

c.:llc~llitted from the lowest, the latitude from the highest altitude, either of the sun 

or of t,he star. 

2. WTllere observat,ious of diff'erent stars only were taken, having different decli- 

~~at ions ,  as in No. 20, Lahor, the mean local 11ooll was calculated from the star with 

the gl.ratjest. pobr  distance, t,lle la.t,itude fro111 t,he star wit,h the least, polar distance. 

METHOD 1II 

Cil-crtm-ntc~.irlin,~ Altit~trles. 

'Clie c:llanges of the :~ltitucle near the cul~ninatio~i are proportional to t,he squares 

of  tllc, 11o11r a.ngles. On this principle t>he following method is based. If; not too 

(listant, iron1 t,l~e meridian, the altit,udes be 

11 , lt', ltl', 
;u1(1 t,he times by cl~ro~iometer 

v t ,  vf ' ,  7f", 

: I I I ~  if ( 1 %  be the change in t,he SIIII'R d(>clinatio~l in the nnit,y of t.inie, 

12 * 
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We find rc,, the time of a.ppasent noon, by 

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

and gives a control for the calculation. 

The altitude of culmination, h,, is obtained, W" being the observation least distant 

fi-om the meridian, by the formula: 
71" = Itn+ a (u" - I I , , ) ~  + (16 (u" - PI,,). 

and the lat,itude 
cp = 90 - (hO - IS). 

Exa~~zj~le for MetLocZ III. 

Station No. 95. A S ~ G E T ,  IN TURKIST~N. 

1856, September 1. 

C'oni1)are the d e t d  of the observatio~~s in Section I]., Group XLI. 

Vari.rintion of the Sun's Declination in one second of time = d 6 = - 0". 01520. 

log nat. num - 130 = 2.11394. log nnt. num - 225 = 2.35218,, 

log nat. nun1 - 487.2 = 2.68771, 1ognat .nnm-258.0= 2.41162,, -- - - 

log i>r, - - 9.42623 log ?uJ0 = 9.04056 

nat. num = + 0.26682 nat. nun1 - + 0.87208 

(7 6 - - 0.01520 (1 6 -. - - 
-- -- 

0.01520 

)IC - + 0,25162 l P ~ l  = -1 0.85688- 
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log I - I '  = 9 .  78194, 

log mat. llurn - 229.2 = 2.36021,, 

log a = 7.42173 
log nat. num -k 2 = 0.30103 - -- 
log 2 a  = 7.72276 

log nt = 9,40074 log na' = 9.93292 

l o g 2 a  =7 .7227G log 2 a  = 7.72276 
---- 

1 .67798 2.21016. 

I, rn s 11 111 J 

nat.nnm - 47 .6  nat. num - 2 42 .4  
u + u" u' + ZC" - - = G 3 2 3 6 . 6  - a - 6 34 31.2 

2 
Apparent Noon = G 31 49 .0  6 31 49 .0 .  

Tlle coincidence of these two results gives a control fbr the cnlculat,ion. 

Observation 2 being the one nearest to the meridian, we use i t  for carryillg colt 

our fina,l ca~lculations : 
11 10  . 

Apparent Noon = u, = 6 31 49 .0  

u of observation 2 = G 32 22.2 

ZC - u, - - 33.2 

log - - 

log (2C - 1 1 , ) ~  - - 

log a - - 

log red. - - 
nat. num - - 

I t  is merely accidental in this case, that the va.lue of the rednct,ion of the observi~tion 2 

to the culmination is extremely sma.11. 

0 I I ,  

Observed Apparent Altitude of the Sun's Upper Limb . . . . . . . .  62 18 5 
Se~nidiameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 15 54 
Refraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - I S  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Parallax -t 4 
Reduction to the Meridian as ahovc . . . . . . . . . . . . . . . .  I - a -. -. - 

Calculated true Altitude of the Sun's Centre a t  its Culnliilation . . 62 2 o 
Son's Declinntio~l . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -k 8 12 54 
Elevation of the Equator . . . . . . . . . . . . . . . . . . . . . . . . .  5 3  49 6 

I,at,itnde Nol-tl~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 1 0  54 
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3. DETERMINATION OF THE TRUE MERIDIAN 

i ~ r  r~f~.fcr.e~ice to tlte Position of tlw Tlzeodolite. 

From our astronomicnl observations, the true meridian is deduced for methocl I. 

by t,he application of' the strict formulce, for methocls 11. and 111. generally by an inter- 

11olation analogous to formula (I1 1.) 

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

where 

or. 

1 COS s COS (S - 0) 
sin - 2 

= d c,, , ,, ,L . 

cos tan S - sir1 cp cos 1 
cotsn A = - 

sin t 

Very often we made direct observations, in connection with the magnetic declina- 

tio~l, either 1)g taking the corresponding :~lt,itudes of the sun a t  low elevations, or by 

obsc,rving the 1)assage of stars, both with blie theodolite. 

\\%en remaining a whole day a t  one place, the observations of the sun at  low 

corresponding altitudes are the most simple for cletermining the meridian line. . These 

observations, with a very small correction for the sun's declination, give the meridian 

line and the a.pparent noon as immediate result. 

IY.  METHODS FOR CALCULATING THE LONGITUDE. 

The longitude, i .  e. t'he aeconcl angle of' the polar co-ordinate p, cannot be obta.inei1 

1)y so sinq~le and easy a, way as the latitucle. 

&Iiich more accurate observations, as well as more detailed calcnlation~, are requiretl 

Ibr the longit~ltle than for the lat.itucle, when the same limits of accnracy are sought for. 

1,ongitudes can be determined by transportation of' chronomet,ers, hp observation 

of celesti;~l pl~eno~nena, and by the live of signals. 

Our ohservntions of longit~~cles are chiefly I~nsrrl on chronoinrt~ers, to which mc~t.Iioc1 



METkIODB FOR CALCULATING THE LONCiITUDE. !)5 

we give the even in those cases where we have also tletl~lced the longlt~~tltb 

from celestial 1)herlomena. 

1. LONGITUDES BY CHRONOMI.:'rE:HS. 

Rates if th,e CIlrono?~~eters. . 

During our journeys we used the following chronometers, m:uked in ollr journals 

of observations with tlie initial signs as in the annclxed list: 

Cluon. 1, by Parlcinson and Frotlsha~n, original No. 2942, one (lay cl~rnnomrter 
Cl~ron. 2, by I'nrkinson and Frodsham. original No. 1864, 

Chron. 3, by Parlcinson and Frodsharu, original No. 3420, 

These three chrollo~ncters we took with us from London, their rate l l av i~~g  1)ee11 

previonsly ascertained a t  the Ureenlich Observatory. 

Chron. 4, box cllrononleter (two day chronometer) 1,y Parkinson ant1 Frodshx~n. origir~:~l 
No. 2205. 

Cliron. 5, by Grant, one day chronon~etrr. 

These two chrono~~leters were handecl over to us from the Madri~s Ot~servatory, 

1856, March 28. 

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

:~stronomical purposes. 

The best of our chronometers was No. 3;2 we, t,herefore, nsed it as of'te~i as 1)os- 

rible, and we have tleduced from i t  the greatest part of our lo~lgiturles 

During all our jonrneys, each chronometer was packet1 in a large I~ag, stuH'etl 

with cotton, a,nd carried by a separa.te kuli (bearer). This seemed to 11s the best, 

arrangement to obviate any bacl effects, as well from insolation, as from shaking. The 

vcry satisfactory rates of our chronometers, in spite of our travelling neklrly alwnyb I)? 

land, and not by water, may be attributed, in a great measure, to this p reca~~ t io i~  

The rates for 0111- chronometers were ascertainecl with the greatest possible ca1.e. 

as may he seen from the following details. We give first the data on which the rate 

of chronoineter 3 is based, then those for our other clironon~eters. 

' Scc Raper, On Longitodeu, N n l ~ t i r n l  Nagazinr, 1839; Dallssy, Sur lu ~ n a r c l ~ e  dcs c h r o ~ ~ o ~ ~ ~ i . t ~ ~ ~ s .  1';ll.i~. I R 4 l l :  

I . i r~~ssou ,  Recherrhes slrr Ira p ~ l l d l l l C 8  et les chronomi.trrs, Paris, 1854;  Shadwell. 011 c l~ronon~ete l~a  nncl  ~ ~ ~ ( ' r i ~ l i a ~ l  

(listnncra. I .~tndon,  1855. 
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n.  CHRONOBlETER 3; 1854 T O  1857 

1. LONDON. 

1854, September 10 to 18. 

Determined by coniyarison with l'arkinson and Frodsham's standard pe~itlulum clock : 

hleau rate, communicated September 18: Gaii~ing lJ.O. 

2. TOYAGE FROM SOUTHABIITON TO BOMBAY. 

1854, September 20 to November 24. 

We had arrived a t  Bombay the 26th of October. 
11 m s 

Southampton, at  Noon Greenwich Time, September 20, Chron. 3  . . . . . . .  0 0 3 3 . 8  r. nl. 

Bombay Ol~servatory, a t  Noon Bombay Time, November 24, Chron. 3 . . . .  7 7 5 2 . 6  

Difference of Longitude between Bombay and Greenwich, in Time . . . . . .  4 51 1 6 . 3  

Cliron. 3, referred to Bombay Noon, Mean Time . . . . . . . . . . . . . . . . . .  11 59 8.8 

C:l~ron. 3, Bombay, November 24, slow . . . . . . . . . . . . . . . . . . . . . . .  0 0 5 1 . 2  

Green\\-ich Time (Sonthampton), September 20, fast . . . . . . . . . . . . . . .  33.5 - 
1,ost from September 20 to November 24 (65 days) . . . . . . . . . . . . . . .  8 2 . 7  

Mean daily rate: Losing 1-27, 

T h e n  011 board tlie steamers, the chronometers were lrept in as ~iniform a 

tem~erat ,ura as possible, and secured from the effects of the ship's niotiorl, by I~eing 

l)lacecl in a thick wrapping of cotton. 

3. Bonma~ OB~ERVATORY. 

1854, November 24 to Decemher 8. 

Mean daily rate: Losing Oe.61. 

'The comparisons were made by Lieutenant E. I". T. Fe rg t~sso~~ ,  I. S. 

Tlie following table contains the detail of the comparisons and tlie variatiull of 

t l ~ r  tlailg rate, wliicli may be considered as very unifonli. 

1 Uoml,:~y is i'vecrl frvlo error ol' clock. Longitude Bombay Observato~.y, 730  4:)' 5", :IS col~tninecl i l l  the I ~ ~ I I I I ~ I ~ I ~  

3lnpnctirnl OI~rel~\-~~tions,  1856, 11. III., ond based on Tnylor's Longitude of hlndr;~s = Roo 13' 56;". 



1844-5, December 8 to  k'cbruarg 27. 
I, n, B 

Jl;~llrns Observ:~tory, Chro~l .  3  at, RIatlrns Noon, hIean Time, E'ebroary 25 . . . . . . .  6 37 4 0 . 6  

1)ifferenrc of I ,ong i t~~de  bct1vee11 l l :~dr:~s and Oreen\\icll, in Time . . . . . . . . . . . .  5 20 5 7 . 3  

hIca~l Ti~ll(: a t  hladlns by Cliron. 3 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  11 58 37 .9  
(!llroll. 3, slo\\, xt Madras . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0  1 23 .1  

.. slo\\. a t  Bonlbag . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0  0  51 .2  --- .. lost fro111 I)eceml~er 8 to Febroary 27 (81 d:~gs) . . . . . . . . . . . . . . . .  0 0 3 0 . 0  

Mean daily mte :  Losing 0 . 3 8  

Tlie observatiolls were made by Major Worcester nncl Adoll)l~e. 

0111. (H. ai1d.H.) short stay in Madras made i t  illlpossible t o  rate Noh. 2 ant1 3 at  

the Observatory itself, bnt  A(lolp\)e's Uhronomrtc.r 1 was mtetl; see 11. 10-1. 

1855. Febr l~ary  2 i  to bIarc.11 8. 
11 111 B 

St~rvryor  ~ e n e ~ . : ~ l ' s  Officc: Cllro11. 3  xt Ca. lc~~ttx Noon, Men11 'I'ime, March 8 . . . . . . .  6 5 11.3 

1)iffercllco of 1,otrgitndr I)et\v(:t.~~ Cnlrllttn1 alltl (ireellwich in 'l'itr~e. . . . . . . . . . . .  5 59 23 .1  
---- 

h[cnn 'l'i~nc a t  CalCot.t:~ Ily Cllrotl. 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 58 3 3 . i -  
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I, "l 8 

Chron. 3, slow a t  Cnlcutta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 1 26.6 

,, slow a t  Madras . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 1 31.4 

, lost from February 27 to Marcli 8 (9 days) . . . . . . . . . . . . . . . . .  0 0 5.2 

Mean daily rate:  Losing 0'.58 

Between Madras and Calcutta, by the Peninsular and Oriental Company's steamer 

" Bengal", the chronometers were secured in the same inanner as during the preceding 

voyage. 

(i. CALCUTTA OBSERVATORY, 35, PARK-STREET. 

1855, March 8 to 23. 

Mean daily rate: Losing 09.  65. 

- Tlie daily comparisolls were made by Bibu Ridhanatli Sikdrlr. 

The detail of the corrlparisons and the variation of' the daily rate is given in the 

,f'ollowlllg table. The readings are referred to Mean Noon Calcutta (already corrected 

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

I ' I . I I P ~ F  in  ad in^^ Rre evidently nronR, th011gh they do not afferl the Inralb ol'yhe rlnily ~xtr .  

Year, 1855. 

Month. 1 D a y  

Tin'e at 

Mean Noon, by 
Chronometer 3 

11 m s 

6 5 11.30 

6 5 1 1 . 0 3  

6 5 9.60 

. . .  
6 5 8.13 

6 5 3.15 

6 5 6.90 

6 5 6.59 

. . .  

. . .  

. . .  
6 5 3.89 

6 5 3.65 

6 5 2.95 

6 5 2 . 1 7  

&[arch 

, 
.. 
. 
. 
.. 

., 

.. 

. 

. 

.. 

8 

9 

10 

11 

12 

13 

14 

1.5 

16 

17 

18 

19 

20 

2 1 

23 

Daily Rate, Chron. 3. 

Gaining. 

. . .  

. . .  

. . .  

. . .  

. . .  
3.75'  

. . .  

- 

I n s i n g .  

0.27 

1.43 

0.735 

0.735 

4.98' 

0.31 

. . .  

0.76 

. . .  

. . .  

0.70 

0.78 
. . . . . .  



METHOD6 I*'OIl UhLCULATING THE LONGITUDE 

7. GO~ATTI TO CALCUTTA. 
1855-6, Decenlher 13 to  March 26. 

11 rn a 

Noon, Meau Time a t  Gohitti ,  deduced from the observations by Chron. 3 . . .  5 44 15 

Longitude of Gohitti ,  from the  G. T. S.,' Eas t  of G r r e n d c l ~ ,  91" 43' 45" = 6 6 5 5  

Therefore Mean Greenwich Time a t  Mean Noon, Gollitti . . . . . . . . . . . . .  5 53 5 
-- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chron. 3. slow a t  Gohit t i  0 8 50 

11. Calcutta, Rlarch 26. 
b m a 

Calcutta uncorrected Time by Chronometer Thn~aites . . . . . . . . . . . . . . .  2 12 0 P.nr. 

Error of Th\raites, a t  Noon, fast . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O 51 43 .08  

Rate of Tl~waites (in 24" gaining 10-44) in  2 lionrs . . . . . . . . . . . . . . .  0 . 8  
~ - ~ p  ~- - 

Error  of 'l'hwaites a t  the time of comparison . . . . . . . . . . . . . . . . . . . .  0 51 4 3 . i -  

Corrected Time of comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 0  16 .1  

Clwonometer 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 20 2 3 . 5  A.M. 

11 rn s 

'I'inlc by Cl~ronon~eter  3, a t  Mean Noon, Calcutta (Thw.-C11. 3) . . . . . . . .  6 0 7 . 4  

Mean Gxeen\vicl~ Time, a t  Noon . . . . . . . . . . . . . . . . . . . . . . .  G 6 38 .4  

Chronometer 3, slow a t  Calcutta . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 6 31.0 

1, rn s 
(Ihron. 3, slow a t  GoIiAtti, 1555, December 13 . . . . . . . . . . . . . . . . . . . .  0 8 5 0 . 0  

, slo\v at. Calcutta, 1856, hlilrcl~ 26 . . . . . . . . . . . . . . . . . . . . .  0 6 31.0 
- -- - -. . - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  gained in 104 clays 2 19.0 
Mean daily rate: Gaining l"34. 

8. S h ~ h  TO R . a u ~ ~ i ~ n l .  

1856, May 15 to October 24. 

In the dak carriage, the chrollometer was carefully packecl :l\\-ay to r~Litigate tlie 

effects of the shaking. It was not wound up before reaching Simla. Between this 
place and Raulpindi, it was kept regnla.rly going. 

n. Simla. 
Noon, hlean Tinlc a t  Simla, deducrtl from tllr observations, May 15, Chron. :I d' 2: 2; 
I~ongitudc of Simla, ncar General Iioileao's former Observatory . . . . . . .  = 5 8 3 0 . 4  

l'l~c.refore Mean Greenwich Timr at  ?rIeau Noon. Simln . . . . . . . . . . . . . . .  6 51 20.  G 
( ' l~ron. :3, slow :tt Simla . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 23 8 .c;- 



11 11, 1 

XOOII, ~IC:LII 'Time at Srinigger, deduced from the ol~scrrations, October 24, Cl~ron. 3 (i 40 20 
1,olrgitude of SrinAgger, fixed Ibr t,l~e Sl idd~ Bag11 by mexwring its distance from 

I,B.nka Island and Takt-i-Sulaunin. Stations of the G.  'I'. S.': 74" 48' 30" = 4 5'3 14 
'Tl~rret'ore Mean Greenwich Time at Mean Noall, Srinigger . . . . . . . . . . . . . .  i o 4(i 

Cl~rnn. 9, xlo\v at Srilligger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 20 26 

11 111 . 
Chroll. 3, slo\r at Simla, May 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 23 8 . 6  

.. slo\\. at Sri~~igger, October 24 . . . . . . . . . . . . . . . . . . . . . . . . .  0 20 26 

.. gained in 162 days . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 43 

= 169" 
Mean daily rate: Gaining l b O 1 . '  

t l .  Leh i n  Ladak. 

185(i, duly  11 to September 17 

1 ,  111 

Knoll, 11en11 'Tin~e at Leh, deduced from the observations, J~lly 11, (:lll.on. 3. . . .  t i  23 24 

Xool~, ;\lean 'Time at Leh, deduced fron~ the ol)ser\,ations, Septeml~rr 17. after our 
retnru fro~n 'I'nrkistLin, Chron. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 z!) 27 

(;nine(l in 68 days . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 3 

The cletern~ination of Noon, J u l y  11, is not  precise enoilgh t o  allow ; L ~ I  alteration 

ill the  general rate  Ijrtnreeli Sinlla a ~ ~ d  Kasl~mir .  But  i t  sllo\vs, a t  all events, that  

the c l ~ r o ~ ~ o n l e t e r  had been going uni l i te l~nptedly rlul.ing 011~  joi~rney i n  T~~rk is tBn .  

A t  i g r a  the  comparisons were iiiaclt~ wit11 Parkinson nnd Vrodsham'h l ~ o x  cl~rono- 

~ ~ i e t e r  2.423, a t  the Chief Engmeer's Office, by ( l e ~ ~ ~ r a l  Uo~lean's head assistant, M r  Nntxll. 

1 See t l ~ r  (lctnil at the station Srinngger, Section II., Groop VIII. ,  No. ($1. 

' ~ I I P  Time of  the Rnulpindi ohservntion, Decen~her 3, was referred hy ,lire<-t. romp:~riaon to . \< lu lp l~e '~  ('111.1)- 
~ ~ o m e l e r  1, lor \vhirh tlir rate liad been :tscertnined nfitli pnrt,iculnr :Ircorary for this period. 

,, Lhe compnriso~i ynve, Rar~lpindi 1856, Decenther 3 :  II "I s 

:\dolplir's Chronoineter I . . . . . . .  . , (i 8 ,;:3 I) 

11er11t:unn's Chrononnct~r :I . . . . .  . . . .  5 36 1 9 . 2  -- - 
('l11.on. I - C11rnn. : I .  . . . . . . . . . . . . . . . . . .  :',":I::. H 



>IETHODS V'On CAIICUIJATING THIS IdONRITUDE. 

J(radings of ( ' l~ronometcr 2326, &ra RIen11 Time, January 20 . . . . . 

2325 fast on Mean T i n ~ e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 0 4 
- - -. -. . - - - 

2325 corrected Mean Time ~ g r a  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 37 56 

(:orrrspo~~ding readings of Chron. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . fi 57 : j i  

T 3 :37 
- -  - - .  

1Iea11 7 0 :3T 

April 1. .\1)r11 1. 

Rending of' Thwaitrs, C:~lcutta, Rlc~zn Tinie. ! Corrrsponding Itendings of Chron. :l 

-. 

Mean 4 !I 50.2 

ICrror of T l~~va i tes  nt 4" 12"' I , . ~ I . :  fast 1" 66"' 59"!) I, I" H 

C'orr. Mean 'rime a t  C,alcutta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 12 5 0 . 3  
Cl~ron.  3, slow a t  Calcutta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 19 !J. ti 
J,ongitr~de, 1':. Green., of C a l c ~ ~ t t a ,  in l ' imc. . . . . . . . . . . . . . . . . . . . . . 5 53 2 2 . 0  

. of ~ g r a  . . . . . . . . . . . . . . . . . . . . . . . . 3 12 6.1; 
. - - .- - -- 

1)iffercncr of Time by Longitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 41 1 5 . 4  

Cl~ron. 3, slow at  Calcnlta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4  19 9 .  (i 

,, s lo~!~  a t  Agra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :3 37 1 9 . 0  
Difference of Tinie by Chron. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( J  41 :O.(i 
Therefore, Cllron. 3 lost f r o n ~  J a n u ; ~ r y  20  to iipril I (71 days) . . . . . . . . . I) o 3 5 . 2  

arenl~ daily m t r :  Losing 09,49.  

10.  C a r , c u w a .  

1857> ~ i p r i l  2 to 1ipr11 18. 

Lly d i r e c t  c o i n l ~ a r i s o n  with t h e  cloclc of  t l ~ e  C h l c u t t ; ~  C)l,>el.vatory was t ' o ~ ~ l l t l :  

h1cn11 daily rate: l r o \ 1 1 ~ ~  Oy .ST. 

The rletnils a r e :  
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1857, April 1 to 27. 

Comparisons of the Chronometer Arnold 392, of the Madras Observatory, with 

Chro~i. 3. 
Arnold 392. 

'rime Cn'clltta 

Mean Noon 

by byhron. 3. 

I, rn s 

7 40 56.23 

7 40 54.79 

7 40 53.60 

7 40 53.56 

7 40 53.29 

7 4 0 5 3 . 8 0  

7 40 50.70 

7 40 49.62 

7 40 49.69 

7 40 47.13 

Cllron. 3, Dnily Rate. Yenr, 1857. 

AIadras Mean Time. 

Ga in ing  

9 

. . .  

. . .  

. . .  

. . .  
1.59 

. . .  

. . .  

. . .  

. . .  

. . .  

April 

,, 
,, 
,, 
,, 

- 

Chron. 3. 

Losing. 

8 

0.72 

0.60 

0.04 

0.27 

0 '52  

1.08 

0.93 

1.56 

. . .  

2 

4 

6 

7 

8 

9 

15 

16 

17 

18 

12 37 14.4 

12 38 14.4 

12 42 14 .4  

Mean 12 37 50 .3  

Emor of Arnold 392 a t  4" 30" P.M.: fast 7"' 13"2 
11 111 9 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Corr. Mean Tinlc at  >ladr,zs 4 24 52.8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chron. 3 slon, 3 47 2.5 

. . . . . . . . . . . . . . . . . . . . . .  Longittide, E. Green., of C:tlcntta, in Time 5 53 22.0 

. . . . . . . . . . . . . . . . . . . . . .  of BIatlras 5 20 57.0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  1)ifferencr of 'rime hy Longitude 0 32 25.0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C:hron. 3, HIOW at  Calcutta 4 19 9.6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. slo~v at &fadras 3 47 2 . 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I)ifftn~.~ncca of Tinlr by Chron. 3 0 32 7.-1 
. . . . . . . . . . . .  'I'l~rrt~fore C:l~ron. 3 lost from April 1 to April 27 (26 dayq) O 0 17 .9  

>lean daily rate: Losing 0".69. 
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The rates adolked for this chronometer, as well as for the others, tluling the tlifli,rei~t 

periods of' our travcls are contained in the General Table of Rates, p. 109. 

The ratc varied very little and with a certain regularity. Thr chronometer was 

gaining or losing, according to the changes of temperature, a. fact which was a~cert,aiiietl 

by us, ,a,nd afterwards corroborated by Professor Brnllus, in two extensive seriel~ of 

ratings, made a t  the Berlin Observatory from June to August, 1857, and from Octol~er~ 

1857, to Janua.ry, 1858. 

b. C H R O N O M E T E R S  1 AND 2; lH54 TO 1$5(i. 

1. LONDON. 

1854, September 18. 

London, compared with Parkinson and Frodsham's standard c l o c k :  

Chron. 1 (Or. No. 2942). Chron. 2 (Or. No. 1864). 
B 

Stand: slow 1 2 . 0  
Rate: Losing 2 . 0  

B 

Stand: slow 5 7 . 5  
Rate: Losing 2 . 3 .  

2.  VOYAGE monr SOUTHA~IPTON TO BOHBAY. 

1854, September 20 to Novembcr 24. . 

Southampton Noon, Greenwich Time, September 20:  

Chron. 1: 11" 59" 448.0 Chron. 2 :  11" 58" 57-9. 

Bonrba,y Observatory a t  Noon, Bombay Time, November M :  

Chron. 1 :  7" 5"' 35"5a.v. Chron. 2 :  i l '  3"' 3G8.5 A.ar. 

Cllron. 1. Chrou. 2. 
Rate: Losing 2"65 Hate: Losing 3". 77. 

Bombay Observatory :it Noon, Bon1bn.y Time, November 24 to 1)eceinl)c.r 8. 

Chron. 1. Chron. 2. 
I, ," a I, 33 ,  * 

November 24 7 6 3 5 . 5  A.M.  November 24 7 3 3 6 . 5  ~ . a r .  
I)ecen~bcr 8 7 5 2 A . M .  December 8 7 3 1 A . M .  

Ilate: 1,osing 2.30 Hate: Losing 2 .54 .  

The rate obtained for each day is shown in the following t,able; the nuu~bers 

~ ~ n i t e d  by ))races are mean results for this group of days, wit,hout inclucling tlirt>ct, 

obser~ations o n  the single days: 
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Chro~~oinetcr 1. Chionometer 2 

,, 30  2.50)  ,, 7 2 . 2 5  

1854-5, December 8 to  February 27. 

Madras Observatory, a t  Maclras Noon M. T., 1855, February 27. 

Clu-on. 1. Chron. 2. 
6h 31)" 4 l 9 . 8  A.M. 6h 29"' 48*. 5 A. ar. 

Bombay Observatory, a t  Bombay Noon &I. T., 1854, December 8. 

Chron. 1. Chron. 2. 
' 7" 5m 28 A. >I .  7h 3"' 1%. ar. 

Rate:  Losing 3-19 Rate:  Losing 3"05. 

A t  the Madras Observatory the daily rate of Chron. 1 was determined from 

February 12 to 2 6 ;  the following results were obtained: 

Losing. 

Fe l~rnary  1 3  3.17 

.. 14 2 .84  

. 16 3 . 5 0  

.. I(i 2.46 

. 15 2 . 3 7  

Chronometer 1. 

Losing. 

February 18 2 . i 0  

, 19 2.82 

, 20 3 '07  

.. 21 2.00 

,, 22 2 .73  

Mean Hate: Losing P . 7 1  

4. ~IADRAY TO CALCUTTA. 
1855, February 27 to  Marc11 8. 

Surveyor (;eneral's Office, Park-street, Calcutta Nooli M. T., March 8. 

Chron. 1. (:hron. 1. 

5l' 58"' 4W.8 j1> 67"' On.H  
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Madras, Noon M. T. Pebrnary 27 : 
Chron. 1. Chro~~. 2. 

6" 31"' 41"s n.rr. Gh 29'" 4 P . 5  A .  AI. 

Mean Rate: 1,osing 1" 4. Mean Rate: 1,osirlg 2'. 60. 

A t  the Surveyor General's Office a t  Calcutta the  daily rates obtained by direct 

comparison were : 

Chron. 1. Chron. 2. 
Losing. Losi~~g.  Losilig. LOR~IIK.  

Chron. 1 was purposely allowed t o  r u n  down, since we \vished to take one chro- 

nometer with us, carefully packed away, i n  order t o  see how far this plan mould avail 

In keeping the rate uniform. 

Chron. 2 stood, when last compared a t  Calcottrt, a day before our  cleparture: 

1955. hiarch 22: 5h 66" 17@.2 at Calcutta hIe:~n Koon. 

R'larcl~ 9, 4.77 hIarchl4, 2 . 2 5  

,, 10, 2.43 ,, 15, 2.81 
,, 12, 2 . 4 9  ,, 19, 3.05 
,, 13, 4.48 ,, 20, 4.28 - -- 

Mean ltitte 3.32 

1855, March, t o  185(i, April. 

During this period, chron. 1 could be us'ed only for t,lie dettt~lnination of 

intervals of time, when observations of latitucle o r  of horizontal lnagiietic intensity 

by vibrations were made; the time read must be considered as arbitrary; for on the  

\\ray from Calcutta, t o  Naiuitil  we had packed i t  away in i~ large stuffed bag, in 

order to  prevent alterations in its r i ~ t e  by t,he heavy shaking of the dhlc carriages. 

Both chronometers were also t,alien with us on our journey to GnSri l(htjrs11n1; 

but both got injllrecl. 

a. First period. Chron. 1. While we were crossilig tlle S a k l ~  pass 011 the night ot 

.111ly 16, in  secrecy and disguise, this chronometer fell off' a little stone, on ~vhich  it  

had been deposited with other luggage during a short Iialt,. A n  altera,tion of t,he rate 

ensued, tho amount of which was again determined a t  the Massliri Observatory. 1855, Nov. 

The rate, ascerti~ined by J. H. Hennesscr, Assistant G. !L'. S., wafi fo~~mtl  to be: 

Chron. 1, Losing 1'. 2. 

Uhron. 2 \\,as lcept going fro111 March to Ju ly  13, 1855. A t  A LaptB1 \ye 

t'o~urtl t'l~at. it. ]lad stoppetl, tllotlg11 we were tlnablc, t,o assign ally reason for its so 

1. 1 I 

March 9, 4.27 .. 14. 3.25 
,, 10, 3.43 ., 15, 2.31 
,, 12, 3.49 ,, 19. 3.50 
,, 13, 4.46 ,, 20, 2 . i8  

R'lenn Hate 3.46 
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tloing ; conll3n.risons \vit,l~ chron. 1 showed, however, that i t  had ke11t its rate. We set it 

i1ti.es11 : ~ t  Lal)tQl, and i t  continned going till after we had Dira, Buglist 12. 

T\'hcn set a,gil.in, it. liel)t the rate as before, till Ulla Tingding, 1855, Septenll~er 5. 

Chroll. 2, 1856, .luly 14, Men11 Noon, (i" 21"' 578.  

\Ire atlol)t,. : ~ s  rat>es for the 1)eriotls tletailecl il.l)ove, tlie l~lenii of d l  the l)recetlilig 

~~a tes .  viz.. for 

( ' ~ I I ~ ~ I I .  I .  C:hroll. 2. 

I,osing 2'.46. Losill? 2".86. 

Preqi~ent, ni l~t .~r;~l  coinpnrisons of the two chroiionleters were made during t l ~ e  journey, 

and they showetl t.hat both chronometers kept their rates. Chron. 1 had been keyed 

i~,ncl comparecl with Chron. 2 a t  Nainitil. 

(3. Sero~zd period. C7lron. 2 .  When ddolphe ma,s the second time out in (+nbri 

Kh6rsnn1, t,he Rhiit.ia, RBlnu, who carried the instrument, fell down ;t precipicr I1en.r 

1 h l a  Tingding? 1855, September 7, and was dashed to pieces. Singabrly enough 

the chronomrtel. was not stopped by this accident, its ra,te, however, was much 

;~lt,ered, n.ntl I~ecnme very variable. The chronometer was l~art ly repaired a t  Sinila,, in 

Allril. 1856, 1n1t we did not find i t  advisable to use i t  again :IS a chronometer after 

t,l~is ratnstrol>lle. 

1. Tltirrl 11cr.iot1. Chron. 1. 1856 and 1867. The rate of chron. 1 wils fo~ultl at 

Simln to be losing I" 7, iund this rate has been adopted in the c;~lcilla,t~ions i1.s f i~r  t1.s I)h. 

,It Siml;~.. klay 15, Nean Noon Siinla. Time, we had 
11 111 * 

Chron. H. 0 9s 91 ;\.a[. 

Cllron. 1. 6 25 '21 A.M. 

llT1lell ,%doll,l~e l~assecl tlirough the Clietinga vi~lley, t110 killi witall tlle cl~roiioi~~et~er 

relllained behind, nncl t l ~ e  chrol~ometer ran clown. 

It. was wound 111) a t  Hilshe, 1856, July 14, ant1 tioln tlir~r gave ar1)itriLry tliinc.. 

X similar i~ccident took place agein near Tishilig, Sel~ten~l)c+~* 22. 

Fro111 this (late, up t,o tlie periocl to which our t)rot,ller's ol)s~rvations, as fi1.r 

t l ~ r y  have been recovered, extend. the cllronometel- iL1)lIeiLl.h to havr 1cel)t going withollt 

stol'l'age. 

I?rom 1 H3(i, July, to 185(i, Octol)er, tlie rate i~dopted was - 0". 0, \\;liicli also agrees 

wit11 coml~itriuons at Srintigger wit.11 chron. 3, the rnte ot' t,he latter being - l q . 0 1  gainill& 
I ,  1 l ~ r  nl)scrv;tt,ions of clii~o1ron1et.ric longitt~cles, n s  till. ;IS 1hil1, \trc?l.r rrft~1~1~ecl to Siml;~;  



froin 18B(i, September 20, SrinBgger was the p1;~c.c of reference. 1511t for the s l ~ o r t  

ir;ol;ttetl 1)eriod from 1856, Ju ly  H to  Septeinber 20, we were obliged t o  take S h i g ~ r  

a 3  the starting point. We adopt as longitrirle of S h i p - ,  f'ron~ t , l~e n l o ~ t  ca,refill coni- 

]jutation of various distances, 75" 45' 30". 

For  Srir~kgger Mean Nooil we obtained: 
1, 111 * 

October 24, by Chron. 3, 6 10 20 

1856-7. 

For thc observations (luring the last period of our  brother's journey we deducetl 

t,llc+ rates of chron. 1 fi-om the ol~servations a t  h99rri and a t  Dkra Ismiel Khan. The 

loligitudes of these places are taken from the Cf. T. S. as detailed below, where our  

OI\~II  observations are give-n. 

MBrri. De1.a Isnliel I<hnn. 
Long E. Gr. 79" 22l.7 in arc Long. E. Gr. 70" 5fiI.5 i l l  arc 

, ,, 4'' 53'" 31"n time ,, ,, 4" 43"' 4 6 q 1 1  time 

31e;in Noon . . 7" 19"' 30n Nov. 13, 185G. Mean Noon . . 7" 23"' 10" 101). 23, 1857. 
I" 6 

Ditference of Longitude . . . . . . . . . . . . 9 45 

.. of ~ I I P   lent^ Noons . . . . . . . . 3 YG -- 
Lost ill  104 days 361) 

BIenn Itate: Losing 3#.55. 

Chron. 4 is il box cl~ronometer by Parkinson and E'rodsl1i1.111, with the origirial 

11u11rl)er 2295. 

We received this instruluent throiigl~ tlie kindness of' Major Jacoll, t8hc Govern- 

Inelit hst,ronomer in ;\Ia,dras, March, 185(;. 

I ts  rate was large, but it remainrtl 1)retty unif'om wllrn t.he cl~ronometer was 

left ~~ndis tu rhed  fbr some d y s  in one l~lace. 
r 7 l h r  rates tleter~nined are : 

at BIadras, BInrch 1856: Onitring 11.7 
;it Lch. .lnly 1856, Gaining 14.0 
at  I%omb;~y, April 1x57, Gaining 13.0. 

A series of' c;lrefr~l c o n ~ p a r i s o ~ ~ s  wit(11 chron. 3, during our jorlrneys between Sixrlla and 

l<:~shinir, I I ~ s ,  Ilowrver, shown thkzt its rate increased considerably, and sometilnes be- 

canic. irrt-g~rlar, when t,lle inst.rument was carried  bout,. 

1 -1 
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The following tahle shows the result of the different comparisons. They are 
fbrmed into two groups, in consequence of chronorneter 4 having run down during 

our ascent of the $chi pass, when we were obliged to  leave the chronometer, together 

\\.it11 mu. other lnggrage, behind on the glacier. 

On the ruggctl ascent up the southern dopes of the Sasser pass, chron. 4 seeined 

c,vidently to have been affected by the heavy shaking, and the rate obtained by the 

conll~arison on the SBeser pass is therefbre quite an exceptional one. Later, the original 

rate very nearly returned. 

7vTrheil travelling together (Hemarin and Robert) from Leh to Twkisthn, we never 

had occasion to use chron. 4, chron. 3 being always in periect order. But a t  lcargil, 

hefbre we sepamted, i t  was set and compared again with chron. 3. The comparison 

wnh s~~bsequently repeated a t  Srindgger ancl Ha~~ll l i~ldi .  

Chron. 3. 

Yenr, 1S56. Corr. for Itnte 
XIII=Gain 1'.01. Rending, 
I I I 

On the way from Kirgil to Homl)a~y, from October, 186(j, to March, 1867, wlierc 

I (Roljert) had only this rhronometel- with me. I used i t  also for the cleterniination 

of' longitudes, adopting as n1ca11 mte :  (faining 15" 0. This rate i t  xee~nerl to  kct ,11  

on a11 averilgr toleraldy \\rpll for longer 11clriorls of' tin](,. 

h m s 

Rate of Chron. 4. 

I 
Interval of Time. I Rate :  Gain. 

Year, IJ5(;. 

11 nl a 

3 58 31 , 
h l n j  11Yt,oJuly 12 

12 ,. July 16 

Chrou. 3. llatr of C l i r o ~ ~ .  4. 
Corr. for Rnfc 

Idell, . . . . . . . Jnly 12 / 6 27 41 6 45 50 1 19 .3  

1 4 . 0  

113.1) 

1a .x  

1 7 . 2  

L e l ~ ,  . . . . . . . July . 16 

Sisser p;~ss, . . . August 2 

liii~k-Iii61,. . . August 14 

.I,ore AS(111gnl. .iugust 21 

I 

,S l l l=Onin  1 " O l .  Rending. 111trrvnl oC 'rim-. Rate: Gain. 
! . I 

h I" * 
l<irgil, , , Octohar 9 / 1 56 15 2 13 40 ( I Octoher !r to Octol~rr 30 17.(i 
Srinigger, ()rtobpr 30 3 3!) 51 4 J 25 I O c t o b ~  30 ,. D ~ C ~ I I I ~ P I .  3 1 3 . 1  
/(a~ll/ll~cli.  ilccernl~er I 4 0 25 3 31 3 5  , 

I 
I 

. - - --. - - 

8 13 2 0 . 2  32 25 1 
Jt~ly 1 , I I S  2 

11 33 57 

2 39 13 .2  ; 3 13 15 
( August 1.1 ., August 21 

8 15 1 3 - 1  8 51 15 



TABLE OF RATES 
.iUOPTEI) IS CALCULATMG THE CHRONOMETRIC LOXGITUDES. 

--  

I: Eyocbs and Periods 

N a ~ c h  22 to July 16 

hIarc11 22 to Sept. 7 

115.5 I Ixch  8 to April 16 

Bombay to Madras 

1855 

1850-6 

1855 

1855-6 

1856 

1856 

1856 

1856 

1656 

1856 

1856 

1856-7 

1356-7 

Is57 

Calcutta to dakh pass 

April 17 to July 29 

November to May 15 

July to October 
Oct. 20 to Jan. 10 
Feb. 26 to bIuch 26 

May 15 to July 6 
July 8 to Sept. 20 
Sept. 21 to Oct. 24 
March to May 
May 15 to Oct. 24 
May to December 
Dec. 17 to E'eb. 24 

?JOY. 13 to . . . . . 
Jan11a1.y to .\p1.11 

Calcutta to 1 h a  ~ i n g c l i n ~  

Calcutta to the foot of 
Sikkim, Himilqa. 

Sikkim, Himilaya 
Southern India to Simla 
Bengil to Khiissiit Hills 
Khissia Hills. Assiin 
Bengil 

Sirnla to DSh 
Hlishe to TBshing 
Kinibbi to Srinagger 

Bengil to Simla . 
Simla to Srinigger 
Simla, Kh6tan to Raulpi~~tli 
Raulpindi to Kirrichi 
hlirri to Tnrliistin 
Lah6r to Calcl~tta 

-- - - 

Chro. 
nome 

ter. 

- 
1 

2 

3 

1 

> - 

3 

3 

1 

3 

3 
3 

1 

1 

1 

3 
3 
4 

~ 
3 

- - 

Mean Local Nooil 

t i o  1- 
Bombay 

Calcutta 

Calcutta 
Calcutta 

Gohitty 
Calcutta 
Sirnla 
Shigar 
Srinigger 

Gimla 

Raulpindi 
Marri 

Agm 

Rate. I No 

h r n  s 

Dec.8 7 5 2 i r j  

i 7 3 1  ., 
7 7 52.5 .. 

Arbitrary tinre 
March22 1 5 56 17.2 ,. 
July 14 

March 6 

March8 

6 21 57 ., 

6 5 11.3 ., 
6 5 1 1 . 3 , ,  

rirbi tmry tince 
Arbitrary tilitc 

Dee. 13 ) 5 44 15 ., 
March 26 , 6 0 7 ,. 
May 15 / 6 2 5  21 ,, 
Bugust 5 ) 6 32 44 .. 
Oct. 24 7 14 22 .. 

ilrbztrc~ry time 
Pay  15 1 6 28 21 .. 

drbitrctry f i91lc 

Dec.17 1 'i 1 8 2 1  .. 
XOY. 13 7 19 30 .. 
Jan. 20 8 2 41 .. I 
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I,ongitude\ call he deduced from celestial phenomena that are nttected by 11ar;tl- 

litx, ;Is : 

Eclipses of the Sun, Transits of hlercury and Venus throogh the disc of the Sun, Orcultatiol~s 
of Stars by the Moon, Lu~lar nistnnccs, cither from tile Snn or from Stars,l Altit~ltles of the Moon; 

and from celestial plienonlena \vithont p:rrallas, as:  

Eclipses of the hloon, I~lunersio~~s nlid I.:n~ersions of thr S;ttell~tes of Jul~iter,~ and Culminations 
of the h l ~ o n . ~  

The olxer~~ations of Jupiter's satellites have only recently acqlilred an unexpected 

accuracy by the nice calculations of Damoiseau. 

Argelancler, Pogson, and Julins Schmidt have calculated the epochs of the maxi- 

lllum and nlilliinurn intensity of more than twenty variable stars. But though in theory 

such observations \\.o~lld give very easy determinations of longitude, they cannot be 

( I .  LUKAR DISTANCES 

\Ye used theoclolites only, not sextants, for lullar distances, a method to \vhich 

; I ~ S O  1111 the formulze given below are referred. 

For calculating longitudes fro111 lunar distances, z( = the Mean Local Time, mm~st 

1)s kno\vn. We have deduced i t  from 'altitudes of the sun (see p. 84 et  secl.). 

cr, = La.tit,ude of the place, needs only to be known within one degree, to 1)e 

al~le  to find, with sufficient accuracy, the correction for parallax (see 11. 79). 

From observations wit,h the theodolite, we do not obtain, as me clo with t,he sex- 

t;llt,  thr  co-ordinates of both celest,ial bodies itt exactly the sa,me time, bllt with a short 

slb;tcc of time intervening; an interpolation, therefore, in reference to one of t,ht: 

c.r.lest,ial bodies is required for reducing i t  to the exact time of the other. 

Tile va,rious mocles for the interl)olation are given in detail (p. 79 et seq.); genera.11~. 

Ilo\v\.erer. me have only employed ail inter1)olation with reference to the terms of the 

1 IJrtlli.~srlr Hnnsen'n <letailed tnllles, pobli~h~.rl  clr~ly ill 1859, have nuprrsrded B ~ ~ ~ ~ c k a r i l t ' s  formrr r n l c ~ ~ l a t i o n ~ ,  in 

\vl~icll tin. error Iprndunlly illcrrnsing every ymr) I I I ~ ~ .  excecdr 5 ne~.onda. 
1111nlemio11s and r~r~rraic~ns of t l ~ r  sntellites o f  Uranus cannot hc observed with p ~ , r t n l ~ l ~ .  i~rntrl~n~rnts  of t l ~ r  

uiro. usrd l ~ y  trarellers. It is Ilut recently that Professor L s ~ n o n t ,  the \rell kno\rn nslronnrnrl. nl AIurriclr, l~nn 

~ ) ~ ~ l ) l i s l ~ r r l  w r y  detnilrrl end rlnbornte elements in rrli'rence to two sstel l i lc*~ of Sntnrlr.. 
1 1.111 : r l , ~ ~ e x ~ ~ a r ~ c c  o f  II; l l lser~'~ tnl,les. 1$5!l. rr~~d<.ri:  I l l , ,  rnlrulntiu~~ ~f tllt~sp oI~n(.rvatiu~~s ~ I I I C ~ I  11111rv ar(.~ll.i~t<.. 
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Jupiter. 
11 I,, L 0 I , I  0 I I ,  

tt, 1 44 17 H, 204 10 30 / I ,  54 39 45 

I 721.4 millim. 
Bnrom. Temp. of Air 

28.402 inches. 

I. Interpol;~.tion (preliminary calculation). 
m s 

2t' - f f  = 22 35 

We obtain wit,h these values the following two ecluations: 

1. for AH 
22'" 35s : 15" 1s8 = 4' 19'.'i : AH; 

3. for All 
22"' 35. : 15"' 13" 3' 0 ' .  1 : All .  

Tllese equations give 
0 I 

A11 = 2 55 .0  

A h  = 2 1.3, 

a1111 wit11 these values, we obtain the following interpolated observatio~l for the moon: 

11. Hetluction of apparent altitudes to true geocentric altitudes. 

Horizolital Equatorial Parallax of tlie Moon for the time of obser- 
vation = 57l .2 log . . . . . . . . . . . . . . . . . . . . . .  =- 1.75; 

. . . . . . . . . .  log cos of the npl~roximatively corrected Altitude1 9.954 

. . . . . . . . . . . . . . . . . . . . . . . . .  log of l'nrallax in Altitude 1.731 

]';lrallax in Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53'.!) 

" I 0 I 

Aly)are~rt t\ltitu(le . . . . . . . . . . . . . .  18 5 6 . 1  54 3:). 7 

Parallax . . . . . . . . . . . . . . . . . . . .  -1- 53 .!) 0 . 0  

Refraction . . . . . . . . . . . . . . . . . . .  - 2 . 6  - 0.G 

. . . . . . . . . .  . . .  Semidiameter of the JIoon -t 15.6 
-- 

. . . . .  True georc~rtric Altitude 20 3 . 0  54 99.1 



BIETIIODS POIt CALCULATING TI1X LONOITIJDF:. 

IlI. Calculation of t.he geocent,ric distance. 
0 I 

H = 253 44.7 

If, = 204 10.5 

Arc of the Almucantaratl . . .  = 49 34.2 = A 

log sin W 9.91 150 log coa 71 9.76234 

log sink, 9.53509 log cos 11, 9.97285 

log cox A 9.81192 

9.44659 9.54711 

0.27963 

-0,35246 

0.63209 

log = 9.80078 

Arc = 50" 47l.7. 

IV. Determination of t'he longit,ude. 

Lunar Distance for the Meridian of Greenwich. 

1856, December 2. 

0'1 Greenwicl~. 3" Greenwich. 
51" 58l.6 50' 19'.5. 

0 I 

. . . . . . . .  l'arii~tion of ~ I I P  Moon witl~in 3 110urs 1 39.1  

1)istance at  0" - observed clistance . . . . . . . . .  1 10.9 

These two ~nlues  give the folloning equation: 

tl~erefore o. = 2'' 8"' 4S5 = the corresponding Greenwich Time. 

h I,, a 

Time I)y Cl~rononleter . . . . . . . .  13 44 17 

$Iran Local Noon by Chronometel. . 6 46 25 

Alean Local Time . . . . . . . .  6 57 52 

Greeuwich Time . . . . . . . . . . .  2 8 48 -- 
I1ongitude East of (;reen\cicli . . . .  4 49 4 

b J,ON(;I'I'UIlF;S BY ECLIPSES OF THE MOON 

Kcllpsc ol)st~rved at  l':~shu~ili m I<ishtv.ir. 1856, October 13 to 14. 

1,atitudc Nortl~. IJongitnde East Green. He~g l~ t .  
33" 57' 75" 41' 30" 8,350 feet. 

' Tllr A z l l n ~ ~ t h n l  prunllnx l l ~ s  been ~~eglected in the cnlculatio~~. 

15 



.\STH.ONO3IICAL DETXR3IINATIONS O F  LATITUDES AND 1,ONOITUT)ES. 

The latitllde ancl longitude of Pashmiil is deduced apyroxiinatively from 011. 

itineraries; but thih eclipse could be referred by chron. 3 directly to srin:'tgger, tlre 

rate of the 'hrononieter being very well known, ancl t,he time being cletem~ined soo~l 

aft.er our ;l,rrivel in Kashniir, October 24 and 25. 

Though. from eclipses of the moon longitudes ca.nnot be deduced with the greatest 

lwecision, on account of t,he phenomena to lie observed not being snfficiently well 

defined, these observat.ious were nevertheless of particular interest from the nature of 

t,he physical phenonlena attending this present cclilxe. 

In  eclipses, t,he atmosphere produces, bebides the shadow of t,he earth itself; ail- 

other secondary shadow, which veils, as i t  were, the shadow proper of the earth in 

forms often indistinct and diffused, a,nd modified by iltmosl)herical ~)heriomena, such 

as clouds, haze, kc. 

According to circumstances, t,he fol-nls of this atmospheric shaclow are variable in 

each eclipse, being sometimes spherical, and a t  other times of' very irreg~dar curv;rtt~res. 

The magnitude also of this shadow is extremely variable, on some observed occasions 

extending over a space of t,hree minutes of arc, as in the yea,r 1773, on others of' one 

minute. as in 1773, and sometimes even less. The magnitude of the pentunbra itself' 

is illso subject to similar variations. I t  was ol-,servecl to precede the ~lncleus of t8he 

sliaclow fro111 2 to 10 minutes of time; in Al)ril, 1818, i t  even preceded the ~luclelus 

For 1856. \\.hen I (Hermann) had occasion to ol)hcr\-e the nloon's eclil)se, 110 such 

ub~erv;~tioiis by others of the magnitude of the penu~nbra are kno~vn to nie. 

1 found the lnagllit,ude of the pentumbra equal to the senii-minor axis of the Alare 

c-risium. According to various observations, the shadow of the ea,rth itself rerlllired 

the Rlloming t.imes for passing through the whole breadt,ll of &re crisi~lnl: 
Obsrrrr~.. 'ri111~. 

Sewnay I .  . . . . . . . . . . . . . . . . . . . . .  ; 2; 

. . . . . . . . . . . . . . . . . . . .  S i e h o ~ u . .  7 0 
. . . . . . . . . . . . . . . . . . . . . .  1;iilrrker 5 41 

. . . . . . . . . . . . . . . . . . . . . .  Schmidt 7 10 - 

Alean . . . . .  6 34 

Half the Ialue of t,his time is 3" 17" and this value of the m;rgliitude of the 

l~e~tnml,ra T adopted thr t,he calclllation of lnligit~~de Irom occultations of' 'ryc.110 ;~ntl 



I)IE:THOI)R FOR (IAL(:UI,ATINC THIS TAONRITUI)F:. 

This high circellus forms, on :~ccount of its radiated and extrerllrly iwnified 

system, the most conspicnons object on the surfhce of' the moon, anrl is very tirvoumhle 

fi)r observat,ions of ingress. It is situated in the south-c.ast, quadrant of' the moon. 

The fbllowing observations of the ingress of Tycho have been ~uc~de  in I311rol)r. 

For convenience of direct comparison we have reduced tlie observed loci11 tinlrs to 

(+reenwich time : 

Ingress of the Centre of Tycho in the Nucleus, ,,, 
blean IAocal Time o f s r i n i g g e r  . . . . . .  14 44 58 

Ol,serred RI:l.gnitude o? tile Penumbra . . . .  3 17 
- -- . 

First (:ont,art . . . . . . . . . . . . . . . . . .  14 41 41 

Ingress at Greenwich . . . . . . . . . .  9 40 10 ( h l e : ~ ~ ~  li.oln iirst ant1 s e c o ~ ~ d  1,ilnll 
Srin:iggcr East  of Greenn~ich in Time 5 1 31 of Tycho) 

in Arc = i:iO 22' 40". 

b. First Li11ib of nlorc r~is i1t111.  

.. 

1'l:lce of Obser\~atio~r. 

Harnbt~rgli. . . . . . .  

. . . . . .  

Altonn. . . . . . . . .  
H n ~ n b a r g l ~  . . . . . .  

. . . . . .  ) I  

Hoya in H:~norer  . .  

Tliis nilare is a11 extensive and well dcfined circular depression, whicli to the eye 

Mean . . . . .  9 39 24 1 9 40 21 1 !) 40 56 
I 

.-.......... 

Observer. 

Weumayr . . . .  
Niebour. . . . .  
Pete r s .  . . . . .  
Itii~uker . . . . .  

. . . .  Scl~mid t .  
IIri'inneclte . . .  

...... 

Ingress of Tycho. 

First Limb. 1 antrum. i Second ~ i m h  
I 

a p 1 ~ m - b  to 111akc. a n  ellipse In the nort,h-west cjl~adrant of' the moon. 

15 * 

h m s  I, n, a 1 I, 3" s 

9 39 28 . . .  !I 4 0  55 
9 39 31 ' !) 40 26 1 4 1  1 

0 39 3 

9 39 49 

9 40 1 

9 38 33 

. . .  9 41 0 

9 40 27 

9 '10 4 ti 

9 30 45 
~- 

9 4 1  1 

!I 4 1  21 

!) 40 1.5 
- .......... 



These a r r ,  as  fhr ils I know, t h e  only o b s e ~ e t ~ ~ o n s  of' ;\[arcs crisiun~ t,alreil in 

Europe. The  great  variations i n  t h e  observer1 t ime show that  t,lic. ol~servi~tionh itw 

Iugress of tho first Liruh. 
.- - 

I, "1 a 

10  22 0 

10  23 36 
10  24 24 
10  23 51 

- 

Plnce of 0l)servntiou. 

Hamburgh . . . .  . 

I observed a t  Pashmin: 
11 111 1 

Iltgress of the first Lilnb of Mare 'risium a t .  . . . . . . . . . . . . .  15 30 11 (Srinigger 'Tinlq 
. . . . . . . . . . . . . . . . . . . .  Observcd Magnitude of I 'e~~un~brn :3 17 -- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  First, C'ontnct I d  26 5.1 

i \ f e m ~ .  . .  ,10  23 28 
-- 

Observer. 

I Neumayr . . 

Niebour . . 
Riimker . . 
Schmidt . . 

. . . . . . . . . . . . . . . . . . . .  Ingress by Grecnwicll Time 10 93  28 

. . . . . . . . . . . . . .  SrinAgger, East of Greenwicl~ in Ti~ne 5 3 26 
r - O . . . . . . . . . . . . . . .  in Arc -- 12 51' 30". 

Ztzpla~mtiort of' the l'lnle. 

Tlie first part of t h e  plate rel~resents  the  motion of the nloon tln.ougll t l l ~  

s11;~don- of t h e  eart,ll. The horizontal line represents a par t  of tlie ecli11t.ic. It. is 

int,ersected by  a second line i ~ t  an a.ngle of 5" 40', which is t,l~c+ angle forrrletl 11y tllc~ 

relative orbi t  p f  t h e  inoon \\,it11 t,he ecliptic. 
I I !  

. . . . . . . . . . . . . . .  'The bor. mot. of the XIOI,II is: In  Latitude A P  :- -1 :4 31  
. . . . . . . . . . .  

TI In 1,ongitudv a. =- AX = 4 98 6 
. . . . . . . . . . . . . . . . . . . . . . .  F I , ~  tllc? Sun. the hor. mot. is == AX' = ( 2 3!) 

'l'llr rclatira  notion of t l~e  Moon in reference to t h ~  shatln\\. of tllr 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Earth is thrrcl'nre - A L 7: :36 26. 

. . . . . . . . . . .  *:ln(l tile of the rcslntive orbit of thr J1oo11 :~rc  tnn 9 . 3' 40'. 
A L 

. . . . . . . . . . . . . . . . . . . . .  f I,ntit~ltle of tlle k'u11 ~11ron'. -t 29' 44" h'ortl~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l:ull SIooll : ~ t  10" 6!Jn Green. 'I'in~c,. 

S t :~r t ing  with thin time, t l ~ e  ecliptic has I~erl l  tlivitlerl illto 11our~. 'L'lw lig~tre 







BIE'I'ROUS FOlt  CALCULATING THE LONOITUJIE. 1 1 7  

shows for e\-ery n~onlent the position of the moo11 in reference to thv sllarlow of t,l~e 

earth. 

The second 1):rrt of the pl;lte contains t,hree figures, \\-hicl~ nlio\r the t,hree 1r;~rts 

of the earth as selenoc~entlically seen a t  the beginning, at. the ~niddle, :lntl a t  the entl 

of the eclipse. 

By these three figurps, which are purely matllematical, without regard to tlir 

refractmion, i t  cn.n, a t  tlie same t,i~ne, he seen through which p a t s  of' the atmos1)here 

snrronnding tho east11 the sun's rn.ys were refracted before reaching the moon. 

The beginning of the eclipse took place (~)ctol~er 14 a t  ahout. 2'' 24"' A . M .  lo~i11 

tinie; the a8tmoephere being 1)erfectly clear. and the sky wit,hout :I r1011d in iIny 

tlirectiom. 

Particu1a.r attention was clirected to the apl)ear;ince of the milky \\';IS. Thr 

])art of the heavens where i t  was expected to apl>ear was pointed o11t to MAni, one o f  

~ n y  l~eople, wlio was told to call out as soon as he could observe it. 

The niilky may bec~une visible a t  3" 5'in', or 1" 33" after thr  I~eginning 01' tht. 

cclipse, singularly enough pr(-:".i"ely coinciding mit,li the maximum of the c?clil)sr. At 

Santiago in Chili, Director XIoest;~' krlso saw tlie inillry way nppenr in t,ht? monlent of 

t,lie great,est darlrness,-in t l~ i s  agreeing more exactly t h m ~  could llnrt~ I I ~ ~ I I  c-:xl)~ctrtl 

wit11 mg o\vn observation. 

I aaso directed my at(te11tion to the chn,nges of clurkness duri l~g t,hr 1)rogress of 

t,lie eclipse. The obscured limb of the moon remained 1)erfectl-y ~ i s i l ~ l e  t,l~rolrglt t,hr 

t,elescolw. fi.0111 first to last. The clnrkness of the sh:ltlom was tlevicledlj- g1-r;ltrst at 

the beginning; for the first five minnt,es I could not distingl~ish ;lily firms 011 tllc. 

sllrf:~ce of' tlie nloon: but, eve11 during this 1,eriod tlie limb rc~nairietl visil)lr in t,l~ts 

te1escol)c. The colour of t,lle ol)scurctl part \vns that  of Chinese iuk, \\,it,l~ :I filint 

yellowisl~ ll~st~re, very siini1n.r to t,hick Chinese ink, when tlrierl upo11 l~orvelaill. U I I ~  

by degrees t,lle tlnrlzncss l)ccn.n~e less i~it~rnse;  t,llr colour changecl into :I violrt. t.i~lt, 

;1111l gradnr~lly l)c?cn.n~c less and less tl;~rl<. 

Ten niinutes n.fter tllc? I)eginnilig (3" Y4"'), the 1;t.rger ti)mis nlre;~tly i~lll)r;lretl. 1,11t 

just, t1istingnisli:llllc~. :IS i f  tlra.\vn \rit,ll ink OII sll~oky pnl~rr. 



Soon ;~f ter  t l ~ e  i i ~ ~ c l e ~ ~ s  had rencheil the Mnre crisinm. the 1)enunlbra \\.as no 

Ionpel. ~.isible, since t,he general intensity of tlir shatlow had rlecreased. 

I.)uring t,he ~uirltlle of the eclipse, the obscnrity had so' n111ch tliminished, t,hat. ill 

the telescopr all t,he chief Sor~lls oil the moon's surface could be seen; Mare crisiuln 

could be dist,iugnislied even. with t,he nalietl eye.' The coloar had now become 

:I red(1ish violet. 

As  t,o t,he intensity of tllr tl:~rknees a t  this time, I ca.n best give an idea of it 

c o n ~ l ) a r i ~ ~ g  i t  with t,he result of an experiment made by myself the following morning: 

'I'he s ~ ~ r f a c e  of a rotmatory cyanonieter2, I f o ~ a d ,  best represented the colour of the moon, 

when ti3 per cent,. of its surface was covered with cobalt blue of the colour of the 

calie, with 6 per cent. of white, and 30 per cent. of carinine red. The resulting intensity 

of colour, conlpared with tlie white surface of paper, also seemed to me apl>roximatively 

to represent the difference of intellsity in the light between the i lh~n~inated :~nd 

ol)scured part of the moon. 

Later I could not observe any increase in t,he clark~~ess. 36 min~ttes after the last 

observations in Mare crisiurn, a t  3" 53"' A.M. ,  Siinhgger time, the moon disappeareil behinrl 

~nountains; though, independently of this, the end of the eclipse would not have bee11 

visible, on account of the setting of the moon. A red, similar to that observable a t  

sr~llset was not seen, the t int  tha.t appea.red being rather comparable to the cololir 

1)elow the antecrepnscl~lar arc on a very fine day. 

Tn reference to the phenomena of light and colour observed, particular attentioil 

luap be directed to the tlistribntion of atmosl)lieric moisture and rain in the marginal 

zone. There is scarcely :my other montli in tlie year, when, in the actual position of 

the earth to\c,ards the moon, the probability of a clear sky, or a t  least the absencr 

01' rain-clouds ill the torrid and temperate zones, is greater than in the month ot 

Octobel.. Besiclen, in by far the greatest part of the northern half of the periphev 

tlie atmosl)her~c zone rest* upon land. 

Thc li~titudt. of the moon being northerly, the :~tinospheric conditions of this 

1,;11.t are those which chleflg influence the colour of the moon, and the retldish tilit 

1 ,\ riulil:lr apprnrance H-as observed by hlaerller, ln3:3, Deccmbrr 26. Con11)nrr also prr%-io~rs oO~el.vntionrr 0 1  

IlplTellzrieJ~r, I l l ( ; ,  Scllriitcr, 1790. "Drr Mond, von Beer ur~d Msedler", Berlin, 1837. p. 140: 

AR figured Plate X., fig. I ,  i r~  our "Untrrs~~chungrn iil8rr dir phyriknlirrrhc 0rogrnl,l~ir ilcr ~ \ l p c t ~ ' '  

l .r ipz~g.  1850- 



being csonsitlered 1~l.iucil)ally as the e@ct of at~mosl)he~~ic moistnre, the circumsta~~c~*s 

;~bove mentioned ni~lst have coi~siderably modifietl its intensity ant1 co1o111.. 

To complete the methods which can he 11sec1 for the cleterminatiol~ of longitudes, 

nre have yet to mention the use of terrestrial sig~inls. 

S L I C ~  observations can only be taken, 1v11en the tlistance of' two respective stations 

does not exceed a certain amoilnt. Heliotropes are to be used during the (lay time. 

and strong disappearing lights for the i~igllt. A111ong the latter, we name Srgnnd's 

reverberatory lights, a.nd especially the Drummond lights, which are visible. evru in 

11a~g weather, a t  a distance of fkom 60 to 80 miles. T11c.y are very generally ~lsetl 

by tlre (freat Tligonomet~ical Survey of Inrlia.' 

Ii'or greater dist;tnces, te1egral)hic signa,ls have been used wit,h great success fbr 

verifying the longitude of different observatories in Europe. In .India a,lso Sir 

W. B. O'Mha~~ghnessy has recent,lg colnmenced sucl~ experiments.' 

We employed lunar distances (example, Hai~lpindi, st,ation No. 21), i ~ n d  in one 

case thc eclipse of the 111ool1 a t  Paslilnin. 

1'. IIISTHOD OF EQUATIONS OY CONDlTION. 

r 1 lhk mcthod was eull>loyrd for stations, for \vhi'ch the nature of their ~~oh i t io r~ ,  

or the ~nateriitl of the observations, made i t  clehirahle to enter more into (letnil. tllc. 

values of p and T having previously been ascertained by a first a p ~ r o x i n ~ a t i o ~ ~ ,  

accordil~g to olle of the methods explained above.3 
I 1  llle tint ap1)roximation is based on two or t,hree va.lues, but i t  is i~lsuf'ficient ill 

itself to talc(? into consideration the values of tlre other observations. 

The application 01' the method of equations of conclition otters the advantngr, 

t,llat it  does not deduce the values of p a ~ l d  T ti-om t,wo or three single obserrnt,io~~s 

only, b i ~ t  from the entire series of' the altitudes, representing each single o1)servntioli 

wit.11 the leant possible error; :tnd tha.t it  is also possil~le by this lnealls to detect bhe 

' 'l'heillir~s "Xlnnonl S t ~ ~ v ~ y i n ~ " .  Lolldur~, 1X5j. 1,. 371) 

' ; \ l lcl~'a I I I ~ I ~ ~ I I  &Iitil, 1859, L)CCCIIIIII?I. 30, 1). IOG5.  

"C:111purc llrcll,,,<ls I., ll., 111. 



1 % )  A S r ~ 0 X O M l C A l 3  nETBRBlINATIONS O F  I,~\'I'I?IT~BS ANY LONGITUDES. 

;~c.cidelltnl errors of the c-~bservations. It shows, moreover, in general, the weight 

\vhich c:ui be assigned to each single observation. 

Tlle nlrthod of hbequations of condition" is based upon the principle, that the 

~wol~:~l)i l i ty of small errors is greater than that of large ones. I t  must be further 

s1111posed t . l~ i~t  the values of 9, and To be known with such a degree of exactness, as 

t,o render it l~ossil)le to consitier t,he remaining deviations of the single observations 

:IS t811e first tlifferc~lltials. 

Sl1~1l equn,t,ions of condit.ion ca.n be employed either for latitude or longitutie. 

n. DETERMINATION OF LATITUDE. 

For earl1 single observation we use the following equation: 

sin W = sill p  sin 6 + cos p cns 6 cos t .  ( I  a) 

llllis equation gives, when 9, and to liave been snbstituted for 9 a n d  t, a comparisor~ 

of each single observation, so that, 

11 = arc sin (sin p, sit1 6 + cos cp,, cos 6 cos t,) 4- d h .  

T is consiclered so f i~ r  known ils not to alter 8; and i t  is necessary that the 

vnlurs of t,he yaralln,~ ancl of the refraction n.re a.pplied,, so that (11~ indicates t,he 

true differential of the altitucle. 

Tlie met,l~od is entirely based on the relation of dl& to the two differential elements 

11 qu i l l l ~ l  f1 to,. 

B y  tllr tlifli.rent,iat,ion of the equation for sin k we obtain 

1.1,s 11 t l k  = (~11s p  sin S - sin p cos 6 cos t )  (79 - cos cp cos 6 sin t d t .  (A) 

Tlir proclucts of t.he values sin cp sin 8, cos Q cos 8 cos t, having already been 

ti~rrned during the process of comparing the observations, i t  is much more expedient 

to alter tllV formula in a manner which allows of the valnes of these pl*oductu beillg 

ilsecl again. 

The i't~rnlulil t l i r~ i  1)rcomes: 

crln 11 1111 = (sin p sin 6 rot:u~ p - cou cp ctrs 6 cos t  t:n~ p) f ly,  - cos p cos 6 ros t tau t d t .  (ii a) 

Thie is tlte formul;~ ~~sun l lg  nrlo1)trcl 1)y us for calc~ilating latitudes by tquations 

~ t '  contlition. 

The erlu;~.t,ion (8) contains thc! t,wo unknown valnes (19 anrl dl, for the deter- 

nrilliltion of which two vnlurs 1 1 1 ~  woultl be sufticient; but t,he values of d~ and r l f  

c:111 I ,?  ,leter~i~intvl i'rc1111 :ill the tsxisti~~g \ ' ~ I ~ I I ~ s  C I ~  [ill. 



1. If the observations dicide tl~emselves into two groups, the meal1 of the 

con.es]>ond~ng valries of dl1 can be taken for eacli of the two groups, and we :ire a t  

tlie same tiine enabled to find out any error in the observations, wllich is then 

excluded froin tlie mean. 

For example : 

The values of d k  for the two groups a t  UliCrra (station No. 5) are as fc~llows: 

riccording to their l)ositions, the observations of the first group and tliose of the 

second could 1,e used for the means, but, as tlie third observation shows a great 

deviation, i t  lias been exclncled from the mean. The first approximation alone ~vould 

not 11,zvc sufficed t,o sliow tlie errors of t l~ is  observation. 

In this particular case the principle of probability conld be st,ill more strictly 

applied, especially if each differential eq~iation mere multiplied with t,he number of 

observations from mliich i t  is derived. 

2. Tf the observations arrange tl~emselves in inore t l ~ a n  two groups, a corresponding 

number of differential equations must be formed. The xpl~lication of the met.llod of 

least squares is then indispensable. We select as exa.mple Gohritti: 

In Gohhtti (sta,tion No. 4), five groups must be formed on account of the very 

cliffBrent values of t .  

Cfollktti : 

11. Cironp - 14 .2  + I,!) 

UI. (iroup - 3 . 7  -1- 0 . 3  

IV.  (;roup 1 -  14 .5  - .,.a 



ABTRONOMICAL DETERMINATION8 O F  LATITUDES AND LONGITUDER. 

If in such a manner a,ny nulnber of equations have been obtained as: 

0 = dk' + a  d p  + b  d t  
0 = dh' + a' d p  + b d l  
0 = d h " +  a " d p  + B" d t  

and if Z ( a ) % .  . . . . . . . . . be the sum of the squares of the co-efficients or d p ,  
B (b)%.  . . . . . . . . . . . . the sum of the squares of the co-efficients of dt ,  

P ( a b )  . . . . . . the sum of the products of the co-efficient3 of d p  and df, 
B ( n d k )  B ( b d l ~ )  . . . . . . . . the sum of the products of a  and b  in d h ,  

then the two final equations are: 

0 = B (a)% d p  + B ( a b )  d t  + B ( n d h )  
0 = 2 ( a b )  d p  + P (b)% db + B (DdW), 

from which d~ and d l  are deduced, 80 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: MdRRI (STATION KO. 64.) 

1856, November 13. 

Approximative ralues: 9, = 33" 51l.4. To = 7h 19" 34'. 

3. 

6h 57" 41' 
7h 19" 34% 

- Oh 21" 53s 
15" 328 

- Oh 6" 21n 
lo 35l.3 

- 18' 3l.1 
9.74594 
9.49119. 

9.23713. 

Time by Chronometer . . . 
Mean Local Noon. . . . . . 
Mean Local Time. . . . . . 
Eqnation of ~ i m e .  . . . . . 
Hour Angle in Time . . . . 
Hour Angle in Arc = t . . 
6 (Sun's Declination) . . . 
log sin p . . . . . . . . . . . 
log sin 6 . . . . . . . . . . '. 
log sin p sin 6 . . . . . . . 
10:: cos p .  . . . . . . . . . . 
log cos 6 .  . . . . . . . . . . 
log c06 t . . . . . . . . . . . 

. . .  
sin p sin 6 . . . . . . . . . 
cos p cos 6 . . . . . . . . . 
sin h . . . . . . . . . . . . . 
h(TrueAltit.of Sun's Centre) 

1. 

gh 42 Is 
7h lgm 3dS 

- Ob 33s 
15" 32" 

- Oh 22rn l g  
5' 30l.3 

- 18" 3I.O 
9.74594 
9.49115. 

9.23709. 

2. 

6h 48" 25a 
7" 19" 34' 

- Oh 31" 9# 
15" 32# 

- Oh 15" 37' 
3" 54l.3 

- 18" 3I.O 
9.74594 
9.49115. 

9.23709, 

- 

9.91930 
9.97808 
9.99899 

9.89537 
- 0.17262 
+ 0.78590 

- 0.61328 
53" 49l.6 

9.91930 9.91930 
9.97808 9.97808 A 9.99899 9.99983 

9.89637 
- 0.17263 
+ 0.78772 

0.61509 
37' 57l.6 

9.89721 
- 0.17264 
+ 0.78924 

0.61660 
38' 4l.1 ' 



AYTHONONICAL DETERMINATIONS 0 1 7  LATITUDES AND LONGIl'UDE8. 

F r o m  t,liese t leviat ions t w o  groups w e r e  fornled,  co r r e spond ing  t o  t,he posit ion of 

a Ions :  t l i e  d i f fe ren t  obse rv  t' 

log sin cp sin 6 . . = 9.24,, 

log cotall p . . . .  = 0.17 
' 

9.41,, 
log coscp cos6 cos t  = 9.90 

log tan p . . . . .  = 9.83  
-- 

9.73  

 at. num 

- 0 .26  

- .0 .54 -- 
co-ef'tic. of dcp . = - 0.80  

log = 9.90 

logcosp  cos b cost  = 9.90 

log tan t  . . . . .  = 8.90, 

log co-effic. of df . = 8.80  

l og r lk  . . . . . .  ~ 9 . 7 0  

log cos k .  . . . . .  = 9.89 

. . .  log cos R d R  = 9 , j 9  

Second Group. 

11 It 

-I- 0 .\, 

-1- 0 . 2  

( - 1 -  '2.6) 

-1- 0.0  

nlean tlh -1 0 . 1  ((111 No. ti I)eing cscloded) 

log sin p sin 8 . . . . . . . . . . .  = 9.24, 
log cotan cp . . . . . . . . . . . . .  = 0.17 

-- 
9.41,, 

log cos p cos 6 cob t . . . . . . . .  = 9.70 
log tan cp . . . . . . . . . . . . . .  = 9.83 

9.53 

nat. nnm 

- 0.26 

- 0.34 
co-eftic. of dcp . . . . . . . . . . .  = - 0.60 

log = 9.78 

log cos p cos 6.60s t  . . . . . .  = 9.70  
- log tan t . . . . . . . . . . . . .  - 9.81 

log co-effic. of rlt . . . . . . . .  = 9.51. 

log cllb . . . . . . . . . . . . . . .  - - 9.00 

log cos 71 . . . . . . . . . . . . . .  = 9.98 -- 
lo: COB It ( I / (  . . . . . . . . . . .  I 8.98 

These values give the two logarithmic equations of condition: 

0 = - 9.59 - 9.90  d p  + 8.80 rlt 

0 = + 8 . 9 8  - 9.78 d p  - 9.61 d t .  

The solntion of these two equations gives: 

d p  = - 0l.4 

(lf = -t 1' .1;  tllercfore d T  = - 4-4 
9 = 33' 51I.O 

T = ih 19'" 30: 

In o r d e r  to s h o w  the g r e a t e r  precisiol i  r e ~ u l t i n g  f r o m  the npl)lication of th is  n~ethor l ,  

e a c h  s ingle  observa t ion  has been  compared  w i t h  t h o  l a s t  rlefinit,ively 1-esulting elements. 

This ,  however ,  w a s  effected, not i n  t h e  rlirect way,  I)ut b y  t l ie  cor responding  differential 

eclnatious. Thr e r r o r s  a r e  : 



The final correction is not very consideral)le, as tile observt~tions 11;eve a1rea.d.y heen 

very well 1,cpresented l ~ y  the first ;~l~]~roximation. 

I,. C:riI,CUIATION OF THE LONGITUDE UY EQUATIONS OF CONDITIOS 

We limit ourselves to showing, in a general way, t,he a1)ljlic:ltion of this ~ n e t l ~ o d  

i~lso to longitud(?. The method can be successfiilly apldied only, when there are two 

rnriables. 

For the la.titude, these two variables were dcp ant1 ( 1  t .  For t,lle longit,ude, p, ant1 

1' are considered to be exactly kno\vn, the variables being hero, F = the rleclinatiori, 

and 1Z.A. = the right ascension of t,he moon. ' ,.. 
. , .  . .  . 

The longitudes are then calculated in the sanle wa,y u $he latitudes, but, inst,ead 

of t,he eqliat,ion (A a) 

cos 71 (111 = (siu cp sill 6 cotall cp - cos cp cos 8 cns t 9) tlp - cos cp cos 6 cns I tm.f t l t ,  

the following, foimed according to t l ~ e  same l~rinciples, is used: 

cos 11 d11 = (sin cp sin 8 cotnn 6 - cos cp ro< A cos t tau t )  ( I S  
- cos cp cos 6 cos t tan t dt .  (A fi) 

On the supposition of great correctness in t,he obs&va.tions, t,he resnlt,ing \-a.lues 

of d t  and rl8 will both give the sanle differential of longitucle, thus a.llo\ving of n very 

minute control of the observations. 

Besicles t,l~is, i t  would be possible to express the clitferenti~l of longiturle in 

functions of time; bnt this operation is best reservecl for t,he nuilleric process. 



SECTION 11. 

OBSERVATIONS FOR THE DETERMINATION OF GEOGRAPHICAL 
CO-ORDINATES. 

Group I. Assim and Khassin Hills: Stations 1 to  5. 

Group U. Delta of the Ganges and Brohmaplitra: Stations 6 to 9. 
Group ILI. Valley of the Ganges and its Tributaries: Stations 10 to  18 

Group IV. PSnjab, Sindh, and KQch: Stations 19 to  30. 

Group V. Centrnl nnd Southern Indin: Stations 31 to 43. 

B. HIGH ASIA. 

a. Hin~dlaya. 

Group VI. Bhutan to  NepP1: Stations 44 to 49. 

Group W. Ksrnion ond GarhvU: Stations 50 t.o 55. 

GroupVIIl. S in~la  to  Razira:  Stations 56 to  64. 

b. Tibet. 

Group LX. Gniri  Khorsum: Stations 65 to  73. 

Group X. Ladik: Stations 74 to 83. 

Group XI. Bilt i  and Hasbra: Stations 84 to 92. 

c .  Karaliorlinh a ~ r d  Kwenliie~t 

Group XU. Turkistan: Station8 93 to 113. 

Concluding genernl remarks nnd results. 

IN India, the operations of the Great Trigonometrical Hurvey, under men so 

rlistingnished as Lambert, Hodgson, Everest, and the present able superintendents, 

Colonel A. S. Waugh and Major H. L. Thuillier, are well lrnown to be executed with as 

perfect accuracy and fulness of detail as the best existing. I11 places, therefore, the 

positions of which have been previously fixed by the general triangulation, we glvc 

their determinations as definitive results. But even in such stations our own obser- 

\ation8 were indispensable for obtaining Tune 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 "hIanua1 of Surveying", hy Smyth 

and Thuillier, London, 1855, p. xcvr., are marked Thuill. App. We adopt as longitude 

of the Madras Observatory: 80' 13' 56" East Green. 

In countries not yet properly surveyed, such as many parts of the Himiilaya 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. A t  the ends of this part, in the "Con- 

cluding Gelleral Remarks and Results", me have drawn up a general list of the prin- 

c i ~ a 1  original maps of the Himilaya 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   in surveyed coun- 

tries of Tibet and TurltistAn, 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 observ a t '  ion>, 

we considered i t  desirable to determine latitudes and longitudes in preference to 

magnetic observ a t' ions. 

The following groups, therefore, contain all the stations where latitudes and 

longitudes have been determined by us, as well as those where ma,gnetic observations 

only have been made.' 

In India, the stations generally follow each othera from East to West and fro111 

South to North. Every station is preceded by rz 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 ~nnterinls or our obscrvstionn nre contained ill Vols. 5 ,  9, 10, 11, and 1 2  of the manuscripts quoted 
p. 8.  We give, ns mill be seen, all the detail of the ohservntions, even including reading4 which are occanionally 
affected by (compnratively smnllL crrorn of observation. 

' 'l'l~c cllranological order is a 111atler of conlporative inditTe~.ence, and rnny be see11 in the itinerary, pp. I I to 33. 



ASTRONOnIICAL DETERBIINI\'I'IOWS OF LATITUDES AND 1,ONGITUnES. 

A.M. i ~ l t l  P.M. \\ill be seen to refcr to apparent local time, ancl not to time? 

1)y chrono~neter. 

\Ire were aut,horized to enga~ge a. conlputer, Mr. Charles Linsser, to assist us ill 

t.lie l~ul~licnt,ion of this volume, ancl we profit 1)y t,his occasion to make particnlar 

inent,ion of his zeal and activity. 

A. I N D I A .  
GROUP I. 

a s s h  AND I ~ S S I A  HILLS. 

flxrIONs I To 5 

Dil~rugirl~.-Texpur.-Udelgbri.-(iol~litti.-Clltrra I'ilnji. 

No. 1. D m ~ u o k n ~ ,  IN UPPER A ~ ~ h n r .  

This is a permanent military station on the Brah1nap6tra~ farthest removed from 

its month. Shdia,, though still higher up the river, ia only temporarily occupied by 

311 officer and his escort. 

The observations were made on the left side of the Brahmnplitra, near an open ~hed 

erected for the free use of Bhutias and of neighbowing hill tribes, when coming for 

trading purposes to the station. Such sheds are callecl .'namgdrh", and are to be 

seen in many of the villages of Assam. 

1,ongituile East Green. 
94" 67' 35" 

Height. 
3!)5 feet. 

Instruments: Theodolite 3, Troughtoil; Chron. 3 ;  Barom. 1, Cireiner. Observer:' Hermann. 



81111, Upper Lilnb. 

1856, Fel~rltary 6 .  Horizontal Circle. \'~rtit::~l (:irc.lo. 

1'. 1. 

11 I,> Y 0 I I ,  0 I I ,  

1) .3 0 39 263 44 0 46 32 55 

0 

764.6 mill in^. 1 9 . 2  C 
Barom. I Temp. of Air 

29.509 inches. 1 66 .6  Fahr 

Calculntctl Ily hIethod I., from observstio~~s 1 and 4. 

l'arnllax . . . . . . . . .  + 0 F + 0 8 

Semidiameter. . . . . .  - 16 15 - 16 15 -- 
Sum of Corr. . . .  - 17 1 - 20 35 

0 , ,I 0 1 11 

1 )  h corr. = 46 15 54 8 = - 16 9 10 

4) h ' c o r r . = l l  6 5 6 ' = - 1 6 j . 5 3  

Tlie lutitudc by a 1)reliminary determination of. the G. T. S. (Thuill. App.) is 

27" 31' 4h", based on Wilcox and Berlford's Survey of TJp-per Asshrn. It l,erfectly 

agrees with ol lr  results. 

Ti~rc. 
I,  "l I 

Appnrrl~t Noon, deduced from the Altitude of the Sun, from observ. 1 2 52 5 

\Ve i ive t,lle preference! to t,lle latter, on accouut of the alt,itude being 35' lo we^.: 

I)nt,. t h e  V R ~ I I R R ,  l~einp. identical, also serve as a control of tlle observat,iol~s. 

0111. ( ' l i r o ~ ~ o ~ ~ ~ e t e r  giving ill Iippcr Assliln :urbitmry timc only, we adopt thv 

. . . . .  I,nngit~~clt~ nf' 'l 'l~l~ill. Alq~, . . . . . . . . . . . . . . . . . .  -. = 96' 57' 35" 14:ast Green. 

1. 15 



130 A S T R O X O I I I I ~ ~ \ ~ ,  DETEIinllNATlOHS O F  I~A'l!l'~llDl:H AND LOXOITUDER. 

.4f~r.;rli(cn. 

J l r r l d i n ~ ~ ,  ~lrtlnrrrl fro111 thc ol)qer\-ations of the Su11 . . . . . . . . 2(;O0 4i1.1. 

No. L 'T~:zPuR, IN Xssdw. 

C!on~illg fro111 Uhut,ha, bhis was t,he first station I reached. I t  is situated on t,he 

right side of t,lle Brahmaputra, and llas during the last few years become a very 

i~rll)ortant, illace for the manufacture of lac, and for the c~lt~ivation of tea a,11r1 indigo. 

Tea ought to be l~articularly mentioned in connectio,'i with TQzpm., on account 

of Mr. Hrnce, a resident of this station, having first found i t  growing wild ill Assrim. 

3ly instruments were placed near the circuit bringalo, a governlnent builtling 

erected on a slight enlinence for t h e  teml~orary residence of officers while trarelling. 

1,ntitnde North. IJnl~gitutle East ( irce~l.  Height. 
3C0 :34' 35" 92O 46' 45" 939 feet. 

1856, January 25. Horizontal Cirrlr. \'t,rticnl C'irclc. 

SUII. Lower Liml~ 

1'. .\I. 

SIIII? Upper I4ill1l). 
11 111 - 0 I I I  0 I ,I 

3 )  2 4 10 P i 9  35 40 44 2n  13 

(i) 2 I f  40 PHO 40 45 44 12 45 
0 



. . . . . . . . .  Srmitliamrtrr 4- lfi 1 H  
-- 

. . . .  Sun1 of Corr. + 15 28 
0 I 

T n ~ r  Altitudr of Sun's Centre a t  Culmination, c:tlculated . . .  = 44 l(i.4 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Dcolination = A = -- 19 ! ) ' O  

.-. Lntitutlc N. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- 26 34.1; 
J~a t i tnde  W. (Th~iill. hlrp.) . . .  2G0 36' 45". 

- Tilrze. 1, 111 * 
Aplmrcnt Noon, detluced from 01)s. 2 :~nd .3, and 3 and 4 = 2 1 22 

l<quation of Time . . . . . . . . . . . . . . . . . . . . . . .  = + 12 28 
- .- - -- 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  RIe;tn Noon 1 44 54 

Lo~/yitzide.  
The :ldopted longitude, as give11 :~bovc, is t;~lten from Tl~uil l .  Alq) 

Meridinn. 
1:rom ohserrations of the Sun . . . . .  27H0 l l l . : i .  

No. 3. U u ~ ~ c i b n ~ ,  IN ASSAM. 

Sitnt~trd a t  the sontl~ern end of the road from I~hissa  to A s s ~ ~ m ,  viL 'Mnong 

; I I I ~  N~rigun,  through the country of the \vandering ICirnl~o-Bl~utias, i t  is an im1)ortant 

tratling st,ation, wit,h extensive bazars inuch used a t  periodical fa,irs. 

Tht: instr~ulnent,~ were put up near a gavel-nment honse, const,rnct,c?tl of 11ainb11 

;11id C~IIIP, in chnrgt~ of the dar6ga of the place. 

Geogrnpkicnl Co-ortlir?rrtes. 
I>atltude North. IAongitnde East  Green. Hcigl~t. 

26' 45' 40" !)lo 56' 30" 352 feet 

Obser.untio~~s: lcYS(i,  'J(/nlrnr!j 2. 
Instrunients: Theodolite 3, Troughton; Chron. 3;  13:~roln. 1, Greiner. Obserrer: I - ~ ~ ~ I I ~ ; I I I I I .  

Lntitt/(l(, rrr~ci Ti j r t~ .  
1856, J:~nuary 2. Horizontal Circlc. \'ertical ('ircle. 

A.  nr. 
Sun, (:e~rtre. 

0 I I ,  

306 33 20 
:i09 12 :LO 



AS'l'110S01\.llC'hL OlISERVATIONS 01.' LAT1TUI)ES AND LONGITUDES. 

0 

754.3 milliit~. I 2 3 . 0  ('. 
Bnrom. 'L'ctlip. of' Air 

29 ,697  inches. 7 3 . 4  1':tlir. 

At. Irtlelgilri, t,he observations were calculated more ill tletail, ill coilseclnerice of 

the greater  lumber of observations, and on account of this illace bring well sit,iiated 

as a start.ing point for some longitudes by chronometer. 

For the first approximation, the mean of obyervations :3 a1,11d 4 = I., a.iid obser- 

vation 7 = lI., are clloseu, as they are nearest, t,he 1neridi;l.n. They a,re calcnla.t.er1 by 

Method I. 

T l ~ c  usuitl correctlions fhr these series are: 
1. 11. 

Coinparisoir of the singlr oh st^-vntions wit11 t h ~  rlemrnth ohtitinrtl tho first 
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Tllr rueall of thc tleviatiolis (Clalc.-Obs.) in Group A is -- - 4l.9, e x c l t ~ d i n ~  

~)l)st,rvntion 4 a t  2" 59", and t,he nleall of Qroup B = - 0'. 9. 

Wt, 01)t;tin the  following difirelitial equations for reducing the  errors to their 

t 1 1 ~  co-ef7icients being logarithmicnl. 

Thc solut,ion of t,hese ecluations gives: 

1 7 t  = - 10'.1 in Arc (1 Y' = + 4 V . 4  in 'ri~nv 
( 7 ~  = + O t . 7 ;  

therefore, 
Latitude N. = q = 26' 45l.7 . 
Mean Noon = T = 5'' 43" 218. 

The! folio\\-ing table shows the remahing  errors after these new elements are 

introd~icecl : 
So. of Observ. Calc.-011s. 

Lo~,qitllde. 
11 rn s 

Aleall Noon by Cllron. 3, at Gohtitti, 1855, December 13 5 44 15 

Ilealr Xoon by Cliron. 3, at Udelgfiri, 1856, January 2 . . 5 43 21 

Rate for this period = IX. = losing 08.17 

Correction of the Udelg6ri Noon for 20 days . . . . . + 0 0 3 . 4  
-- - -- 

llertdronal Difference I~etween Golihtti and Udelghri . . . . 0 0 61 

Tl~erefore, O I I )  

Udelgitri East of Gol~titti . . . . . . . . . 0 12 45 

'olrBtti East of Green\viclr . . . . . . . . 91 43 45 

Udelgi~ri East of Greenwich . . . . . . . 91 56 30 

For thlh htiltiol~ tlle G. T. S. coulcl not supply us with data of latitude and 

(':llculated froor the seco~rtl apprnsimatinn . . . . . . . . 355' :1(i1,9. 



No. 4. GOHATTI. IN ASSAY. 

Uesitler col~t ,a i l~ir~g a large native pol~ulatiou, this is the ~ ~ r i n c i p a l  Hritinh Statiorl 

of i\ssAnl, a ~ l d  the seat of the  Governor Gengra.l's Agent for the prc~vi~lcex of t,he 

north-east front,ier. The Urahnlapiitra flows by on the right.. My inst ' r l~ment ,~ were 

1)ut 1111 11wr the house of Major Vetch, who gave me the most. friendly ar~tl cordial 

recept.ioi I .  

I;eo!jrnphicnl Co-ovclifinte.~. 

1,;~tltudr Nortlr. 1,011gitude East C;l.een. Height. 
PGO 5' 50" 91' 43' 45" 1:34 fret. 

Instruments: Tlleodolite 3, Troughton; Chron. 3 ;  Bxrom. 1, Greinrr. Ol~ser\ler: Hermann. 

1855. Lkcenlher 13. Horizontal Circle. Vertical Circle 

Sun, 1,ower Linrb. 

SUII, Upl)er Limb. 

Sun, Lo\ver Limb. 

0 

I i 5 4 ,  2 n~illiln. I 18.5 (', Ii:~~.oln. 'I'rmp. ol' Air 
2 9 .  693 incl~t~s. 65 .3  1:allr. 



(';~lc~ilntccl 11,y I\let,hocl I.. from ohservnt.ions 4 itnrl 5 

I I !  I ,I 

Refraction . . . . . .  - 1 5  - 1 44 

l':~rnllns . . . . . . .  -1- 0 7 + 0 5 

Srmidiametcr . . . .  - 1 G  15 4- 16 1 7  

Slun of C'mr. . .  - 1 7  15 + 14 41) 

. . . . . . . . . . . . . . . . . .  Latitude X. 26' 6"8 

Mean ~ o h t  (corr. for Equation of Time) 5" 43" 17". 

~ ~ i l l c ~ l l i l t e ~ ~  by firl111tli1, A a (p. 120), which is 1lsec1 t l ~ r o ~ l g l l o ~ ~ t  ill c : t lc~~l;~t i r~g the 

seco~ltl ;11)1)roxi1ni1t,ious. 



A.M. P. >I. 

Group L Group 11. Group UI. Group 1V. 

1. 2. 

Time of Observ. by Chron. 
Mean Koon / from 1st 
Mean Local ~ i m e \  Approx. 
Equation of Time. . . . . . 
Hour Angle in Time.  . . . 
Hour Angle in Arc = t . . 
8 (Sun's Declination) . . . . 

sin p sin S. . . . . . . . . . 
cos p cos 8 cos t .  . . . . . 

Sum = sin h . . . . 0.49301 0.62791 0.62589 0.48650 
b 

h(TrueAltit.of Sun's Centre) 28' 23l.4 
Refraction . . . . . . . . . . 1l.7 
Parallax . . . . . . . . . . . - 0'. 1 OI.1 - 0l . l  - 0'. 1 

- 
Apparent calc. Altitude of 

Centre . . . . . . . . . 29' 8l.2 28' 25l.0 
+ Sun's Semidiameter . . - 16l.3 + 16l.3 - 1 6 . 3  - -- 

16l.3 

Calr~llated Observation. . . 28" 8l.7 
I Direct Observation . . . . . 28" 17I.O 

Calr. -0bs. . . . . . . . . . + 9l.4 OI.3 - 5l.2 - 8I.O - 8l.3 

Group A. Group 6. Group C. Group D. 

- - 



111 the preceding tahle, we separated by vertical lines those observatioi~s, the 

ditferent,i;~ls of' whirl1 could not be consiclered identical; we thus obtain the Sour 

ibllo\\~ing glso~lps: 
(iron]>s. C:,zlc.-01,s. 1 

0 

21. -1 !).O - .35.5 

U .  - 1 . 1  - S ' t ;  

C!. - - 5." 18.2 

1). - 8 ' 2  -1 3 7 ' 6  

Thi.; sllows t l ~ a t ,  in  nccorclai~cr wit11 the observation So .  4, we iuay consider 

t lq ,  - - 0, a ~ l d  tha t  all the corrections of' the elenlents consist i n  :L correct,ion of' the 

meall IIOOII.-Therefore, in  the fbllowing equations we have put,  d~ = 0: 

U = + 0.89  - 9.84 rlp + 9.68  d t  
0 = - 0.86  - !).84 119 - 9.69 dl. 

I ,  lhest.  vtl~~:~tionk i ~ r e  1.efbrrec1 to the groups A ant1 I), and give: 

( I t  Z= - 1 :)'.j i l l  (IT' : -1- 1111 2* I I I  'L11nt8, 

I 7  l h e  c:c.)rrcwted t~lt~iiieiits, t,heref'ore, are:  

I,nt.itntle N. . . . = p L 2(i0 5 I . H  

Ilea11 x n o ~ ~  . . . = I' = 6" 44"' lgn,  

conil)itrison, after i r i t~ .od~~cing  t,lit: new elements, shows t,he fbllowing errors st,ill 

remaining : 
No. of Observ. C;tlr.-01)s. 

The Iatitutlt. f i . 1 ) 1 1 1  'l'lll~ill. App. is:  26' 11' 15" N. 



I 9 I . 1 ~ni l l i~n .  
I3aroln. 

29.808 inches I - - -  
j 18.5 ('. 

Trmp. of Air / 6 5 . 3  F;lIll~. 

Co-ordinates of Jupiter, interpolated for the time of the lunar ol~bcrvi~tion 
31, 21"' 13s 23G0 34l.4 29' 40' .6  

Corrections tbr reducirlg the apparent altitudes of the &loo11 aiid J~ip i t~er  to true 

geocentric altitndes : 
for Jupiter for MOOII 

Refraction - 2 l . 2  - 0'. ( i  

Pmal la r  OI.0 + 3 3 l . 2  

0 I 

Jupiter, t rue Altitrtdc . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 :jS.-l 

Moon ,, ,, . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 : 3 l i . l  

-4rr of the Almncantarat . . . . . . . . . . . . . . . . . . . . . . . . .  22 -1li.S 

. . . . . . . . . . . . . . . . . . . . . .  Ileduced Distance of Centres :3T 50% 
il I I I  b 

to whicl~ corresl)onds a Mean (ireen\\ich Time of . . . . . . . . .  3 30 20 P . N .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ;\lean 1,ocal 'I'iule 9 31; 50 

(referred to Decenlbcr 13, the Hate 1. = losing oS .1 i  I\-onlcl give 
:I correction of - 3" \\~hich, Ilo\\-ever, does not affect tllc result 
~v i t l~ in  the 10' adopted as  liniit for ou~; longitudes). -- . - - - -. 

3leritlionnl Difference in Time . . . . . . . . . . . . . . . . . . . . .  6 6 :I0 
t,lleret'ore, 

1.ongitudc East Green. . . . . . . . . . . . . . . . . . . . . . . . . . .  !)I0 37' 80" 

1 1  ' 1111s result llappens to agree, beyond the linlits which could have heel1 expected, 

with t l ~ c  longitude of t l ~ e  G. T. S. = 91" 43' 45" East (freer). 

('alrul:~tctl from Obser\.ations of t l ~ v  61111 hy the srcolld :yrprosinr;~tion . . o0 :il.s. 

7'11is station llas I ~ e e ~ l  ~nnde tlle chief .place for tlie ljolit,ic:ll s ~ ~ j ~ e r i l ~ t e ~ ~ t l e ~ ~ c e  of 

t l l ~  li11Bssi;l Hills :~ncl of I<:~cl~ar. I t  is sit,oatecl 01) t>l~e east,eri~ 1ni1rgi11 of the l<hissia 

l A *  
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Hills, ~vhicli terlllinate here very abruptly toward the plains. 'All tlie eastern bortlcr 

of t,he Khkssia and Jhiutia Hills is particnlarly remal.lcable for rscossive precipitntioll 

of rain, often exceeding 600 inclles in a year. Boon after the rains the climate beconies 

tlry and very healthy, during which period it is found to be an excellent place for a 

My instruments were set up ill an open situation, not far froin the 11ouse of 

Captain Byng, who, unfortunately, was killed during the tilnd of the rebellion, in en 

expedition against the Rachklis. 

Latitude Nort,h. 1,ongitude East Green. Height. 
25' 14' 15" 91' 40' 30" 4,164 f~rt , .  

Observntiotls: 1855, iiovenlber 4. 

Inst~~~iments:  'rheodolite 3, Tro~rghton, Chron. 3;  Barom. 1, Greiner Observer: Mernlarlli 

Lntitfrde and Tiljze. 

n. Observations of the Sun. 

1855, Novemher 4.  Horizontal Circle. lrertical ('ircle. 
Sun, Upper Limb. 

6 6 0 . 0  millim. ! 2 0 ' 3  ('. 
Barorn. 'Ten~p. of A i r  

25,985 inches. 6 8 .  6 t'n111.. 

Calculated by IIethod I., from Ohsermtio~ls 1 and 6. 

1. G .  

I I ,  I I ,  

Refraction . . . . . . . . . . . . .  - 0 41 - 1 17 

Parallax . . . . . . . . . . . . . .  $ 5 5 
. . . . . . . . . . . .  Scrnidiameter - lfi 10 -- 16 - 10 

. . . . . . .  Sun1 of Corr. -- I 6  46 - 17 22 



0 I 0 I 

1. h rorr. = 49 26 '3  8 = - 1 5 10'6 

G. h ' c o r r .  = 3 3  8 '4  8 ' -  1 5 1 2 . 6  

Lztitude N . .  . . . . . . . . . . . . . . . . . 25' IF'.:! 

Mean No011 (corr. for Eqnntion of 'rime) 5)' 44"' lie. 

In this first approximation, 8 is referred to a wrong rlate, 1rhrr.e magnetic 

observat.ions were made, but no declil~ation. In the second approximatiolr, t,he correction 

' \ v ~ c h  exactly correspo~ids to the tiine of observation has been int,rodnced, so that 

the final resuit is not in the least altered. 

The equatiol~ of time nlay be considered as constant, during the observatiol~s. 

The latitude, as obtained from the first approximat.ion, is assumed in roul~il n~lmber 

= 25' 17' N .  

I 

! 
I 

I 

Time of Obs. by Chron. 3. 

Apparent No011 . . . . . 
Iioor Angle in T i ~ n e  . . 
Hour Angle in Arc - 1 

8 (So~l's Declination) . . 

s i n ?  sin 6 .  . . . . . . . 
cos p cos 8 cos t . . . . 

Sum = sin h . . . 

11 (True Altitude of the 

Sun's Centre) . . . . . 
Refraction . . . . . . . .  
Pnra.llax . . . . . . . . . 

-k Sun's Se~nidirmeter. - 

Calculated Observation 

Direct Observation . . . 
Calc.-Obs . . . . . . . .  

Group 11. i 
I 

811 GIB1 30s 

611 2 7"' 539 511 27381 538 

211 38"' 37' 1 211 43"' 578 

39" 39'. 3 1 40' 50'. 3 

- 150 151.5 1- 150 151.5 
I 

0.11240~- 0.11240 

+ 0.671(i:4!+- 0.65849 

0 . 7 4 8 9 9 0 5 5 ' 3 i 5 /  TZS-1 
I i 

Group I. 

5" 40" 22" 

5h 2in153" 

0" 19" 2g8 

3" 7 ' .  3 

- 15" 13j.8 

-0.11219 

4- 0.87118 

0.75899 

i 
49' 22'. 5 49' 3l.2 48' 43'.9 48' 30'. 1 340 01.2 / 330 5'. !) 

+ 0 ' . 7 +  0 ' . 7 +  0 ' . 7 +  0 ' . 7 +  1 ' . 2 - 1  l'.:! 
- 

5)' 52" 21" 

511 27" 539 

011 24'" 2S8 

6' 7l.0 

- 15" 13l.8 

+ 1G1.2 

49' 39'. 3 

4g043'.0 

- : j i . 7 -  
C 

-0.11219 0.11210- 

+ 0.86750 0.8G118 

0.75531 

G h  0"' 14' 

511 27" 536 

011 32'" 21s 

8' 5l .3 

- 15" 13l.8 

(jroul) . l  (excluili~~g - 0'. 5) 

~. . ...- ~ ~. . - . .- I 

+ 1G1.2 

49' 20l.0 

49' 2Y.7 
.- 

3 . 7 -  

fll 41n 4gs 

5h 27111 539 
-- 

Oh 36" 5G8 

9' 14l.0 

- 15" 13j.8 

+ 1G1.2 

49' 0'. 7 

4g0 1l.2 - - -- .- 

0l.5)-  

+ 15l.2 

48' 46'. 9 

48" 49'.0 

y . 9 -  

+ 16'-2 I+ llil.2 
-- -. - 

34O 17'. 5 

34O 19l.9 

21.4- 

3:jU : ! : j1.2 

33O 25'.S 

2 0 . 6  
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l 'o~. foriniiig the tliflerei~t~ial equntionu, the mean of t,he errors of Brollps A and U 

I~avc heell used, tllr observation No. 3 being exclndecl from Group A. 

T l ~ r  ditksrntial rquations are: 

0 = - 0 . 4 4  -- D.SI tlp -- !1.19 t l f  ' 

0 = - 0 . 3 2  - 9.74  rlq - 9.78  d t .  

the co-effirients being logarithmical. 

'~'IIP solution of t,hese equations gives: 

rlp = - 4l .5  

d t  = 4- 0'. 6 irl Arc d 2' = - 2'. 4 ill Time ; 

therefore. 
Latitude N. . . . = p = 25" 12' 30" 
Ilea11 Noon . . . = 1' = 5)' 44"' gS. 

The remailling errors, after introducing the new elements, a re :  

KO. of Observ. Calc.-Obs. 

b. Circuml)olar Star. 

Observi~tions of the C:irc~~nlpol;~r Star 4"', in the constellation Ursus Minor, close 

to tllr foot of Cepheus. Its co-ordinates are:  

for 1855.0 H. sl. = 0)' 4:)"' 4:j8 

.. ., 6 =; + 85" 28'. 6 

135.;. Snwnlher 4. 1Iorizont:~l ('ircle. Vertical ('ircle. 
lY"I!)"' 2i '  180' 53' 20" 9X0 56' (I" 



Mean Noon (2nd Approximatio~~) 
. . . . . . . .  Mean 130cal Time 

Acceleration of Fixed Stars . . . . . . . . . . . . . . . . . . . . . . . .  -1- 16 
.. -- 

Mean 'Tin~e redncccl to Sidercnl Time . . . . . . . . . . . . . . . . . .  1 2H 51 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Long. E. Green. in Tirne 6 ci 42 

Sidereal Time at  Mean Noon : ~ t  Green., Nov. 4 . . . . . . . . . . . .  14 32 40 

Sidereal Timc at Chi'rra l'hnji . . . . . . . . . . . . . . . . . . . . . .  22 28 13 

1:. -1. of Circumpolar Star . . . . . . . . . . . . . . . . . . . . . . . . . .  0 49 43 
-- 

Hour Anglc in Time . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 38 :iO 

Hour Angle in Arc . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :is0 22'. 5 

lJ:ititndc N. by the Circ~~mpolar Star . . . . . . . . . . . . . . . . . .  2T' 11' 50". 

c. Jnpiter. 

1855, November 4. Horizontal Circle. V(~rtical C:ircle. 
I, n, s 0 I I ,  0 I ,I 

12 43 21 0 46 40 40 47 50 

12 48 57 6 32 10 49 27 20 
11 rn s 

. . . . . . . .  '6me by Chronoruetcr (blean of the two Observations) 12 51 4 

Mean Noon (2nd Approximation) . . . . . . . . . . . . . . . . . . . . .  6 44 !) -- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kIean Local Time. 7 6 5 5  

1,ong. 1':. Green. in Time . . . . . . . . . . . . . . . . . . . . . . . . . .  ti 6 42 

hlean Green. 'Time of the Observatio~~ . . . . . . . . . . . . . . . . . .  1 0 13 

i\ccelcrntion of Fixed Stars . . . . . . . . . . . . . . . . . . . . . . . . .  -I- l o  

>lean Tinlc reduced to Sidereal Time . . . . . . . . . . . . . . . . . .  1  0 2R 

Long. E. Grecn. iu Time . . . . . . . . . . . . . . . . . . . . . . . . . .  6 6 42 

. . . . .  Sidereal Time at  Mean Noon a t  Grec~r., Nov. 4 . . . . . .  : 14 52 40 

Sidereal ' h n e  a t  ChBrra Pi~nji . . . . . . . . . . . . . . . . . . . . . . .  21 59 4 6  

I?. A. of Jupiter.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 43 :i!) 
Hour Angle in Time. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 16 (i 

I-iour Angle in t\rc . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4" 1 . 5  

1,n.titrtde N. hy Jupiter . . . . . . . . . . . . . . . . . . . . . . . . . . .  25' 18' 25". 

~ I l r r r ~ ~  of' Cn/rt?ctlc. 
0 I , I  

. . . . . . . . . . . . .  n.) I,ntit,ndr. N .  by Sun. 25 12 Y O  

. . . . .  11) 1,atitntle N. by Circumpolar Star 25 11 50 

. . . . . . . . . . .  c) Latitude N. by Jupiter 25 18 25 

3lcn.11 = Idat,itutle 3. . . . . . . . . . . . .  23 I 4  15 
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Longitlctl~. 

We adopt as longitude from Thl~ill. App. = 91" 40' 30" East Green. 

iPler<i(liarc. 

Meritli;~~~, tled~~ced, fro111 the Obsel~vntions of the Sun, 1856, November 4 . . . . 357O 5 5 l . 6  

GROUP 11. 

DELTA OF THE GANGES AND BRAHMAPUTRA. 

STATIONS 6 TO 9. 

Snr,zjgi~nj.-Dhik - ICBlnn. - Calcutta. 

No. 6. SURAJG~NJ, IN EASTERN BENGAL. 

This 1s a  tati ion north of Dhaka, on the right bank of tlie KonQi, with several 

large factories. Here observations of the dip only were made. (Observer: Hermann.) 

The latitude and longitude are taken horn Tassin's Map of Central Bengal? 

('alcntta, 1841. 

Geographical Co-ordinntes. 

Latitude North. Longitude East Green. Ileigl~t . 
24' 22' 50" 89' 43' 20" lJ. a. L. S.' (20 fcvt). 

Soi~ajgBnj lies in the Ganges-Brahmaputra. Delta; the height mentioned above 

refen ollly to the height of tlie instruments above t,he level of the IConai. 

No. 7 .  DHAKA, IN EASTERN BENGAL. 

This is a large station, situated on the Bira Gknga, one of the ramifications in 

tile upper part of thc Ganges Delta. I t  is 150 miles north-east of Calc~~tta.  

I (Hermann) put up tlie dip circle a t  n short distance fro111 the principal ghat 

01. landing place. Wlien I first passed UhAka, in going up to Assam, I was seriously 

ill ant1 continet1 to my boat; and when returning, mv stay was so limited, tlmt I could 



only mal<c a few magnetic observations. The latitude and longitade of this p1;ic.r 

,,we filrnished me by the lciitdness of Mr. Rrennand. 

Latitude obtained from tliroe series (A,  B, C) of o1)servations of Polaris 11y 

Mr. Rrennanrl, 1885 : 
Latitnde N. 

0 I I ,  

A, 23 42 2 6 . 9  

3, 4 6 . 3  

G 5 i . 2 4  
Mean Lnt. N. 23 42 43'6 

Longitucle East Green., determined by tlie officers of the (freilt Tr igo i~on~r t r ic i~ l  

Survey, and commun~cated to Mr. Brennancl, 185 5 : 

'30' 20' 15". 

(Tlluill. Ap11. gives latitude N.: 23' 43' lo".) ' 

Ileight: A few feet above the level of the w a .  

J l e r i d i n ~ ~ .  
1)educed from corresponding low Altitudes of the Sun . . . . 161" P5' .2 .  

NO. 8. K ~ L N A ,  W E A R T E ~ N  BENG~L.  

T h ~ s  hlnall town, in  the district of J isshr ,  is situated on the r ight  bank of the 

I3h81rab, one of the numerous ramifications in  the Ganges Delta, and is about 75 lnileh 

east of Calcutta. The river steamers between Calcutta and llhlika pass by regularly. 

The instr,n~nents were placed close t o  the river, 1 0  feet shove the water. 

1,:ltitude Nortlr. L~ongitude East Green. Height. 
2 2 O  45' 55" 89' 36' 55" I,. a. I,. P. 

(25 feet above the level of the Hl~iirah.) 

0bsel.vnfio~zs : 1856, Febrzcn,y 24. 

Illstruments: Theodol~te 3, Trouglrton; Clrron. 3 ;  Hnrom. 1. (;reinel.. Observer: Herrnann. 

Lnt, if .~tle.  . 
1866, IJebru:~ry 24. Horizontal Circlc. Vertical Circle. 

A .  bI. 

Sun, Lower Li~nl). 
11 m s 0 I ,I 0 , I ,  

1) 5 11 G 357 57 16 54 20 0 

2) 5 47 3 13 24 20 56 49 35 

9) (i 3 14 20 25 10 - - 
: ) I  1% 6 0  

19 
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I 7 5 8 . 0  nlillin~. I 2 6 . 6  C .  
13:1r01n. Temp. of Air 

29 .843  inches. 79 .9  E'al~r. 

C'nlcnlaterl by blethod I., from observations I  and 3. 

Refraction . . . . . . . . . . . . .  - 0 .6  

Par:~llax . . . . . . . . . . . . . .  + 0 . 1  

Sen~idiameter . . . . . . . . . . .  + 1 6 . 2  

Sum of Corr. . . . . . . .  + 1 5 . 7  

0 I 

1) h corr. = 54 35 .7  8 = 8' = - Yo 44 ' .0  
3) A' corr. = 57 2 8 . 5  

. . . . . .  Latitude N. 22" 46' .9 .  

IFnr e. 
I1 11, * 

.kpp.zrerit Noon, deduced from the Altitllcle of the Sun, from observ;ltiol~ 1 (; 8 :33 

Equation of Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 3( i  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Alean Noon 5 54 57 

0 I 

Calcolated Apparent Altitude a t  5)' 47'" 3" 5 6  4 9 . 0  

Observation . . . . . . . . . . . . . . . . . . .  Bti 4'3.6 
--- 

Ca1c.-Obs. . . . . . . . . . . . . . . . . . . .  - 0 . 6  

Lottgitride. 
11 111 . 

>lean Noon by Cl~ron. 3, at Calcutta, 1856, Marc11 2li . . . . . . . . .  (; 0  7 

Alean Noon by Cl~ron. 3, a t  KGlna, 5l' 54"' 57" 

linte = IS .  = Losing 0" 17 

. . . . . . . . . . . . . . . . . . .  JI~al r  Noon ICfilna, corrected for rate 5 55 1 

~Irriclional Difference in Time . . . . . . . . . . . . . . . . . . . . . . .  5 3 

. . . . . . . . . . . . . . . . . . . . . . .  , in Arc 1" 16' 20" 

. . . . . . . . . . . . . . . . . . . . . .  1,ongitude of (Idcutta, E. Green. H8 20 :34 

. . . . . . . . . . . . . . . . . . . . . .  1,ongitade of lcillna, E. Green. 89 36 54 

For t,his 1,lnce w e  have  no o t l ~ e r  determination of' l a t l t ~ ~ t l r  i111t1 1~111gitl1tlt~ fi)r 

1)erlncetl frnnl ;I I)eari~~g to tllr Sun \yith the prismatic rolnlr:lss, in t l ~ c .  P;II.~J' morning 2P052'.(;.  
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No. 9. C n ~ c u ' r ~ a ,  IN HENGA~,. 

Tlle observatio~ls were r u d e  in the Botanical Garden, south-west of the town. 

BIr. Urote, U. S., ancl Dr. Thomson, who a t  that time liad charge of this well known 

scientific institution, most kindly allowed me (Hermann) to make use of it for the 

observations. The Calcutta Observatory, under the direction of Colonel Waugh, Sur- 

veyor General, and Major Thuillier, Deputy Surveyor, which we so often have occasior~ 

to mention, on account of corresponding observations and other scientific material8 

supplied, is a t  No. 35, Park-street. 

The fbllowing are the Observatory's 

Geographical Co-o~.tli~nntes. 

I~atiturle North. Longitude. East Green. Height. 
22O 33' 1" 88' 20' 34" 18 feet. 

(My instrunlents stood 12 feet above the Hegli at mean height,.) 

One series mas made in Ma.rch, 1856; the second in April, 1857. A t  Cal- 

cutta, I was kindly assisted by Baron George Liebig, M.D., then Assa,y Master of 

the Mint. 
A. . O~se,~uat~io~ts : 185G, ~Vo,rck 33. 

Instruments: Tlieodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Ohserver: Hermann. 

SIII~, Lower Limb. 

1456, h1nrcl1 23. Horizontal Circle. Vertical Circle. 
A. nr. 

1, m s 0 I I ,  0 I ,I 

1 )  6 2 52 343 20 25 68 18 10 

2) 6 G 36 34G 9 10 68 20 25 

P. nr. 

756. 7 milli~u. 31.2 (:. 
Ijnrom. Temp. of Air 

( 29.792 i ~ ~ c l ~ e s .  88.2 F a l ~ r  

Calol:~.ted by hletliod III., from observi~tions 1, 2, 3. 
0 I 

l'roc Altitude of Sun's Centre at  Apparent Noon . . . . . . . . . . . .  GR 3G.4 
1,:~titndc Nort.11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 31.5 

hlt>an Noon (corrected for I;:llnation of 'rime) . . . . . . . . . . . . . .  6" Om 32" 

1 9 %  



148 ASTHONOBIIOAL DETERnIINATIONS O F  LATITUDES AND LONGITUDES. 

'i'llr considerable Altitude of tlie Sun being lunfavonrable for the c.zlcul;~tio~~ of tlrv , 

JIeridia~l (Lllough Tery good for Latitude), the Meridian was determined directly 
. . . .  I,y o1,serring t,he pnss'qe of 1 Argzts and Alphard, and was found to be 346" 47l.6. 

l n s t run~r~~ t s :  Theodolite 2, Jones; Chron. 3 ;  Barom. 9, Pistor. Observer: Iler~naurn. 

Sun, Upper Limb. 

lH57, .ipril 13. Horizontal Circle. Vel.tic;~I Circle. 
3'' 13" 1 9  292O 41' 10" 24O 25' 50" 

I 760.0 millim. ! 3 3 . 1  C. 
Uarom. Temp. of Air 

29 .922  inches. 9 1 . 6 I"nl11.. 

. 0 1  

Hour Angle of Sun in Arc . . . . . . . . . . .  67  30.5 

aleridinn. . . . . . . . . . . . . . . . . . . . . . .  207 12.1 

GROUI' 111. 

\ ' A L L E Y  OF THE GANGES AND ITS TRIBUTARIES. 

STATIONS 10 TO 1R 

Rgnll)llr B , j l t ~ n . - l ( i . ; s r l ~ ~ ~  (BariadL~~~i).-PLt~~~~-Si~L~~li.-Be~~Lrr~.-I~ikl~~li~~,-~\~igar~u.-.~~ra.- 
hliritl~. 

No. lo. R d a r ~ u ~  BI~LEA, IN E n s , r s n ~  H E N G ~ I , .  

Thin is  a sluall  t o w n  o n  t h e  left  side of t h e  Ganges,  s i tua ted  oil i t s  g r e a t  eabterii 

b r a n c h  PODDA. 113' observations were made  in  t h e  civil ntatioli, near  Mr .  Herscll~l 's  

house. a t  ;I s ho r t  rlistance froin t h e  river. 

Liertten;ult Aclams being t a k e n  very i l l  a t  th is  l>lace, illy (Herinann's) O I ) S C ~ ~ V ; I ~ ~ O I ~ S  
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\\.ere hlnited to the deterlnination of magnetic inten<ity. Mr. Herschel gave i n r  hi< 

frienclly assist,ance in putting up the inst,ruments. 

( t ~ , o y v ( ~ l ~ / ~ i c n l  Co-or.dirr~ct~.r. 

1,:ltitude Nortli. Lolrgitutlt* Ka\t ( ~ r e e t ~ .  Hclght. 
24" 21' 46" HYO 34' 20" i J  k,rt. 

IJntitude :lntl l n ~ ~ g i t ~ ~ t l c  are talirlr holn 'Thi~ill. i\pl'. 

Tl is  town is rjituated in the clist.rict of PBrnea, close to t,he 1Eah:ulLcldi. 

I here made a stay of two days, before beginning tlie boat voyage to t,he h o t  

of the Khassia Hills. The cloiidy state of the sky, the rains during this season being 

still very hea,vy, allowecl oi ly of evening observations for determining the meridia~l 

required for t,he ~na,gnetic declinat,ion. (Observer: IIermann, 1855, August 18.) 

The latitnde anrl longitude is talcen from t,hc Revetiue Map of' Messrs. Fit.zpatl.ick 

and Pemberton. 
(trogr.np/ric.nl ('0-ot.dirtntex. 

llntitutlc Xnrtll. 1,on:itndr East Grccn. Height. 

2I;O (i' 0" 87' 56' 8" 140 feet. 

T)rtrr~t~rir~ntiort of tltc Il.lrr.irlin11. 

Dednced from the Transit of A~rtn~.es  in !Ile Scorpion, in the ea1.l~ crcning 11o11rs %jHO 101.4 

No. 12. P ~ T N A ,  IN WESTERN BENG,\I, 

This important place, situate on the right bank of the (+ai~gss, is 375 l ~ ~ i l e s  by 

land N. W. of Calcutta,. Besides being a large native city with numerous suburbs; 

it. contains extensive cantonments, and is remarkable for its nnt,iquity and for t,he 

liistory connectecl mit,ll it. 

I Ilacl my instruments put 11p in the garden of Rlr. Woodcock, t,he~i collect,or of' 

tjllc-: district.--Tho dip was made i11 tlie sl~ade of' fine nlango trees. 

(t13ngt ccplrirnl (h-o~.tlinrttes. 

l.:ttitllde Xol.tll. I,o~lgiturle East  (;rerll t le lgl~t .  
250 'jj' 12" 85' 7' 32" 170 feet. 
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Instrmments: Theodolite 2, Jones; C'hron. 3;  Barom. 9, I'istor. Observer: Hermam~ 

Sun, Lower Limb. 

1H57, February 6. Horizontal Circle. Vertical Circle. 

751 . 2  millim. 3 0 . 2  C. 
Barom. Temp. of Air 1 2 9 5 1 5  inches. 86.4 Fahr. 

Calculnted by Method III., from observations 1, 2, 3 

Apparent Noon deduced from 1 and 2 . . . . . . . . . . . . . . . .  81, on, 5" 

Apparent Noon deduced from 2 and 3 . . . . . . . . . . . . . . . .  8'1 9'" 5' 

T ~ v e  Altitude of the Sun a t  the Culmination . . . . . . . . . . . .  48' 44l.9 
Sun's Declination . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15O 38'. o -- - 
Elevation of the Equator . . . . . . . . . . . . . . . . . . . . . . . .  64' 20'.!) 
I,atit~tde Korth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25' 39'. 1 

For the Gola (Kound House) a t  PBtnn, not very far from the place of ohuervation, 

the G. T. S. gives: 
0 I I ,  

IAatitudc North.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 31 12 

Longitude East Green. . . . . . . . . . . . . . . . . . . . . . . . .  85 7 32 

Our o \w observations, being very near the meridian, are not well situated for a 

rhronomet.ric determination of longitude. 

1Weeridin,c. 

('alrnlated f ion~ corresponding Altitudes of the Sun . . 221' 51'. 1 .  

No. 13. SIG~ULI,  IN WERTERN BENGAL. 

This iml~ortant  military frontier station of Bengal, t,owartls Nepil, i~ 24 miles 

tlihtallt from the southern I~order of the TarAi, an unhealthy tract of coi~l~t ry  a t  the 

I~nse of t l i c b  Himilaya. 
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My tinte 1)eing fully occupied wit11 preparations fbr the journey to N(:lriil, I 

(Hel-mann) could only determine the magnetic dip. My instrument was put up ill 

tile compound of my friend Major Holmes, who, to  my great regrot, w:~s ~ruutlerrrl 

a few montl~s later by the troop of irregular cavalry under his conimm>d. 

1,:ltitnde Nortll. I,o~rg~t~~tlc East (;reell H~~~gllt 
9fi0 46' 41" 84' 44' 2(i" 2(iO f'rvt 

1,ntitnde x~ld longitude :Ire take11 from tllc. (;. 'I'. S. 

No. 14. UENLREY, IN H ~ N D O S T ~ ~ N  (N. ITT. FROV.). 

13enares, very beautifully situated on the left ba,nk of the Ganges, is celebraterl 

all over the world as one of the most sacred places for Hindu worship. It. contains 

;L remarkable number of religious monuments and in~titut~ions, and, nmor~gst, it,s 

~)ol)i~lation, proportiona,Ug Inore Bdltmans, Phndits and Fakirs, than any otllrr tow11 

of' India. 

I t  is also distinguished for possessing a nntive observatory, built in t,l~e middle 

of the 17th century by Raja Ja i  Singh of Ja,iiauhgger, nlinister to MohAnnnatl Shalt, 

Emperor of DBhli, who reigned from 1719 to 1748. I t  is now in a stntcn of' decay.' 

Siinilnr observatories, a.lso constructed by Raja Ja i  Singh, were formerly in existence 

:kt 1)6hli, a t  Mithra. on the Jhmna, a.nd a t  f ~ j e n  (Oojein) in bililva. The follo\\~ii~g iLTn 

t ,l~r observa,t.ory's 

f+cogra~~l~~icnl  Co-ov(1i11 cr,tes. 

I~atitucle North. Longitude East Greo~i. Height. 
25' 18' 26" 82' 50' 47" 32.5 feet. 

Lntitudc and longitude from G. T. S. 

&ty (Hern~ann's) magnetic instruments were put up on ,a spot not very f i~ r  fro111 

the Engllsll chuwcll a t  Benires. On this clay (l85(i, April 4), a heavy duht-\tor~tl 

ullfortm~ately inade it quite impossible to takr pro1)er observations of the 4t1n troll1 

~lnsheltered plact, 

I Tile inatn~ments of tl~ie ol~srr\.ntory Ilnvr l ~ e c n  11e~rl.ibcd I,y U ~ ~ n t e r  ill the Asiatic Hocirly'a Hc,senrrl~~.., l ~ y  

Sir I(. Harkel in l'llil. Trnns. Vol. 67, 1777 ,  p. 608. and by J. S. Williams i l l  Phil. 'Trnns. \'ol. 8:). l;!l3. 11. 4:). 1r1  
IIoolirr's IIin~illnyn~~ .In~~rnxln (Lnndnr~~, 185J), PI'. 7 4  1 0  ii, tltr l8rincillnl in~truments are very \vvII rrpresented in 
\ V ~ J ~ ~ ~ ~ ? I I I X .  
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17leritlinrl. 

\\'lie11 the dust-st,oml had sonlewhat subsided, the passage of Q i c n  (a Virginis) 

\\-as obsrrvrtl 1;tte in tlic night 

. . . . . . . .  &Ieridinn 101' 1 ' . 0 .  

No. 15. LBKHNBU, IN AUDH. 

This t ,o~\ f i~ ,  the ca.pitn1 of Andh, with a very large native population, estimated, 

bcfore its ;mnexation, a t  300,000, is situated on the right side of the river Giunti. 

I ts  geographical position, given below, has beell minutely determined by Major 

MTilcos. who had charge, under the preceding native dynasty, of an nstrouomical 

AIy instrtiments mere placed one mile S. S. E. of the. observatory. 

1.ntitude North. I,ongitude East Green. Height. 
2R0 51' 10" 80' 55' 32" 520 feet. 

Observatiotls: 1856, April 9. 

I~~strutnenls:  Tl~eorlolite 3, 'rrot~ghton; Chron. 3; Uarom. 1, Greiner. Observer: Hermann. 

Latitude and Time. 
Sun, Lower Limb. 

1856, April 0 Horrzontal Circle. Vertical Circle. 
A.  hl. 

I, 111 0 I I ,  0 I I ,  

1) 4 59 3 6 . 0  266 32 20 59 27 40 

2) 4 5 9 2 8 . 4  268 43 20 G O  39 45 

1,. hl. 

0 

742. 2 milli~n. I 32.2  C. 
Barorn. 'reml). of Air 1- 29.221 inches. 9 0 . 0  Fahr. 

C;dcnlnted by Method I. ,  from Observations 1 and 3. 

1. 2 (Control). 3, 
I I ,  I I I  I ! I  

llet'rnctinn . . . . . . . .  - 0 32 - 0 :30 - 0 44 

1'nr:~llax . . . . . . . . .  + 0 5 -t 0 5 + 0 6 

. . . . . .  Scmidi:unt~ter + 16 0 -1- 16 0 -1 I(; 0 
~ 

.... 

Stlm of ('ol.r. . , . -b 16 33 1 -  1 5 - 1 -  15 91 
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. . . . . . . . . . . . . . . . . . . .  Latitude North l(i" 54' .n 

Time: Mean Noon (corr. for Equation of Time) G h  29'" 54' 

Control. 
0 I 

Calculated Apparelit Altitude. . : . . . .  60 3 6 . 3  

Observation . . . . . . . . . . . . . . . . .  -1- 60 3 9 . 5  
-. - . -. - 

Calc.-Obs. . . . . . . . . . . . . . . . . . .  - 1 . 4  

J I f , ~ ~ i d ; ( / / / .  

. . . . .  Deduced from the 0l)servations of the 81111 321' 2!)'.4 

No. 16. A L I G ~ H ,  IN HINDOBTAN (N. N'. PROV.). 

A town of considerable importunce, a,nd a civil station, 84 miles soi~tli-east of' DGl~li. 

Mr. Charles Gubbins had the kindness to coln~nunicate t,o me (Hermann) 11is 

observations of latitude and longitude, a,s well as the position of his meridian marks. 

all based llpon a, series of most careful and often repeated operations. The meridii111 

inarlts consisted of delicate lines t,raced upon glass, and were fixed in solid ~valls. 
0 I I ,  

. . . . .  Tile CT. T. S. gi1.e~ for the Fort: Lat. N. 27 55 41 

I I  Long. E. Green. 78 .2 48 

'L'he l l~ti t~lde and longitude, given below, referring to t,he place of ol)servittioli 

itself, are those determined by Mr. Cfubbins. 

G'eograpAicnl ( '0-o/dinr~lcs.  

Idat~tude North 1,ongitode Enst Green. Il(81gl1t 
27' 53' 50" 7S0 3' 55" TliO fret 

No. 17. ~ G n a ,  rn HINDOSTAR (N. W. PROV.). 

IJatitudc and longitude, as determined by the G. T. S., are referred to the T,?i 
DlaliBl Dome. Thc observations of equal altitudes for determining meridian allti decli- 

nation were made near tlie house of General Boilean, who had Itindly invited rile to 

btny with Iiinl. Obser\.cr: Hermann. 1856, .4pril 15. 

r 1 l he  tleclination was aqcertainetl here by co~nl~arison with the inrritlian t l r t l t ~ c ~ ~ l  

fro111 lo\\, correspo~~di~ig altitutles of the sun, 1856, April 15:  

. . . . . . . . . . . . .  Mcridi.z~~ tllrls Cound 100° 2'. 9. 

I 2 (1 
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lleferred to the Taj, G .  T. S. 

I.atitude Kortll. Longitude East Green. Height. 
27' 10' 26" 78' 1' 39" ti57 feet. 

No. 18. M~RITH,  IN HINDOST~N (N. W. PROV.). 

A large town, and very important military station, 25 niiles west of the Ganges, 

i ~ n d  30 miles east of the Jlmna.  It is one of the finest stations ill Upper India. 

Lntitude North. 1.ongitnde East Greel~. tleight. 
2!1° 0' 41" 77' 41' 49" H(i5 feet. 

1,atitude and longitude from G. T. S. 

Though staying but a short time during the hottest hours of the day, I (Hermann) 

detel-milied the magnetic declination, making use of Ms. Gubbins' previous ~nericlional 

marks. 

GROUP IV.  

P , $ N J ~ ,  HWDH, AND KBCH. 

This large stativii, in the Cis-Sltlej division, contains extensive 1)arraclts i111rl cnn- 

toniiients. It is sit~iatetl 40 iniles distant frnm the soiitllern foot of the 14irnilayn, in 

a highly c~~l t ivnt rd ,  level plain. 

1.ntitrlde Sorth. I,o~~gitnrlr East Green. Height. 
300 ' 1 '  E," ilia JA' . i ! ~  1,n21; feet 



GROUP IV. P ~ N J ~ B ,  BmDH,  AND K ~ U H .  

Observations: 1857, Jnnua.ry 15. 

1nst1.uments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer: Hermann. 

Latitude and Yinze. 

Sun, Upper Limb. 
1857, .January 15. Horizontal Circle. Vertical Circle. 

0 

740.9 milli~n. 
, I 34.0 C. 

l i a l r ~ n .  1 Temp. of Air 
29.170 inches. 93 .2  Fahr. 

Calculated by Method I., from the Observations 1 and 3. 

1. 3. 2. (Control). 
I ,I I I ,  I ,I 

Refraction . . . . . . . .  - 1 1 3  - 1 1 8  - 1 21 

I'arallax . . . . . . . . .  + 7 4- G + F 
Se~nidia~neter . . . . . .  - 16 17 - 16 17 - 16 17 

Sum of Corr. . . .  - l i  23 -- 17 29 - 17 32 

0 I I ,  0 I I ,  

IL corr. = 35 59 52 6 = - 21 5 51 

h f c o r r . = 3 3 5 0 3 7  S t = - 2 1 G 3 9  

Latitude North . . . . . . . . . . . . . . . . . . . . . . . . . .  30' 12'. 7 . 
. . .  l i m e :  hIean Noon (corrected for Equation of Time) 8'' 28" 25" 

0 I 

Calculated Alt.itude corresponding to obs. 2 . . .  34 38.9 

Observed Altitude . . . . . . . . . . . . . . . . . . .  34 39 .S 

Ca1c.-Obs. . . . . . . . . . . . . . . . . . . . . . . .  - 0 . 6  

1,atitude and longitude gi\.en above are G. T. S. values. 

Mevidiccn. 

Deduced from t,hr 0bservs.t.ions of the Sun . . .  >O 4l.3. . 

NO. 20. IA~613, IN TEE PANJAB. 
Tllix famous city was formerly the principal seat of the Silrh Empire, and uvdn 

llo\v is th(3 capital of thc PnnjQb. I t  i~ situated in  the Bhri Dulib, about one mile 

east. of' t .hr , l i i ivi ,  the ~ ~ ~ l a l l t > s t ,  of' t ,hc P ~ n j i b  livers 
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Thc Hilropeal~ qnarter,  ;I little sollth of the native ~ O N I I ,  i< called AllnrkAlli; it 

w i l s  berr that  t h r  instruments -\\.ere p u t  up. 

1,ntitodr Sortll. 1,ongitucle I'::~st (;reen. Height. 
31' 34' 5" 74' 14' 37" 7!)0 feet. 

111strrunents: 'I'heodolite 2, .lanes; Chron. 3; Barom. 9, Pistor. Observer: Herr~lnn~l. 

Lntit.rtcle. 

1857, January 9. Horizontal Circle. Vertic:tl C'i~cle. 
Saturn. 

(The ring being distinctly divided into two equal parts by the centrnl wi1.r.) 

ph 20" 14' * 265' ,54' 10" 390 601 55" 

Polaris. 
4" 43"' 43$ 330 521 45" 

7 4 6 . 4  nlillim. I 1 6 . 0  C. 
Haro~n. 'Temp. of Air 

99.3HG inrhes. 60. 8 l.'nlr~.. 

'I'lle corres1:onding mean local time was deduced from the observatioils of Saturn, 

a n  npl)roosimate latit,ade heing introduced. By the second approximation we obtain 

from Polaris : 
1,atilurle Nnrtl~ . . . . . . . . . 31° 42' 30" 

Y!i~rle. 
11 111 

Sitlercnl Time at 4h 20"' 14'. Vhron. 3 ,  11y first Apl)roxi~natio~~ . . . 9 50.4 

, hy second Approximation . . :! 5 9 . 3  

NO. 21. RAULP~NDI,  I N  THE PANJLII. 

9 1;rrge l~u l i t a ry  station, situated in  t,he northern part, of the S i l~dh  SAger Di~al), 

abolit half' way distant fi-om the Induu and t,he Jhilum. 

\Ve staid here a little longer than usual, i n  order t o  make ;L general comparisoll 

~f our clu.o~lorneters alld magnet,ic instrllments. 

'I'he i n s t r o n i e ~ ~ t s  were p ~ i t  up a t  a. consirleralde distance t'ro~t~ the 11;ltiv~ ~ O \ I ~ I I ,  ill 

the cnntonnlrnt. 



(:rog~.r~pkicnl C'o-orrli~rntes. 

Latitude North. Longitude East  Green. Hcight. 
33' 36' 30" 72O 59' 41)" ' 1 ,~74  iket. 

~bsel.&ztiolzs: 1856, December 2 a d  3. 

Instrrnnents: Theodolite 2, Jones; Cllron. 3 ;  Barom. 6, Adie. Observer: Hnhert. 

1856, December 3. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 

SIIII, Lower Limb. 
h m R 0 I I ,  0 I I ,  

2) 4 36 18  179 31 16 27 4 20 

3) 4 38 45 180 4 45 27 20 20 

4) 4 42 1 5  180 55 5 27 42 0 

5) 4 45 33 181 41  40 28 3 5 

6) 4 4 8 3 5  182 24 0 28 21 15 

1'. nl. 

Sun, Upper Limb. 
11 I,, R 0 I I ,  

7) 8 21 1 0  238 45 25 

8) 8 2 5 2 4  239 46 45 

9) 8 27 46 240 19 45 

10) 8 37 51 242 39 40 

11) 8 4 3  16 243 54 35 

12) 8 48 39 246 6 50 

j 719.0 millim. 
Bnrom. r , lenip. 1 28.308 inches: I 1 7 . 8  C. 

of Air 
6 4 . 0  Fahr. 

As t h e  f irs t  d a t a  of observations,  t h e  m e a n  of' 2, 3, 4, 5 ,  ; n ~ t l  ti w a s  t a k e n ;  the 

rorresponcling a l t i tude ,  a f t e r  t h e  c ~ ~ l n i i n a t i o ~ l ,  is i n t e r l ~ o l ; ~ t e t l  t ion1 observatiorin 1 0  

I.:~tilndc Knr t l~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :)Yo 35'. 2 

'I'imr: XIV:III Noon, tnlting into tho cnlcnlatio~i tlie vari:~tio~r of the Sun's 

1)rrlinatinn during the ~) r r iod  of tlie observations . . . . . . . . . . 1;" 41;'" 2.j. 
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Second 

Cornparison of the Different Single ~ b ~ ~ ~ , , ~ t ~ ~ ~ ~  - 
c:ronp I 

- - 
1. 2. 5 .  6 

Tilnr 11y Cllronometer . I" 2in'58' 4h 36'" 18. 4l' 38m458 41142m 15' 41145~1330 
I 4 L 1 8 m 3 5 ~  

Meall Noon from 1st Gb46"2B8 Gh46"'95' Gh  4Gm 2581 B1'4(i'" 25' Sh4Gn12j8 Gh46m251 

&IeanLocalrlTime 1 tipprox. - 2h 18"27" 2' 

Equation of Time . . . . + 5 6  + 9 

Hour Angle in Time . . - 2 q m 3 1 "  - 2h 

Hour Angle in Arc = t . - 32' 7l.8 -30° 

8 (Sun's Declination) . . - 22O 9'.4 - 22' 9l.4 -22O 9'. 4 - 2z0 9'. 4 -220 91.4 -220 91.4 1 I 1  
sin9 s i n 6  . . . . . . . . -0.20881 -0.20881 -0.20881 

( 1  con Q cos 6 C ~ S  f . . . . +0.65311 +0.66757 -t0.67152 

s u m  = sin h. 0.44430 0.45876 0.46271 1 0.46858 t ! 
" 1, (True Altitude of the 1; snn7s  Centre) . . . . 

Refraction . . . . . . . . 
l'nrallax . . . . . . . . . 
Apparent calcul.Altitude 

of the Sun's Centre . 
f Sun's Semidinmeter . 

Cnlculatecl Observation 
Direct Observation . . . 

C I I I I !! 
Group A. i 

al l , l l l .o~i t~~nl iorc .  

the Elements drduccttl from the First Approximation. 

==- 

Group 11. 

7. - 
'riine by Chronometer. 
Mean Noon lfrom 1st 

HOW Angle in 'rime. 

Hour Angle in Arc = t .  

-0,20882 - 0.20882 -0.20882 -0.20882 sill 9 8. 

+O.G!)2li -1 O.(i857'i 4-0,68215 +0.04654 Cos cp COs 6 cos t .  

0.48335 0.47695 0.47333 0.43772 Sum = sill 11. ! 

k (True .tltitude of the 

25'57l.6 Sum's Ccntre). 
+ 1'. 9 liefraction. 
- 0'. 1 Parallns. 

Appnrel~t c:dcul. Altitndt 

25' 59'. 4 of the Sun's Centre. 

+ 16'. 3 -1- Su~l 's  Semidinmeter. 

2601 5'. 7 Cnlcnlnted Observation. 
260 16'.2 Direct Observation. 
-- 

1- 0'. 5 Cnlc.-Obs. 
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The preceding table shows very small errors: this, consequently, allows of as 

accurate a result being obtained (and in a shorter way), as by the application of the 

nietliod of least squares. The mean of errors is: 

for Group 11 . . . . . . . . . . . . . . . . . . .  - 0.  i 

for Crroul) B . . . . . . . . . . . . . . . . . . .  - 0 . 5  

. . . . . . . . . . . . . . . . . . . .  aud the sum of the squares of errors 8 ' .  10. 

Since the mean error is equally great, and has the same sign before and after 

the culmination, the meridian remains unaltered; besides, the observations being 

Ilear the meridian, the differential of latitude is equal to the differentia,l of altitude. 

Therefore a decrease of latitude for 0 ' .7  appears to give the best result: 

Latitude North . . . . . . . . . . . . .  33' 36' 30". 

With this corrected latitude (33" 36' 30"): and the noon, as obtained above, the 

remaining differences between calculated and direct observation are: 

KO. of Ohserr. Ca1c.-Obs. So. of Observ. Calc.-Obs. I 

A. By Lunar Distnntcs. 

1856. Dercmher 2. tlorinontnl C~rclr Vertical ('~rcl~,. 
Jupiter 

11, 44~3~ 17, 204O 10' 30" 540 39' 45" 

Moon, Lower IJilnl) 
1, rn . 0 I I I  0 I , I  

1 29 4 260 49 40 90 5 i  25 

1 3 1 3') 255 9 25 I7 55 16 

1  - 0 . 2  

9 + 0 . 2  

9 - 0 . 5  

4 + 0 . 5  

5 - 0 . 1  

G - 0 . 1  

T l ~ r  two observations of tlle lnooli have been used in order to il~terpolate Iler 

;~l,l 'arel~t co-ordinates for the time when Jupiter was obs~lrved. We obtain for the moo11 
at 1" 44"' IS" 263' 4 4 ' .  7  18' 5Gi .1 .  

I - 0.5  - 
8 + 0 . 5  

9 - 0 . 0  

10 - 0 . 1  

11 - 0 . 3  

12 -1 0 . 2  

The sum of the squares of errors is now diminished from 8'. 1 0  to 1'.11. 

Thuill. App. gives latitude 33.O 34' 40" N. 



R r d ~ ~ c t i o ~ ~  t o  g ~ r n r o t i ~ . i c  n ~ r d  trt te iiltittrrles. 

(Com11:1re thc more detnilcd calculations pp. 112 :~nd  113.1 

Noon Jupiter. 

Setnitlia~neter . . . . . .  4- 15 .6  . . .  
Sum of Corr. . .  4 -  66 .9  - 0 . 6  

Arc of the Alnn1cantar:tt . . . . . . . . . . . . . . . . . . .  40' 34'. 2 
Therefore : 

True geocentric Disti~nce between the Moon m ~ d  Jupiter 50° 17'. 7 
11 111 3 

(:orresponding Green. Time . . . . . . . . . . . . . . . . . . . . . . . . .  2 8 48 

i:orresponding filean Local Time . . . . . . . . . . . . . . . . . . . . . .  6 57 52 
I~ongitndc in Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 49 4 

Uy calculatiilg the Altitndes of the Moo11, we obtain the Longitude in Time East 

of (h~eell. 4" 48"'  3. 
B. By Chronometer 1. 

The short interval of t,inle between the observat,ions a t  Ha.ulpindi asd  a t  Peshaur 

was very favoura.ble for the determination of the difference of longitude ljy chon.  1, 

t,ha rate of which (XTT.) had beell very accurately ascertained. PeshBur, a t  the same 

time, l~ad  the advantage of being a station fixed by the Q. T. S. in direct connection 

with its lninute operations of the measurement of arc in Sindh. 

hiran Noon a t  Itnulpindi, by Chron. 1, from a conlpnrison, December 3, with C h r o ~ ~ .  3  

(src 11.100) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The rate (XV.) of Chron. 1 has been found to  be, from MBrri, Nove~nber 13, lo Adolphe's 

Inst Obserrations = Losing 38 .5  

BIeall Noon nt Raulpindi for December 22, corrccted for rate  . . . . . . . . . . . . . .  
fifean Noon a t  I ' c s h i ~ ~ r ,  December 22  . . . . . . . . . . . . . . .  : . . . . . . . . . . . . .  
Mrridionn.1 Diffcrcnce in 'rime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , ill Arc 
I'rsl~ilrr, East  of Green. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Raulpindi, 1 h s t  of Green. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

This result of chronometric longitude, whicll we adopt, only diEt,re frorn the 

al)])roxlnintr rnlae (7.3" 1" 55') given in Thuill. App. by 0' 36" in arc. 

lllr,l.irliflll. 
r)ct l~~ccd from ~\ltitutlcs of thcb Sun . . . . . . . . . . . .  21 l o  37'.0 



No. 22. PESHAUH, IN THE PANJAB. 
0 1 1  nc.corult of its position, west of the Indus and near the frontier of I(jb11l. 

this is one of the most important military and political stations of nol.t,h-wvestern 

h i d i i ~ ,  with very large cantonments. 

The in~t~ruments were set up near the lower end of the Sddder baxar (princil,i~l 

bnzar), in a large open sllace before the lness house of the Euro1)ean Infant,ry barracks. 

Beo,q~.nl)l~icnl Co-ordi~tnfes. 
I,:~titnde Xortl~. Longitude East Crrren. Height. 

3 4 O  3' 10" 71' 33' 19" 1,250 feet. 

Lrrfitctrlr n~cd Ti~rte.  
Sun, Upper Limb. 

1856. 1)ereml)rr 22. IIoiizontnl Circle. l'c,rt~c:~l < ' I I . ( . ~ ~ J .  

I,, m s 

5) 7 28 2!) 

li) 7 39 I; 

0 I ,I 

. . . . .  . \p l~arr~~t  hltitutle of SUII'S 1J1111~ar Liml), \ \ . 1 1 ~ 1 1  ( . I I ~ I I I ~ I I : ~ ~ ~ I I : !  :I2 4lj T ) ! )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l {e f iact io~~.  - 1 26 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I'ar:~ll:~s 1 0 7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51.nlitlin111t~trl. - l(i 18 
.. - - -. - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sum of Cnr~,. - 1 i 37 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Calculated truc ,-iltitude 32 2!l 22  

Sun's Decli~latio~) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. - 2:j 27 2s 

. . . . . . . . . . . . . . . . . . . . .  Lntitutlc X.. 
'Ti~nc: X C Y ~ I ~  S ~ I ) I >  (corr. for I < I ~ I I : I ~ ~ O I I  of ' T ~ I I I P )  



Time of Ohserv. by Chron.1 
Apparent Noon (from 1st 

Approximation) . . . . . 

Hour Angle in Time . . . 
Hour Angle in Arc = t . 
b = Sun's Declination . . . 
s i n p s i n s . .  . . . . . . . . 
cospcos8  cost . . . . . . 

S u m = s i n h  . . . .  
11 = true AlCitude of the 

Sun's Centre . . . . . . . 
Refraction . . . . . . . . . . 
Parallax . . . . . . . . . . . 

-1. &I. 

~ 

1'. >I. 

-- 

Ciroup 11. 

5. 1. I i. 

(;coup 
. - - - - - - .. . - - - 

Appaxent calc. Altitude of 
C e n t r e . . . . . . . . . . .  31°49'.7 

Th 2Sm 2gS 

yh 24m 448 

+ Oh 3" 45' 
f 0°56' .3 
- 23' 27'. 5 

- 0.22291 
. +  0.75994 

0.53703 

32' 38l.9 
+ 1l.4 
- O I . 1  

320301.'3 

.k su: ~emicliameter . . 1 16l.3 + 1 6 l . 3 - 1  1 6 ' . 3 +  1 0 ' . 3 +  1 6 ' . 3 +  16l.3 

(ih 49" 

'ih 24" 44s 

- Oh 3 jm 22s 
- 9' 20l.5 
- 23' 27'. 5 

- 0.22291 
+ 0.74997 

0.52706 

31' 48l.4 
+ 1.4  
- 0.1  

32'18'.4 

I. 

3. 1 4. 

32'25l.9 

2 2 V h  4" 22s 

7" 2dm 448 

- Oh 20m 22O 
- 5" 5l.5 
- 23' 27'. 5 

- 0.22291 
+ 0.7.5706 

0.53415 

32' 17'.1 
$- 1l.4 
- OI.1 

7"2" 

7h 24m 4.ls 

- Oh 12m 369 
- 3' 9l.0 
- 13O 27'. 5 

- 0.22291 
+ 0.75890 

-- 

0.53599 

32' 24l.6 
'+ 1'.4 
- OI.1 

32'30l.3 

I 

7" 3ym 6' 

7'' 94'" 448 

+ Oh 14" 22' 
+ 3'35'.3 
- 23' 27'. 5 

- 0.22291 
+ 0.75856 

0.53565 

32' 23l.2 
$- lI.4 
- 0'.1 

32'24'.5 

C'alculated Observation . . 32' 6 l .0  32' 34l.7 
Direct Observation . . . . . 32' 121.2 32' 3s1.o 

-- 
Ca1c.-Obs. . . . . . . . . . - 1'. .3 

ih 21" 148 

711 24" 448 

- Oh 3" O8 
- 0°45 ' .0  
- 23' 27'. 5 

- 0.22291 
+ 0.75098 

0.53707 

32' 2Y.0 
+ 1j.4 
- O'.l 

ih 5Sm 3g8 

7h 24"' 44" 

+ 0" 33" 55$ 
+ S028' .8 
- 23O 27'. 5 

- 0.22291 
+ 0.75173 

0.52862 

31' 55l.6 
+ 1l.4 
- 0'. 1 

31°56'.9 

32' 46l.5 
32' 46l.6 

-- 

32' 42l.2 
32' 44l.3 

- 21.1 
J 

Group <I. 

- fY.1 + 0'.5 + 1I.S 

32O 46I.G 
32" 46l.7 

- 0'.1 

32' 40l.8 
, 82' -101.3 
-- - 

LA. 
Group B. 

32' 13l.2 
32' 11l.4 
- 

---- 



1 ti4 ASTRONUJIICAL DETEIiBIINATIONS OF IATLTUUES AND LONGITUDES. 

T11e I ~ I ( Y ~ I I  of errors 

from (Group . l  (Observation 1 being escl~~dcd) -. - 1'.4 

from Grnup R . . . . . . . . . . . . . . . . . . . = + l I . 3  

I l l irse I numbers being very nearly equal, bu t  with opposite s i p s ,  it resttlts, as call 

be directly seen, that 
tlp : 0 .  

and r l f  call be deduced tlirect,ly from the equation 

the co-efticients being logarit~l~mica~l. 

t l t  = + 15l.0 (11' = - 1"' Us 

therefore: 
1.atitode N. . . = p = 34" 3' 10". re~uain~n:: u~laltrretl. 
Apparent Noon = T = 7'' 23'" 448. 

Tlie direct readings are  obtained witliili a few tenths of' the minute by introducing 

t,hese elements. 

(The latitltde of Peshinr  as given by the G. T. S. is 

1,ntitode Sorth 34" 4' 44" 
referred tu  the fort.) 

The t i .  T. S. gives Idongitode East (;reen. . . . . . . . 71° 33' 19". 

Declnced from Observations of the Sun . . . . . . ?!JO' 3 i I . F  

NO. 23.  SHAHI'UR, IN THE P,<N.J:~~L 

I 7  l h i s  snlnll town lias been recelltly selected as a military ant1 civil sti~tion. It 

is sitn:~tetl In the cJi.cl~ Duib,  about two miles distant 'from the 1t:ft I,i~nlr of t , l~e 

Jhi l l ln~.  

I had Iny t,heotlnlitr 11laced near the  commanding officer's hollae. 

1,;1tit11tlr Sortl~. Lo~lgit~tcle East Gree~l. Hcight. 
32" 14' 0" 7 2 ~  s a t  301, 680 feet. 



GROUP IV. , P A N J ~ H ,  BJNDH, AND KKCH. 

Instrmnents: Tl~eodolitc 1, .Jones; Clrron. 4 ;  Barom. n, Pistor. Observer: Robert. 

1856, December 28. Horizontal Circle. Vertical Circlc. 

P. )I. 

Sun, Upper Limb. 
I,  m s U I I ,  0 I I ,  

7) 9 51 27 153 39 30 24 14 25 

8) 10 2 38 135 19 10 23 7 10 

9) 10 18 31 158 26 45 20 57 10 

10) 10 23 li) 159 20 40 20 14 55 

11) 10 29 57 160 35 43 19 16 40 

12) I 0  37 8 161 5G 45 18 15 15 

I 751 . 0  milliiii. 
14;~rom. Temp. of Air 

29. 567 inches. 

('alrulated by Method I., from Obser\.ations 6 and 12. 

I,atitlrde N. . . . . . . . . . . . . . . . . . . . . . . .  32' 18'. 5 

'l'irne: Alcnn Noon (corr. for Eqna t io~~  of Time) 7" 93"  1'. 



A8TRONOBlICAL DETERMINATIONS OF LATITUDES ANI) IJONQITUI)E~. GROUP IV. P ~ N J ~ ,  CJWDH, AND K ~ C H .  

jlIIra,i,//mtio/r. 

,lilll llle Elcll,ellts ol,tnillct~ I)Y tIlr First Al,proxilnation. 

Group 11. 
P .  bl. 

Second 

(:olnl)arison of the Single O I ~ s e ~ ~ ~ ~ i ~ ~ ~  

I .  2. 3. 4. 5. 7.  8. !). 10. 11. 
- 

T i n ~ r  of O1)servation by Time of Observation 11y 
C11ron. 4 . . . . . . . . . . 4" 32" 8' kll 371n 338 411 d~m 35' gl, jlul 278 10~, J B Z B  388 101' 1~~~~ 31s 101, 23"1 108 1011 29m 57' Cl~ron.  4. 

Mean Noon , from 1st 7Q33'u Is 7 3 3 3 " 1  1-11 23m 1, 71, 230, 711 2:3,,' 19 71' 230) ] a  713 33" 18 7h 23m I s  Men11 Noo~l  fro111 1st 

Ilea11 I~oca l  T h e  \ Approx. - 2" 50" 53@ - 2"Sm 2Ae - 2 b  36' 26q + 2h 31,n 26s + 211 39"' 378 + 21' 561" 308 + 3 h  Om 9 8  + 3h 6" 3-38 Mean Local Time Approx. 
E q u n t i o ~ ~  of Time . . . . . . - - 1'" 54" lnl 54" l m  54' - - 2!1, 0s - ym 03 - 2'" 08 - 2111 0* Equntio~l  of Time. -- 

I 
E-lnnr Angle in  Time . . . . + j ~ y ~ n t  26" 2h 371" 379 4- 213 53" 309 + 211 58m 9 8  + :jh 4" j G B  Hour Angle ill 'rime. 
Hour Angle in Arc = t . . 43' 11I . i  -41° 40'.5 - 39' 3Y.0 f8j0218.5 + 390 24l.2 .+ 430 221.5 + 140 321.2 4- 4G0 141.0 I lour  Angle in Arc - t. 
f i  = Sun's 1)eclinntion . . . 23' 17l.4 - 2.3' 17'. 4 - 23' 11l.4 -230 161.7 .- 230 16'. 7 - 230 161.7 - 230 161.7 - 230 161. 7 8 = Su11.s Declination. 

sill p sin 6 . . . . . . . . . . 
cos p COS R ros f . . . . . . . + 0 .6 l i lo  + 0.59990 + 0.66432 + 0.55340 + 0.53703 cos p cos 6 c ~ l s  t. 

I 
Sum = sin 1 . . . . 0.35463 0.36702 O.:38697 ~ , ( , y j ~  O .  :<RX~S 0.35310 0.34218 0.32581 Sum = sin 11. ( I 

11. (True i\ltitude of t h e  Sun's 11 (True Altitutlc* of th r  SIIII'S 
Centre) . . . . . . . . . . .  Ccntre). 

Ilefraction . . . . . . . . . . 21.5 + 21.4 + 2j.3 + Y . ~  + 21.4 91. 5 + 2'. 6 + 2'. ti Refriwtion. 
l'nrallax . . . . . . . . . . . . o'. 1 - 0l.1 - - 01.1 - 0'.1 - o' . 1 Part~llnx. 

'- 
. \ l q ) a r ~ ~ t  rnlc. Altitude of X l ~ p w e n t  C:I~C. riltbtutlr of 

C'cntre . . . . . . . . . . . In0 44'. 1 20' 2'. 8 20' 48'. 7 1'3. 3'. 6 Centre. 

+ Sun'a Se~nidianietrr . . . - 16l.3 - - 16'.3 + 16l.3 + 16l .3 + l(y.3, + 16j.S ~ S u n ' s S r m i d i a m c ~ t e r .  - 

- -A- -- 
~!alrulated Ol)servatio~j . . . 18' 27l.8 19' 46'. 5 20° 3Y.4  2:j0 l o 1 .  9 200 591.4 z o o  191. 5 19" 1gI.9 Cnlculated Ol , sa i t~ t~ inn .  
Direct Ol)ser\.ntinn . . . . . lHO 21'. 3 I lV"'G1.O 30' 301.0 230 71.2 300 5 71.2 200'141.9 190 1 c t . ~  nirect  0l)servation. 

-- - 

(::dc.-Ol~a. . . . . . . . . . . + P1. 2 + 4l. 6 + 3l.2 C l l ~ . - ( l h ~ .  
C I 

Gro111) 11. ( ~ r o u l )  1;. 

1 

- 

Group I .  
A. ?,I. 

7 



l(i8 ASTRONOBIICAI. DETERMINATIONS O F  LATITUDES AND LONQITUDES. 

The niran of t,llo cleviat,ions (Ca1c.-Obs.) is: 

in Group A = + 2'. 5 

in Group I3 = + 2l.4. 

We oht ,ain the following differential equations for reducing the errors to theii minimum: 

1) 0 = + 0.39 - 9 . 8 4  t lp  + 9 .72  d t  
- 2) 0 = + 0 .42  - 9 .84  t lp  - 9 .72  d t ,  

the co-eftic,ientu being logarithmical. 

The soli~tion of t,hese equations b' rives : 

I,atit,ude N. = p = 32" 14l.0 

Mean Noon = T = 7" 23" la. 

The following table shows the remaining errors after the new elements are introduced: 

No. of 'Observ. Calc.-Obs. 

Lottgitrglc. 

JIean S o o l ~  itt Sl~rihpur, by Chron. 4, dcdaced from Observations of the Sun, ,, 
1856, December 28 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 23 1 

blenn Soon a t  ShQhpur, ,corrected for rate  since the last comparison a t  Ilnul- 
pindi, I)ece~nber 17, Rate = XIV. =. gaining 15' . . . . . . . . . . .  7 20 10 , 

. . . . . . . . . . . . . . .  3le:rn Soon at Ranlpindi, December 17, 1)y Chron. 4 7 18 21 -- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  JIeritlinnnl Difference i n  Time 1 49 

= 27' 15" in Arc. 
0 I I ,  

. . . . . . . . .  ltar~lpindi East of C;rcensich 72 59 49 

. . . . . . . . . .  Sh;i l~pur M'est of Hnnlpintli 27 15 
-- 

S11il1l)ur East. of Greenwich. . . . . . . . . .  72 32 3-1 

\l'e Inlvc. 110 ot,her t l ; ~ t a  of latit~lrlr : L I I ~  l o ~ r g i t l ~ d e  t;x;sct e11011gh for conipnrison. 
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Mericlian. 

])etlr~crtl fi.on~ the Apparent Noon, as obtainccl by thc s e c o ~ ~ d  .\pl,roxi~nntiolr 102' 18'. 1 1 .  

No. 24. D ~ R A  Isw.4~1, I<HAN, IN THE I ' i x ~ d n  

Tlus station is situated on the right (western) side of the lndus, but its positic)n 

j\las cllanged after being entirely destroyed by the floods of this large river. Ever1 
' 

it is not qi~ite secured against the dangerous effects produced by a sndr1e11 rise 

of the Indus 

Dbra. lsmriel I<han is an important coinrl~ercial place 011 one of the great route3 

which lead fro111 the PBnjBb to the northern parts of Sindh. 

ffro,q~.ccl~hiccil Co-0,-11i~snte.s. 

Latitude North. Longitude East G r e e ~ ~ .  lleigl~t. 
31' 39' 35" 70' 56' 30" 478 feet. 

11wt rlullclrts : 'Tl~eodolitc 13. 'Troughton ; Cluon. 1 ; Uarom. 11 ,  P i~tor .  ()l)sw\.er : Adolplle 

( 1 .  0bserva.tions of the Sun. 

1857, Fel)rnary 23. Ilorizontal Circle. Yc.rticnl Circle 
Sun, Upper Liml). 



170 AS'I'IIONO>II('AL 1 ) E T ~ H I M I N A ' ~ I O N S  O F  LATITUDES AND LONGITUDES. 

Id :~ t i t~~de  S. . . . . . . . . . . . . . . . . . . . .  :+lo 38'. 5 

'I'ilnr: ;\lean No011 (corr. for Kquatio~r ni' Timc) 7'' 2:P1 l o n  

A coinl)ariso~i of' the  single observations is not necessaiy, as the altitutles inter- 

polated fronl the single observations, corres1)onding t o  the times of Mean 1. and II., 

are ~ l e i ~ r l y  itlrnticnl with t l~ese means. 

11. 01)servations of illrritnk, 111 the girdle of Orion. 

,I seco~ld cleter~ni~lat io~l  of' latitude was ~natle  as follows: 

'\I titnde. 
0 I 

1, I,8 3 t i  i r e  : l i  46.0 
I 7  2 3  10 C:Ilrol~. I .  , 1tefractio11 . . .  -- 1.2 

: 10 0 0 hIen11'1~ocal Tinre r.31. ( 'nrr .  Altitudt, . - 37 4 4 . 8  

R.A. :111d 8 taken from the Brit,isl~ Ashociatio11 catalogue and rt1tlncotl to tllr 

.is tlr:til~iti\.cb res111t wt. atlol)t tlir mrxn:  
. . . . . . . . . . . . . . . . . .  I.ntita~de N. :+I0 Y!,' :l>". 

\\'e Il:rve 110 very exact data of 1;ltit~ide for cori~l~:rrison, t,ll(% Inalls 11crc: tlitt'eri~ig 

very consitler:kl)l,v, 1111t not so for longit,ntlr. TllV V : I ~ I I I ~  give11 ;rl)ovr is the Illcan of 

tllo l)?st In;ll)s \\.llic:ll orlr 11rotl1c.r Ilad tllc: o l ) ] ~ o r t ~ ~ ~ ~ i t , v  of  os:m~ining i ~ n d  ~ O I I I ] I ~ I I I I I ~ .  
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HV irdoptetl : 

1,ongitnde LC. (;rer~r. . . . . . . . . . . . . . i O O  5 f '  30". 

Tllc resulting rate XV., giving very good chronometric lonptudes for t l ~ e  other 

St:ltl~llhl is itnother proof of' the adopted longitudr being cc~ncct .  

Mevidialf. 

I)cdl~cerI from Altitudes of the S u n .  . . . . . 4!1° 2-11 .0 .  

No. 25. M U L T ~ N ,  IN THE PANJAR. 

'Cliis ancient city, the Malitan, o r  place of Milis,  know^^ since the time of 

A1ex:mder t,lie (ireat's expeditions in the P&nj&b, is situated ill the Ji.cli Dubb, t,hree 

miles east of the (:hin;ib. The station is surrounded by gardens ailtl groves of very 

beaut.ifi11 trees, wluch form a. striking contrast to  the gei~era,l barrenness anti aridity 

of' the :~(ljacent country. 

Tlie inst.ruments were place11 in the large open compound rnhicl~ is at,t;~clied to  

t l ~ e  (fovernment tl~tlt 1~511galo. 

O / J . < ( , ~ ~ I I ( I ~ ~ O ~ L , Y :  1857, J ~ I ) I ~ I I I . , I /  8. 

111~tr1111icnt~. Tlleodol~tc I ,  Jones; Chro~l. 4 ;  B:trom. ti, Pistor. Observer: Ilobcrt 

1 8  I I I  8, I-lorizo~ltnl Circle. Yertic;~l (;irclc. 

Sun, l,o\\,er Limb. 
0 I I ,  0 I I ,  0 I I ,  

I )  4 5 3 3 5  i i  20 :10 24 1 7  12 

2) 4 :)7 36 5 7  5ti 60 2 4  54 27 

(I.) 3) 3 1 0 5 3  :38 25 21 42 



C':~lt.lllntetl I)J XLrtlrotl I . ,  f'ro~n Ol)snv:~t ions  3 : I I I ~  the Iiiealr ut' 4, 5 ,  6, a11d 7. 

~ 5 ~ ! ~ 0 1 t ~ l  . i f ~ ~ ~ / ~ v . ~ i ~ t t ~ a t i o ~ ~ .  

Coull,d~isoil ot' tlie s i ~ ~ g l e  ol~scl.vatic~~is.  



Tllr me:~n of t l ie  de\rint.ioiis (Ua1c.-Obs.), i r i c l u d i ~ ~ g  a l l  o l ) s e r \ r a t i o ~ ~ s  i s :  

I r o l  - 1 .  -2 - 0.3,  

ill Group U.  = - 0.5.  

Tiulc of Obs. by Chroli.4. 

hlcan Noon . . fro111 1st I hIeallLocalTime A p p r o ~ .  

Equation of Time. . . . 
Hour Angle in Tin~e . . 
Ifour Angle in Arc = t 

8 (Sun's Declination) . . 

sinp sin8 . . . . . . . . 

ros p cos 8 cos t . . . . . 
S u n ~  = sin 11 . . 

11 (True Altitude of the 

SUII'S Crlitrr) . . . . . 
Ilefract,ion . . . . . . . .  

Parallax . . . . . . . . . 
,\lq)arcnt ($1~. Altit~lde 

of Centrc . . . . 

i - S ~ ~ ~ ~ ' s S e ~ ~ ~ i d i . z r n c t e r . -  .- 

Cnlcula.t.ted Observntio~l . 

Wv o l ) t ; i i ~ ~  t , l ~  tollo\\ring tlifferential e q u a t i o n s  fbr  r e d ~ ~ c i n g  tlit: e r r o r s  t o  t l i r i r  

~ n i n i ~ n u i ~ l :  

I )  0 1 - !).A4 -- ! ) . ! ) O / l f p  - !l.82(1t 

2) o = - ! t . ( i i  -- !).n-l trp 4- 9 .70  (I t ,  

tllc CO-c l f ic ic~~ls  I , c i ~ ~ g  l o g ; ~ r i t l ~ n ~ i c ; t l .  

Group 11. 

Direct Observatioi~ . . . 
Cnlr.-Ohs. . . . . . . . . 

Oroop I. 

4. 

36"O11llm 

ih29" 448 
-- 

8" 2I14lm 47' 

7N 

6" 21334"' 4Y9 

+ 38O 401.8 

- 22' 13'. 7 

0.19018- 

-t 0.62470 

0.43452 

25' 4Y.3  

11 .9+ 

o f . ] -  
- 

25' .lif.l 

1(;'.3+ 

%ti0 3'.4 

- 
1. 

4"53'" 35' 

7IB29"' 44' 

- 2"36" 
- 6"' 588 
- 
-2"43"' 

-40' 4G1.8- 

- 22" 1 Y . 5  

- 0.19042- 

+ 0.60580 

0.41538 

24' 3 Y . 6  

+ 2 ' .0+  
- o ' . ~ -  

24' :14'.5 

16l .3-  

2.1' 18'. 2 

2 .  

4"5im 

'i"29" 448 

9" Z h  32" 

- 6" 58" 

7" 2I'3'Jm 

39O46'.5 

- 22' 15'. 5 

0.19042- 

+ 0.61489 

0.42447 

16' 7 . 0  

2l .04- 

01.1- 

25O A's9 

1G1.3+ 

2.1' 52'. 6 

2.1' 17'. 2 

31"Oh 16"' 62" 

711 29" 448 

+ 2"4im 8> 

4" 77"' 
-. 

+ 2)' 40" 48 

+ 40' l l . O +  

- 22' 13'. 7 

1).1901S- 

+ 0.61286 

0.42268 

25' 0 ' . 2  

1 ' . 9 +  
1 -  

25' 

26" 

101"L2" 

ih2Dm 44$ 

+ 211 52m 4G8 

26' 

30"0"25"'4nn 

i1129'n448 

- 21'56m An 

25O 54l.4 

rl.o- 
2Ci0 0'.4 

+ 11.01- i l . n  , 

4" 

+ 

- 

0.19018i- 0 . 1 ! ) 0 1 H  

+ ~ . 6 +  
I 

+ 0 .  (i0001 
. 

0.40983 

24' 11'. 7 

2 ' . 0 +  

0 ' . ] -  
.~ - -- 

Groul~  *-I. 

+ U.  5!)2:34 

0.40216 

2:i0 4 Y . h  

2 I . O  

o1.1 

Gro111) B. 

-- 
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The m111tio1~ of these eclontions gives: 

rlp = -- O' . ( i  

( i t  = + n1.3, (IT = - 1 8 . 2  

Therefore. 
Lntitr~de 8.  = p = 30' 10 .'L 

Alean Noon = T = 7'' 29"' 4:3" 

Tlie followirig table ~ h o w s  the remaining errors, after the new elements are 

introduced: 
SII. of' Ol)qer\.. C'alc.-011s. 

Longitude. 

Alt~:~rl S ~ I I H I  nt JInltrin. Ily Cllron. 4, deduced from Observations of the Sun. ,, ,,, 
18.57. dnnnary 8 . . . . . . . . . . . . . . . . . . . . . . . . . .  7 29 43 

. . . . . .  C'orr. fi~r rate since December 17, Rate = XIV. = gaining 15' i 24 2 
Jlel111 Stloll at Hnulpindi, December 17, by Chron. 4 . . . . . . . . . . . . .  7 18 21 - 
hlrritliol~;tl ~lifference in 'rime . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 41 

0 , I ,  

I{n~~ll~incli, Enst of Green. . . . . . . . . . . . . . . . . . . .  72 .59 49 

. Jloltrin. Wcst of Raulpindi . . . . . . . . . . . . . . . . . .  1 25 15 

1111ltri11. Last of Green. . . . . . . . . . . . . . . . . . . . .  71 34 34 

Tlluillit~r's  XI)^ I. gives as  npl)roximil te vall~es : 
0 I I ,  

Latitud~ S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 10 40 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I .n~~gi t~~de~ 1;. (ireen. 71 30 0 

No. 26. SHIKARPL~R, IN SINDH. 

S i t l ~ n t ~ c l  ill a low ant1 level plai11 of rich nlluvial soil, 21 miles west of t,lie 

I n d u ~ ,  this statmion is one of the most important c.omrnercia1 l)lac.c?s of 1rpl)er Sintlll. 

Tllc. I>nnkrrs at Sliikiirl)~lr. chivfly FIillellis. ; I ~ C  fa1n011s for t,lit~ cretlit. :lilt1 t>llc 
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extent of the i r  hilndis ( l~ i l l s  of exchange),  which a r e  accepted in every of I n r l ~ ; ~ .  

;Ind even ill t he  principal rnarkets  of Centra l  Asia. 

1,ittitndo Nortl~. Loll~itr~de East (;reell. Hcigl~t 

17O 55' 10'' (is0 51' 50" ' ( i l l  feet. 

Obserctr f io~~s:  18.57, k'ebvzccrr!/ ii. 

lnstrl;n~ents: 'I'llrodolitts 1, Jones; (:llroll. 4 ;  Bxom. 7, l'istl~r. Ol~srr\.cl.: Itol~ert. 

1 8 5 i .  February 3. Ilorizol~td circle. \'eltical C:irc,le 

0 

759, :3 111illi111. I 17.2 C. 
Temp. of Air 

20.804 ~IICIICS. li3 . 0 Fnl~l.. 

C':rlcr~lnted hy Alethod I., from Obvervatio~~s 1 x~ld 5 

L~atitrtde N. . . . . . . . . . . . . . . . . . . . . . . . .  27' 5 5 ' .  2 

Meat1 Noolr (co1.r for Erlunt,ion of Time) . . . . . .  7'' 43n8 Pgs. 

r 1 I he c o m l ~ a r i s o ~ ~  of t h e  single observat, io~is wit,h thu e l e ~ n e n t s  t,lil~s 1'0rl11d gives 

as errors:  
Ko. of ollsc~l~\-. c:rl(-, -- 011s. 
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Tlie 1iiP;in of Calc.--Obs. (including 1 and 5 ,  used for the calculation i~nd givillj: 

half thv A\-eiglit to 4) 
- - - 1I.O. 

;)lid is rocluced to a. minimum, either by dimir~ishiiig the latitndr fbr 1'. 7, or . by 

tliini~lishirlg the llooli for 4"n time: if the error is divided equally between both, 

wr get : 
Latitude N. . . . . . . . . . . . . . . . . . . .  27' 54l.4 

aleall Noon (rorr. for Equation of Time) . 7" 43"' 27' 

Alean NOOII at Phik.irpur, by C:hro~~. 4, dedoced from Ol)ser\~atiot~s of' the ,, ," 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Pun. 12ebrunry 6 7 43 20  

. . . . . . . . . . . . .  alean Koon at I<irrrichi, 11y C'l~ron. 4, February 24 7 55 38 

Difference of Time uncorrected for Rate . . . . . . . . . . . . . . . . . . . .  12 9 

Itate for 19 clays (Cl~ron. 4 gair~i~~g 1P)  . . . . . . . . . . . . . . . . . . . .  - 4 45 

Corrected cliffcrence of Tin~c . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 24 
0 I , I  

~leridinnal Differellre ill Arc . . . . . . . . . . . . . . . . .  1 51 O 
: . . ,111iclli. East of Cireel~. . . . . . . . . . . . . . . . . . . . .  67 O 51 

- 
Sllil~rirpur. E:tst of (ireell. . . . . . . . . . . . . . . . . . . .  68 51 51 

We liavr no data of ot,her direct observations for comparisoi~. 

This is a t  t,he present day a comparatively small town, though, both fro111 history 

and the still existing evidences of decayed gfizndeur, as shown by the large masses of 

fallen Iiouses and ruined mosques, i t  must. formerly have been a place of no incon- 

sider:~hle extent. ancl importance. 

Geogrr/j)hicccl Co-ortli~trrtr~s. 

1,atitndc Kortl~. Longitude East (ireen. Ileigl~t. 
2 6 ~  25, ,,u 67' 56' 40" 140 feet. 

Latitrude and longitude are taken iiom the K&rr8chi Collect~ri~t(! hlal). 1851 

(scale of Inn]': ?111ile?; to the inch.) ., 

*~rl~~~;~l;~lIl, 

It .was Ib11nr1 for the magnetic rlec:liriatior~ by ol)servat,ioils of the s~u l  in t.lle 

nloriii ng ai~rl evening. 

Inrtl.rl~nr~~ts: Thvoglolite I ,  .lone.;; Cl~rnl~. 5 ;  1l:rroln. 7. I'istor; ()l)scrrrr: I{ol~e~-t. 



GROUP I V .  PBNJAB, SINDH: AND K ~ H .  

1H55, February 13. Horixontal Circle. Vertical Circle. 

( 7 5 6 . 1  millim. 2 3 . 4  C .  
Bnrom. 'renip. of .Air 

( 29 .768  inches. 5 7 . 7  F a l ~ r .  
0 I 

Sum of Corrections for these 2 Altitudes . . + 0 1 4 . 0  

h r n  s 

Apparent Noon deduced fi-OIU 1 . . . . . . . .  8 5 28 
. . . . . . . .  2 8 5 31 

Meridian of the Tlleedolitc . . . . . . . . . . .  238' 55' 9". 

Situated a t  the western end of the Delta of the Indus, close to the sea, this is 

an ilnl~ortant sea port for the F'jnjab, and for Westeru India ill general. 

The cantonment where my observations were made is about three miles to t,he 

Latitude North. Longitude Enst Green. IIeight. 
24' 45' 30" 67' 0' 51" Little above the Ie\.el of the sen. 

Obse).vnfiotrs: 1857, Fcb).rrn,:cl 24. 

In\trameuts Tl~eodolite 1. Jones; Cliron. 4; Barom. 7, Pistor. Observer: Robert. 

1857, February 24. Horizontal Circle. Vertical Circle. 

Sun, Lower Limb. 

Sun, Upper Limb. 
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7 6 9 . 0  rnillim. 26.0 C. 
B:uon~. Temp. of Air 

29.882 inches. '78.8 Fallr. 

Cdculnted by Method 11. 

Ti911c. 
11 In B 

Al)ljerent Noon. dedl~ced from corresponding Altitudes ( I ,  2, aud 5) . . .  8 9  2  
Equation of Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -t 13 24 
Mean Xoo11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  56 38 

Lnt i t~rr lc .  

. . . .  For calculating the latitude, the ~neail was used of 1, 2, and 3 = 4'1 10"' 388 
I1 = 22O 21' 37" 

C ' o r ~ ~ c t  i o t ~ s .  

ReSractio~~ . . . . . . . . . . . .  - 2  . j 
1'ar:tllux . . . . . . . . . . . . .  + o . 1  

Srmidiarnetcr . . . . . . . . .  -1- 1 6 . 2  

Sun1 of Carl.. . . . . . .  + 19.8 

Latitude N. . . . . . . . . . . . . . .  "Lo 4.j'. 5 .  

For  comparison, I add the latitude given on tlle chart of the coast of Sindh and 

l c ~ c h ,  by Lient. A. M. Grieve, 1848-50, 24" 5 V . 5  N. 

The longitude on tlie same chart, which we also atlol~t, is 67' 0' 51" East Green. 

1)etluced from corrcspo~lding Altitudes of tllr Sun . . . . .  301' 32' .0 .  

No. 29. BHOJ, IN ~ ( L P H .  

I3hi1j is t,lic caljital of tlie native state of' lclich, :I cou~ltry geologically relnarkal~le 

for t.he fre~111unt occurrence of earthquakes. A kill, crowlletl with ;I s t ru l~g  native 

fort, lies clove to the town. 

After leaving Kliwichi, the level of' my theodolite getting v ~ ~ t  of ortler, I was ol)ligctl 

to replace i t  I)y al~otlier level, which could not 11e very a c c ~ m t e l g  c.onr~ecterl with 

vertictll circle. ( . 'ons~~qr~t~ntly, I cc?ultl only rtse n1y ol,servnt,ions fur cnlcul;~t,ir~g till: 



recyuired for the  declination. The value obtained may, however, he c:t>nsi- 

(lered as sufficiently exact, since 1 purposely took the altitudes of t,he sun a t  very low 

elevation% 

My iiis~rument~s were l )nt  up  not f i ~ r  from the British Resident's l~ouse. Latitude and 

lo~~git,uds are talcell from information comm~inicated to  lrle from the Quarter Master 

General's Office a t  Roml~a,y. 

Latitl~de Nortl~. Longitude East Green 
23' 17' GDO 40' 

Hcight. 
283 feet 

Obse,.acrtio,ts: 1857, Ilfm~clr 16'. 

111str111iients: Theodolite 1, Jones; Cliron. 4; Barom. 7, l'istor. Observer: llobert. 

Sun, Upper Limh. 
1837, March 1G. Horizontal Circle. Vertical Circle 

at 1" 50"' p.nr. Local Time. 252' 18'. 5 la0 26' 30" 

0 I 

. . . . . . . . . .  Correctetl Alt,itnde of the Sun's C:entre 18 7 . 7  

. . . . . . . . . . . . . . . . . . . . . . .  Sun's Declination - 1 38.  .i 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Meridinn 152 18,  7 

-. .... - - 

No. 30. RAJICBT, IN I<~TTIvAR.. 

It i h  situated 150 miles west of Harbcln, and though the l>rincip:tl htatiori of 

lC;~ttivir, is not by any means a large place. 

I l~acl my instruments p u t  u p  near the church. 

Hare, nu i n  Uliuj, I could only determine the meridian. 

Latitude and longitacle are derived from information received a t  t l l ~  Q ~ a r t e r  Master 

~ e n e n l l ' s  Office a t  1301nbajr. 
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Instrn~~~ents: Theodolite 1, Jones; Chron 4; Barorn. 7, Pistor. Observer: H o l ~ ~ ~ t .  

1857, March 22. Horixontnl Circle. Vertical Circle. 

Sun, Lower Limb. 

at 7" 20" A . N .  1,ocal l'inir. 202" 18' 26" 16' 13' 15" 

Snn, Upper Li~nl). 

at 4" 50"' r.u. Local 'rime. 99O 38' 20" , 17' 58' 0" 

loo0 6' 33" 16' 54' 15" 

7 5 0 . 8  ~nillim. 3 3 . 2  C. 
Hnro~n. 'Temp of Air 

2 9 . 5 6 0  inches. 01 .8 Fal~r. 

JIericlian. i\rilucetl from corresl~onding Altitudes . . . . l(io 13l .7 .  

GROUP V. 

UENTR.AL AND SOUTHERN INDIA. 

The (fre3.t Trigouonletlical Survey having been already estelldetl in (letail over 

these conntlies! we were, consec~ue~it.ly, supplied m-it11 accnrat,e materit~ls fbr la t , i t~~des 

nnrl loligitudes. 

Tliese determinations were the more va l~ la l~ le  for us, si11c.e t,he col~sider;~l)lr tlistmlces 

we hot1 to  traversr, and the inil)ortant variety of object,s i,elat,iug to ])hysic.al geoglnl)hy 

to be observed, great,ly liniitetl oilr t in~e .  

In genrr;~l. besides t,he 1nag11et.i~ iritensity ar~rl dip, we o111y tletel.minc~r1 the t,tvue 

111eridi:in lhr its co~nl,alpison with the rnagnrt,ic incrirlinr~. 



GROUP T. CENTRAL AND SOUTHERN 1NL)IA. 1 x 1  

In Central ;111d Southern Inclia we madc magnetic oLservationh at 1 3  ntatiol~s 

(Nor. 31 to 43) ;  also the heights of the different places al~ovcb the level of the sea 

were calculated ti-om our own observations. 

No. 3 1 .  S l i c ~ n ,  IN $1 IILVA. ' 

IJatitude North. 1,origitnde East  (;l.erl~. l ie igl~t .  
2 3 O  50' 0" 78' 43' 26" 1,580 fect. 

A civil and military station. on the B6ssi river, in a hilly co~unt.ry 

Observer: ~irlolphe. 1855, 1)ecelnhrr 18 

No. 32. JABLPUR, IN MBLV~I. 

JAatitude North. 1,oogitncle East Green. Height. 
22' 3' 33" 79' 56' 18" 1,480 ftvtt. 

This sta,tion is situated one mile ilorth of t,lle N ~ r b i d a ,  river, i1.t t,he base of' t rap 

hills. The population is, for the 111ost past, con11)osed of H i n t l ~ ~ s ,  hn t  is considerably 

mixer1 \vitl~ elements of the aboriginal tribes of the Gdds :rilcl Hl~ils.  

Observer: ~ \do l l~he .  1555, December 23. 

~1!fft~;~l;flll. 

r )cd~~ced  from the passage of d r l t r r ~ ~ c c ~  . 

No. 33. NAnnr, IN Oniss ,~.  

1.atitude North. Longitude East (keen.  Height. 
20' 25' 25" 78' 52' 30" 850 feet 

d small village, 82 iuiles soutll-east of NCgpur. 

Observer: A(lolphe. 1856, Jallnary 11. 

No. 34. f i ~ ~ n n r l i ~ ~ n l ,  IN ()Risk.\ 

1,:~litodc North. ~ lo l lg i t l ld~  East Green. Ilcight. 
1 iO 10' 30" X I 0  46' 33'' 135 fcet :zl~ovr tllc Ic\.rl of t l ~ c  seit. 

h c'o~~sitleri~bll;! tow.11, with a mised l~oln~lat ion ol' Itigl~ caste Flintlus i111,l vnrions 
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tribes of Sonther~l Incll;~, situated a t  the upper end of the Cfodkveri Delta, on tlle left 

1)i l l l l i  of the 11ri11ci~al bra11cI1 of the river. 

Obse~.untiotrs : 1856, Feb~ .z in~y  6. 

Instrun~ents: Theodolite 2, Jones; Chron. 1 ;  Barom. 6, Adie. Observer: Adolphe. 

1856, February G. Horixo~~tal Circle. J'ertical Circle. 

Sun, Loser Limb. 
A.  nr. 

11 1" I 0 r 0 I 

1) 11 14 44 213 45.2 55 48 

2) 11 37 38 223 9 . 5  56 44 

P. hl. 

h r n  s 0 r 0 I 

3) 12 14 18 239 19.0 56 16 

559. 3 millim. 
Rnrom. 1 Temp. of Air 

29.894 incl~es. 

Calculated by hlethod I., from Observations 1 and 5. 

1. 5. 
, 

Refraction . . . . . . . . . . . .  - 0.G - 0. 7 

. . . . . . . . . . . . .  P:~r;~llax + 0 .1  + 0 .1  

. . . . . . . . . .  Semidiameter + 16. .3 4- 10.3 
... - - .... - -- 

. . . . .  Slum of Cow.. + 1 5 . 8  + 16.7 

0 I 

1. 11 corr. = 56 3.8  h = = - Is0  47l.4 
5. 11' corr. = 54 6 .7  

. . . . . . . . . . . . . .  Lntitutle K. 17' 10' 30" 

. . . . . . . . . .  Time: Alean Noon 11" 33"' 11" 

As have rlo speclnl data, the long~tude, 81" 46' 35" East Green. (corrected for 

JL~tlrns),  is taken from Wylyld's mal), which gives ; ~ t  the same time for Raja~nhnclri 

latitude of 17" 2' S. . 
MPI.;~;(III. 

I)c.(lucetl lion1 i\ltitnrlrs ol' tile Sufi . . . . . . . .  z f i "  G!J'.  7. 



No. 35. Mau~tas .  

1,atitude North. Longitude East Grern. Height of the Barollr. 
13" 4' 11" 80" 13' 6G". 21 fret al~ovr the level ol' the sca. 

The geogrnpllical co-ordinates refer to tlrc hIntlr:~s 0l1serv:ltory. 

The longitude as mentioned above is Taylor's rletennii~ation. 

The magnetic observations mere made by Adolphe, 1856, March. 

Tlie Government Astronomers, Colonel Jacob, and, in  his absenrc,, 3lqior Worcester, 

most kindly supplied us, dnring our travels, with correspondi~ig materials oi' 01)serva- 

tions, 13otl1 magnetical a.ncl meteorological. 

Lntitudc h'ortlr. Longitude East Green. Height of the 13aroo1. 
l X O  r,3' :30" - 1  0 1.2 49' 6" 35 fcet above the le\-el of the sea. 

'Thc grnfirxl>liicnl ro-ordinntes refer to the Bomb:~y Observatory. 

This observatory, ~vliicll is directed by L i e ~ ~ t e n a n t  Fergnsson, I.N., is sitnntetl a t  

Colaba,, a t  the southern extremity of the islaucl; i t  is also fitmisl~etl with an ext,ensire 

set of instramenta for magnctic and meteorological observations, which, toget,her wit11 

;istronomical observat,ioiis, are  annually l)l~blislied a t  Bombay. 

We here made a detailed series of coniparisons of om. lnagiletic inxtr~~ineiits.  

No. 37. P~N,\. 

Lat,itude North. 1,ongitude Enst Green. Height. 
18' 30' 23" 730 62' 8" 1,819 feet. 

Lat,itade a ~ ~ d  longitude refer to St. 11:u.y'~ Clu~rch. 
r I lliis is the 1)rincipal inilit.ary st,atioil of the L)elrliai~, situated on the \vestern 

(;ll%t,s, in an open l)laiii, which is interfiected by t.l;e Milt,a ;urd Mirla, rivers.' 
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NO. 38. ~ ~ A F I A I ~ A I ~ ~ S H V A R ,  I N  THE DBKEIAN. 

1.ntit11de North. Longitndr East Green. Ileigl~t. 
170 551 25" -. 1 3  o 38' 42" 4,306 feet. 

Though an important sanitarium during the dry part of the year, this statioll 

is sca,rcely habitable during the rains. 

i\l;lgnetic Observations: 1854, December. Observer: Adolplle. 

No. 39. KAL~DGHI, IN THE DBKHAN. 

Latitude North. J.ongitude East Green. I-Ieigl~t. 
l G "  12' 55" 75O 29' 55" 1,720 feet. 

l ' l~is  was formerly a large military station, in the district of Belgaum. Having 

been g i ~ e n  up, the cantonments are rapidly falling to ruin, like many other military 

btations now tleserted in Southern India. 

. Observer: Adolphe. 

Meritlici~~. 

I ) ~ I I I I I . C I ~  l'1.11n1 tile pnss:qe of Sirizrs, 1855, Janttxry 19, lat,c in the night 220' 10 l .7  

No. 40. B E L L ~ I ,  IN MAIYS~R.  

1,ntitutle North. ~ongitncle East Green. I-leigllt. 
15" 8' 57" ;Go 53' 45" 1,580 feet. 

The prii~cipal place of Maisshr, with a large cantonment a,nd hill-fort. 

Observer : Adolphe. 

Ilferid.iwn. 

Deduced from lo\\. Altitudes of the Sun . . . . . . . . . . . . . . . . 26" lD1.O 

NO. 41. U T A K A ~ I ~ N D ,  IN THE Nharn~s .  

Latitude North. Longitude 1Snst Green. Height. 
11" 23' 40" 76' 43' 10" 7,278 fcet. 

Latitude and Longitude arc referred to Major Jacob's former Observatory; nly (Adolphe's) tent 
\\.as considerably to the north of it. 

For Southern India this is the most important sanitariam, and is situated on one 

of t l~ r  higl~er parts of the Nagiris. 



C;ROUP V. UI;NTRAL AND SOUTHERN INDIA. 

Lntitztde coztE Fi.i,tze. 

18.56, k1;trcIi 14. IIorizontal Cirolr. Vertical Circlr. 

Sun's Centre. 
P. bI. 

11 111 " 0 I I ,  0 I I ,  

1) 3 7 16 125 25 0 55 56 15 

2) 3 10 52 129 5 0 75 44 30 

3) 3 38 40 152 38 40 72 26 20 

I 58G. 5 luillim. 
Ihrom. Temp. of Air 

23.091 inches. 

Calculated by Bletl~od I., fi.om Observations 1 and 3 

I I ,  I ,I 

Refraction . . . . . . . . . . . .  - 0 11 - 0 13 

Parallax . . . . . . . . . . . . .  + 0 3 + 0 3 -- 
Sum of Corr. . . . . . .  - 0 8 - 0 10 

1. 71 corr. = 75 56 7 
8 = 8' = - 2' 15 '0"  

3. 8' corr. = 72 26 10 

1,atitude h'. . . . . . . . . . . . . . . . . . . . . . . . . .  11° 29I.l 

Time: Ilcan Boon (corr. for Equatiou of Time) . . .  3" 4" 25' 

Cb9ltl.01. 
0 I 

Calc~~lnted Apparent Altitude (Obs. 2) 55 43 .7  

Observation 2 . . . . . . . . . . . . . .  75 44.5 
- 

Ca1c.-Obs. . . . . . . . . . . . . . . .  - 0 . 8  

Deduced from Observations of the Sun . . . . .  122O 30'. 6. 

Latitode North. Lougitutle East Green. Height. 
1 lo 4' 40" 78O 51' 40" 280 feet. 

A siuall place, 22 miles north of Trichinbpalli, but well situated as an inter- 

mediate iriagnetic station between Madras and the Nilgiris. 
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1,ntitnde Xorth. 1,ongitude East Green. Height. 
6' 2' 30" 80' 10' 45" Little above the level of the sea. 

This is the most important harbour of Ceyl6n for the Overland Route to India, 

China, and Australia. 

Magnetic observations of Intensity were made 1857, May 2, in the native town, 

north of the fort. 

Meridian. 

From low corresponding Altitudes of the Sun . . . 33" 25l.5. 

1 Recently, the Peninsular and Orientel Company's Stenmern go by way of Mauritius to  AusL~.alia. 



B. H I G H  A S I A .  

a. HIMALAYA. 

GROUP VI. 

BHUTLN TO N E P ~ .  

STATIONS 44 TO 49. 

~ i r i ghn . -~a r j f l i n~ . -n jng i t  Bridge.-T6nglo.-Fa1dt.-l<athrnAndu. 

No. 44. NBRIG~N,  IN BHUTAN. 

This place is the residency of a Lima Governor, and is the most southern out- 

post on the route from Lhassa, vih Tiuong to Assim. The houses of the Lama are 

surrounded by a large village, built qnite close to  the banks of the river Ri-ju, and 

not, as most Himilayan villages, upon the flanks of a mountain. 

The country does not belong to Bhutin Proper, but is a direct dependency of 

Lliissa. 

I experienced great clifficulties in getting to Nsrigi~n with nly instruments. The 

observations mere made half a mile south of the village, in a grove of trees which 

nllowed of my remaining unobserved. 

Geogrr~phicnl Co-onlinntes. 

1,atitude North. Longitude ICst  Green. Height. 
2G0 53' 50" 9 2 O  6' 0" 3.G16 feet. 

Ob.sc~vntio~zs: 1856, Jnnwtcr!l 10 and 12. 

Inqtll~rnentu Theodolite 3, Troughton; Clmon. 3;  Barom. 1 ,  Greiner. Obserser: Hermnnn. 

24 * 
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IR:ili, January 10. Vel.tical Circle. 
1011 inBn 33. (1. Jupiter. 250 wH' 20" 

b. Sun's Centre. 

1856, January 12. Horizontal Circlr. Vertical Cirrle. 
3 h  1.1 28. 123O 42' 40" 40' 0' 6" 

6 7 1  . 6  millim. 26.9 C. 
Barom. 'I'cmp. of Air 

26.441 inches. I 80.4 I"all~,. 

Jupiter. Sun. 
0 I 0 I 

Su~n of Refraction + P:wallax - 0 1 . 8  - o 0 .  (3 

neclinntion . . . . . . . . . . . .  - 11 29.0 - 21 46.1 
R.A. . . . . . . . . . . . . . . . .  22l' 19"' 59" . . .  

'Time: Iviean Noon from Jupiter . . . . . . . . . . . . . .  55" 28" 

Latitude from the Sun (calrnlnted by one Approxiniation) 26" 63' 51)" ' 

The chrononleter could not  be keyed January 6, the kidi remaining behind. 

Time is t.1ierefore arbitrary. The above longitude is baser1 on a series of bearings 

counecting a peak close t o  Nirigun with Udelg6ri; the result was a difference of 

longitude of lo', NBrig6n being east of Udelguri. 

rison. ' I have no other data  for compx ' 

Tllis in11)ortant saiiitari~ull for Eastern Hengil is the cliief l~lact? of Hritisli Siltl~inl 

under the  charge of the Superintenrlent a ~ l d  l'olitical Agent, Dr. Caiul)l)ell, a geiltlenian 

well known for the active personal lmrt lie took ill Dr. Hoolrcr's trnvels in Silrliiir~, 

and t o  whom I too am greatly inclehterl tbr the 1ri11d assista,nct; Ile gave nie. 

M y  instruineuts were placetl oil a little hill, c,alletl at the stration, '60bserviitol.y 



Hill", where n well-constr~lcterl ~ h e d  for t*l~e meteorological observations. in c.lli~~'g(b 

the medical officer of the station, then Dr. Withecornbe, is erected. 

This point was selected principally because it allowetl of the theodolit,es being 

~lse(l very favourably for measuring the gigantic snow peaks to the noi-tl~ 

The rainy season, and my long absence t o  the north of the st,at~ion, preventing 

a regular series of ast~,onomical observations, the latitude anrl longit~ltle were taken 

from the G. T. 8. 
The nlngnetic intensity \\.as determined twice, in  April nn(1 duly. Observer: 

Hermann. 
(:eogt.r~phic.rtl Co-o).dinntcs. 

Iditnde Nortl~. Longitu(1r East Green. I-leigl~t. 
370 3' 0" 88' 15' 15" 7.168 fbet. 

Dedoced from Ol~scrvations of Polaris 

BIean Noon at Calcutta, 1865, March 8, 1)y Chron. 3 
Darjiling, Wcst of Chlcutta . . . . . . . . . . . . . . .  
Mean Noon at Darjiling. . . . . . . . . . . . . . . . .  
Rate of Cliron. 3 (VI. and VII.) = 0 

Latitude N. of Darjiliug . . . . . . . . . . . . . . . . .  
Aziinutl~ of Polaris, 1855, Jnly 23, 4'1 18" k , .n l .  CGrcel~. 

Time (lo 36' west of the Meridian) . . . . . . .  
Meridian . . . . . . . . . . . . . . . . . . . . . . . . . .  

NO. 46. R.LNG~'T SRII)(~E, IN ~ ~ K K I I I .  

Tllis spot, wl~icll owes its considerable depression partially to  the rrosion of' t,llr 

1{81rgit river, is situat,ed on t,he roacl between Darjiling and T6ngl0, in  ;I ht,raipl~t linr 

tive miles nort,li-west of Darjiling. 

Tlre latitutlo and longitnde of' this place were easily tleduced fro111 l )ea~ings  to, 

the s ~ ~ r r o u ~ ~ r l i n g  1)eaks; astronoinicnl observations, however, could not he nltttle, tl~cb 

nl:ll;lrions contlit,ion of' the air  in:~.king ;I longer s h y  da,ngerous. 

["or tlie inagnetic observations, Rsngit Bridge was an int,eresting station, (111 

;\cconlrt of its unusually low rlevation, and its situation in tlie 111ost r a i ~ ~ y  11art. of 

Sikliiln. 
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Geogrnphicnl Co-ordinntes. 

Latitude North. Longitude Enst Green. H ~ i g h t .  
'67' 4' 50" 88O 10' 15" 3,130 feet. 

No. 47. T ~ N G L O ,  IN S h a m .  

The southernmost peak of the Singhalils ridge. 

1 (Hermann) had to cut down some of the trees of a beautiful rhododendron 

grove (so dense i t  was) in order to clear a view for my trigonometrical observations. 

Geogrnphicnl Co-ordilzntes. 

Latitude North. Longitude East  Green. Height. 

27' 1' 50" 88' 3' 55" 10,080 feet. 

Determined by the G. T. S., from a private communication by Colonel \Vnugh. 

Merirlian. 

1;rorn lo\\, corresponding Altitudes of the Sun . . . . . . . . . . . . . . 111' 11' 10" 

No. 48. F h b ~ ,  IN S I K K ~ .  

The summit of this peak was the second point of my observations on the Singhalila 

ridge. Fogs and rain made i t  very difficult to select the proper moments for good 

observations of the sun;  the very early hours of the morning, however, were in 

general perfectly clear. 
Geographicnl Co-ordinates. 

IJntitude Sorth.  Longitude East  Green. Height. 
2 7 ~  61 2 0 , ~  87' 59'. 0" 12,042 feet. 

Instrunirnts: Theodolite 3, Troughton; Chron. 3 ;  Barom. 1, Greiner. Observer: Hermann. 

1855, May 22. Vertical Circle. 

3"20m 53' Polaris. 25O 42' 5" 
0 

498 .6  rnillim. I 1 0 . 0  C. 
~ a r o m  i Temp. oi Air 

19.552 inches. 5 0 . 0  Fnl~r. 



h m a  

Mean Noon at  Calcutta. 1856. March 8. by Chron . 3 . 6 5 11 

. . . . . . . . . . . . . . . . . . .  Faldt. West of Calcutta + 0 1 6  .. 
. . . . . . . . . . . . . . . . . . . . .  Meau Noon at  FUdt 6 6 1 7  

The Rate VII . of tlie Chronometer, gaining: Oh5 . 

. . . . . . . . . . . . .  . Time by Chron 3 
. . . . . . . . .  Mean Noon by Cluon 3 

. . . . . . . . . . . .  Mean Local "Time 
. . . . . . . . . . .  FU6t East of Green 

. . . . . . . . . . . .  Mean Green Time 
Acceleration of the Fixed Stars . . . .  
Ffildt East of Green . . . . . . . . . . .  
Sidereal Time at  Mean Green Noon . 
Sidereal Time at  FiMt . . . . . . . . .  

Observed Altitude of l'olaris . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Refraction 

. . . . . . . . . . . . . . . . .  First Term of tlie Series 

. . . . . . . . . . . . . . . . .  Second Term .. 

. . . . . . . . . . . . . . . . .  Third Tent1 .. 
Latitude N . . . . . . . . . . . . . . . . . . . . . . . . . .  

We have. however. adopted as latitude. 27" 6' 20" N., being. as well as  bl~e longi- 

tude. the result ba.sed upon the Calcutta n~eridioilnl series . 

Mt4.idialr . 
h m  s 

Sidereal Time . . . . . . . . . . . .  13 13 21 

11'. A . of I'olaris . . . . . . . . . . . .  1 5 40 

Hour Angle in Tinle . . . . . . . .  12 7 41 
0 I 

. . . . . . . . . . . . . . . .  Latitude N 27 8 . 2  

Azimuth of Po1.x is . . . . . . . . . .  0 4 

Bearing to l'olaris . . . . . . . . . .  214 10 .0  

Meridian . . . . . . . . . . . . . . . .  214 16.0 

NO . 4'3 . K A T E ~ I ~ N D U ~  rN NEPAL . 

The broad valley. in which ICathmanclu. the capital of Nepd. lies. is ii~terhectcd 

1 ) ~  nlang rivers . Its lacustrine deposits. which originally prenentecl all aliilost level 

jurfhce. art  . irow rnucll cut 1111 into cliannelu by foriner water-co~~rses. a1113 the more 
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01. l e ~ s  isolated I~anlrs, ~vliich are called "Tars", form a predominant feature of the 

va I ley. 

My instruments stood on the Hesidency's LLTar", south of the central parts of 

the town. Colonel Ramsay, Political Agent to the Governor General, most kindly 

allowed me to erect some hats in his park for a. continued series of observations. 

Geographical Co-ordinntes. 

Latitude North. Longitude East Green. Height. 
27' 42' 5" 85O 11' 59" 4.350 fcet. 

Instru~nents: Theodolite 2, Jones; Chron. 3 ;  Baron). 9, I'istor. Observer: Hermaun. 

'\ . 
Lafitzrde ntzd Time. 

1857, M;~rch 11. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 



( ' : t l c ~ ~ l a t ~ d  I>y hlr t l~od III., from Obncl.\.:ltions n. (J, and 11. 
0 1 

Calculated Aplrnrel~t Altitude of SUII'S Upper Limb, wllen cul~ninat i~lg 56 8 . 9  

llrfrnction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 0 . 5  

P:~rallas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - -  0 . 1  

Semitlinmeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 1 6 . 1  
- 

(::~lcnlnted True Altitude of Sun's C'el~trc . . . . . . . . . . . . . . . . .  65 52 .4  
Sun's I)eclinntiol~ . . . . . .  .' . . . . . . . . . . . . . . . . . . . . . . . .  - 6 2 6 .  !I  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  JJntitnde N. 2 i  41.7 
>Iran No011 (correctell fbr Eqnat iol~ of Tilnr) . . . . . . . . . . . . . .  51, 53ln1 4Gn. 

Comparison of' the single observations with the elements obtai~ied 1)p the first 

:~p~xoximation. cp has been adoptecl in round number = 27" 43'. 



ASTRONOBrICAL DETERMINATIONS OF LATITUDE8 AND LONOITUI)I:H 

Observation 9, p. 192. was left b id  down A . M . ,  as we found it in our  original man~lscc"~'~~ 

Time of Observntion, by 
Clu.011. 3 . . . . . . . 

fro111 1st 

Approx. 

Equation of Time . . . . 
Hour Ai~gle ill Time . . . 
Hour Angle ill Arc = t . 
6 (Sun's Declination) . . 

sin Cy sill 8 . . . . . . . . 
COs p ~ 0 s  8 cost . . . . . 

Sum = sin h . . 

h (True Altitude of the 
Sun's Centre) . . 

Calcnl. Appar. Altitude of 
Sun's Centre . . . . . 

Ref rac t ion+Para l l~w. .+  

+Snn1sSernidimete!..+ 

Calculated Observation . 
Direct Obseryation . . . . 
Cslc.-Obs. . . . . . . . . 

I-- 

A. hl .  

1. 

f j 1 I  55m49n 

71153m468 

- 011 57m578 

- 11m58" 

- 111 9.155" 

- 17028'. 8 

- 26'. 7 

-0.05218 

+0.83918 

0.78700 

51°54'.3 

0l.5 

51°54'.8 

2. I 1. 4. 

71127"'218 

711 53m463 

-011 26m 259 

- l lm58s  

7'1 1'" 

7"3m46"h 

- o h  j2m37a 

l lm58% 

9"l' 6'"478 

53m468 

- 01146~159~ 

- llm 58" 
-- 

+ 16l.1 1 g . 1  ,+ 16l.1 

5. 

- o h  1gm 568 

- 111n588 

- lh 4"'35' 

,160 8'. 8 

- 60261. 6 

-0.05217 

+0.84510 

0.79293 

590271.5 

+ 01.5 

52'28'.0 
I + 16j.1 

-- 
55017~. 1 

55'17'. 1 

52' 10'. 9 

51058~. 3 

01'311n548 

- 70 58'. 5 

-60 213'. 1 

-0.05210 

+0.85132 
- 

0.81922 

+ 16l.1 

52'44'. 1 

. . . 

6. 

7 1 1 3 3 " 1 5 0 " 5 " 3 9 ~ " 1 0 ~ 1 , ~ ~ ~  

i"3au'".iG"l~53m468 

-011 14m369 

- 11n1580 

53017~.0 / 540541.3 

-Oh5Sm 57' 

- 14044'. 3 

- 6026'. 5 

-0.05215 

+0.85086 

0.79871 

530 01.4 

+ 01.5 

5 3 0 0 f . 9  

C 

Group A. 

5 ~ 3 2 ~ . ( 1  

55'32l.2 

+ 0'. 7 - 01.0 

; 

550 Of.5 

+ 0l.5 + 

55' 1I.O 

( . 

;. 

7h53rndF 

-0~1 8m39' 

- llrng 

O1'26m349 

- 6038'. 5 

-6026~.0 

-0.05208 

+0.87394 

-01'38m23' 

- 9'35l.8 

- 6026'. 2 

-0.05211 

+0.86752 

0.81541 

540371.7 

+ 0l.5 

54'38l.2 

i 5 ° 4 i i o  

55°481,9 
.- - 1'4 

-0h2p3~!, 

-50 y.0 

-60251.i~ 
i 

-0.0520i 

+O.BiG?P 



, 4 I.. 1 11. - 

-- -- 

-I- 0I.G Id- 1 ' 1  I+ + 1 7  

'hollgll it is easily see11 by tile calculation, tllat i t  was made aft 1. the culmil~ation. e 



l!)(i ASTRONOBII( 'L~L DETISRBIIKATIONS OF LATITUDES AND LONGITUDES 

The mean of' the rleriwtions (Ua1c.-Obs.), incltirlillg all observations, excel~t No. 1, i:,: 
I - ,  

in (iroup il - 0 . 5  

We obtain the f'ollo~ving clifferential equations for redncing the errors to tlieir 

~ n i n i m ~ ~ l n :  
1) 0 ---- - 9 . 4 7  - 9 . 7 2  d p  + 9 . 1 8  t l t  
2) O = -t 9 . 6 2  - 9 . 7 2  t l p -  9.18:11, 

thc. CO-efficients being logarithmical. 

The sollition of these eq~iations gives: 

d p  = 4- 0 . 1  
df = -1 2 . 3 ;  d [ r  = 99.2 

therefore, 
1,atitude N. = p = 27' 42'. 1 

Mean Noon = T = i" 53" 3 i B .  

n. By Lunar Altitudes. 

1857, >larch 4. Altitudes of the Moon, Upper Limb. 

0 

I 655. 3  millini. I 2 0 . 0  C. 
Barom. Temp. of Air 

2 5 . 8  inches 6 8 . 0  Fxl~r.  

In the present Vase i t  happens that the change of declination of' the lnooil is 

absolut,ely 0, so that the accuracy of the longitude thus obtainetl is soxuewl~at 

lessened. 
Hypothesis A. Hypotl~esis 11. 

Longitude adopted: 5" 40n'. I,ongitnde i~doptetl: 5" 45"'. 

Altitutle 1. 
0 I 

('alc. 'l'rne Altitude of thc Moon's Centre . 41 45 .!) 
. . . . . . . . . . . . . . . . . . . .  1'ar:illax - 43 .  I 

Elloon's Sen~idiameter . . . . . . . . . . . . .  -1 15.8 

. . . . . . . . . . . . . . . . . . .  Ilcfrartion + 0 .  ! I  
-- .. 

. . . . . . . . . . .  ('alcnlnted ~)bs~rv:ltioli 41 19;5 
. . . . . . . . . . . . . .  Direct Ol,servntio~~ 41 2 2 . 3  - ~- 

. . . . . . . . . . . . . . . . . .  (':11,..-011s. - 2 . s  

Altitude 2. Altitndc 1.  



6. By Cliro~ron~eter. 
1 1  rn a 

J1e:tu XOOII at Agm, 1857, J:~r~t~:try 90 . . H 22 41 

Rate = X. = L O S I I I ~  : OS . 5  . . . . . . . .  - 22 
- - -- 

. . . . . .  Blean K O ~ I I  refcrrcd to blnrrl~ 4 A 22 1!J 

. . . . . . . .  Mean Noon at I<athm6ntlu 7 6 3  37 -- - 
. . . . . . . .  Aler~dionnl l)itfcrcncc in 'rime 0 28 49 

0 , , I  

Agm, East of Green. . . . . . . . . . . . . .  78 1 :39 
. . . . . . . . . .  Iiath~nkndu, ICast of Agra 7 10 YO 

. . . . . . . . .  l<nthrn:inda, East of Green. 85 12 !J 

Wc give the preference to t , l ~  longiturle hy ollrononieter.' We have no other direct 

observations fbr conil~arison. 

I.'~OIII :\ltitudes of the Sun. RInrcl~ 4 . . .  72' 46'. 7 .  

G110UP VII. 

STATIONS 50 TO 55. 

No. 50. NAINITAL, IN UYLOW. 

This sanitarium in tho outer ranges of ,the Hirnhlayn, is situated on one of the 

few fresh-water lakes nrllich are to be found in the Hirnilaya Proper. 

The lake filling up nearly the whole basin of the valley, many of the houses are 

built on t l ~ c  stc?el) slopes of the nloanta~iiis. 

Or~r  instr~lments were put up near the southern end of t.he lake, nl)ont 100 t'eet 

above the level of' the water. 

' ln  L I I I  l ,rcc,v.di~~g nll,,t*t (11, L3.?), t l ~ c  1011git11dc i g i v ~ n ,  I C Y S  ~ L C C I I ~ C I ~ L ' ~ ~ ,  85" l l 'B9".  This !vas tllr ~.csult 
~ll)tninl,d I I Y  n ~IitTrrrnt g r n ~ ~ l ~ i ~ ~ g  ( D C  tllr ~ b ~ c r v a t , i o n ~ ,  whic11 pro\red to give tllc resulting rrl.nl.s lcrrs fi~vor~mhle. 
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Geogrrrphical Co-o).clinntes. 

. Lntitudc North. Longitude East Green. Height of the lake 
29' 23' 34" 79 30 55 6,409 feet. 

( F r o m  Capta in  TTaurenen's observations, Revenue Survey.) 

lnstr111nentn:-'~11eo(1ol1tr 2, Jones ; Chron. 1 ; Bnsom. 2, Pistor. Obse~ver: Adolphe. 

a. 1855, April 28. 

185.5. April 28. Ilorizontal Circle. I'erticd Circle. 

Sun, Lower Limb. 
11 111 8 0 I I ,  0 I ,I 

ti 22 30 82 5 30 74 17 .50 

7 5 1 118 45 0 72 22 0 

605.2 nlillim. 20.1 C. . 
llnrom. Temp. of Air 

23.827 inches. I 68.2 O Fal~r .  
0 I 

11 corr. = 74 33.4 
S = 8' = + 13O 59l.6 

11' corr. = 72 21.6 

1,atitudc N., by hlethod I. . . . . . . . . . . .  29' 2:3'.:3 

b. 1855, May 5 .  
11 m " 

Obser\ed 'Trnns~t of the SUII through the Meridian (Chron. 1, Arbitrary Time) 7 33 38 

Obser\-ed Altitnde, Sun's Ccntre = 11 = 7G0 41l.0 . . . . . . . . . .  nt 7 39 In 
0 

I 604.3 millim. I 22.4 C. 
Bnron~. Temp. of Air 

23.792 inches. 72. 3 Fall],. 

Fro111 low corresponding i\ltitudes of the SIN), Xlny 4 . . . . . . . . . . .  138' 1 l .2 .  

No. 51. i\'[fr,uar, IN J ~ H A R .  

'l'hr chief village of t h e  district, of Johdr ,  situnterl 011 ;I. I~ig l l  ;t,ll~~vi>zl terrace a.t 

tllc lcf% side of' t h e  Cfi11-i r iver.  

Th i s  place corresponds wi th  wha t  is called ill t ,ht~ \v(?~terl i  Alps  " 8 n n m i e r d i i r f ~ l * " ; ~  

Neup U n t r r s ~ ~ r l ~ ~ ~ n x r ~ ~  iiher dir A l p r n ,  VOII  11. $ ;\. Scl~l;~ginl\\.cit, Vol. [I., 1). :,n?. 
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i t  is iiiliabitecl only in slimmer by Bhot-Rajputs, active and enterprising people, who 

canay on an extensive trade with the Tibetans, their neighbouws to the nort l~.  

We found unexpected difficulties in collecting provisions sufficient for o l ~ r  lnrgc~ 

est,ablishment, (luring our stay of nearly n month. 

Latitude North. Longitude East Grccn. Height. 
30° 34' 35" 79O 54' 49" 11,640 fed .  

Instrurnent,~: Theodolite 4, Pistor, and Tl~eodolite 2, Jones; Cbron. 2;  Barorn. 2, Pistor. Oljserver: :\dolphc. 

Lat,itzccle and Tinze. 
11. June 24. Theoclolite 4, Pistor. 

1855, S L I I I ~  24. Horizontal Cirle. Vertical Circle 
Sun's Centre. 

505 .0  milliin. 2 3 . 8  (1. 
Baron). Temp. of Air 

19.882 incl~es. I 74 .8  E'nllr. 

Calculated by Method 111. 

We use for the calcnlation Observations 1, 2, 3. 

Apparent Noon 61, . ) in ,  c < 8 22 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 I 

Calculated culminating Altitude of the Sun, corrected for Hefraction and Parallax 82 51 . 9  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +  2 3 2 ( i  . 5  -- 
Elevation of the Equator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 2 5 . 4  
Latitude N. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 3 4 . 6  

Mea.n Noon (corrected for Equation of Time) . . . . . . . . . . . . . . . . . . . .  fib 2Bm 27' 

Lnti tude n~ttl 279ne. 
6 .  June 26. Tlleodolite 2, Jones. 

1855, Junc 26. Horizontal Circle. Vertical Circlc. 
Sun's Centre. 

a.al. 
I, ,,, X 0 I I ,  C I , I  

1 )  li I .i(i :3Oli 32 0 80 4 9  2.; 

2)  G 11 55 Y19 16 57 82 34 : iO 
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Calcnlatetl by Method I. 

We use tbr  t h e  calrnlotioil Observations 1 a n d  3. 
0 I 

1) 11 corr. = 80 43.4 
S = & ' =  + 2:j023'.'3 

:3) 11' corr. = 78 5 7 . 2  

Lntitudc N. . . . . . : . . . . . . . . . . . . . . :lo0 -10'. 2 

\ ~ P R T I  Noon (corr. for Equation of Tinlr). . . I;'' 25"' 2gY. 

0 I 

C'alculnted Apparent Altitude at (jl' 11"' 55' 82 : $ G . O  

I\'? prefer,  as  result ing lati tude,  t h e  first series, tnlre~r w i th  t,lleotlolite 4, l'istor, on 

account  of i t s  more  delicate gmrluntion.  

>lean of the two dcteunin:ltions of Son11 (.Trine 94 and . l u ~ ~ c  2 6 )  = .lu~le 2 6  

Rate = V. = Losing: 2O.85, for 95 days . . . . . . . . . . . . . . . . . . . . . 

Corrected Jlenn Noon redncetl to hI;rrcl~ 22 . . . . . . . . . . . . . . . . . . . . 

Jlrnn Soon nt C:alcutta, JIarch 22 . . . . . . . . . . . . . . . . . . . . . . . . . . 
Jlrriclinnnl Difl'~rence in Timr . . . . . . . . . . . . . . . . . . . . . . . . . . . 

C'i~lruttn. E:;rst nC C;rer~~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Jlilnni, West ot' C'alcr~ttn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Jlflum. East of C;rrrn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

No. 52. &I .~NA,  IN (:ARHv,~L. 

Thi s  is tlie highest  village in tile V i s h u g a n g a  valley, si tuated two miles t o  tlie 

n o r t h  of t h e  rr1rl)r;lterl H indu  temples of B A d ~ . i ~ ~ a t h .  



Geographical Co-ordinates 

1,atitude North. Longitude East  Green. Height. 
HOO 47' 0" 79' 20' 50" 10,670 feet. 

The longitude we adopt is based on our itinerary distances; the Indian Atlas 

(sheet GG) gives the longitude (corrected for Madras): 79" 28' 55" East (freen. 

Observations: 1855, Septewtber I .  . 
Instrumepts: Theodolitc 2, Jones; Chron. 2; Barom. 6, Adie. Observer: Atlolphc. 

Latitude and Time. 

1855, September 1. Horizontal Circle. \'crtical Circle. 
Sun's Centre. 

A.M. 

11 m r u I I I  o I I ,  

1) 6 12 39 41 45 5 67 39 37 

P.M.  

I 523.4 millim. 20.6 C. 
Barom. Temp. of Air 

20.607 inches. I 69 . 1 k'a111.. 

Calculated by Method I., from Observations 1 and 3. 

1,ntitude N. . . . . . . . . . . . . . . . . . . . . 30' 47'. 0 

Ille~.idinn. 

Deduced froin the Altitudes of the S ~ u i  . . . 4Y0 19'.5 

This pass. the highest on the commercial route between Usrhvhl and Cfniri 

lChorsum, is situated two days' journey north of Mana. I t  is 11assable for horses. 

T l ~ e  Indian Atlas (sheet 65) gives as longitude: 79" 23' 25" East Green.: the longi- 

tude we adopt is referred to Mana. 

Geograpkicnl Co-ordinrctes. 
I~at i tadc North. 1,ongitnde Ehst Green. IIeight. 

31' 5' Of' 59' 15' 20" 18,852 fret. 

Observntio~zs: 1,955, Seple~l~ber 6. 

Instrtunents: 'I'licodolite 2, Jones; Cl~ron. 2;  13aroni. G ,  Adie. Obsencr:  ~ l d o l p l ~ e .  

I .  2 li 
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L a t i t d e  and Time. 

1855, September 5. Horizontal Circle. Vertical Circle. 
Son's Centre. 

A.M. 

P.M.  

0 

I 388.4 millim. 
Barom. Temp. of Air 

15.292 inches. 

Calculated by Method I., from Observations 1 and 4. 

Latitude N. . . . . . . . . . . . . . . . . . . . . 31° 5j.0 
Mean Noon (corrected for Equation of Time) 6h 22m 5t18 

No. 54. USS~LLA, IN GXRHVAL. 
r -  ' 1111s is the highest 4llage i n  the valley of the  Tons, and was in  former years 

chiefly the abode of predatory tribes from GnBri Rhrjrsurn. 

It is now inhabited by peaceful Bhot-Rajputs, who are generally poor. Here 

observ;~tions of magnetic intensity only were made. W e  deduce the 1a.titude and 

longitude of this place from its position on the maps of the Indian Atlas (sheet 4'i), 

altering, however, the longitude for 14 minutes in  arc, which will include the difference 

of longitude for Madra,s and the relative distance in  longitude from other places of 

our obserratioriv near it. 

Geographicnl Co-m~dinntas. 

1,atitude North. 1,ongitude East Green. Height. 
31' 7' 40" 50' 18' 10" 8,940 feet. 

No. 5 5 .  M A R S ~ ~ ~ ,  IN G~JRHvAL. 

A hill stxtion, and sunitarium of great importance for the north-west,erl~ proviiices. 

Ranog Hill, to which the co-ordinates given below must be r e t ' e ~ ~ e d ,  lies close to I l ~ s s i l ~ ,  

and is one of the principal stations of the Hi1u6lnyan part ot' the (;. T. S. We tlierefore 



limited ourselves to magnetic observations only. The co-ordinatee of Banog IIilll were 

kindly cominunicated to us by Colonel Waugh. 

Geographical Co-ordi,tzates. 

Latitude North. Longitude East Greed. Height. 
30° 28' 30" 77O 59' 58" 7,549 feet 

GROUP VIlI .  

STATIONS 56 TO 64. 

VBngtu b r i d g e . - ~ i m ~ u r . - S i m l a ~ - S u l t i n ~ u r . - Z < 8 r . - ~ i r r i .  

No. 56. V ~ N Q T U ,  IN THE ~ O V L N C E  OF S~YLA.  

Here the SBtlej is crossed by a permanent bridge on the way from BissPr to Tibet. 

I mas detained a t  this place a few days, on account of a slight accident. A pack- 

horse, bulkily laden with tenta,ge, st,umbled and hurt my foot as i t  was rolling down 

the cud; on the last day of my involuntary rest, however, I was enabled to determine 

the dip. 
Observer: Hermann. 

Latitude North. Longitude East Green. Height. 
31' 37' 0" 7 5 O  54' 0" 4.210 feet 

These are referred t,o itinerary distances from ll&mpur. 

No. 57. Riinr~un, IN TIIE PI~OVINCE OF 9' I InrLA. 

A large native place on the left, side of the Shtlej, where I (Hermann) took the 

ol)portnnit,y of a few Iiours' ha.lt to determine t,he latitude by means of a sexta.nt and a 

' l'llr grogrnpl~icnl cn-ordi~~nlcs of Gracemool~t. \\.hcrc ;I ~criea of I~nrn~x~etri~~nl r ~ , r ~ , t . s l , o ~ ~ ~ l i ~ ~ g  o l ~ s e ~ . v a l i o ~ ~ i  \\.:IS 
lllntle, at our T C ~ I I ~ P ~ ,  hy Coloncl \V:~ngl~, sre as follows: 

I t i l c  r .  L o ~ ~ ~ i l u d r  E:lsl C r e c ~ ~ .  Flcigl~t. 

30' 27'  35" 78" 3' 0" 6,590 rt,i,t, 

2(; * 
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duplex wnt,ch by Dent. Thc longitude is estimated by distance from Simla; Cliron. 3 

being with the kfilis who were in advance. 

Geoyrnphical Co-orclirzc~tes. 

Latitude North: Longitude East Green. Height. 
31' 31' 0" 77O 37' 0" 3,215 feet. 

185ti, June 2, Approxitnat~ Local Time. Vertical Angle of Sun's Centre, by Sextant. 
11 rn s 0 1 1 1  

1) 12 46 0 P . ~ I .  80 18 0 

2) 1 18 42 ,, 76 14 0 

Calculated by Method I. 

No. 58. S~MLA, IN THE PROVINCE OF S~YLA. 

This well known sanitarium is situated on the flanks of the outer ranges of the 

hi mi lay^, 40 miles rlistant from its southern foot. 

Meeting as we did here, all three, after a long separation, we made a general 

comparison of our magnetic instruments' and chronometers; Lord Hay, the Snper- 

intendent of the protected Hill States, very kindly gave us every assistance in 

putting up our temporary observatories. 

The observationn were made three niiles south-west of the native bazar, on iL  

ridge, where General Uoileau's observatory had formerly been placerl.' 

1,atitnde Nortll. Longitude East Green. Ileigl~t. 
0 I I ,  0 I I ,  

C'l~nrcli . . . . . . . .  31 G 13 77 9 14 
JIagnetic Observatory 31 6 fj 77 7 36 7,091 feet. 

The latitude and longitude of the cliurch is tleterniinetl by tlie (f. T. S., those 01' 

the seconcl point b?l General Boileau, t l~t* hcight war cleter~ninerl l ~ y  us linrornet,ric:~Il~. 

Instruments: Theodolite 3, 'I'roughton; Chron. 3 ;  Ilarom. 1, (ireinel.. Observer: Adoll)llc. 

1 Sre l l ~ e  comparison of the chronornr(ers, p. 106, nncl L ~ P  c o n i p i ~ ~ ~ i w l ~ .  of the ~lingnrtie. inetruments, S?ct.i4111 111. 
2 His ohsrrvations, nlrcndy prrpnred fur puhlicnti<,l~, wr.1.c u n l ~ n ~ ~ ~ i l y  (I~~troyrel  at  luring ( 1 1 1 ,  Indisll 

mutiny of 1857. 



GROUP VIII. tlihlLA TO HAZARA. 

Latitude and Time. 

1856, May 15. Horizontal Circle. Vertical Circle. 
Sun, Lower Limb. 

Sun, Upper Limb. 
P.M. 

I, m s 0 I I 1  0 I I1 

13) 9 20 23 94 4 20 48 55 30 

I 587.0 millim. 
Barom. Temp. of Air 

23.146 inches. 

Calculsted by Method I., from Observations 2 and 3. 
0 I 0 I 

2) A corr. = 67 7 .0  6 = -k 1 8 5 5 . 0  

3 ) h ' c o r r . = 4 8 4 0 . 2  6 ' = + 1 8 5 7 . 6  
I 0 , I ,  

Refraction . . . . . . . . . . . . . . . . . . .  - 19 - 37 

Parallax . . . . . . . . . . . . . . . . . . .  + 4 + 4 

Sun's Semidiameter . . . . . . . . . . . .  + 15 51 - 15 51 -- - 
Sum of Corr. . . . . . .  + 15 36 - 16 24 

Latitude N. . . . . . . . . . . . . . . . . . . .  31' 1'.3 

Mean Noon, deduced from Ohservation 3 . . G1' 28" .52* 

Control. 
0 1 

Calculated Apparent Altitude of the Sun's Lower Limb at 4" 48"' 13" .. 64 52.4  

Observed Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 51.2 
Ca1c.-Obs. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... . .  .... -t 1 . 2  

1)ednced from the Altitudes of the Su11 . . .  : 10' .5'.5 

No. 59. HULTANPUR, IN IG~Lu. 

T ~ I ~ I I ~ ~ I  the chief place of ICuIu, this is a small, unimportant  illag age, hlfllilted OIL 

n high hank to t.he right of the Bilis. 

A fort, with a large house in good condition, fbrmerly the resida~~ce of t'lit. Hajqjn.h 

of l<ulu, is close to the village; our instruments were put up in ;I woutletl plain 

which ext,encls along the right side of the Bins, half n mile's dist,ance from t,l~is fbrt. 

We ol)ser\.ed here the dip and declination 

Latitude :lnd longitnd(. are. from the G. T. H. 



206 , lSTRONOnIICAL DETERMINATIONS O F  LATITUDE8 AND LONGITUDES. 

Geographical Co-ordinates. 

Idatitude North. Longitude East Green. Height. 
31' 57' 50" 77' 5' 50" 3,830 feet. 

Observations: 1856, June 5. 

Instruments: Theodolite 3, Troughton; Chron. 2. Observer: Adolphe. 

Meridian.. 
Deduced from low, corresponding Altitudes of the Sun . . . . 22G0 6 l .6 .  

No. 60. RARDON~,  IN LAHUL. 

l<anCts, a, mixed race of Tibetans and Hindus, constitute the chief inhabitants of this 

place, which is the capital of LahU1, but contains only a small number of hou~es. I t  

is situated in it narrow part of the BhBga (Chinab) valley. Kirdong is the northern- 

lilost ~nissionary station, and a t  the time we passed through there were three German 

missionaries here, Messrs. Jaschke, Heyde, and Pagel, by whom we were received in a 

most fi-iendly manner, and to  whom we feel ourselves under deep obligations for 

the great zeal with which, a t  a later period, they made inqoiries about our late 

brother.' 
. Geo.qrnphica1 Co-ordinates. 

Latitude North. Longitude East Green. Height. 
32" 33' 50" 77O 0' 35" 10,233 feet. 

La,tit.ucle and longitude are from the G. T. S. 

Obseruations: 1856, June 14. 

Instruments : Theodolite 3, Troughtorr; Chron. 1 .  Observer: Adolphe. 

Meridian. 

Deduced from low, corresponding Altitudes of the Sun . . . . 137" 25' 8" 

NO. 61. ~ R I N % G G E R ,  CAPITAL O F  I<ABHM~R. 

Thls city is built in a longitudinal form on both Siclev of the Jhilum. 

Our series of observatiorls were taken in the garden surrounding the official 

building, which had been placed a t  the diuposal of tlie Indian Government by the 

late Hijali kulhb Singh It is situated close to the right balilc of the Jhilmn, a mile 

' S6.e pp. 15 anid C5 



above the Rajah's own palace, in a very fine garden, called Shekh Bagh. The geo- 

graphical co-ordinates are referred to  this building. 

Geogvapl~ical Co-ovclinntes. 

Latitude North. Longitude East Green. Height. 
34O 4' 36" 74' 48' 30" 5.144 feet 

Obswuatiows: 1856 ,  October 2 4 ,  2 5 ,  and 26 .  

Instruments: Theodolite 3, Troughton; Chron. 3 ;  Barom. 6, Adie. Observers: Adolphe and Robert. 

LaCtucle and F i~ze .  

First Series. 

1856, October 24. Horizontal Circle. Vertical (:ircle. 

Sun, Lower Limb. 

A.M. 

I, m 8 0 I I ,  0 I I ,  

1) 5 18 4 212 50 20 41 13 40 

2) 5 20.38 213 47 20 41 25 10 

3) 5 22 51 214 28 40 41 35 10 

Sun, Upper Limb. 

P . M .  

b r n  a 0 I I ,  0 I # I  

4) 7 44 59 261 5 40 40 43 55 

5) 8 6 37 266 58 0 38 21 5 

6) 8 11 29 268 39 20 37 47 30 

Baron). Temp. of A,ir 
25,016 inches. 

Calcolated by Method I. 

Wc nse for the calculation the meall of the observations A.M.  and P . N .  

511 2on1 311 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Meat! of A . N .  

Altitude, corrected for Semidiameter, Refraction, and Parallax 41' 39'. 'i 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I Time 8" 1" 2# 

hlean of u. N. 
Altitude, corrected for Semidiameter, Refraction, and Parallax 38' 40'. 3 

Latitude N .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34' 3' 0" 

Meall Noon (conectcd for Equation of Time) . . . . . . . . . . . . . . . . .  6" 40" 20' 
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1856, October 25. 

Second Series. 

Horizontal Circle. 
Sup, ~ o w e r  Limb. 

A.M. 

0 I ,I 

217 36 20 

218 33 40 

219 24 20 

220 16 10 

Sun, Upper Limb. 
P . N .  

0 I I ,  

254 24 40 

255 18 25 

256 53 0 

Vertical Circle. 

, I 636.2 millim. 
Barom. Temp. of Air 

25.048 inches. 1 k::: k ~ r .  

Calculated by Method 11. 

We use for the determination of time observations 1, 2, and 4; for the latitude, 

the mean of the observations A.M. 

Mean Noon, deduced from interpolated corresponding Altitudes, and corrected for 
the variation of the'sun's Declination. . . . . . . . . . . . . . . . . . . . . . .  6'1 40" 47'. 

6 = - 12" 11l.3 

Latitude N. . . . . . . . . . . . . . . . . . . . .  33" 59l.5 

Third Series. 
Polaris. 

1856, October 26. Vertical Circle. 
lh Om 13' 34' 39' 30" 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Time by Chronometer 13 0 13 

Blean Noon, by Chronometer, deduced horn the observations, October 24 and 25 6 40 33 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mean Local Time. 6 19 40 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  hlean Greenwich Time. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Acceleration of Fixed Stars 

. . . . . . . . . . . . . . . . . .  Approximate Longitude of Srinbgger E. Green. 
. . . . . . . . . . . . . . . . . . . .  Sidereal Time, a t  Mean Noon at  Greenwich 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Local Sidereal Time, at Srinigger 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Corrected Altitude of I'olaris 
. . . . . . . . . . . . . . . . . . . . . . . .  Corrections from the Tables for Polaris 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IJntitodc K. 



For the definitive determination of the longitude of SrinBgger, we took as the 

basis the results obt,ained by the G. T. S. for the Lknka. Island, in the Great Viller 

Lake, and for the mountain Takt-i-Sulaimkn. 

The longitudes, as given by the G. T. S., are: 
0 I I ,  

LQnka Island . . . . . . . . . . . . . . . . . .  74 36 23 ' 
. . . . . . . . . . . . . . . .  Takt-i-SulaimBn 74 49 43. 

By combining these places with the building in the Shekh Uagh (where the 

observations were taken) we obtain: . 

Lougitude East Green. of Srinigger . . . .  74" 48l.5. 

Cunningham gives in his work on "Ladkk", p. 425, without. ment,ioning tllc 

elements upon wllich t,hese values are based: 

Latitude North. Longitude East Green. 
34O 5' 28" 74O 58' 0". 

Another longitude (but, as the result showed, only an approximative one) was 

calculated from the eclipse of tho moon, observed a t  Pashmin? 1856, October 13 to 14: 

and referred to Srinhgger. 

The observations of Tycho gave (see 1). 115) : 

Longitude East Green. . . . . . . . . . . . .  75" 22' 40"; 

observations of the Mare crisium (see p. 1 l G ) :  

Longitude East Green. . . . . . . . . . . . .  75" 51' 30". 

JIe~-itlicol. 

('alcnlated fro111 the Ohser\ations of the second series. October 25 . . .  23b0 10',5 

No. 62. DXVER, IN I h s m ~ m .  

This small village is situated in the GwQs valley, on the left side of the lcishen- 

ginga, an affluent flowing into the Jhilum, near MozBferabkd. 

The Gur6s valley and the valley of Kashmir to the south lie parallel to each other. 

The magnetic intensity only was determined a t  thia place; the co-ordinates are approxi- 

lnatively computed from itinerary references to SrinQgger. 

Observer: Adolplie. 

' Cnrrcctrrl Ihr - 3' 25", nn nrc all C;. T. S. Longitudes. (:o~npnre also p. 100. 

' T'nal~nii~~ is situntccl in I<isl~tvar, in Lntitudc N . :  3 3 O  57'. Lnl~gitudr Ennt Grecl~.:  75'' 41'. 

I .  2 7 
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Geo~qraphical Co-ordijzntes. 
Latitude Nortli. Longitude East Green. Height. 

34O 34' 5" 74O 46' 0" 5,718 feet. 

No. 63. R l o z d ; ~ ~ n ~ n A ~ ,  IN Kas~rnrfn. 

An important frontier town of lcnshmir, towards Hazkra, situated on the left side 

of the ItishengLnga, near its confluence with the Jhilum. 

1 put up my instruments 200 yards to the south of' the M~issal~niil burial- 

gro~lnd, remarkable for t,he great number of monuments ancl graves which it contains. 

Geograpltical Co-ordinates. 

Latitudc North. Longitude East Green. Height. 
34' 22' 25" 73' 31' 10" 2,220 feet. 

Observations: 1856, Nouem.ber 10. 

Inst,rurne~~ts: Theodolite 2, Jones; Chron. 5, Grant; Barom. 8, Pistor. Observer: Robert. 

Lntittcde and Time. 

1856;. November 10. 

h m a  

1) 10 17 21 

2) 10 20 37 

3) 10 26 8 

4) 10 28 52 

Horizontal Circle. 
Sun, Upper Limb. 

A.M. 

0 I ,I 

134 55 35 

135 46 40 

137 19 50 

138 3 20 

P.M.  

0 I 0 

191 29 35 

192 23 20 

193 12 15 

193 54 45 

Vert,iral Circle. 

, 705.8 millirn. 
Baroni. 

( 27.788 inches. 
~ e ~ n p .  01 ~ i i r  1 ;iihr, 

First Approxiw~ation. 

Calc~~lated by method II., from corresponding altitudes rleduced from observntion~ 1 ,  

2, and 5. 
Apparent Koon . . . . . . . . . . . . . . . J lh 56" 23' 

Latitude N. from the greateat Altitude, No. 4 34' 18'.n 



Second Approximation. 

Group I .  

-- 
Hour Angle in Time . . . . . . - lh 39" 0'- lb 35m448 - lh 30m133- lh 2Tm29* + lh 36m238 + lb 3gm48' + lh .121n52% + lh 4jm45$ 

Hour Angle inArc = t . .  . . - 2 4 ° 4 5 ' . 0 - 2 3 0 5 6 ' . 0 - 2 2 0 3 3 ' . 3 - 2 1 0 5 2 ' . 3 - 2 4 0  5 ' . 8 - 2 4 ° 5 7 ' . 0 + 2 5 0 4 3 ' . 0 - 2 6 0 2 6 ' . 3  
6 (Sun's Declination) . . . . . . - 17O13'.3- 17'13'.3- 17O 13l.3- 17°13' .3-  17' 15'.7-.17° 15'.7-.17° 15I . i -  17O 15I.i 

sin p sin 6 . . . . . . . . . . . . - 0.16690 - 0.16690 - 0.16690 - 0.16690 - 0.16727 - 0.16727 - 0.16727 - 0.16727 

cosp coss cost . . . . . . . . . + 0,71647 + 0.72110 + 0.72860 + 0.73215 + 0.72003 + 0.71515 + O.il063 + 0.70627 

Sum = sin k . . . . 0.54957 0.55420 0.56170 0.565250.552760.54788- 0.54336 0.53900 

k(TrueAltit.of theSun'sCentre) 33' 20l.3 33O 3Y.3 3k0 10l.4 34O 25l.2 33O 3Y.4 33O 13l.2 32' 54l.8 32' 37l.0 
Refraction 
Parall&x ( . .  + l i 1 . 6 +  l j f . 6 +  l i t - 6 +  l7 ' .6+ Li1.6+ l i 1 . 6 +  17' .6+ 1 7 ' 6  

I 

+ Sun's Semidiameter \ 
Calculated Observation . . . . . 
Direct Observation . . . . . . . 
Calc.-Ohs. . . . . . . . . . . . .. 

33O 37'. 9 33O 56'. g 34' 28l.0 34O 42j.8 

33O 37l.8 34O 12'. 2 34O '27'. 3 34O 42l.8 

& 

Group A (excluding No. 2). 

I-.- 

330 511. 0 33O 30'. 8 

330 44'. 5 , 33O 25'. 0 o;oz&T 6l.8 + 6'; j  

Group 6. 

33O 1Y.4 

33O 5'. 6 

32' 5.1'. 6 

32' 48'. 0 
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X comparison of the single observations with the elements fbund by the first 

;~p~roximat ion   show^, that the observation No. 2, which we use for the formation ot' 

corresponding altitudes, contains a considerable ei-cor. But as cleviations present them- 

selves, st,ill s~nall  enough for the limits adopted, the method of equations of condition 

could be a.pplied. 

The mean of Group A, excluding No. 2 = -t W.3, the lllean of Group B = + 6l.4. 

The great difference in quant,ity and the signs being the same, show a priori, that the 

determination of time as well as of latitude will have to be considerably altered. 

For reducing the errors to a minimym, we obtain as the two equations of 

condition: ' 

1) 0  = 4- 9 . 4 0  - 9 . 8 8  d p  + 9 . 4 0  df  

2) 0 = + 0 . 7 3  - 9 . 8 7  d p  - 9,.54 a t ,  

t,he co-efficients being logarithmica,l. 

The solution of these equations gives: 

i l p  = + 3I.G These differentials are great, because i~r  the first al,proxunation the time I m s  based on an altitude intrrpnlnted from ol~servat~ons I allcl 2, m d  tllc 
3 \ latter accidentally happened to be erroneous hy 15'. 3, 

and for the true elements: 

Latitude N. = (9 = 84' 3Y.4  

Mean Noon = lZh 11"' 448. 

For these results the following errors remain: 

(3unningha.m gives in " LadSk", p. 483 : 

Latitude N. . . . . . . 34" 21' 46". 

The longitude is referred to itinerary distances from Srindgger. We ndopt 

53" 31' 10" East Green. 
L l f ~ t i f l ; a ~ ? .  

Calcnlnterl froln thc Altitudes of the Sun . . . . . 1 6 3 O  96l.G. 



No. 64. BIARRI, IN THE PROVINCE OF R l h n ~ .  

This is one of the most recently establisher1 sanitariums, having been erected 

about nine years ago by the exertions of Mr. Edward Thornton, Commissioner of Haul- 

I t  is situated on the top of' a ridge, about 32 miles to the north of' Hn~~lp ind i .  

We made our observations on the southern side of the station. 

Latitude North. Longitude East Green. Height. 

33' 51' 0" 73O 22' 40" 7.260 feet. 

Instrnme~lts: Theodolite 3, Troughton; Chron. 1; Baro~n. 10, l'istor. Observers: Hermaun nnrl Adoll,lie 

18.56. November 13. Florizontal Circle. Vertical Circle 

Sun, Upper Limb. 

I 5$13. $1 .mi1li111. I 1 l . i  C. 
Barom. Te~n l~ .  of Air 

23 .382  incl~es. 53. 1 Fahr. 



"4 AS'I'WONOBIICAI, DETERMINATION0 OF LATITUDES LVD LONGITUDES. 

Calculated by Method I. 

POI- tllr first approximatioil we use observations 3 and 7, for which we fincl the 

tbllnwing corrections : 

~~efrnction . . . . . . . . . . . .  -, 0.9 - 2.4 

. . . . . . . . . . . . .  I'nrallas + 0 . 1  + 0 . 1  

. . . . . .  Sun's Scmidiameter - 1 6 . 1  - 1 6 2  
-- -- 

. . . . . .  Smn of Corr. - 16.9 - 1 8 5  

0 1 0 1 

3) 18 corr. = 3 8 4 . 3  6 = - 18 3.2 

7) h'rorr. = 17 3.7 6' = - 18 5.8 

14at i t~~de  N. . . . . . . . . . . . . . . . . . . . . .  33' 51l .4  

BIean Koon (corr. for I:cluntion of Time) . . .  ih lgm 34'. 

The detail is given as example p. 123. 

. . . . . . . . . . . .  Kesolting Latitude N. 33" 51' 0" 

.. Mean Noon . . . . . . . . . . . .  7" 19" 30" 

Longitude. 

Tlle Longitude is from t l ~ e  G. T. S. 

Deduced from Altitudes of tlre Sun . . . .  49' 44I.f. 



GROUP ix. U N ~ I  KHORNUY. 

GROUP IX. 

STATIONS 65 TO 73 

~a~tBI.-Gi6ngul.-Gunshankir.-Cl1iko I d a  pass. - ~ $ r t o k . - ~ i r a .  -fbi (;&in glacier. - l'illing. - 
Sklong. 

No. 65. A LBPT~L,  IN G N ~ I  &6~snnr. 

!Phis halting place, a t  the southern foot of the pass "Balch Dhura", leading fi-om 

JohBr to Gnari KhOrsum, is severa.1 marches distant from every inha,bited place. Halts 

are frequently made here, on account of the good pasturage and shrub8 surrounding 

it on a l l  sides. 

Nominally Laptkl still belongs to British K;imBon; but the Chinese consider i t  

already as their own territory, and treat i t  's dependent npon their government. 

We found a guard of Chinese soldiers here, whose vigilance! however, we managed 

to elude, though not without considerable difficulty.' 

Latitude North. Longitude East  Green. Height. 
30° 46' 20" 79O 52' 0" 14,304 feet. 

Instrunlents: 'rlleodolite 2, Jones; Chron. 2 ; Bnrom: 6, Adie. Observer: Adolplle 

Latitude and Ti'iljze. 
1855, July 14. Horizontal Circle. Vertical Circle. 

Sun, Centre. 
h r n  " 0 I , I  0 , I ,  

1) 8 17 2 270 36 30 90 35 30 

2) G 21 22 277 14 0 , 80 54 15 

3) 6 3 0 1 9  290 31 0 80 59 30 

4) 6 37 29 300 21 45 80 41 55 

5) 6 41 42 305 50 15 80 21 0 
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0 

I 468.7 ~nillini. 
Bnrom. I 2 1 . 2  C. 

Temp. of Air 
18.060 inches. 70.2 Fal~r. 

Cnlculated by Method IU., from Observations 2, 3, and 4. 

Apparent Nooil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7" 27"' 23. 
0 I 

Culminating Altitude of Sun's Centre, corrected for Refraction and Parallax 81 0 . 9  
Sun's Declination. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 21 47 .2  
Elevation of the Equator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 13.7 
Latitude N. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 4 6 . 3  

Mean Noon (corrected for Equation of Time) . . . . . . . . . . . . . . . . . .  Gh 21" 57. 

We have no data for comparing the latitude with previous observations. 

The longitude ie deduced from bearings to peaks west of Milum, which we could 

see from both places, .and which we had fortunately succeeded in measuring before 

being interrupted by the Chinese. 

These bearings gave Lap td  to be 2' 50" to the west of Milurn.' 

We selected this place, a t  the junction of the Giungul river with the Shtlej, as 

n place of concealment for a few days, while awaiting the result of rrome negociations 

for permission to extend our journey. With these negociations we had charged Bira 

Mini, the cousin of our chief guide, whom we had for that purpose sent to the Chinese 

authorit,ies a t  Daba. Our camp lay in an uninhabited and rarely frequented spot, 

that  presented but Sew traces of vegetation. 

The small village of Giungul, which me passed nine days later, i~ half a day's 

journey higher up the river, on its left bank. 

1,atitudc KOI-th. Longitude East Green. Height. 
31' 14' 0" 79' 44' 40" 13,420 feet 

Observations: 1855, July 21 and 22. 
Instruments: Tl~eodolite 2, Jones; Chron. 2;  Hypsom. 8, Geissler. Observer: Adoll~lle. 

' 'Hie longitude could not  I,r determined Ily t l ~ r  31enn No011 of l l ~ r  chrouol~reter nt bliluln, n a  thc chrono~nrlrr 

had etoppcd between 3Iilum nnd A I,nl,li.l. S c r  11. 105. 



cinour rx. o ~ k n l  K H ~ R S U B I  

Lutitude and Tiw.  

1855, July 21. Horizontal Circlc. Vertical Circ:le. 

Sun's Centre. 

I 87'. 18 C. = 471.6 mill in^. 
Ilypsom. Te~r~p .  of Air 

18.564 inches. 

A. Calculated by Method LI., from Observation 1, ;uld z corrcsponcling Altitude. i~lterpolated 
between Ol~ser\,ations 5 and 6. 

Apparent Noon . . . . . . . . . . . . . . . . .  61, 28'" 19- 

F o r  the  lat i tude,  observation 3 mas c l~osen.  
- .  

Refractin11 . . . . . . . . . . . . . . . . . . .  - 0 . 1  

I':lrnll;~s . . . . . . . . . . . . . . . . . . . . .  4- 0.1 

Son's Declinatio~~ . . . . . . . . . . . . . . . .  + 20 36.5 

Latitude N. (A) . . . . . . . . . . . . . . . . .  31 14.5 

U. l 'l~e latitude was also deduccd fro111 Ol)scr\.ntions :3, 4, R I I ~  5, by hletliod Ill., \\.it,ll regard 
to thc variation of t,he sun's declination. 

, I  1 lle results a,re : 
0 I 

r\ltitude of' the Sun, w l l e~~  cul~nin:~ting . . .  7!J 2 3 .  Y 

Rcfractio~~ . . . . . . . . . . . . . . . . . . . .  0 . 1  

l'nrallas . . . . . . . . . . . . . . . . . . . . .  4- 0 . 1  

App:~rc~rt SCIOII . . . . . . . . . . . . . . . . .  6'' 30"' 43" 

I.atitude P;. (U) . . . . . . . . . . . . . . . . .  31' 13l.5 

'I'l~o latitudes, calculatecl hjr two tliffereut ine t l~ods ,  a n d  f rom diftBrc?nt, ohserva.t~ions, 

"gl'", \\<thin 1 ' ; :L secoild ;~pprosimotic ,11, t l~ereforc ,  is unneccessary. The i111il1 resul t  

for t , l~c latit,ntlr ir-; t . 1 ~  mean : 31" 14'.0 N .  



Lorlyit~rde. 
11 I , ,  s 

Mran Noon : ~ t  I.apti.1, 1855; Jrulr 14 . . . . .  6 21 5'7 
. . . .  Itate = V. = losing 2".85, for 5 dnys 90 

hlean Noon at I.npt61, retlnced to done 91 . . 6 21 37 
hIea11 Noon :tt Cri~ingul, duly 21 . . . . . . . .  6 22 (i 

hleridional Difirence in Time . . . . . . . . .  0 O 90 

0 I I ,  

L;~pti.l, I<ast of Green. . . . . . . . . . . . . . .  70 52 O 

. . . . . . . . . . . . .  C:iilngul, West. of Laptd 5 16 -- - 
C+ii~ngl~l, East of Oreell. . . . . . . . . . . . . .  7! )  44 45 

No. 67. ~ + u w s ~ a ~ ~ k n ,  IN C ~ N A ~ I  l<a6nsunr. 

This is one of the highest peaks in the range which separates the Indus f ion~  the 

Shtlej. 'I'he whole country surrounrling the ba.se of this range being of great elevation, 

the ascent of the pealr offered no peculiar difficlilties. 

The slopes are so gentle, that we could riclc 111) with our Tibetan horses to 

~uore than 19,000 feet, the greatest height reached by us on horseback. From here 

to the sumniit we went on foot. Wild ynlrs are vcry numerous in these regions. 

Thc sky was perfectly clear, and thr  air of' that bea~ltiful transparency so charac- 

teristic of fine days in Tibet, and scarcely to be snrpassed anywhere else. From the 

s h t r  of the atmosphere, thc surrounding panorama was viewed by 11s with more than 

usual ndvanta.ge; to the south, numerous 1)ealts of the Himklaya range werc visible 

from NepB1 to Spiti and Latlkk; to the nortli, across tllc Indus, we saw the easten1 

part of the chain of the I<~r;l lrori~~n,  forming with its darlt and less elevatetl l~ealts ;I 

strikiug contr;rst. to the snow-clxtl Himhlayn. The two chains were xel~arated by 

t,he broad intervc.lli~~g valley 01' Tibet, in wllic.11 tile lalten Ma~lsarBuer a.ntl Rkkus, and 

the courses of the Lntl~is ; I I I I ~  SQtlcj, c.u111(1 I) ( ,  (listi~lctly seen illit1 s~irvevetl. 



SUII, Centre. 

I 81". 18 C. = 3 7 2 . 0  ~nillim. I 1 9 . 1  1:. 
14yl)soni. Temp. of Air 

14.646 inches. 5 9 . 6  1":~Itr. 

C;llculat~d I,y Method III., wit11 regwd to the variation of the son's tlcclin:rtio~~. 

. . . . . . . . . . . . . . . . . . . . .  . Apparent Noon 6" 24" 2Gs 
0 r 

Cnlcr~latcd Apparent Altitude of Sun's Colmination 77 2 0 . 0  

. . . . . . . . . . . . . . . . . . . . . . . . .  Declin:~tio~~ f 18 4:i.5 

. . . . . . . . . . . . . . . . . . . . . . . . .  Refraction - f i . 1  

1'ar:lllax . . . . . . . . . . . . . . . . . . . . . . . . . .  + 0.1 

. . . . . . . . . . . . . . . . . . . . . . . .  Latitude N. 31 2 3 . 5  

The longitude is estimated from itinerary distmces. Observatioils so near the 

culmination of the sun do not allow of a sufficient accura.cy in the dotermina,tion of 

t.ime. The great distance we lmcl to traverse hefore reaching O I I ~  ca.mp greatly 

linliterl us as to time. 

This is the principal pass on the commercial road between the higher valleys of 

Johir and Girtok. I t  is crossed without any difficulty by pack-horses and laden 

sheep, and is situated on the high ridge, which separates the valleys of the Inrlus 

and the Sktlej. The longitude is deduced from itinera.ry distances1. 

' In this wsc, and on scvernl odcnsions during the two following months, when the chronornaters 1 nod 2 got 

Ol l l  14 ordrr, the longitodc was computed from itinnrnry distnnces. The respective parts of (:apt,ain Strnrhey's map 

3Rl'cc very ~vcll with our rcsults in reference 1.0 tllc relntivr ~os i t ion  of the diflbrenl plncrs ; but the ahrolule 

Inllllillldc~ follnd by us are, on inn :tvcrngc, 10 niioules more Lo thc !vest. 

28 * 
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OOsevvnfio?~s : 1855, Jzrly SO. e 

Inotrn~nelrts: Tlleodolite 2, Joncs; Chron. 2 ;  Hypsom. 8, Geissler. Ohserver: Adolpl~e. 

1855, July 30. Vertical Circle. 

Sun, Uppcr Limb. 
11 11, 8 

1) 6 27 6 77' 2 4  1; 

2) G 31 33 77 25 30 
3) 6 32 42 77 16 15 

I 83'. 15 C. = 402.5  millinl. 
11 yl)so~n. Ten~p. of Air 

15.847 inches. 

Calculated by Method 111. 

11 I,, X 

Alq~arrlrt KOOII, cledured from Observations 1 and 3 (i 29 26 
2 and 3 (i 23 25 

0 I I ,  

Ol~serrcd Altitude, redncetl . . . . . . . . . . . . . . . .  77 8 . 2  

Reduction to the Meridian . . . . . . . . . . . . . . . .  4- 7 .  3 

. . . . . . . . .  Altitutlc of the Sun, ~ ~ l l r n  cnhninating 77 I(;. 1 
Sun's Declination . . . . . . . . . . . . . . . . . . . . . .  + 18 4 0 . 0  
Elevation of the Icqnator . . . . . . . . . . . . . . . . .  58 36.1 
Latitude n'. . . . . . . . . . . . . . . . . . . . . . . . . .  31 2 3 . 0  

No. 69. (ITAxToK, I N  ( ~ N ~ R I  I<~iO~tsun~.  

This place is t,he seat of the Chinese governor, o r  (:iirl)on, of Gni r i  l<h6r;jrrir1, 

ancl one of t , l~e  most import.ant commercial e?1t1.~1)8/.$ of Cent,ral Ti l~et .  It is sitnaterl 

near the confluence of the two P? iapa l  l~mnches  of the lndos. 

A large fair is annually held a t  ( f l to l i ,  in  A i l g ~ ~ s t ,  wllicll is attended by the 

merchants of Ccntral Asia, as well ;IE by the Bliot-Iiajpiits ;111cl Rh6t,ia.s, of the 

Himhlaga, and during the trading seasol1 t,lierc is often ail assenlblage of severa,l 

thousand people. 

I t s  great elevat.io~~, far above the l i ~ n i t  of cereals, render8 it. ~ruinhabitablo in 

winter; and the l>opulatioii a t  that bime o w r ~ p y  villages a. fe\v lu;u-ches lowel* (low11 

the valley of tht: [ I ~ C ~ I I S .  



1,atitndc North. Longitude East (ireen. Ileigllt. 
31' 40' 0" 80° 18' 25" 15,090 feet. 

Obsevvations : 1855, J I I , ~ ? ~  28 

Instruments: Sextant, Troughtoll ; Chron. 2 ; Hypsom. n, Cieisslrr. ()l)scr\ e l .  .\ tloll~l~tt. 

Time nlzd Lot~gitutlr. 

The latitude adoptecl = 31" 40'. 0 was deduced f rom itinerary distances., 

Sun's Declination = 6 = 19" 10l.4 

Const. sin p sin 6 . . . . . . . . . . . . . . . . . .  0.1724 

log sec p sec 6 . . . . . . . . . . . . . . . . . . . .  0.0948 

Refraction. . . . . . . . . . . . . . . . . . . . . . .  - 1' 
I,  ," . 

Alean Noon at  LaptC1, by Chron. 2, July 14 . . . . . .  G 21 57 

. . . . . . . . .  Rate = V. = losing 2c85, for 14 days ? 40 
- .. .- -- -. - 

. . . . . . .  Mean Noon at  Lapti.1, rcdnced to July 28 6 21 17 

I 85O.49 C. = 441.5 millim. I 14.2 C. 
Hypsom. Temp. of Air 

17.382 inches. 57 .6  Fahr. 

Calculation of the Single Observations. 

0 I 0 I 0 I 0 I 

Obs. Apparent Altitude . . . . . . . .  38 59.5 39 45.0 41 30.0 43 2 . 5  

COIT. Hour Angle of Sun in Arc ' ' 55 21 ' 54 28.5 52 25 50 3 6 .  5 
I, 11, I, m I,  m I, I,, calc. from each Altitude in Time , 41. 3 37.9 3 29.7 3 22.4 

Time by Chron. 2 . . . . . . . . . . . .  
App. calc. Noon . . . . . . . . . . . . .  
Equation of Time . . . . . . . . . . . .  
Mean Local Noon . . . . . . . . . . . .  
Mean Noon at  LaptBl, red. to July 28 

Meridional l)ifforence in Time . . . . .  
. . . . .  ,, in Arc 

. . . . . . .  A Lal)t(.l, East of Green. 
Gkrtok, East of Green. . . . . . . . . .  

'L'he mean of tile 4 iliEerelit values, g i v i ~ ~ g  11alf the weight to the  3rd. is: 

1,ongitude 1':ast Grcerr. . .t . . . . . . . . . .  80' 18'.4. 
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No. 70. A D~RA, IN GNARI KHORBUM. 

A n  uninhabited place in winter, i t  is nevertheless regularly frequented in summer 

l)y the Tibetan shepherds, who bring their herds of sheep here, on account of the . 
excellent pasturage. 

S Dira is situated in the broad valley of Mingnang, a few miles above the 

village of the same name. 

Latitude North. Longitude East  Green. Height. 
31' 18' 56" 79" 32' 40" 13,800 feet. 

Observations: 1855, August 7 and A. 

Instruments: Theodolite 2, Jones; Chron. 2 ;  Hypsom. 8,  Geissler. Observer: Adolphe. 

Lntitude and Time. 

1855, August 7. Horizontal Circle. Vertical Circle. 
Sun, Centre. 

I 86O.83 C. = 4 6 5 . 1  millim. 
Hypsom. Ternp. of Air 

18 .311  inches. 

Calculated by Method I., from Ol,servatinns I and 3. 

1) h corr. = 75 1 1 . 7  
8 = b ' =  + 16" 37'.9 

3) h' corr. = 72 5 3 . 4  

Latitude N.. . . . . . . . . . . . . . . . . . . . . 31" 20'1 

Mean Noon (corrected for Equation of Ti~nr )  6'' 22"' 20* 

Latitude nnd Time. 

1855, August 8. Horizontal Circle. Ve~%ical C:~rclc. 

Smn, C'entre. 
h ln a 0 I ,I 0 I I ,  

1) 6 12 18 359 12 30 74 40 45 

2 )  li 30 11 15 2 16 54 56 50 

3)  6 .57 3G 39 7 0 7 3  33 45 



I 86'. 97 C .  = 467 .  7 millim. 
I-Iypsoln. 

18.41 4 inches. 
're~np. of Air 1 C .  

73.. 4 1:ahr. 

Calculated by bIetl~od I., from Observations 1 and :+ 

1) k corr. = 74 40 .6  
8 = 8' = ltjO P l ' . l  

3) k' corr. = 73 3 3 . 4  

Latitude N. . . . . . . . . . . . . . . . . . . . .  31' 17 l .8  

Mean Noon (corrected for Equation of Time) 6'' 21" 50" 

Meall Nooli a t  A LaptBI, 1855, July 14 . . . . . . .  21n' 57s 

Data. Observations, 1855, Aug. 7. 
11 m s 

Mean No011 at  A Laptbl . . . . . . .  G 21 55 

Ratc = P. = losing P . 8 5  . . . . . .  1 8  
-- 

Mcan Noou : ~ t  A LaptQl, recluced 
to the epocli 6f A Dira . . . . .  G 20 49 

;Ilrnl~ Noon at A Dirn . . . . . . . .  G 22 20 

kIrridional Difitbrencc ill T in~r  . . .  1 31 

A IJapt6l, Enst of Green. 

Observations, 1855, Aug. 8.  

. . . .  I)ira, \Irest of A Litpt$l 22 45 
- -- - -- - 

16 0 -- 
1 Dira, East of Green. . . . . . . .  79-29 15 79 36 0 

A Dira, East of Green. : 79' 32' 40", being the mean of the longitude obtained 

by the observations of August 7 and 8. 

No. 71. is, GXnrm (:L~\CIEH, IN GNARI K H ~ R S U R I .  

One of' the largest glacier groups tilling out the northern valleys of the mas~it '  

of the h i  (ihmir~. 

We first made observat,ions a t  the lower end of the glacier, the detail of' which 

is given under A. 

During our ascent of the glacier, we saw a sta.r a t  daylight, which induced 11s 

to inalre a second series of observa,tions (B).  The distance k)etween A and B was 

Ildf a da,y's marcl~, or  o.l,out, fire ~niles. The I~llgitlicle is cledncecl from our trigono- 

li~et,rir:~l angles. 
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Geog~~cq) l~ icr r l  Co-orrl i~lntes .  

A. At t h e  lower end of the glacier. 

Latitude North. Lbngitude East Green. Height. 
30' 56' 10" 79' 19' 30" 16,910 feet. 

Instra~nrnts: 'Theodolite 2, Jones; Cllroli. 2 ;  Hypsom. 8, Gcissler; Barotn. 6, Adie. Obscr\,cr: Adolpl~e. 

A. Lower end of t,he 1bi Ci6,min glacier. 

Latitude c~~zcl  TiIrie. 
1855. August 1 :I. Horizontal Circle. Vertical Circle. 

Sun, Lover Limb. 

A.X. 

11 111 9 0 I I ,  0 , I ,  

1 )  6 32 21 64 50 30 73 39 45 

83O.98 C. = 4 1 6 . 2  niillitn. 1 2 . 0  C. 
Hypsom. Temp. of Air 

i6 .386  inches. 53. G F;~lrr. 
Calculated by Rleth?d I., C~.om Observations 1 ant1 4. 

0 I 

1) 11 corr. = 73 5 5 . 3  
6 = 8' - 1  14O 52'. 5  

4) k' corr. = 71 48 .9  

I,ntitude ;h;. . . . . . . . . . . . . . . . . . . . .  30' 56'. 7 

Alean n'oon (corrected for Equation of Time) 6" 2gm 58' 

By calcnlat.ing the  latitude with this mean noon we obtain as definitive result: 

Latitude N. . . . . . . . . . . . . . . . . . . . .  30" 56'. 2 ;  

the. coincidence of the results is a t  the same time the control of the observations. 

H. Five miles above the lower end of the Ibi GLrnin glacier. 

I)uring our  ascent of the i b i  GBmin glacier, while resting on a small.grassy p1a.in 

OIL  the left tlanks of the old lateral moraine of the glacier, we saw, in  t,he dark Idur 

slry, 1)rsitles the RIIII and. the moon, the planet Venrls, which was distinctly visil)l~: t,() 

t l ~ e  naked eye. 

Tlrt~ ap~f i t rance  of :I s tar  in t'111l ~ l : ~ . v l i d ~ t  took all o ~ ~ r  coi~l~)aniuns ( I i l~ i~ t ias  i i ' 0 1 ~  
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.Jolui~-) grcatly by surprise; they, as well a5 tlie Tibetans, of whom we fi-cclllelrtly 

made mqniries, assured us  they had never before heen a, star in the (lay time, 

;I r l r c~~~ i~ \ tnncc~  probably to be accol~nted for from the fact of their not llavlng paid 

p;~rticnlar attrntion to the phenomena of the sky dl~ring the honrs of  (lilylight. 

Venus is known to have been seen in Europe under similar circumstances, lmt 

this is n case of rare occurrence, anrl when seen, ittr visibility 11as been neithcr so 

perfect nor of so long duration as in the present instance, \\.lien the planet was clearl-~ 

dist.inguishnble for three consecutive days. 

The phase of Venus was the Western Quadrature; its greakest brilliancy did not 

take place trill Augl~st 25, 2" r.31. Mean Greenwich Time. 

Throughout t,he whole of our travels, this was tlie only illstance of Venus, or of 

any other star, becoming visible in the clay time. 

Height and Azimuth of Venus mere: 

1855, Ailgurrt 16. FIorixo~~tnl ('ircle. Vertical Circle. 
I, m s 0 I I ,  0 I I ,  

7 1 33 205 18 4!) 44  S 5 

7 14 2 20s 55 50 45 53 55 

We also made 01)servations of the sun, of whicl~ t,he following are t,hc resnlts: 

Point 61. of h i  Ghmin gla.cier. 

1856, ,\ugust 16. IIorixorrtnl Circle. Vertical Circle. 
Sun, C:c>ntre. 

0 

I 400. 2 millim. I 13.3 C'. 
Bnrom. 'I'el111x of Air 

15.993 incl~es. 55.9 P'nl~r. 
('alc~~lntetl by Rletl~otl I., !"l.on~ Ol~serralionc; 1 alrtl 4. 
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1,ntitudc N., of point U .  . . . . . . . . . . . . . . . . .  30° 53' .  1 

M ~ n u  Knoll (corrrrted for Equation of Time) . . (;I' 40"  28' 

X s m a l l  vi l lage,  o n  t h e  c o m m e r c i a l  r o a d  f r o m  U&xhral t o  G n k i  U 6 r s u m ,  s i t u a t e d  

o n  the right ride o f  an a f f l u e n t  o f  t h e  Sh t le j .  

The l o ~ ~ g i t l l t l e  is o n l y  an n p p r o x i l n a t e  o n e ,  d e d u c e d  f r o m  i t m i n e r m y  t1ist:ulces. 

(trog,.nl~hical Co-ordirrates. 

I,:~titncle Sorth.  Longitnde East (ireell. Height. 

:3i0 15' :mu . 79' 15' 40" 14,207 feet. 

A. 1855, S e p t e m b e r  16.  

1835, September 16. Horizontal Cirrlr. Vertical Circle. 

Sun, Centre. 

A . M .  

I 461 .  5 nlillinl. 
Barom. T e m p  of Air 

18 .170  inches. 

Calculnted l ~ y  ;\I~tlroil I., from Observations 1 = I., and the meall of Ol~serva t io~~s  2. 3, nntl 4 = 11. 

0 I 0 I 

I. It corr. = GI 2 6 . 7  8 = -t 2 61.2 

11. h' rorr. 1 54 4 0 . 8  a' = + 2 49 .9  



I;ROIJP IX. ( ; ~ i l l l  K H ~ R S I ' ~ ~ .  

1855, September 23. Vertical Circlr 
Sun, Centre. 

0 

I 4 6 3 . 0  mnillim. 1 8 . 1  C'. 
Harom. Temp. of Air 1 

18.229 inches. ( 6 4 .  6 F a l ~ r .  

Calculated by Rlethod 111. 
I, I" . 

Apparent Noon, calcr~lated from Obserrations 1 and 3 . . . . . . .  12 2 40 
. . . . . . .  2 and 3 12 2 40 

0 I 

. . . .  C'alcul. Culminat. Altitude, corr. for Refraction and l'nrnllas 59 1 5 . 8  

Sun's I)eclination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 0 3 1 . 4  

Elevation of the >:quator . . . . . . . . . . . . . . . . . . . . . . . . .  58 4 4 . 4  

Latitude N., from September 22 . . . . . . . . . . . . . . . . . . . . .  31 1 5 . 6  

1,atitude N., from September 16 . . . . . . . . . . . . . . . . . . . . .  31 1 5 . 4  
- 

Latitude N. (Aleair) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 1 5 . 5  

No. 73. N ~ L O N G  PABS, IN G N ~ I  l(tI6nsun1. 
r 1  l l ~ i s  pass, also lrnown under the name of SangL6lr, is situated a t  the western 

extrenlity of (f5rhv81. It is one of those high passes in the range which separates 

Gnari Kh6rs11nl from Ojrhvril. 'The instruir~ents were put up on the top of t,he pass. 

The longitude is rled~lced from itinerary distances. 

Gc.og~.nphic.ctl C'o-o~.rli~infes. 

I.;lt~tndc Xortll. I,ong~tntlr 1':nst Green. Height. 
31° 7' 30" i!Io 0' PO" 18,455 feet. 

OLso.vrclio~rs : 1855, Sepfo~iber I!). 

Ilrstruments: '~11eoctolit.e 2, Jones; Chron. 2 ;  Uaro~n.  6, Adie. Observer: Adolplle. 

1855, Septen~l)er 19. Horizontal Circle. Vcrtic:ll C:irclc. 

I, m 8 0 I I ,  0 I I ,  

1) 12 5 4 I l i  91 13 60  18 5 

2)  12 1 2 2 4  120 21 35 60  13 45 

13) 12 23 33 126 6 52 59 58 7 
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I 392.2 niilliin. (i. 3 C. 
Harom. l ' e ~ n l ~ .  of Air 

15.441 inches. 43 .3  I:nl~r. 

Calculated by Method 111. 
11 11, 1 

('nlrnlatrd A ~ ~ p a r e n t  NOOU, detlucrd from Obsersations 1 atid 3. . .  12 1 53 
v! t j  ,, 2 and 3 . . 12 1  54 

C:~lrulated Culminating Altitude of the Sun's Centre, corrected for 
0 I 

Refi.action, l'nmllax, 2nd Semiclian~etrr . . . . . . . . . . . .  60 3 4 . 2  

Sun's Declinatioli . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 1 -  1  41.  i 

Elevation of t,he Equator . . . . . . . . . . . . . . . . . . . . . . . . .  59 52 .6  

GROUP X. 

 LAD^. 

No. 74. NOD, IN Srkr~. 

This was the first inhabited place still remarkably elevated, which I (Hermann) 

reached after two days' march to the north of the TBri pass. 

C ~ c o g m ~ p k i c t r /  Co-orcli/rnt(,a. 

L:ctltude Nortll. 1,ongitude East Greet'. He~gllt 
310 551 3 j f 1  78' 1' 20" 12,421 fcrt. 



0 

4 8 2 . 8  rnillirn. I 1 5 . 0  C .  
Barn-. i Temp. of Air 

19 .008  inches. 5 9 . 0  1:nhr. 

Calculated by Mcthod I. 

I ,I , I ,  

Refraction . . . . . . . . . . . . - 0 7 - 0 16 

Sun's Semidiameter . . . . . . + 15 61 + 15 51 
. 

Snnr of Corr. . . . . . . + 15 18 + 15 39 

11 corr. = 79 3 1 . 6  8 = 8' -k 2Yo 14 I . i  
11' corr. = 67 4 1 . 7  

Latitude N. . . . . . . . . . . . . . . . . . . . . . 31' 56'. 6 

Mean Noon (corrected for Equation of Time) . 0" 25" 15* 

Lojzgitude. 
11 rn - 

Mean Noon at S h l a ,  by Chron. 3, 1856, May 15 . . . . . . . . . . . . (i 28 21  

Rate = XIII. = gaining 13.01 . . . . . . . . . . . . . . . . . . . . . 10 0 2:) 
.. 

Mean Noon a t  Simln, reduced to 1856, Jnne 13 . . . . . . . . . . . . ti 28 50 

Mean Noon at  Mild, 1856, June 13 . . . . . . . . . . . . . . . . . . . . (i SF, 15 

Meridional Difference in Tune . . . . . . . . . . . . . . . . . . . . . . . 0 3 35 
0 I , I  

Simla, East of Green. . . . . . . . . . . . . . . . . . . . . . . . . . . . . S T  7 36 

Mil?, East of Simla . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 53 45 

Mild, East of Green. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 1 21 

No. 75. Tsoaronfn~ SALT LAKIP, ix S I ~ .  

The observatioris of lititude, longitude, and declination were macle on t,lic right 

sl~ort!~ near the southern end of the lalce, in an unillhabited spot occasionally visitetl 

ibl l~astumge. Its l~anle is Nama Uingbo, the long meaclow. 

q.'11(: observations of m;ignetic iilteilsity were made eight miles to tlre ~rnrt~li, ; ~ t  

liciv~oli, t,lle n:unlc of :L fortified honsr, inhabitcicl o~lly ill slluliller by shc~l~hcrtls. 
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Latitude n'ortl~. Longitude East Green. Height. 
320 45' 251' 78' 16' 36" 15.130 feet. 

Instruments: Theodolite 2, Jones; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 

Lntitzcde and  Fi.il~z,e. 

1856, June 21. Horizontal Circle. Vertical Circle. 

Son, Upper Limb. 

P.M.  

4 4 2 . 0  millirn. 
~ n r o m .  1 Temp. of Air 

17.402 inches. 6 3 . 5  Fahr. 

Calculated by Method 111. 

11 111 * 
Apparent Soon, calculated from Observations I and 3 . . .  6 29 9 

. . .  2 and 3 6 29 !) 

0 I I !  

C'alculated Culminating Altitude of t l ~ r  SIIII'S Upper Li~nh A 0  58 19 

Correction of Son's Sernidi~~meter, Refraction, and I'arallns - 15 49 

. . . . . . . . . . . . . . . . . . .  'True Culminating Altitude 80 42 30 
. . . . . . . . . . . . . . . . . . . . . . . .  Sun's Declination -t 23 25 34 -- 

. . . . . . . . . . . . . . . . . . .  I:levation of the Equator 57 14 56 

Longitude. 
r 1 l l l c  a1)l)arent noon = 6,, 29'" 9-6 only t o  he considered a s  a n  element of cal- 

cnlation. not  us  a. reu111t. 

For d r d ~ ~ c i n g  t l l r  lnngltnde,  we  calculatrd the t ime f rom lo\\cnr a l t~ to t les .  



B1ea11 Noon a t  Simla, by Chron. 3, 1856, h1:ty 15 . 
. . . .  Rate = XIlI. = gaining ln.O1, for 37 days 

&lean Noon a t  Simla, reduced to 1866, Jul~c. 21 . . 
Mean Noon a t  lo~ver end of Tsomoriri . . . . . . . .  
hIeric1io11al Difference in  'rime . . . . . . . . . . . . .  

0 I ,I 

Simla, East of Green. . . . . . . . . . . . . . . . . . . . .  77 7 36 

Lower cud of Tsomorhi, Last of Sin~la. . . . . . . . . .  1 '3 0 
. -- - - -. - 

1,omer end of 'rsomoriri, 1:ast of (;reell. . . . . . . . .  78 16 36 

I)uring the arlju~t~ment of the declinometer in the afternoo~~, the theodolite got 

out of ortler, and had to be put up again. T h e  n1eridia.n wis founrl 1,y tllr trilnsit 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  of Agltrc~es (a. Scorpii) 1 12" 1 1'. 4. 

NO. 'it;. Tsonroex.~~ani, THE GREAT SALT LAKE, IN THE I)IST~IC*T OF I'ANGI~ONC~. 

This @eat salt lalre is divided into two parts, colnniunicating with each ot,her 11). 

a. com~aratively narrow channel. 

The part of the lake east of the junction is fresh water. or nearly so, and shi~llow; 

the western part, solnemha,t deeper, is very brackish. 

My instr~~ments (Hermann) were put up near Takung, n location for shephertlti on 

the left shore. The total length of the lake exceeds 40 miles, and its general rlirectioil 

is east to west as fa,r as TBkung, fl-om whence to the lower eiicl i t  takes ;I iiortli- 

westerly tnnl. 

Latitude North. 1,ongitude East Green. H c ~ g l ~ t .  
33" 39' 50" 78' 38' 30" 14,010 fert. 

We have no exact data for comparison. 

'L'he longitrlde was estimated from distances referred to l'somoriri, the high 

:tltit~ldes obserired not giving ~ufficicnt accuracy for the determination of tiinr. 

w 

Ohser~rnfiorts : 1856, Jlrly 2. 

I l ~ u t , r ~ ~ n ~ c ~ ~ t s :  Tl~codolite 2 ,  . lol~es; Chron. 3;  Baro~u.  1, G r e i ~ ~ e r .  Observer: Herrn:ul~~. 
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1856, duly 2. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 

2%. N. 

, 11 N B 0 I ,I 0 I I ,  

1) 5 56 51 28 28 40 77 43 25 

2) 6 6 21 37 35 50 78 42 55 

0 

456.8 rnillirn. . I 18.1  C. 
Barom. Temp. of Air 

17.984 inclles. 64.6 Fahr. 

Calculated hy Method II., from corresponding Altitudes. 

11 111 9 

Appawtlt NOOII, deduced from 1, 2, and 3, i~rcloding the variatio~l of the SLIII'S I)eclinat~on 6 28 10 

Erluation of Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 30 

Mmm~ Noon (conected for Eqnatiort of Time) . . . . . . . . . . . . . . . . . . . . . . . . .  6 24 40 

For the determination of the latitude, the mean was taken from ob~ervat~ions 3, 

4, ant1 5. 
At 6"5"' 58" 78' 5' 48" Vertical Circle. 

11 m 

'I'ime by Cluronometer 3 . . . . . . . . . . . . . . . . . . . .  6 55 58 

Apparent Koon . . . . . . . . . . . . . . . . . . . . . . . . .  8 28 10 

Apparent Local Time . . . . . . . . . . . . . . . . . . . . .  0 27 47 
0 I 

. . . . . . . . . . . . . . . . . . . . . . .  Altitude o f t h e  Sun 78 5.8 

Sum of Corr. . . . . . . . . . . . . . . . . . . . . . . . . . .  - 16.0 

Truc Altitude of the Stui . . . . . . . . . . . . . . . . . . .  77 49.8 

Latitude n'. . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 39.8 

Detloced from lo\\,, corresponding Altitudes of tlle SIIII. . . . . . . .  62' 4GI.5 

No. 77. LXCHA LUNO Pass, IN S P ~ T I .  
* 

T h i s  1s o n e  of the higher ,,asses, on the road f ronl  Lahbl to L i d a k .  Tt is 

sit~tntetl ~ e v e r n l  r1n-y~' I Y I L ~ C ~  (listi~nt fi'oni inhabited 11laceu 



I.stitucle North. Longitude East  Green. Height. 
33' 3' 50" 77O 35' 35" 16,750 feet. 

Observations: 1856, Arne 2.3. . 
Instruments: l'l~eodolite 1, Jones; Chron. 2 ;  Barom. 6, Adie. Observer: Robcrt. 

Latitude and Time. 

185G, dune 23. Horizontal Circle. 
Sun, Lolver Limb. 

A.M. 

11 nr a 0 I I ,  

1) 2 42 20 21 46 45  

2) 2 5 i  18 23  18 20 

3) 3 6 2 1  24 18  46 

4) 3 13  27 25 12 50 

5) 3 21 1 3  26 12 0 

6) 3 28 28 27 2 43 

7) 3 34 55 27 54 55 

8) 3 41 26 28 2 40 

Vertical Circle. 

I 413 .6  millun. 
I3aroin. Temp. of Air 

16.284 inches. 

Calculated by Method I., from Observations 1 and 8. 

Refraction . . .  

Sun's Semidiameter . . . . . . . . . . . .  + 15 46 + 15 46 

S u n  of Corr. . . . . . . . . . . . . . . . .  -1- 16 1 + 15 21 

0 I 0 I 

1) I& corr. = 32 10.7 6 = + 23 26.9 

8) h' corr. = 44 29 .'J 8' = + 23 26. 9 

Latitude N. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33' 3' .8 

Mean Noon (corrected for Equation of Time) . . . . . . .  7b 3" 39' 

- .  
Calcr~lated Apparent Alt,itude at 3'' 6" 21s. . . . . . . .  36 57 .1  

Ol~served Altitude . . . . . . . . . . . . . . . . . . . . . .  36 5 6 . 4  

Ca1c.-01)s. . . . . . . . . . . . . . . . . . . . . . . . . . .  + 0 0 . 7  
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This i~n l~or t an t  town, the cal~ital of Ladkk, is the principal place in Western Tibet. 

It is situated on the light side of the Indus, three miles distant from t l ~ e  river. 

'411 extensive trade between India and Central Asia is carried on through Western 

Tibet, of which Leh is the great ewtrepbt. During our stay we occupied a native house 

with an extensive walled compound, a t  the lower end of the town. We also erected 

an observatory, which me left, during our travels in Turkistin, in charge of our native 

cioctor Hiirkishen and his assistant Nain Singh.' 

1,ntitude North. Longitude ]Cast Green. Height. 

Y.iO 8' 21" '77' 14' 36" 11,527 feet. 

Observations and Ins t i~~ments ,  1856. ,I. L:ttitude from Polaris, July 10 (Theoclolite 4, l'lstor), and 
September 16 (Theodolite 1, Jones). B. Latitude fiom Altitudes of the Sun, September 17 (Theodolite 2, 

,Jones). C'hron. 8;  13nrom. 1, Grciuer, and 8, l'lstor. Obser\,ers Ilrrrnann and Iiobert. 

For t,he lat,itude, we give the pteference to observntiolis of IJolaris. With respect 

to the chrono~netric longitude, we mag mention here ho\v well chronometer 3 lwpt 

its rate clul.ing our journeys in Western Tibet. 

We have the f'ollowing data for comparison: Colonel Waugli's ma,p of' the PBnjklr 

(1854) agrees very well for the latitude, but i t  makes the longitude lrlore t,hau 

20' farther to the east; Moorcroft had found, by observatio~lv with the sest,ant, 

latitude N.' 34" 9' 21": C~inningham gives3 latitude N. 34" 9' 7", longitltdr E. Cir. 
- - 0  59' 3". 
I I 

First Ob~ervation 

1856, July 10. .\ltitude of Polaris. 

Sh 43'" 2 i s  3 3 O  54' 58" 

1 Yee p. 21;. T l l c  details tire ~ o r l . ~ s p o ~ d i ~ l ~  JInylletic O h n e r v n t i n ~ ~ s  nrr c o n t i ~ i ~ ~ , . , l  i n  part 111. ,,I' Llliv \-0lulllc- 

I . ~ i t ~ c d  i n  his I~r~ok .  arc  wnnling. 



. . . . . . . . . . . . . . .  Time by Cl~ronometer 
hlran Noon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 29 24l 

Mean Local Time . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 1 4 3  
. . . . . . . . . . . . . . . . . . . . . . . . .  Approximate Longitude 5 1 0 0  

.- 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Mean Time at  Green ; 6 4 3  
. . . . . . . . . . . . . . . . . .  Sidereal Time at  Alean Noon Green 7 18 19 

. . . . . . . . . . . . . . . . . . . . . .  Acceleration of Fixed Stars + 1 0  
. . . . . . . . . . . .  Approximate Longitude 

. . . . . . . . . . . . .  Sidereal Tune a t  Idell 

0 I 

Observed Altitude of Polaris. corrected for Refraction . . . . . . .  33 54.1 

First Term from the Tnljles for Polaris . . . . . . . . . . . . . .  - 11.6 

Second Term .. . . . . . . . . . . . . . .  -1- 0 .7  
. . . . . . . . . . . . . .  Third Term .. + 1.1 

. Latitude N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 'i 5 

499.9 millim . 
Garom . 'L'emp . of Air 

19.681 inclles . 

Second Observation . 
1856. Septe~nber 16 . Altitude of Polaris . 

4" 26"' 50" 35O 2' 14" 
11 m s 

Ti~ne by Cl~ronometer . . . . . . . . . . . . . . . . . . . . . . . . .  16 2 6 5 0  

Mean Noon. from observed Altitudes of the Sun . . . . . . . . . .  6 29 27 
-- - 

alean Local Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 57 23 

Approximate Longitude . . . . . . . . . . . . . . . . . . . . . . . . .  5 1 0 0  
-- 

Mean Time at  Green . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 47 23 

Acceleration of Fixed Stars . . . . . . . . . . . . . . . . . . . . . . .  + 48 

Approximate Longitude . . . . . . . . . . . . . . . . . . . . . . . . .  + 5 1 0 0  
Sidereal Time a t  Mean Noon Green . . . . . . . . . . . . . . . . . .  11 4 2 2 8  

Sidereal Time at  Lo11 . . . . . . . . . . . . . . . . . . . . . . . . . .  21 4 0 3 9  
0 I 

Observed Altitude of Polaris. corrected for Refraction . . . . . .  35 2 .7  

• First Term from the Tables for Polaris . . . . . . . . . . . . . .  - 54.7 
Second Term .. . . . . . . . . . . . . . .  I + 0 .5  
'rhircl Terin .. . . . . . . . . . . . . . .  + 0.7  
I. atitndo N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 9 . 2  

. . . .  . alean of Latitudes, dec111crtl from the 2 Obscr\.ations of Polaris 34" 8' 21'' 

This is the latitude wc. adopt as the nos t  correct . 

' hfenl~ Noon. dedllced from Altitlldes or the SUII  . . TIIIY I 1  (see p . 100) . 
30 * 
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B. Lntilude b!j Observotio~~s of the SUII. 

1856, September 15. Horizontal Circle. Vertical C,ircle. 

Sun,  Upper I,i~nb. 

' A . M .  

I ,502 . 0 millim. 
Rarorn. Temp. of Air 

19 .764  inches. 

Calculated l ~ y  Method I., from the means of' observations 6 to 10 = I., :tnrl of' 

observations 11 t , ~  17 = 11. 
Tirne. Vertical Circle. 

1. 11. 
I I ,  I # I  

Itefraction . . . . . . . .  - 1 2  - 1 46 

. . . . . . . . .  I'arallax -t 0 7 + 0 8 

. . . . . .  Semidiametel. - 15 58 - 1B 58 
- .  ........ 

. .  Sum of Corr. - 16 53 - 17 36 



Latitude N. . . . . . . . . . . . . . . . . . . . . . . . : iAO 5' :j:j" 

Alenn Noon (corrected for Eqontio~r of Timc) . . . ?!I1" :+Iq. 

C'o~n~:~rison of' the single observations with the elelvrritz o1)tainetl by the fi1.d 

a l ~ p r o x ~ l n ~ i o n .  



~~STROSO1\lLC~AT, DETERMINATION8 OF LATITUDES A N D  I ,ON(; I '~UD~S.  

Time by Chronometer . . .  
Mean Noon. . . .  from 1st 

Mean Local Time 1 Approx. 

Equation of Time . . . . . .  

Hour Angle in Time . . . .  

Hour Angle in Arc - I .  . .  
S (Sun's Declination). . . . .  

. . . . . . . . . .  sin p sin S 

cos p cos 8 cos t . . . . . . .  

Sum = sin h . . 

IL (True Altitude of thg Sun's 
Centre) . . . . . . . . .  

. . . . . . . . . . .  Refraction 

Parallax . . . . . . . . . . . .  
f Sun's Semidinmeter . . .  
Calculated Observation . . 

. . . . .  Direct Observation 
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111 t,he present case, the importance of the object. required particular care in the 

tleductiou of the final results; thcrefore, the differential equations for each single 

observation mere formed by the method explained, instead of simply talring the lnealls 

of "Ca1c.-Obs." for the groups A.M. and r.11. The observations in general agree vel)- 

well with each other, with the exception of No. 16, \vliich llas consequently been exclnded. 

W r  obtain the following sixteen differential equations, which are to  be treated 

11y the method of least squares:' 

1 )  0 = - 0.491 - 9.216 d p  + 9.912 d t  

2) 0 = - 0 .531 - 9.313 d p  -t 9.909 d t  

3 )  0 = - 0.455 - 9.379 d p  + 9.905 d t  

4 )  0 = - 0.380 - 9 . 4 2 5 d p  - 1 -  9 . 9 0 2 d t  

5) 0 = + 9.778 - 9 . 4 7 3 d p  + 9 . 8 9 8 d t  

8) 0 = + 9.578 - 9 . 5 0 5 d p  4- 9 . 8 9 3 d t  

7 0 = - 9.845 - 9.533 cZ? + 9.891 d t  

5) 0 = - 0.903 - 9 . 5 5 1 d 9  +- 9 . 8 9 0 d t  

9) 0 = - 0.041 - 9.568 d p  -1- 9.888 (lt 

10) 0 = - 9.778 - 9.579 d p  -1 9.881 d l  

11) 0 = + 9.000 - 9 . 3 5 8 ~ E p  - 9.907 dt  

12) 0 = -1 9.778 - 9.332 d p  - 9.908 rlt 

'1.3) 0 = + 9.301 - 9.306 d p  - 9.909 d t  

1 4 )  0 = - 9.845 - 9.285 (29 - 9 . 9 1 0 d t  

15) 0 = + 9.000 - 9.260 d p  - 9.911 tlt 

17) 0 = + 9.903 - 9,186 d p  - 9.913 d t  

The final eqnat,ions, which we obt.ain from these sixteen, are: 

111 all these equations the co-efficients are logarithmical, and the equations cal- 

culated so, that the last decimal is exact. The solution of these equations, after 

reclucing the sum of the squares of errors to n minimum, gives as values: 

d p  = - 1I.G 

at = -( 1I.o; tlT = - d8.0;  

1 l.11" \.olues "Calr.-Obs." arr I I O ~  n ~ ~ ~ l ( i ~ l i r d  with curs h, 1,111 llle ro.rlficirnts <,I. rip n11r1 rll Ila\%= I I I ' C I I  diljc1~f' 

I,). 1-0s I: .  



The probable error of Q is five times greater than the probable error of 1; which 

does not exceed one minute of arc, and, therefore, gives t.he time with a correctnes~ 

most valuable for the chronometrical longitude. 

Lorryitride. 
I, I,, X 

Mean Noon a t  Simda, by Cbron. 3, 1856, hIay 15 . b .  . . . . . . . .  6 28 21 

. . . . . . . . . . . . .  Rate = XIII. = gaining ln.O1, for 94 d a y s .  1 34 
. 

Mean Noon a t  Simla, reduced to 1856, September 17 . . . . . . . . .  6 29 55 

Mean Noon a t  Leh, 185G, September 17 . . . . . . . . . . . . . . . . .  6 29 25 

Bleridional Difference in Time . . . . . . . . . . . . . . . . . . . . . . .  0 0 28 
0 I I ,  

Simla, East  of Green. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 7 36 
Leh, East  of Simla. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 5 0 

Idell, East  of Greeu. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 14 36 

Mc~idian. 

tr. 1866, July 18. ' I  

Ey the passage of dntcrres, a t  about 9" P.N. Local Time . . . . . .  135' 76'.2. 

b. 1856, September 30. 

The theodolite had been removed after the observations of September 17, and 

was put up again for the determination of the meridian. 

\'C'c ol~tniued by t h r  passage of Fo'ol,tull,rctrtl, a t  about 10'' r .ar .  1,oc:ll T i ~ n e  . 925' 15' . f .  

No. 79. PADUBI, IN TRANYKAR. 

This sina.11 villa.ge is the chief place of Tsiinsknr, situated on the left side of the 

Tsinslrar river, in a broad valley, which, though well cultivated, is nearly devoid of 

trees. A fort built of unburnt bricks stands near the village. 

The latitude and longitude is estimated from itinerary dist,ances. 

Geographicnl Co-o~.dincctes. 

I>atitode North. 1,ongitnde East  Green. I-leigl~t. 
33' 28' 0" 76' 54' 15" 11,590 fect. 

i1ff;r.i t l i c ~ / .  

. . .  Deduced from low, cor res l~ondi~~g  Altitudes of the Sun. 1856, JIII I~ 25 27' 10l .2 .  
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No. 80. DAH, IN LADAK. 

The road from Leh to Skhrdo leads through this villa.ge, which is situated or, 

tlle right side of the Indus. It is one of t.he ~lumerous small villages which are 

found along the hidus valley; they are generally separated by tracts of uncultivated 

Lntitude No~.tl~. Longitude East Grecn. IIeight. 
34' 32' 36" 760 25' 5" 9,690 feet. 

Obse~vations: 1856, JIIIIJ 6. 

I~~s t ru~nen t s :  Theodolite 3, Troughton; Chron. 1 ; Barom. 6, :\die. Observer: Adolphe. 

Lcttitttcle n,rd Tiwle. 

1856. July 6. IIorizontal Circle. Vertical Circle. 
Sun, Upper Limb. 

A . M .  

11 m s 0 I I ,  0 I ,I 

1) 4 18  22 141 12 40 59 0 40 

2)  4 23 11 142 16 9 59 57 50 

. 3 )  4 29 1 143 39 40 G1 8 12 

4) 4 32 36 144 34 30 61 48 15 

0 

I 544. 1 milli~n. i 21.6 C. 
Uarom. 'Temp. of I \ ~ I .  

el ,432 inches. 70.9 Fnl~r. 

Calculated by Method I. 

We 11se for the calculatiolls the lnearis of I ,  2, 3, 4 = I., and of 5 aud (i = ll., 

and give to observation 1 threefold weight, since i t  was n~arketl as ~~a,rticnlarly 

good in t,lle ~nnllascriptu of observation. 
11 "3 0 , r ,  

1. =: 4 23 I!) 5!J 5:) 23 

11. z 1 0  43 I f  34 33 55 

I. 11. 
I I ,  I I ,  

Ilefraction - 22 - 5s . . . . . . .  
I'arallas . . . . . . . .  -1- 4 -1 7 

Snn's Senlidian~rter. . - 16 46 - 1.5 Jci 
-. . - . ~ ~  ~- - - 

. .  Sun1 of Corr. - 16 J - I( ;  : 3 i  



0 I 0 ,  

I. 11 corr. = 50 4 3 . 3  6 = + 22 4 1 . 9  

11. 11' corr. -= 34 1 7 . 9  8' -1- 22 4 0 . 3  

Latitude N. . . . . . . . . . . . . . . . . . . . . . . .  34' 32'. (i 

Alean Noon (corrcctc.d for Equation of 'l'ime) . . 6" 26"' 49" 

0 I 

Calcul. Apparent Altitude of tlic Sun's Upper lrirnli a t  4" 29'l 1" . 61 7 . 6  

Observed Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . .  61 8 . 2  
. - - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Calc.-011s. - 0 .6  

Lotzgit.lc(!e. 
11 m s 

Simla, AIay 16. Mean Noon by <:hron. 1  . . . . . . . . . . . . . . . . .  6 25 21 
- Rate = X. = losing l"7, for 52 days . . . . . . . . . . . . . . . . .  1 28 

Wean no or^ st Simla, reduced to July (i . . . . . . . . . . . . . . . . .  6 23 53 

Ilea11 Noor1 a t  Drill . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 26 43 
-- 

Meridionnl Difference . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2  50 

0 I 

. . . . . . . . . . . . .  Simla, East  of G r e e ~ ~ .  77 7 . 6  

. . . . . . . . . . . . . .  Dah, \Vest of Simla. 0 4 2 . 5  
-- 

. . . . . . . . . . . . . .  Dnh, East  of Green. 76 25 .1  

We have no exact clata fbr comparison. 

No. 81. . SLSSER PASS, IN N ~ B R A .  

Thc summer rontc from Ladjk to Yarkand leads over thiu pass, which is situated 

111 one of the greatest accumnlations of glaciers we met with in this part of Tibet. 

I t  is the most difficult of all passes between Ladak and Torkistan; the track is easily 

tliwoverable, as i t  is strewn over its whole length with the slceleto~ls of beasts of burtlen 

that have been exhausted with fatigue, and have dropped by the way. 

We placed our instruments on the-broad snow-covered top of' the 1~:1ss ithelf: 

The stands were well secured .against s inlr i~~g miequally in the s ~ ~ o w .  111 ;111 

hiinilar instances we were able to preserve the proper level by 1daci11g the legs upon 

:I solitl foundation of stones. 
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Instruments: Theodolite 2, Jones; Chron. 3 ;  Hypsom. 5, Geissler. Observer: Herman11 and Robert. 

Lntitucle and Tiwze. 

1856, August 2. Horizontal Circle. 

Sun, Upper Limb. 

P.M. 

0 I I ,  

9 5 40 

9 31 32 

9 57 40 

10 16 15 

10 41 20 

11 0 15 

Vertical Circle. 

0 I I ,  

26 1 43 
25 18 8 

24 30 45 

24 0 43 

23 21 43 

22 53 18 

I 387. ti  millini. 13.4 C. 
Uaron~. Temp. (I!' Air 

15.260 incl~es. 54 .3  F'al~r. 

U .  Polaris. 

I 82O. 74 C. = 396.0 millim. I 6 . 1  C. 
Hypsoni. 'Ten~p. of Air 

1.5.591 inches. 43.0 Fal~r.  

Latitude. 

The la t i tude  wa& 'obta,ined fiom the altitude of Polalis, an approximation for 

time h k i n g  been prefiously calculated from the series of observations of the sun. 

. . . . . . . . . . . .  Resulting Latitude N. 35" 6'. 

-. . 
Longitude. 

For calculating the time, the mean of the observations of the sun was int,roduce(l 

:= I l h  24m 40'; 



Ilour Anglc of the Sun . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Time by Cllronometer 11 24 40 

Apparenth'oon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 34 I8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Equation of Time -1 5 57 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mean Noon 6 28 21 

. . . . . . . . . . . . . . . . . . . . . . .  - .  Mean Noon a t  Simla, May 15 (i 28 21 
. . . . . . . . . . . . . .  Rate = XIII. = gaining 1\01, for 79 days + 1 20 

L -. - . - - - 
. . . . . . . . . . . . . . . .  Mean Noon at  S h l a ,  reduced to August 2 6 29 41 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Mean Noon a t  S6sser pass 6 28 21 

. . . . . . . . . . . . . . . . . . . . . . . .  Mericlional Difference in Time 1 20 
0 I 

Simla, East of Green. . . . . . . . . . . . . . . .  77 7 . 6  

Sisser, East of Simla . . . . . . . . . . . . . . .  2 0 . 0  
Sisser, East of Green. . . . . . . . . . . . . . . .  77 27.6  

We have no data for comparison. 

Ilrbevidian. 

Deduced from the Altitudes of tlie Sun . . . . . . . . .  274' 46'.5. 

Nos. 82  and 83. ICLRGIL AND DRAS. 

Both these villages belong to the Tibetan province of Dras. 

Ickgil, the chief place of the province, is situated on a terrace upon the left 

side of the ICBrtse (S6ru) river; Dras, though o small village, is of political importance. 

and is protected by a strong native fort. 
% 9 

The two places lie on the road which leads from LadBk to Kiahrnir. Corupletr 

observations of magnetic intensity were made a.t each station; we, therefore, give their 

latit,udes and longitudes, as Ge estimated them by itinera,ry distances froill 8rinAgger. . 
ICARGLL. 

Latitude North. Idongitude East Green. Height. 

34O 30' 0" 76' 4' 2" 8,845 feet. 

. . . . . .  From the passage of Fow~nlkatrd, 1856, October 10 210° 15'.0. 

DRAS. 

1,;~titude North. Longitude East Grec~l. Height. 
340 28' nu 750 4.7' 5" 9,951 feet. 
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Cunningham gives 111 "LadQk", p. 476, latitute N. 34' 23' 49"; for the longitude 

t,he same number is repeated by mistake. 

GROUP XI. 

B ~ T I  ABD HASORA. 

STATIONS 84 TO 92. 

H~she.-Cl1orlt6nda glacier. - A Sliincliiiltbi. - Tso-I&. - Askoli. - Cl1utr6n.- Shigar. -Sltiirdo.- 
TAshir~g. 

No. 84. H ~ S H E ,  IN B ~ L T I .  

This snlall village is situated in the valley of the Chethnga river, on a terrace 

above its present level. 
The river is a tributary of the Shay6k;and flows into it from the right, nearly 

ul~posite IGipdiu. 
Geographical Co-ordinates. 

Latitude North. Longitude East  Green. IIeigl~t. 
35' 33' 30" 76' 35' 20" 10,440 feet. 

0bservatio~a.s: 1856, Jitly 14. 
Instruments: Theodolite 3, Troughton; Chron. 1 ;  Barom. 6, Adie. Observer: Adolpl~e. 

A. Alti$ude> of the Sun. 

Latitude and Tinze. 

1856, duly 14. Ilorizontal Circle. Vertical C11.cle. 
Sun, Upper Limb. 

A. N. 

In rn a o I I ,  o I I I  

1) 4 7 54 339 34 1 5  55 20 30 

2) 4 16 38 341 31 0 57 4 20 

3) 4 24 9 343 18  20 58 32 35  

4) 4 46 69 349 20 0 62 55 56 

5) 4 54 38 351 44 55 (iC 20 10 

P . M .  

h m  a o I ! I  o I I I  

6 )  9 54 40 142 37 20 44 48 55 

7) 10 1 2 9  143 41 20 43 25 45 

n) 1 0  6 9 144 23 40 42 ztc 2 0  

9)  10 10 1:3 14%; 0 4 0  41 38 25 

1 0 )  1 0  14 2:3 1-16 Yh 0 40 47 30 



onouP XI. B ~ T I  AND H A B ~ R A .  

I 523.0 millim. 
U aro n~ . 

20.591 inches. 

0 

I 26.2 C. 
Temp. of Air 

79.2 Fahr. 

Calculated hy hlethod I. 

We use.observation 4 =I. (since observation 5 is marked L'doubtful"' i r ~  the original 

manuscripts), a.ncl the mean of observations 7, 8, 9, and 10 = 11. 

I. 11. 
I I ,  I I ,  

Refraction . . . . . . . . . . . . . . . . . .  - 0 19 - 0 42 

. . . . . . . . . . . . . . . . . . . .  Parallax + 4 + 6 

Sun's Semidiameter . . . . . . . . . . . . .  - 15 46 
.- -- 

- 15 46 -- 
. . . . . . . .  Sum of Corr. - 16 1 - 16 22 

0 I 0 I 

I. 18 corr. = 62 39.9 6 = + 21 40.9 

11. k ' c o r r . = 4 1 4 8 . 6  6 ' =  + 2 1 3 8 . 8  

. . . . . . . . . . . . . . . . . . . . . . . . . .  Latitude N. 35' 36'. 2 

Mean Noon (corrected for Equation of Time) . . . . .  Gh 29"' 2:iS 

0 I 

Calc. Appar. Altitude of the Sun's Upper Limb a t  4" 55" 3S8 . . .  64 20.8 

Observed Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 20.2 

Ca1c.-Oba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 6  . 
B. Observations of Polaris. 

1856, Jnly 14 
0 

I 523.2 millim. I 20.6 C. 
Ihroin. Temp. of Air 

20.599 inches. 69.1 Falir. 

0 I I ,  

Altitude of Polaris a t  3'' 17"' 408 . . . . . . . . . . . .  34 32 40 
Refraction . . . . . . . . . . . . . . . . . . . . . . . . . .  - 56 

11 corr. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 31 44 

Latitude N. . . . . . . . . . . . . . . . . . . . . . . . . .  85" 30'. 7 

As res~ilting latitude we adopt the mean of bot l~  cleterniinations: 

Latitude N. . . . . . . . . . . . . . . . . . . . . . . . . . . .  350 33' 5 

I '1'11~ control. Ilon.cvcr, shown thnt it is correct 
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Lol1,fJifrrd~. 
11 111 8 

AIean No011 a t  Shigar, by Chron. 1, 1856, August 5 . . . . . . . . . .  6 32 44 
Mean Noon a t  Hhshe, 1856, July 14 . . . . . . . . . . . . . . . . . . .  6 29 25 
Rate = XI. = 0O.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 0 

RIeridional Difference in ' r in~e  . . . . . . . . . . . . . . . . . . . . . . .  0 3 19 

0 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Shigar, East  of Green. 75 4 5 . 5  
Hhshe, East  of Shigar . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 9 . 8  
Hhshe, East  of Green.. . . . . . . . . . . . . . . . . . . . . . . . . . .  76 3 5 . 3  

No. 85. CHORK~NDA GLACIER, OOVE DOND~NO, IN BALTI. 

This was Adolphe's encamping place on the left side of the Chork6nda glacier. 

As high up as A Dondbng, which is already far from every inhabited place, shrubs 

are to he seen; but beyond there is scarcely any sign of vegetation. 

The longitude is estimated from distances by Shigar. 

Latitude North. Longitude East  Green. Height. 
35O 33' 20" 75' 56' 0" 13,790 feet. 

Observations : 1856, July 24. 

Instruments: Tlreodolite 3, Troughton; Chron.: In  this case lie used liis pocket watch, by Dent, 
for the intervals of Time, the Chronometer not being a t  hand a t  the moment of the Obser\~ation. 

Hypsom. 8, Geissler. Observer: Adolphe. 

Lrrtitirtlr rrnrl Tinze. 

1856, July 24. Horizontal Circle. Vertical Clrcle. 
Sun, Upper Limb. 

P.M.  

ti) 4 1 2 1  

7) 4 5 28 



0 

86O. 46 C = 458.6 milli~n. I 10.4 C. 
IIypsom. 1 Temp. of Air 

18.062 inclles. 50.7 Fallr. 

Time. Verticat Circle. 
11 3" a 0 I 1 8  

I. = Mean A.M.  . . . . .  a t  4 26 39 5s 21 48 

11. = Rles11 ~ . a r .  . . . . .  a t  10 2 67 41 51 52 

I. 11. 
I I ,  I ,I 

. . . . . . . . . . . . .  Refraction - 22 - 40 

Parallax . . . . . . . . . . . . . .  + 4 +  G 

Semidinmeter . . . . . . . . . . .  - 15 47 - 15 45 
- -- 

S m u o f C o r r .  . . . . . . .  - 1 6  5 - 1 6 9 1  

0 I 0 I 

I. 71 corr. = 58 5 .7  b = -1 19 51.8 

11. 8' corr. = 44 35.5 6' = + 19 48.9 

Mean Noon (corr. for Equation of Time) . . 12"2'i1" 4' 

1,atitude N. . . . . . . . . . . . . . . . . . . . .  35' 33'. 3 

0 I 

. . .  Calcul. Apparent Altitude of the Sun's Upper Limb a t  l o h  33"' 0" 59 35.1 

Observed Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 35.0 

Ca1c.-Obs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 0 . 1  

The control shows that the single observations are so correct that a, more 

minute ca,lculation is unnecessary. 

Dedncecl from the Alt,itudes of the Sun . . . . .  283' 19'.8 

No. 86. A SHINCHAI~BI BIANQA, IN BALTI. 

A11 i~ninhabited place, with shrubs and fine grass, situated on the left side of 

tJle lower part of the Mnsthk glacier. A t  this spot Adolplie made a halt on his 

way 111) the Mustak pass. 

Latitude North. Longitude East  Green. Height. 
35O 56' 35" 7G0 0' 20" 13.553 feet.. 

Obsercntio,rs: 1856, A ? I ~ N s ~  25. 
Illstruments: Theodolite :<, Tronghton; Cl~ron. 1 ,  Dnro~n. 6, Adie. Observer: Adolplie. 

I. 32 
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Latitude a d  Tinte. 

1856, August 25. Horizontal Circle. 

Sun, Upper Limb. 

. , 

Vert,iral Circle 

4 6 6 . 9  millim. 
~ r r o r n .  I Temp. of Air 

18 .382  inches. 

Calculated by Method I. 

For the calculation of the latitude we use the ,means of 1, 2, and 3 = I., a n d  of 

4, 5, 6. a n d  7 = II., giving to observation 6 double weight, since i t  was marked in the 

manuscripts as particularly good. 
Time. Vertical Circle. 

h m s  0 I I ,  

I. = Mean A.M. . . . . . .  a t  4  17 28 50 29 13 
11. = M e a n ~ . a r . .  . . . . .  a t  9  16 8  45 42 51 

I. 11. 
I 

Refraction - 0 . 8  - . . . . . . . . . . . . .  1 . 0  

Parallax . . . . . . . . . . . . . .  + 0 . 1  -1- 0 .  1  

Sun's Semidiameter . . . . . . . .  - 1 5 . 9  - 1 5 . 9  - 
Sum of Corr. . . . . . . . .  - 1 6 . 6  - 1 6 . 8  

0 I 0 I 

I. 18 corr. = 50 1 2 . 6  6 = -1- 10 4 4 . 2  

11. 11' corr. = 45 2 6 . 0  6' = -1 10 3 9 . 9  

. . . . . . . . . . . . . . . . . . . . . . . .  Latitude N. 35O 56'. 6 

Mean Noon (corrected for Equation of Time) . . .  6'' 31" 45' 

Co9rtlols. 
0 I 

. . .  Calcul. Apparent Altitude of tlie Snn's Upper Limb at  4h 22"' 36" 51 4 3 . 1  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Observed Altitude. 51 24 .6  -- -- - - . 

('ale.--011s. - 1 . 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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0 I 

C:alcul. Apparent Alt.itude of the Sun's Upper Limh a t  4h ltlm 28" . . .  50 40.1 
Observed Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 41.9 -- 
Ca1c.-Oba.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 1.8 - 

Lo~yi t t tde .  
11 rn I 

Blrnn Knoll a t  Sbigar, by Chron. 1, 1856, August 5 . . . . . . . . . . . . .  6 32 44 

Mean Noon a t  A Shincbiltbi Biingn, 1856, August 25 . . . . . . . . . . . .  6 31 45 

l h t e  = XI. = OS.0 . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 0 

Meridional Difference in Time . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 59 

0 I 

Shigar, East of Green. . . . . . . . . . . . . . . . . . . . . .  75 4 5 . 5  

Shincl~iikbi Biiing;~, East  of Slligar . . . . . . . . . . . .  0 14.8 -- a Sluncl~ilcbi Bihnga, East of Green. . . . . . . . . . . .  56 0 . 3  

No. 87. A Tso I<A, IN R ~ L T I .  

This small glacier lake is a periodical one, formed in summer by t,he melting 

of 'the ice on the left side of the large Musthk glacier. 

Patches of grass are to be found on the flanks of the mountains which skirt the 

lake, but the locality is beyond the Limit of shrubs. 

A Tso I<a is on the way leading from Shigar across the Mustiik pass to Turkistan. 

Adolphe here determined the dip only; we adopt: 
0 I 

Latitude N. . . . . . . . . . . . . . . . . . . . . . . .  35 58 

Longitude. . . . . . . . . . . . . . . . . . . . . . . .  76 3 

referred to A Sliinclial~lrbi Uianga. Height of A Tso Ka:  15,724 feet.. 

No. 88. ASKOLI, IN RLLT~. 

The highest village in the Upper Brahaldo, or K6ngma Brahaldo valley, situated 

011 the right side of the Brahaldo river, an affiuent of the principal river of Shigar. 

Geographical Go-ordiuntes. 

Latitude North. 1,ongitude East Green. Height. 
35" 41' 20" 75O 56' 0" 9,710 feet. 

Instruments: 'l'hentlolite 3, '1'1.nnghton; Chron.' 1 ;  Barom. 6, Adir. Observer: Adolphe. 

32 * 
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1866, August 14. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. - 
A.  11. 

1, rn s 0 I I 1  0 I I ,  

1) 4 12 8 100 1 10 51 39 50 
2) 4  16 55 101 4 10 52 26 30 
8) 4 23 26 102 47 50 63 38 10 

I 534.8 millim. 
Barom. Temp. of Air 

21 ,055 inches. 

Calculated by Method I. 

We use for the calculation the means of' 1 ,  2, 3 = l., and of 4, 5 = II., observation 6 

being marked " doubtft~l" in the original inanuscript. ' 

Time. \'ertical Circle. 

Refraction . 

. . . . . .  Sun's Semidiameter - 15.8  - 15.8  
-- --- 

Sum of COIT. . . . . .  - 1 6 . 6  - 1 6 . 4  

0 I 0 I 

I. 11 corr. = 52 18.2 6 = -1- 1 4 2 1 . 0  

11. 11'corr. = 3 9 3 0 . 8  6 ' =  + 141G.l;  

. . . . . . . . . . . . . . . . . . . . . .  Latitude K. 35" 41l.3 

Mean Noon (corrected for Equation of Time). . 6'' 32" 2" 

Control. o I 

Calcul. Apparent Altitude of the Sun's Upper Limb at 10'' 8"' 3 P  . . .  38 2 3 . 7  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Observed Altitude -. 88 -- 23.5 

.- .. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ('ale.-Obs. $- 0 . 2  

1 Tlle control, ho\\-ever, el~orvs t l ~ n t  i t  is corrcct 
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Lo~?yi t t~( lr .  
I, n, " 

hlean Noon a t  Shigar, I)y Cliron. 1. 1856, August 5 . . . . . . . . . . . . .  G 32 44 
. . . . . . . . . . . . . . . . . . . . .  Mean Noon a t  Asltoli, 185G, August 14 6  32 2 

Gate = XI. = Oe.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 0 

hleridional Diaerence in Time . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1  O 42 

0 1 

Sliigsr, East  of (ireell. . . . . . . . . . . . . . . . . . . . . .  75 45 .6  

Asltoli, East of Shigar . . . . . . . . . . . . . . . . . . . . .  1 0 . 5  
- 

Askoli. East  of Green. . . . . . . . . . . . . . . . . . . . . .  75 5 6 . 0  

No. 89. C H U T R ~ N ,  IN BALTI. 

Several hot springs take their rise near this small village, mhicli is situated OII 

the right side of the Shigar river, in its upper course, where i t  flows through the 

dist.rict of Ulsha,. The springs, wliich have a temperature of 44'. 0 C). = 11 1". 2 Fahr., 

issue fiom the base of a steep gypsum rock. 

Latitude Nortli. 1,ongitude East Green. Height. 

35' 41' 35" '-0 25' 40" 1 8  8.0GO f e ~ t .  

Instrun~ents: 'Tlleodolite 3, Troughton; Chron. 1 ;  Baxom. 6, Adie. Observer: Adolpl~e. 

1856, Angnst 8. 

ti) I 0  10 2 
5) 1 0 1 6 2 ( i  

Iloriaontd Circle. 

SIIII, Upper Limb. 

P. hl.  

0 I I ,  

235 15 20 
296 14 0 

23; 17 50 

Vertical Circle. 
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564.2 millim. I 23.2 C. 
~ a r o i .  I Temp. of Air 

22 .2  13  inchcs. 73 .8  Fahr. 

Calculated by Method I. 

We t,ake for the calculation observation 4 = I., since i t  is marked in the manu- 

s c r i ~ t  as particularly good, and the mean of 5, 6, 7 = 11. 
I. 11. 
I I I  I I ,  

Refraction . . . . . . . . .  - 37 - 57 

. . . . . . . . . .  Parallax -t 5 + 7 
Sun's Semidiameter . . . .  - 1 5  48 - 1 5  48 

Sum of Corr. . . .  - 16 20 - 1 6  38 

II. 7 ~ '  corr. = 39 2 1 . 3  6' = 4- 16 3 . 8  

. . . . . . . . . . . . . . . . . . . . . . .  Latitude N. 35' 44'. 6 

Mean Noon (corrected for Equation of Tirne) . . 6" 34" 3" 

Cofllvol. 
0 I 

. . .  Calcul. Apparent Altitude of the Son's Upper Limb at  4" 2" 14O 50 14 .3  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Observed Altitode 50 1 4 . 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ca1c.-Obs. - 0 . 2  

Longitude. 
11 m I 

. . . . . . . . . . . . .  Mean Noon at  Shigar, by Chron. 1, 1856, August 5 6 32 44 

. . . . . . . . . . . . . . . . . . . .  Mean Noon at  Chut,r6n, 1856, August 8 6 34 3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rate = XI. = O3.0 0 0 0 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Meridional Difference in ' h i e  0 1 19 

0 I 

. . . . . . . . . . . . . . . . . . . . .  Shignr, East of Green. 75 4 5 . 5  

. . . . . . . . . . . . . . . . . . . .  Chutrbn, West of Slu'gar 0 1 9 . 8  

. . . . . . . . . . . . . . . . . . . .  ChutrGn, East of Green. 75 25.7 

No. 90. SH~GAR, IN BALTI. 

Though the chief place in the district, to the north of SkBrrlo, this is but* an 

unimportallt village, situated on tlie right sicle of the Shigar Lnngba river. 

The longitude was computed most carefully from itinerary distances. Compare 1). 107. 
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Geographical C'o-ordinates. 

Latitude North. 1,ongitnde East (ireen. Height. 
:35O 28' 35" 75O 45' 30" 7,537 fret 

Instrnments: Theodolite 3, Troughton ; Chron. 1 ; Barom. 6, Adie. Observer: ;\dolpl~e. 

1856, August 5. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 

I 578. 1 millim. 
Barom. 

22.760 inches. 
Temp of Air 1 :::: 

Calculated by Method I. 

We use for the calculation the means of observations 1, 2, 3, 4 = I., and of 5, ti, 7 

= II., giving to observation 5 double weight, on accouilt of its being marked as pnrti- 

cularly good in the manuscripts of observ a t' ions. 

Time. Vertical Circle. 
I, .I B 0 I I ,  

I. = Mean A.M. . . . . . .  a t  3 9 58 40 38 40 

11. = Mean P.M. . . . . . .  at  10 37 24 34 25 42 

Semidiaineter . . . . . . . . . .  - 15.8 - 15.8 
-- 

Sum of Corr. . . . . . . .  - 16.7  - 16.9 

0 I 0 I 

I. I corr. = 40 22.0 6 = -t 16 58.8 
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1,ntititde N. . . . . . . . . . . . . . . . . . . . . . .  35" 28'. 6 

Tv1en11 Nonn (correctrd for Equation of Time). . GI' 32"' 44" 

Control. 
0 I 

Cnlrul. Apparent Altitude of the Sun's Upper Limll a t  3" 19'" 55* . . . .  42 38.8 
Obser~red Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 39.3 

(:alp.-Obs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 0 . 5  

No. 91. S~tdnuo, IN ELLTI. 

Skardo lies upon the left banlr of the h d u s ,  and, though the capital of Uilti, is 

in a commercial point of view a town of far less importance than Leh. the capital of 

IAadAk, and Chirtok, the principal place in G n b i  Kh6rsum. 

The Biltis, however, are generally good cnltivators, and procluce many articles 

for export, of' which dried fruits form the largest item. 

Adolphe took his observations a t  Nagolisbbng, about one mile S. W. of the fol.t, 

%-here n. few isolated houses are standing. 

Geogmuphicnl Co-ordil~ates. 

Latitnde n'orth. Longitude East Green. Height. 
35O 20' 12" 75O 44' 0" 7,250 feet. 

Instruments: Tl~eodolite 3, Trougl~ton ; Chron. 1 ; Bi~rom. 6, Adie. Observer: ildolphe. 

A. Altitildes of the Sun. 

Lnfitrtdc u , ~ d  Tillre. 

1856, September 2. 

5) .I 1 1  7 

6 )  4 lfi 1 0  

llorixontnl Circle. Vertical Circle. 

Sun, Upper Limb. 
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P . M .  

I, m s 0 , ,f 0 I I ,  

7) 10 25 19 13 34 25 30 30 40 

8) 10 51 37  17 54 O 25 1 5  0 

583 .2  millim. 22.9 C. 
Barom. Temp of Air 

22.961 inches. 73 .2  Fahr 

Calculated by Method I. 

Latitude N. . . . . . . . . . . . . . . . . . . . . . . . . . . .  35" 18'. 3 

Mean No011 (corrected for Equation of Time) . . . . . . .  6" 32" 50" 

The detail of these calculations is given as one of the examples, pp. 86 et seq. 

B. Observations of Polaris. 

1856, September 2. Vertical Circle. 

Mean 3 29 52 Mean 35 34 55 

1 584.2 millim. 
Barom. 

( 2 3 . 0  inches. 
Temp of Air 1 i::: :ihr, 

0 I I ,  

Ilefraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 1 0  

Latitude N. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 20 15 

Latitude N., calculated from the highest Altitude alone . . . .  35 20 8 

Latitude N. (Mean of both calculations of Polaris) . . . . . . .  35 20 12 

This is the latitude me adopt. 

Lougitude. 
h m s 

Mean Noon at Shigar, by Chon .  1, 1856, August 5 . . . . . . .  6 32 44 

Mean Noon a t  Skirdo, 1856, September 2 . . . . . . . . . . . . .  6 32 50 

Rate = XI. = OK0 . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 0 

Meridional Difference in Time . . . . . . . . . . . . . . . . . . . . .  0 0 6 
0 I 

Shigar, East  of Green. . . . . . . . . . . . . . .  75 45 .5  

Skirdo, West of Shigar . . . . . . . . . . . . . .  1 . 5  
Skbrdo. ICast of Green. . . . . . . . . . . . . . .  75 44 .0  

. . . . .  Deduced from the Altitudes of the Sun 296" 23'. 1. 
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No. 02. TASHMG, IN H A S ~ R A .  

A small fort stands near this place, which is an unimportant village to the north- 

east of the DiBmer peak, in the valley of Hasbra. 

The instruments were put  up 200 yards N.N.W. of the forb, in a fine, open 

meadow. Geo,r/j-nphical Co-ovdinates. 

Latitude North. Longitude Eas t  Green. Height. 
35' 15' 40" 74' 40' 40" 9,691 feet. 

Instruments: Theodolite 3, Troughton; Chron. 1 ;  Barom. 6, Adie. Observer: Adolphe. 

Lntitzcde and Time. 

1856, September 20. Horizontal Circle. Vertiral Circle. 

Sun, Upper Limh. 

5 3 7 . 2  millim. 1 5 . 7  C. 
Barom. ) Temp of Air ' 

( 21 . 1.50 incheq. [ 6 0 . 3  E'ahr. 

C,alculated by Method I. 

We use for the calr~llatioii the means of observations 1 to 6 = L., and of 7 to 10 = LI. 
Time. Vertical Circle. 

11 m e 0 , I ,  

I. = Nean A . M . .  . . . a t  4 27 14 4.5 41 38 

11. -1 Mean P . M . .  .' . . s t  9 45 24 333 26 1 
0 I 0 I 

I. IL corr. = 45 2.5.2 6 = + 1 2 . 5  

11. lr' cow. = 33 9 . 2  b' = + 0 j 7 . 3  

1,atitude N. . . . . . . . . . . . . . . . . . . . 35' 15l .7  

Mean Noon (corrected for Equation of Time) 97" 3" 



Longitutle. 
11 m a 

Mean Noon a t  Shigar, by Chron. 1, 185G, August 5 . . . . . . . . . .  6 32 44 
Mean Noon at  TBshing, 1856, September 20 . . . . . . . . . . . . . . .  6 37 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rate = XI. = 0"O 0 0 0 
. . .  - - .- 

Meridional Difference in Time . . . . . . . . . . . . . . . . . . . . . . .  0 4 19 

0 I 

Shigar, East of Green. . . . . . . . . . . . . . . .  75 45.5 

Tisliing, West ofSlligar . . . . . . . . . . . . .  1 4 . 8  

TBshing, East of Green. . . . . . . . . . . . . . .  74 40.7 

Meridian. 

Calculated from tlre Altitudes of the Sun . . . . .  58" 3GI.0 

c. I<ARAI<ORUM AND K U E N L ~ E N .  

GROUP XII. 

TURIUSTAN. 

STATIONS 93 TO 112. 

1iarakorum.-Kiitk-Ki61.-%get.-ltoute from the Iiarakoriiin pass to Uiisllia 

For the extent of the range included under the name of "Karakoriun", compa,re 

our general map, and the map of routes No. I. of the Atlas. 

The Icaralroriun runs generally parallel to the Himalaya, beginning east of 

I~hissa and ending a t  the longitude of H a s h .  It forms the nort,hern border of 

Eastern and Western Tibet, and, mha,t is more important atill, this range, and not 

t,hat of the I<nenluen, forms the watershed between India and Central Asia. 

Different names are given to this chain in the various provinces along its hob; 

we selected as the general name the one used in TurkistAn, and which is also known 

ill LadQk. Its signification, ('the bla,ck mountains", in contrast to the more snowy 

chain, "HimUaya", a l ~ o  appeared to us very well to express one of t,he most charac- 

teristic fbatures of its physical geography. 
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NO. 03. I<ARAKOR~II PASS, 

FOFlMING THE FRONTIER BETWEEN  LAD^ AND T u ~ K I ~ T . ~ N .  

We reached this pass a t  2 P.M.,  and remained till the approach of night corn- 

pelled us to descend. Heavy gusts of wind, which sprang up soon after 3 P.M., con- 

siderably added to the difficulties of the observations, as the rarefaction of tlle 

causes much more pain under the influence of strong winds.' The effect on this occasion 

was such that only two of our people could be induced to remain with us a t  the top 

of the pass; the others, who had already gone down, we did not reach till 11 o'clock 

a t  night,. 
Geographical Co-ordilzates. 

1,atitude North. Longitude East Green. Height. 
35' 46' 55" 7 i 0  30' 21" 16,341 feet. 

Obsevuations: 1856, August 9. 

Instruments: Theodolite 2, Jones; Chron. 3; Hypsorn. 5. Geissler. Observers: Hel ,n~al~ l~  :~ntl Ilobert. 

Lat i tur l~ .  

Uiur very limited stay, aild the various observations we had to make for completing 

the magnetic determinations, rendered i t  impossible to take altitudes of the sun till 

late in the afternoon. These altitudes give time and longitude very well, but the 

latitude with hardly sufficient .accuracy. We, therefore, preferred deducing the latitnde 

I asser pass. from itinerary distances and bearings referred to the 9' 

TVe obtain Latitude N. 35" 46' .9 .  

1856, August 9. Horizontal Circle. Vertical Circle. 

0 

I 82O.4 C. = 390 .6  ~nillim. ( 10 .8  ($,. 
Hypwom. Temp. of Air 

15.379 inches. 1 51 . 4  I;nhr. 

The time is calculated (with the latiturle given above) fro111 the ~neali of the 

preceding observations. 
Mean 01' Tinir. Mean Altitudc 

loh .5im 30" 98O 44'. 6 

I Scr  pp 2:' :and ?ti 



0 I 

Refraction . . . . . . . . . . . . . . . . . .  - 1 . 7  

Parallax . . . . . . . . . . . . . . . . . . .  -t 0 . 1 .  

Sun's Semidiameter . . . . . . . . . . . .  - 1 5 . 8  

Con.. Altitude a t  10" 57'" 308 . . . . . .  28 2 i .  1 

6 = + 15' 45I.G 
11 111 s 

Time by Chronometer . . . . . . . . . .  10 .ii 30 

Hour Angle of S u n .  . . . . . . . . . . .  4 24 1 

Apparent Noon . . . . . . . . . . . . . .  G 33 29 

. . . . . . . . . . . . .  Equation of Time 5 12 
-- 

Mean Noon. . . . . . . . . . . . . . . . .  6 28 17 
h m r  

3Ies11 Noon a t  sjrnla, by Chron. 3, 1856, May 1 5  . . .  li 98 21 

Rate = XIII. = gaining le.O1, for 86 days .  . . . . .  4- 1 25 
- - - - - -- 

Mean Noon a t  Simla, reduced to 185G, August 9 . . .  (i 29 48 

Alean Noon a t  Karakorhm pass . . . . . . . . . . . . . .  6 28 15 
- -- 

>Ieridional Difference in Time.  . . . . . . . . . . . . . .  0 1 31 
0 I I ,  

. . . . . . . . . . . . . . . . . . . .  Simla. East of Green. 77 7 36 

I<aralrorum pass, East  of S in~la  . . . . . . . . . . . . . .  0 22 45 
- 

ICilrakorilm pass, East  of Green. . . . . . . . . . . . . .  77 31) 21 

From the Altitudes of the Sun . . . . . . . .  285" 53l.5 

No. 94. K I ~ K - K I ~ L ,  THE "BLUEISH-GREEN LAKE", IN TURKISTAN. 

This lake of brackish water is situated on the right side of the Karakiisli river, 

in its upper easterll course. 

I t  is scarcely ever visited by caravans, on account of its g e n t  distance fro111 

every inhabited place, though i t  is surrounded by large patches of grass, and is 

fi-equented by herds of wild animals. Hot saline springs are very numeroils a few 

luilea lower down the Karakjsh valley. 

Geographical Co-ordi,~nles 

1,atltude North. 1.ongitnde East  Cireen. Height. 
35O 40' 0" 77O 56' 0" 15.460 feet 

Obser.cntio~zs: 1856, August 13. 

Ill.itrnments: 'rhcodolite 2, Jones; Cl~ron. 3; Hypson~ 6 ,  Geisslrr. Observe~.: Her~nnnn. 
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$56, August 13. Horizontal Circle. Vertical Circle. 
A . M .  

Sun, Lover Limb. 

P.M. 

Sun, Upper Limb. 
11 rn s 0 I I ,  0 I , I  

a) lo  12 44 259 33  40 48 l a  20 
4) 10 32 9 263 42  15 44 28 10 

I €45'. 18 C. = 4 3 6 . 1  millim. 1 7 . 6  C. 
Hypsom. Temp. of Air 

1 7 . 1 7 0  inches. 6 3 . 7  Fahr. 

When descending the Rarakorilm, pass on the evening of the 9th August, we 

\Irere overtake11 by the night before reaching our encampment a t  A B u u .  One of 

the horses carrying the theodolite fell down, and the level of the vertical circle was 

unfortunately broken. We had a spare level with us, which we connected with the 

vertical circle, but ollly with approximate accuracy. We thought a t  first that we 

had sl~cceeded in properly adjusting the vertical circle; but upon repeating our trials, 

\\.e found, when taking the vertical angles of different peaks, that the aqjuatment way 

not sufficiently correct. 

A few days later we succeeded in properly fixing the spare level. I t  then kept 

in perfect order, as is proved by our subsequent observations taken a t  A Suget.' 

Kiitk-Kibl seenled to us a station of such importance that we attempted to find 

a method for calculating the latitude from the azimutl~al motion of the sun. 

The method we employed was the following: 

We have four ol~served times : 

t ,  t' t", t"'. 

mid four altitudes reduced to the sun's centre, containing an unknown error, ! I :  

1' - t is ahout equal to 1"' -- t", 
11 in about crlual to h" + (11: - k ) .  

The altitudes are not corresponding ones; but, nevertheleus, they can be ueed in 



a sin~ila,r manner to corresponding altitudes for the determination of the appare~tt 

noon, as will be seen from the following fbrmuls: 

Neither of these two groups alone can be used for forming coi~espo~iding alt,itudes: 

as, in doing so, the higher terms of the vertical motion of the sun mould be omitted. 

The approximate equations (1) and (2), however, show that the apparent noon may 

be deduced with quite sufficient accuracy by representing 

h by h"' - k", and 
h" by h' - k .  

JVe then obtain the two following equations: 

Apparent noou by colnbiuation A :  
11 m e 

h ant1 8" reduced by 8"' - h" to 11 = 5 31 18; 

,, by combinatio~i B: 
k" and 1b reduced by k' - W to 11" = 7 30 28 

. . . . . . . . . . .  Apparent Noon, Mean 7 30 53  

We adopt an approximate value, 36" 19' (obtained by method 11.) as  first hypo- 

thesis, but. recollecting the error in the adjustment of the vertical circle, we take as 

second hypothesis any other value, say 20' less (fbr facility of interpolation) = 35" 69', 

and we then deduce t,he latitude representing the azimuthal motion of the snn. 

Hypothesis B 

The hue latitude therefore is obtained by the equation: 

5 2 O  : 46' = 20' : Ap 

~p :.= 13' ;  p = PBO 40' = Latitude N. 
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, I  l l l r  l o l ~ ~ i t u d e  was deduced from itinerary distances; chronometer 4 might have 

I>een reduced by comparison with chron. 3, but, the level of the theodolite being o~l t  

of order, the longitude so obtained would, ~ievertheless, have been very badly defined. 

This halting place for caravans trading between Ladik and I<hotan is one of 

the finest to be found on this deserted route. It is about two miles distant from 

the left side of the Karakash river, in a broad, lateral valley, which, however, is narrow 

and steep a t  its lower end. , 
Shrubs, called "Suget" by the Turks, and covering isolated spots in the va~,lleg, 

have given the present name to the place. Circular walls of stones are erected at the 

halting place to shelter travellers from the wind during the night. 

Tlie nearest inhabited places to  the south are nine marches distant. 

Latitude North. Longitude East Green. Height. 
:16O 10' 25" 77O 50' 5" 12,960 feet. 

0bservat.wns: 1866, Septenlber 1. 

Instruments: Tl~eodolite 2, Jones; Chron. 3; .Hypsorn. 5, Geissler. Observers: Herllla1111 and Robert. 

1856, September 1. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 
I,  rn s 0 L I ,  0 I I ,  

1) 6 28 33 331 39 35 ti2 16 40 

2) 6 32 22 332 42 15 62 18 15 

3) 6 36 40 335 57 0 62 14 30 

4) 6 40 18 337 50 20 6 2  9 40 

5) 6 58 11  947 2 10 61 30 46 

Ego. 0 C. = 505.8 ~ i ~ i l l i ~ l l .  15.0 (1. 
Hypsnm. Temp. of' Air 

19.91Y inches. 59.0 l"nlir. 



First A1)proximution. 

Calculated by Method 111. The detail of the calculi~tion is give11 1 ) ~  92 and !Is. 

We had obtained: 

Latitude N. . . . . . . . . . . . . . . . . . . .  36' 10' 64" 

Apparent Noon . . . . . . . . . . . . . . . . .  6" 31" 4Y" 

Seco~zcl Culcttlation. 

I .  Comparison of the Observations. 

11. Determination of the most probable Elements by the Method of Least Squares. 

Time by Chronolneter . . . . . . .  
Apparent Noon by the first Ap- 

. . . . . . . . . .  proximation 

Hour Angle in T h e .  . . . . . . .  
HourAngle inArc= t .  . . . .  
sin p sin 6 . . . . . . . . . . . . . .  
cospcos6cosk  . . . . . . . . .  

Sum = sin b . . . . . .  

R (True Altitude of the Sun's 
1 Centre) . . . . . . . . . . . .  

Sum of C0rr.l . . . . . . . . . . .  

Calculated Observation . . . . . .  
Direct Observation . . . . . . . . .  

Calc.-Ohs. . . . . . . . . . . . . .  

We obtain the five following differential equations developed for each single 

observation. 
1) 0 = 4- 0.71 - 9.68 d p  + 8.05 d t  

2) 0 = -1- 8.67 - 0.68 d p  - 7.28 d l  

3) 0 + 0.05 - 0.68 d p  - 8.24 d t  
4) 0 = -t 0.31 - 9.68 tlp - 8.47 d l  
5 )  0 -- I 0.63 - 9.68 t l p  - 8.96 d t  

I 
I .  I 2. I 3. I 1. 1 5. 

1 Reli.nrtion + 0 1 . 3 ;  I'nlallnx - 0l .1 ;  Sun's Scmi~linmctrr I- 15' ,9.  

34 

6" 

6" 31m49' 

-0" 3" 16' 

- 0°49'.0 

-1- 0.08433 

+ 
0.88317 

62' 1'. 7 

+ 16'. 1 

62' l ' iJ .8 

62' 1G1.7 

+ l ' . l +  

2 8 ' " 3 3 ~ 1 ' 3 2 m 2 2 ~ h 3 6 m 4 0 8  

6"31m498 

+01' Om33"Oh 

+ 0 °  8l .3 

+ 0.08433 

0 .79884+0 .79892  

0.88325 

62' 2'. 3 

+ 1GI.1 

G2O 18l.4 

62' 18'.3 

O 1 . l +  

6"Om 18' 

Gh  3 lm4ge 

+ O h  ern 2SS 

+ 2'7l.3 

+ 0.08433 

0.79836-1- 

0.88269 

GI0 58l.0 

+ lGf . l  

62' 14'. 1 

62' 9l.5 

4 ' . 4 +  

Gh31m4g8 

4m51s 

+ 1°12'.8 

-1 0.08433 

+ 0 ,79873+  

0.98306 

62' 0l.8 

+ 16l.1 

62' 1GI.9 

62O 14l.5 

2 ' . 4 +  

6" 58'" 11" 

G h  31m 49@ 1 -- 
+011 2Gm 228 

+ G035'.5 

+ 0.08433 

0.79363 

0.87::; I 61' 23'- 7 

+ 16'. 1 

61' 39l.8 

61°30'.8 



Tl~ese equations, allplying the method of least squares, give: 

dp = -- 0l.2 
11 111 9 

t l f  = - t 1 ° 9 ' . 5  d T = - - -  4 3 8  

. . . . .  Apparent Noon. = 6 27 11  

p = Latitude N. . . . .  = 36" 10l.4 

The great correction of dT, exceeding the usual limits of the differentials, is 

caused by the first altitude having been observed 2l .9  too low, an error only discovered 

by the various methocls of calculation. 

111. Conlpnrison of the Single OI)servi~tions with thc Final Elements. 

No. of Ohserv. (;ale.-011s. 

, 
1 t 2 . 9  

2  - 0 . 4  
3 - 0 . 3  

4  -- 0 . 2  

) - 4 . 4  

~ o ~ f ~ i t l r t l e .  
11 111 -' 

>lea11 3oon  a t  Simla, hy Chron. 9, 1856, May 1 5  . . . . . . . .  6 28 21 

Hate = XIII. = gaining 1".01, for 109 days . . . . . . . . . . .  -4- 1 50 
~ -. . - - - - 

Mean Noon at Simla. recluceil to 1856, Septernl~er 1 . . . . . . .  8 30 11 

. . . . . . . . . . . . . . . . . . . . . . . .  &learl Noon a t  A SGget 6 27 21 

. . . . . . . . . . . . . . . . . . . .  hIeritlional l)ifI'erencr ill l ' ime. 0 2 50 

0 I 

. . . . . . . . . . . . . . . . . . . . . . . .  ~ i n ; l a ,  Enst of (Green. 77 7 .  ti 

1 Suget, Eas t  of Silnla . . . . . . . . . . . . . . . . . . . . . . . .  0 4 2 . 5  
- 

. . . . . . . . . . . . . . . . . . . . . . . .  1 S ~ j g r t ,  ICast of (ireen. 77 50 .1  



G R O U P  XII. TURKISTAN. 

[<OU'~% Z'nOJl THE NORTHERN POOT O F  THE I < A ~ A K O R ~ B I  PABA TO B~HHIA.  

Besitles the direct observations, given above in detail, the circumstance, that, wt. 

could use as points of reference a great number of peaks with yery well definer1 

forms, allowed us to connect our several halting places along the whole line of route 

with eacl~ other, and to refer them to the stations fixed by our direct 01)~ervations. 

The n o r t h e r ~ ~ ~ l o s t  point which we (Hemann and Robert) reached in I<h6tan, after 

crossing the IClienltien, was B6sliia. Though permanently inhabited by she1)hertls (wl~o, 

failing to penetrate our clisguise, gave us a very hospitable reception) it does not con- 

tain any regularly built houses; caves and tents forming t,he places of abode for the 

inhabitants, even cluring the winter. Bushia is situated just a t  the uppermost limit of 

the cultivation of grain, ~vhich rises here to a height exceeding the average height 

of the sno\vline in the Alps. 

All our movelnents being closely ~vatched by the population, anlongst whom wc3 

had to encamp, while awaiting the result of negociations for provisio~is, horses, and 

yaks, we were frustrated in our repeated endeavours to make some observations with 

our sextants. Though selecting the quietest hours of the night, between 3 and 

4 o'clock in the morning, we soon iound that our early rising excited notice, and we 

\\?ere obliged to give up all idea of taking observations of Saturn and the moon, a 

circumstance which we felt the more vexatious, as, from the beautiful transparency of 

the air, they l~resented a particularly brilliant appearance. 

The following list contains the geogra.phica1 co-ordinates of our encam1)ments.l 

No. nci. A U ~ L L U ,  a.t the northern foot of the l<arakori~m pass, on t,he road to 

Yhrkand. Lat. N.: 35" 49'. Long. E. Gr.: 77' 31'. Height: 16,889 f'eet. 

No. 97. A CHILGLNE, ea.st of the Yarkand road, a. barren place covered with saline 

ufflorescences. Lat. N.: 35" 68'. Long. E. (fr.: 77" 38'. Height: 16,41ti 

feet. 

No. 98. a I< I~SILKOR~A~. '  :I secontl:~ry wa.t,ershed 1)rtwec.n the Yhrlrand and the ICarakhsh 

rivers. Lat,. S.: 35" 57'. Long. E. GI.: 77" 50'. Height,: 17.562 feet. 

' 111011gli c o r ~ s i d r r i n ~  tllen~ as one g e ~ ~ r r n l  ~TIIIIII, I\-r I I I I I I I ~ ) C ~  ~ I I P I I I  se]~nrale ly  for greater vonveniencr ( , r  
q ~ ~ o l n t i o ~ ~ .  

' Wr f ~ ~ e c ~ r ~ c ~ r l l y  mndc s i~~i i l l r r  c l e l ~ r ~ ~ l i ~ ~ : ~ l i o ~ ~ s  o r  geogmpl~irol l,nsiti<~ns nlor~y ou r  ror~tt.s in tile tlirntilnya : I T I C I  
i l l  Tillct. 'T11v dctnil of t l l~sc  \rill I I P  r o r t ~ ~ ~ i ~ r ~ i i c n t c r l  i n  i ~ l l n t l ~ e r  p:~rL uI  our  poblicntior~s. 

3.1 * 
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No. 99. 

No. 100. 

No. 101. 

No. 103 

No. 104. 

b 

No. 105. 

No. 106. 

No. 107. 

No. 108. 

No. 109. 

A A K ~ E  CEI~N, the basin of a lake now rlrained, in the upper part of t,he 

Karxkrish valley. A short dista.nce lower down we came up011 a similar 

basin, filled with solid ice, even in August. Lat. N.: 35" 52'. Long. E. 
Gr.: 77" 51'. Height: 16,620 feet. 

.l 1856, August 16, in the Karakksh va.lley, below the lCirilr-lii~l. 

Lat. N.: 35" 49'. Long. E. Gr.: 77" 51'. Height: 14,820 feet. 

A K ~ I R  DBna, in the right side of the Knrakksh vi~lley. Lat. N.: 350 50'. 

Long. E. Gr.: 78" 12'. Height: 14,420 feet. 

A B A ~ R ~ C A L G ~ ,  name of a small island in the Kara,kish river. Lat,. N.: 

35' 60'. Long. E. Gr.: 78" 17'. Height: 14,214 feet. 

A 1856, August 17, in the Enrakash valley, below Uashma.lgii. Lat. N.: 
35" 51'. Long. E. Gr.: 78" 22'. Height: 14,000 feet. 

1 ~ I K ~ N D E R  Modnr, in the KarakBsll valley, with an old ruined fort. 

Lat. N.: 36' 3'. Long. E. Gr.: 78" 29'. Height: 13,864 feet. 

1 1856, August 19, in the ICaralcBsli valley. Lat. N.: 36" 8'. Long. E. 

Gr.: 78" 14'. Height: 13,613 feet.. 

1 Sirnroa~, n halting place with some shrubs and pasturage. Here the 

road branches ofY to hlchi. A t  this s l~ot  we stayed for a day, which 

enabled us to make some magnetic observations, and a t  the same time 

to give the necessary rest to our animals, who were by this time in a. 

most wvretched condition. Lat. N.: 46' 8'. Long. E. Gr. : 78" 5'. Height,: 

' 1 3,2 12 feet. 

A GULBAGABH~N, with large Y6shem (Nel~lirite) occaijionall~ fw- 

quented by numerous caravans. [,at,. N.: 36" 9'. [long. E. (il'.: 77" 45'. 

Height: 12,262 feet. 

&car DAVBN, is the pass leading horn the lCaralch,sl~ valley to hlcl~i, verS 

&eel, on the southern side, and with an extensive glacier tlesce~~tling to 

the nortll. For coulmercia.1 llurlloses tlle routes over the pass "Yurunglchxll 

Dnv6n" are I)referred. Lat. N. : 36" 13'. Long. K. ($1.. : 78" '7'. Heig1lt 

15,379 feet. 

UfisF~ra, in  tile Illll)er 11a.rt of the hlchi river. I d .  N.: .?ti0 2(;'. llong. 

E, r . :  7 1 ! Height: 9,310 feet. 



~ ~ P R O X I N A T E  DETERMINATION OF ELCHI, YARKANU, AND ~ & H Q A R .  

Our brother's routes, and such information as we could derive from various itineraries, 

il.llowed us also approximatively to determine the geographical position8 of these places. 

From official information, just received (July, 1860), we have reason to hope' that our 

late brother's manuscripts, during his journeys in Turkistin, may still be saved. If so, 

we will subsequently give the full detail of his observations. For the present, we 

adopt, as the most probable results: 

Lat. N. LOII~ .  K. (;r. 
0 I 0 I 

NO. 110. ELCHI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 50 it( 'LO 

NO. 111. Y ~ R K A N D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 10 54 0 

No. 112. KABHQAR. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 15 5 1  5n 

IUaproth,? H ~ m b o l d t , ~  and Ritteq4 and also Waugh (for YBrkand) give for the 

latitude values very littlc differing from ours; but their longitudes appear to hr 

nearly 29 too far to the east.' 

The values a(1ol)te.d by these allthorities are: 

Place. Lat. N. Long.. E. GI.. 
0 I 0 I 

fi~chi . . . .  37 o ,, g7<!.!, , " ( ( J v ! t ~ - t  37. 7, c;:.:;~~!-,...,.: 
Ydrlrnnd . . 38 18 76 18" I 

l<hshgar . . 3'3 25 ,, ,, I .  6 ;  , : 4 ; ;  &-". 3 5 hu 74 - 
L h  -2 :p+-p :A;;, 

We have, however, tlie more reason to think our determinations correct,, fro111 the 

greater proximity of our stations of direct observation. Hitherto all tlie geographic:~l 

positions in this part of Central Asia. have been referred to Peking, w11ic.h is ml~c11 too 

distant to afford sufficient accuracy for longitude. 

I Co~npsre also the Lnlrore Clwoilicle, nnd thc Boabny Tivres, Nny, 1YGO. 

' J. Rlxl~rotlr, Cnrte de 1'Asie Centrnle, dres8i.c d'nprCs ley cnrtes lev&es pa r  0rdr.r de I'Eml~erunr Klne~~loug ,  

110r les Missionnires de  Peking, et dlnprl.s un grnud n o ~ n b r c  de ~lotiona, extrnites r t  trsdoitea de livrea rlllnr~ls. 

Paria, 1833, 4 scttions. 

A. v. I l u n ~ l ~ o l ~ l t :  Gebirgskettrn und Vulknne in Centml-Asipn, 1844. 

' Rittcr's Erdknndc von Asien. 1837, Ud. 5 .  p. 347, 383 tlud 432. 

"'Anvillc'n old ~ n n p  11nd k l c l ~ i  still 3. more to the cast, in a l ~ o u l  80. 36'. 

" 111 his olnp of t l ~ e  I ' I I I I ~ I I ~  ih11d n t l j o i l ~ i ~ ~ p  ronntrics, Cnlrnttn, Ja~lnary,  385.1, W a n g l ~  aclop(s Lnl. S .  38" 2 ~ ' ,  

l,nllg.15. Gr. i(?' o', l l l r rr i l~ nearly agrvcinp will1 I<lnl~rotl~'s map, n , l~ i rh  gives I.nt. N. 38" I ? ' ,  1.tnnp. I<:.. (:I.. 7(;" Is' 



ASTRONOIIIICAL DE'PEl%AIINATIONS OF LATITUDES AND LONGITUDES. 

CONCLUDING GENERAL REMARKS AND RESULTS. 

'L'he general list of our stationb is given. in a tabular form, in counection with 

the magnetic elements, a t  the end of part 111.; and they are laid down in four charts, 

containing our routes and the ~ n a g n e t ~ c  lines. 

1. For India, me were particulafly happy to see that our own cleterminations of 

latitude and longitude agree very well with the exact clata ft~rnished by the Great 

Trigonometrical Survey;' also in Western India, where, as far as we know, the 

01)erations of the Great Trigonometrical Survey have but recently been commenced, 

we find that the geographical positions, also the longitudes, as laid down, generally 

coincide with ours. The station DQra Ismtiel Khan and its environs, however, are 

laic1 clown 9' too much to the north. 

2. For the Him61ayaa of K&~cion and of Girhvcil, and for the Tibetan province 

of Glrriri Klilirszu,r, oilr observations show, with a few exceptions (as NBlong and 

See p. 126. 
In Bhutin, and in the Himilayn of Sikkim and of WepBI, 1ve determined the g e o ~ a p h i c a l  positions of various 

plnces and peaks by triangulation; but the detail of these observations, as \\.ell ns of similar ones in the westcr~r 

ynrt of the Hin~alayn and of Tibet, will be given in another part of our publications. 

We add n list of the principal original maps: 

A. Bhutin nnd Sikkim: 

A survey of the road from Uuxade\vnr to Tnssisudon, in Uhotan, in Turner's "Account of an Embassy to Lhc 

Court of the Tesboo Lamn, in Tihct". London, 1800. 

Sketch of Bootnn, in Vol. VIU. of the Asiatic Society's Journal. 

BIap of Sikkim, illostl.ative of Dr. A. Campbell's Trip into tllat Country, hy 3Injor J.A.Cron~mclin. Dnjeeling, 1349. 

hIap of S~kkinl nnd'Eastern NQpnl, by Dr. J. D. Hooker, London, 1853. 

Map o l  British Silrkim, by Capt. W. S. Sl~er\vill. Calcutta, 1855. 

n. Kcmnon, Ggrhval, Central Tihet: 
i\Iap of Knmion and British G;lrvhal, by the Strnrlieys. Calcutta, 18.50. 

JIap of West Nnri, to illuslrnte Capt. 8. Strachey's n~elnoir on the pl~ysicnl geopnphy of Wester11 'ribel. 

London, 1853. 
Indian Atlas. Sheets 47, 65, 66. 

f'. Psnjnh and adjoining Countries: 

AIap of the Pnnjaub and adjoining countries, 11y Coloncl A. S. Waugl~. Calcutta, Junua~y, 1854  

hIap of the Pinjkh, Western Hirr~ilay;~, and ac1,joining part5 of Tihet, hy J. IVnlker. London, 1884. It I s  

annexell to " Cunninglln~~r's Li,l:tk''. .4 seconcl, revisi.d ~di t ion  appeared in hlnrclr, 1859. 

Blep of the BIountnins of Northern India, to illnstrntr I h .  'l'l~oalson's tra\.r.ls in \Vrntrrn Ain~al;~yn nlld Til'c'. 

in Dr. Tlron~son's "Western Tibet". London, 1352. 

I ) .  Original mnps o l  ILashmir : 

>IaI, of ~ ~ a s l l l l ~ i r ,  the Polljab, k c . ,  hy J .  Arrows~~~i th ,  ill IIiig+.I1s "Trnvt.ls 111 I<;l~ll~r~ir  nnd (lit: P;ll?iab"- 
Londo~t. 184.5. 



(:ONCLUDINO GENERAL nEMARKS Ah'D REBULTS. 27 1 

l'hling), a satisfactory coincidence with former latitudes; hut the longitudes we fount1 

to he more to the west than hacl hitherto been supposed. The difference, however, doen 

not on the average exceed 10' in the eastern parts of Gnriri Kh6rsum, and 8' in 

the western. 

3. The latitudes of Spiti and LrcdciL, in Western Tibet, are gener:~lly given too 

11igll; but the difference is very small; those of Bklti cliffer much more froin our own 

rleteiminations, being generally laid down considerably too low, with ;III error 

exceeding 10' even a t  the principal places, as Bkrirdo and Shigar. 111 addition to 

these corrections, a number of places, not yet contained in any map, have been fixetl 

from direct observations by Adoll~he along his various 'ontes in 1856. 

The differences of longitude are still greater. The northern part of \Irestern 

Tibet, throughout its vast extent, must, according to our observations, be 1)lacerl 

22' to 25' more to the west; for the south-western margin, the error of t.he longitutle 

is smaller, on an average 18' to 12'. 

This result a t  first surprised us; but the G.  T. S., recently extended as far a:, 

SrinSgger, has also found the longitude of the Vliler lake to be i 2 1 . 5  nlore to t11r 

west than was till now generally lt~id down on maps. 

The progesq of the G. T. S. also enables us to profit by our general aucl ~lettuded 

comparison of chrollonieters a t  SrinSgger, to connect a11 our chrono~netric longitr~tles 

of Western Tibet direct with those of the Q. T. S. in ICaslimir. 

4. The positions to the north of Tibet, in the Ifue~rl~ie~~ and 111 Tt/~.li/sftitt, 

have been hitherto laid clown accorcling to various data carefully collectecl and ~n;rtlr 

kno~ \~n  by K1nl)roth. They are chiefly based on Chinese authorities, ant1 011 holne 

old observations made by missionaries in the 17th century. 

Some few of the latitrldes had been cletermined by altitudes of Polaris; the longitr~der, 

were referred to Peking. But the accuracy of these positions had il.lway~ been con- 

siclerecl doubtful by Inany geographers. We found, that on the maps even the secontl- 

nry range of the ICuenluen 11nd hi ther t ,~  been inistaken for the watershed I)et,\\reen 

>In11 < I F  l i ;~sl ln~ir ,  Latlak, und Little l'il~ct, li,om the Sur!.eya of G. T. Vigne. L O I I I ~ ~ I I I ,  1846. 

( : a r t r  ~ l c  In VallGc 11c Cncll~~lirc, par Irictor .Inctlucli~ont. "(:ovresl)u~ldelrce nver sa Fnmille pellrlm~t c6.s Vcmy.~gc.r 
(1211q l'111~le." l'nvis, 184G. 

E. Alnljs of Ce111rill >\sit1 ~0111l)ilcd: 

I(lnlirolh's, Cnrtr dc I'r\sie crl~(rnlr. 4 xcctiu~ls. Puris, 1833. 

Grliirgskctlel~ I I I I ~  V I I ~ ~ O I I C  in Cel~tl.al A B ~ P I I .  VOII A l ~ x i l ~ ~ d r r  Y. tIumboldt. Ild4. 



Tibet and T ~ r k i s t ~ i n ,  whilst the principal chain, that of the I<a,rakorurn, had either been 

left ont or considered as of secondary irnp~rt~ance only, ' and we, t,herefore, could not he 

snrptised to find, from our own observations, and, farther to the north, from the combi- 

nation of various itineraries, that the longitude is on an average 2" too inuch to tht: 

east; tlie la,t,itude, however, differs very little, being on an average only 9' too high. 

I Cornpnrr our coniniunications to the Dublin meeting of the British Association, hugust, 1857, and to tlie Frenell 

Arndcmy of Science nt Pnris, October, 1857. 
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SECTION 111. 

METHOD OF DETERMINATION OF THE MAGNETlC ELEMENTS. 

I. DECLINATION. A. Instrunlrnta:  n. Derlino1netel.s; b. Universal h l a g ~ e t o m c t e r ;  c ,  Magnetic h'ccdle, in Tlieodolitc 3, 

Troughton;  d .  I'rismatic Cornpassea; c. Heedlcs for  daily variation. B. Method of Calculation. 

n. HORIZOKTAT~ INTENSITY. AIrtliod of O118~P\'ation atid Calculation, including t l ~ c  description of tlic ayparatusrr 

~ised.  

111. DIP A N D  V E ~ T I C A L  INTEKSITY. A. Dill: n. Dip Circles u w d :  b. ~otnpar i aon  of tbc L)i]l N ~ P ~ I P P  at  Bombay, 

Simla, and Srinnggrl.: c. Ernmplc~.  B. Vertical Intensity. 

IV. TOTAT. INTENSITY. 

I. D E C L I N A T I O N .  

,": A. INSTltUIVlENTS. 

/; rrirs true ~lleriilial~ I~eing fixer1 1 , ~  one of t,hc nlethods detailed 11. (34, tlle 

inirgnetic meridiml nT:ts rlcterminecl. 

\vp 11scd: 

a. Two r)eclinoineters, with two colli~untor magnets, ulnrlretl 1 :111d 2.  

11. TJniversal Magnetomet,ers, by Ba.rro\v and Lainont. 

r .  Tlle N ~ c d l e  in Theodolite 3, Trougl~ton. 

(1.  In n, few instailces, Troughton's Prislnatic C'oinl~usses, nli~rked 4 a1lt1 6 .  

e. Variol~s C,vlintlrical Neerlles, for daily variations. 

,,. I)I~~I:LlNOXIKTEH$- 
r > l h c  tleclinonletel:: \vcJ used \\,ere tllose generally atlo1)ted in English ~ n a g l ~ e t i c  

mrvcys, t,hc. co~\str l~ct ion of which, as wt.11 as tll:~t of the other nlagiletic insknmcnts, 
35" 



is lninntely drscrihed in .' Ct~ptain Riddle's Magneticrtl Instructions." London. 1,944, 

O i u  declinometers consisted of. 

1. A wooden box \vit,h reniovable slides, and the ends fitted with glazecl apertures. 
r 1 l h e  front aperture is half an inch in diameter, the other one inch; the front aperture 

has itlso a glass slide, whir11 can be inverted. 

2 .  A glass tube, one third of a h o t  in length, l~aving a torsion circle at tile 

upper end; i t  was screwed to the top of the box. 

3. Collimators with achromatic lenses and micronietrical glass scales. 

4. Hollow brass cylinder with lens and scale, and a weak magnet attached in 

e position parallel to the axis of the cylinder. 

5 .  Stirrups carrying a pair of supports, with a pin underneath the centre attached 

to tbe plummet. 

6. Copper damper in the box, brass plummet,, lamp, circular inirror to be at- 

tached to the wooden box, reel of silk fibre, spare glass tube, &c. , '" 

Considerable delay being often caused by the operation of properly adjusting the 

stand of the theodolite with the st,and of the declinometer, \re had a board made 

with two sets of nletallic grooves. This board could be fixed on the t,op of a 

tripod stand, and in this way the position which the centre of the axis of t'he 

theodolite ought to have, in &der to lie in the prolongation of the line passing 

through the central glazecl apertures of the collimator, was easily tbund. Hnt tlie 

board being of' considerable size, we found i t  difficult to carry i t  about, or even 

t,o fix i t  very fiinly on the stand; we therefore preferred putting 1111 the two 

instrnn~ents separately. As we subsequently Sound, the most convenient forrn for 

combining the collimat.or hox with the theodolite was the follo\ving: 

A metallic brass ring, resting on a tripedal base, was made. The diameter of' t,he 

ring was about two inches larger than the lower part of the theodolite, ,i. e. large 

enough to allow of the free inovement also of the telescope. I t  could be placed in the same 

grooves which received the theodolite. The outer part of the ring itself was moveable, 

and could afterwards be clamped. The wooden collimator box could be firmly screwed 

on the outer part, a i d  two weights, placed 120 degrees distant from the box, $0 as 

not to interfere wit11 the oc~tlar enrl of tlie telescope, preserved the equilil~rinm The 
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wooden box (mel~tioned 11. 27G sub 1) wit,l~ all  appendage^ conld 11e made to fit this 

new tripeclal I)asis. 

Before pntting up the instrument, we always took the precaution to reduce the 

torsioil as much as possible, and indeed, upon determining i t  with the torsion circle 

attached to the upper end of the gla,ss tube, i t  was never found to I-~e of any appreci- 

able n~agnitntle. We always attached the bra,ss plummet several hours before the 01)- 

servations were commenced, and took particular care never to make any alteration 

afterwards in the posit>ion of tlie support which was to receive the collimator. The silk 

fibre used was previously prepared by a special process, and had its natural glossy 

surface removed; this considerably reduced the torsion of the fibre, 11at as in t h i ~  state 

it became liable to get rotten by moisture, we were obliged always to keep a large 

supply on hand. 

When determining the magnetic meridian, the cross wire of the t'elescope of the 

theodolite was adjusted so a,s to be bisected by the central line of the division of the 

collimator; bnt, a t  the same time, the angular values of the division were carefully 

nscerta,iiled for obserrat,ions of variation. 

Thesc values were found to be: 

I ,I 

lior collilnntor 1 . . . . . . . . . . . . . .  2 1 2 . 6 5  

For collimator 2 . . . . . . . . . . . . . .  5 5 . 5  

Tlie nlicrometer was brought into a position as nearly vertical as l~ossible. For 

elilni~~ntillg its eccentrical position, as well as the difference between t,he optical a.nd 

magnetic axis of the cylinder, the collinlator mas inverted in the stirrup; in one po- 

sit,ion the ends of tlie principal lines were turned downwards, in t,lle other upwards. 

(A ~narlr, made npon the outer surface of the collimator magnet, served to show 

whether the l~osition of the lnicron~eter inside had remained the same.) Even in the 

event of an alteration of position, the difererzce of the readings \vould have remained 

lullaltercxl, provided the magnetic and optical a'xes strictly coincided; this, however, 

not h i n g  the ewe, the deterulii~ation of the two positions was made in conllection 

with every observation. 

Collimator 1 kept the saine ditrerellce betweell the two positions very well till 

March, 1856. Tlle ditferellcc betweell ouc ~)osition and the other varied only l)et \~-ee~l 

65' i1.11~1 57'. (111 other collima.tors it,s absolute value is often much greater, on acco~int 
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of the difficulty of fixing the scale in the collimator.) A t  a later date, however, this value 

liatl changed; in Leh, July, 1856, being 30l.5,  and in Eathmindu, March, 1857, 44'.3.1 

C:ollin~ator 2 varied for the two positions between 40' and 52', the difference 

being sometimes greater, sometimes smaller. 

The glass in the front aperture of the collimator box must have strictly parallel 

surfaces, otherwise refraction may easily become large enough sensibly to affect the 

results. As the apparatus allows of the inversion of the glass, any irregularity in the 

parallelism of its surfaces can be easily ascertained, for, if the sides are not strictly 

 asal all el, the resulting values of the possible errors will then have opposite signs. 

The glass in the apparatus belonging to  collimator 1 was found to have its sides 

strictlg parallel, but in the apparatus belonging to collimator 2, the readings in the 

two different positions differed nearly half a degree. The irregularity in the form of 

t l ~ e  glass being so great, we did not a t  first suspect i t  as the cause of the differences 

which were found to  exist by the most careful comparisons of Hermann's ancl Adolphe's 

instruments. I t  mas only a t  Simla, May, 1856, that we discovered the non-parallelism 

of the t\vo surfaces of the glass to  be the real cause of these differences. However, the 

elTor in all the preceding observations could he corrected with the utmost exactness, 

as, on account of the hitherto unaltered position, the error had remained constantly the 

same. Nr.  Icleyser, a, watchmaker a t  Simla, was fortunately able to replace this glass 

by another with nicely parallel surfaces. 

This instrument mas a universal magnetometer, constructed by Barrow under the 

direction of' General Sabine, ancl in its small compass were most ingeniously combined 

all the different parts, required bot,l~ for the absolute determination of horizont,al and 

vertical intensity, as well as for declination/ Its size, however, yrecluclecl n minute 

division of t,he scales, and consequently the possibility of ma,king observations so 

rletailetl as we could desire. In  thc earlicr pa,rt of our travels we nsed it between 

Uomljay and Madras, but afterwards gave i t  up;  in the journey from Cn.lcutt,a 1113 to 
Pinlla, April, 1856, i t  got altogether out of order from the effects of an accident. In 

genepal. the separate apparatuses for decli~lnt.ivn, dip, vil)rati011, mlcl deflect,ion, a's used 

ill tbe English surveys, provetl to I)(?' 1,y far the best ada1)tetl for nccilrnte tleteln~i- 
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nations of' absolute va,lues, and to be, nevertheless, from their size and weight, easy ot' 

transportation from one place to another. 

Two other universal magnetometers, of the well known constr~~ction of Profe~sor 

La,mont, we received through the kindness of that gentleman. These instruments are 

particularly well adapted for showing the differential values of horizontal and vertica,l 

intensity, besides giving the absolute values of these elements. Unfortunately they 

reached us so late (it was only a t  Calcutta, just before leaving India) that I (Her- 

manu) could make but a con~parative series of observations. 

.'c. NAGNETIC NEEDLE IN TIIEODOLITE 3, TROUGHTON. 

Theodolite 3, Troughton, had a magnetic needle with agate plate resting on a steel 

pivot. Though, generally speaking, such needles are not worked carefully enough for 

accurate determinations of declination, yct i t  is possible to make them very delicate./ 

Indeed, Professor Lamont showed me many such instruments, which had been executed 

in the workshop connected with his observatory,' ancl brought to great perfection. 

In our theodolite, the repetition circle allowed of the position of the magnetic 

meridian being changed, thus increasing the accuracy of the result, which is then 

deduced fkom the mean of a greater number of r6adings. Nevertheless, we generally 

used the instrument only for comparison with the collimator. 

01 these instruments we  elected p r i s n i a y  comlms No. 4, by Trosgliton ~ i c l  

Simms, for some determinations of declination along Robert's routes in Gindh, who 

at that time had no collimator with him. The readings, when directed to vnrioris 

points, the angular distances of which were ascertained with theodolite 1, Troughton, 

could easily be taken with a correctness of three to five minutes. Tlie fundamental 

error of the compass, deterinined a t  Woolwich before our departure for India, and 

again det'erlnined several t,imes during our journeys, was + 2' (East). The re;~dings 

are givcn already corrected. 

Pris~natic co~npnss No. G ,  by Troughton, though not used for the determination 

of the declination, has also frecluently been compared by Hermnnn w\it,h t,lle collimator. 

Its fundamental error wwras - 1' (West.). 
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/ 

'i. CYLINDRICAL NEEDLES FOR DAILY VARIATIONS. 

For a longer series of observations of the daily variation of the declination we 

used t,he cylindrical ma.gnets with mirrors attached, which were also employed in the 

observations of deflection. The angular values of t,he scales attached to the apparatus 

were directly measured, by fixing the box on the centre of a divided horizontal circle, 

as, for instance, the lower circle of a theodolite. 

We mention particularly the observations at  Leh and Peshkur as series of 

such determinations. For several short series, the sca.les in the collimators wrere 

observed directly. 

B. METHOD OF CALCULATION. 

The angle between the true and magnetic meridian being the direct result of the 

readings (after the inversion of the collimators) no example is required. As one in- 

stance of the comparison of different methods, we quote station No. 4, Gohatti. The 

limits of the accuracy of absolute determination are from one to three minutes, on 

account of the errors contained in, the true and magnetic meridian. 

When deducing the general results for the construction of the isogonic lines, the 

question of the reduction of these observations to one common epoch presented 

itself. But from the tables for Bombay (pp. 302 to 311) i t  will be easily seen, that the 

clianges are comparatively so small, that no reduction is reqnired, if we adopt as 

a common epoch one favourable to. all our observations, as for instance, January, 

1856,-a period not too distant from the majority of our observations. Also the last 

excellent chart of Captain Evans1, for 1858, shows for the western parts of the coast 

ot' India an annnal change in the variation of + 0l.6 only, and, on the other hand, 

a decrease of i t  on the eastern coast.2 

Char1 of Lhe Curves of equal n~agnetic  variation, by Frederick J. Evans.-'l'hr  firs^ ,nap or isogonic l i ~ ~ e s  w w  

~ n a d e  by Hallry, aRcr whom these lines were for some time called Hnlleyan lines. Sec Sahine'a 1Fxplanntio11 nb~lll 

tcrrestrinl m a g ~ ~ e t i s m  in Johnston's Physical Atlas. 
? In southern Europe the annr~al change in many places ~ x c r e d s  6'. Some instances of enrly prcviut~s obsrr- 

ratio11 on the coasts of India will be given i ~ t  the end of this part. 
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11. HORIZONTAL INrL'ENSITY. 

METHOD OF OBSERVATION AND CALLVLATION, 

INCLUDING THE DESCRIPTION OF THE APPABATUSES UIJEI). 

The Horizontal Intensity is determined in absolute values by a series of experiments 

on vibration, combined with another on deflection. 

By the vibration we obtain: 

N I X  = The product of the horizontal intensity into the magnetic moment of t.he 

suspended magnet. 

By the deflection: 

111- = The ratio of the magnetic moment of the deflecting magnet to the horizontal 
X 

intensity. 

By the combination of the two results the vaaues nb and X a.re obtained separately.' 

For the calculation of the value of the horizontal component of the earth's magnetic 

force from observations of vibration and deflection, we employ, in exact accordance 

with the terms used by Oeneral Sabine, and now most generally adopted, the following 

terms and formnlz :.2 

To = Observed time of one vibration of the magnet,. 

a ion. T, = Time of vibration, corrected for rate of chronoiueter a.nd arc of vibr t '  

T = Time of vibration, corrected for rate of chronometer, arc of vibration, tem- 

perature, torsi011 force of the suspending thread, and induction. 

s = Daily rate of the chronometer, 4- when gaining, - when losing. 

m,a' = Remiarcs of vibration, a,t the beginning and end of the observat'ion, expressed 

in parts of radius. 
H 
- = Ratio of the force of torsion of the suspending thread to t,lie magnet,ic direc- 1f' 

tive force. 

Q = The correction for the decrease of the magnetic moment of the magnet pro- 

duced by an increase of temperature of l o  Fahr. 

' Fornlcrly tile time of v i l ~ r a t i o ~ ~ ,  wlicrc the inclinntion is 0, wns txkcn as the relntivr 1111it. ( H u ~ ~ ~ b o l d t ' s  obser- 
vntinlla llrr rrf?rrcil to  this.) 

TI~crr \\,cl.c colnon~~l~icnte,I to us ~ ~ C B I I I  tllr. Iic\v 0ltsc1,vntory. At tlrr snine tinre \\.c were livonred by r e c e i v i ~ ~ g  
bonlr vcry convc~~iently armnged bli~nk rlleete Cur entering observntions rind calculating II~ern, which vcry nluch 
lircilitntcd the rt-orking out of our nmterinls. 

1. :ili 
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K = Moment of inertia of the magnet, inclnding its suspending stirrlip ant1 otller 

appendages. 

x = Ratio of the circur~lference to the diameter of the circle = 3.1415927 . . . 

p = The increase in the magnetic moment of the magnet, by the inducing 

action of a magnetic force equal to the unity of the English system of' 

absolute measurement. 

r,, = Apparent distance between the centres of the deflecting and suspended inagnets 

in the observations of deflection. 

r = Distance corrected for error of graduation and teml~erature. 

ic, = Observed angle of deflection. 

P = A constant depending upon the distribution of' inagnetisrn in the deflectiug 

and suspended magnet. 

at = Magnetic moment of the deflecting or vibrating magnet. 

X = Hoiizontal component of the earth's magnetic force. 
?no -- 7)a 

= Approximate value of -. xc! X 
11 i 119 , = Value of - before the application of' the correction 
X X 

F o r m u l ~  for calculating In X : 

T, = To l l - & - $ l .  

H .u, 
T2 = T? 1 1  + 9 - * ( C - t )  + P ~ I  

x2 K 
,,I X = - . 

T2 

m 
Formuls for calculating -. X ' 

Ill, 
- = '1% r3 sin u,. 
X" 
n ~ '  at, ---  - x n l l  + 2 4 +  ~ ( t , - t ) / .  

ru 

I I I  na' P y = ( 1  - 7). .: 
In reference to our observations of Intensity in general, and l,articularlg to the 

i~lstruments employed, we add the following details. 

To (= observed time of one vibratiou of the magnet). The tinu: was noted a t  tile 

precise molnent \vl~en the point of the scale most (listant boln the cmtrc' 
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touched the cross in the telescope. The pas~ing of the central line would 

be more rapid, and therefore better defined, but it is on this very account 

more illdistinctly seen; therefore the double observations of the two terminal 

points seemed to us to be preferable. On an average, several hundred 

vibrations have been observed ; their number is given under each station. 

s ( = the Baily rate of chronometer). Oenera,lly, we used our Pocltet Chronometers: 

their rate mas carefully ascertained by comparison with our standard chrono- 

meters (see p. 342). 

a,af, were deduced from original readings on a circular scale, divided into minutes, 

and attached above the telescope. 

H H u 
- is obtained from the for~nula - = - , where u = the angle through 
F F 90'- zc 

which the magnet is deflected by a twist of' 90" in the suspending thread. 

As has been already inelltioned ill the observations of declination, p. 277, 

our sill< threads had but very little torsion. 

q (=  the correction of the magnet for temperature) was most minutely determined 

a t  Icew by the late Mr. Welsh, a,fter our return from India, for magnets L 1 

and 0 2 ,  both of which belonged to Hermann's magnetic appa,ratus. This 

correction is not constant a t  all temperatures, and the correction is more 

exactly expressed by a formula of the form: 

Correction to t = q (to - t )  + q (to - t )% &c., to being. the observed temperature, 

and t the standard temperature adopted. 

We adopt as ~taiidard temperature 80" Fahr. = 26O.7 C., on account of the average 

tlifference from the temperature observed not being very great. Ca.pta,in Elliot has also 

adopted 80" Fahr. as his standard temperature. 

A.t ICew the correction q mas found 

for L l  = 0.000195 (to - 80) + 0.00000055 (to - $0)2 

for n 2  = 0.000222 (k, - 80) + 0.00000000 (to - 80)2. 

The second teim is also for L 1 so sinall that, in calculating the results, we found 

it could be omitted. 

For Aclolphe's magnet B7, which was lo& we adopt.(= the mean of the value 01 

y for L1 nucl 0 2 )  q - 0.00021. 

Unrlcr t,hese ~inl~nppy circun~stances \Ire had no choice of doing otherwise; besides, 

3G' 
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When n cylinder is en~ployed, the value of K in ohtained from the fornlnla: K --- TI' 

\r.llerc If' is Lhc weight of tho cylindrr in grains, 1 and (1 it8 length and diameter rxpl.essed in k e t ;  1' and 1 ])ping 
the time8 or vihrntinn (rorrcrtcrl for torlion. t~mpe~.aturr kc.) or the maymet wit11 nnd withont the ndditional \\.eight. 

liis ina,gnet was of the same size a,nd material as those of Hermann, and made by 

the same lnalrer (Jones). Under such conditions q seems in general to vary but very 

slightly. 

K (= moment of iuertia). Though constant for the same magnet and its appen- 

dages, and varying but slightly with the temperature on acco~i~nt of expansion, its 

value has been very frequently determined for L1. 

We obtain for the different stations the following values of log I<,, K,  being t,he 

value directly obtained by each obse~.untion. 

4 1 

Numerica,l Prtenll value = R = 2.7429, of which the logarithm is 0.43921. The 

station Belliii, No. 40, is excluded from this mean. 

For the calculatiori of these valnen a large ring' was employed, with the excep- 

tion of Kargil, when two lings were used; 82" gives the value of log I<, with the large 

ring, and R2b with a smaller one. The detail of the determinations of log K, is given 

re~pectively a t  each station. 

Station. 

No. of Station. 

Value of log If,. 

0.$293 
0.44230 

0.44465 
0.41201 
0.45022 
0.46400 
0.44549 
0.43854 
0.43868 
0.44591 
0.42926 
0.43382 
0.43603 
0.43970 

Value of log  K,. 

Name. 

Station. 

No. of Station. 

40 
43 

44 
45" 

45" 
4 7 

48 
49 
63 
76 
58" 
7eb 

82" 
82b 

1 1 Dibrughrh 

Nnn~e.  

Belliri 
Gdlle 
Niriglin 
Darjfling . 
Darjiling 
T6nglo 
E'5lilt 
I<athn~dndu 
hIoz5ferabdd 
Tsomognalari 
Lell 
Leh 
I<irgil 
Iciirgil 

2 

3 
4 
3 

9" 

9b 
10 
11 
12 
14 
15 
20 
2 1 

TBzpur 
Udelgtiri 
Gohiitti 
ChBrra Pilnji 
Calcutta 
C,alcutta 
RLmpur B6lea 
Kissenglnj 
PQtna 
Beniires 
L5khnSu 
I4ah6r 
Raulpindi 

0.43858 
0.43937 
0.44182 
0.43743 
0.41970 

0.43552 
0.43334 
0.43830 

0.44293 
0.43720 
0.43415 
0.43471 . 
0.43696 
0.43821 
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1-, and v, being the external and internal radii of the ring. 

The dimensions of the inertia rings, large ring and small ring belonging to Her- 

rnnnn's unifilar magnetometer mere found, when determined in Noveml~er, 1858. a t  the 

1Cew Ol~servatory : ' 
Large Ring. Small Ring. 

External diameter 3.4860 
in inches 

Internal diameter 1 2.6978 1 at 62' Fahr 
2.7984 1.9572 

Weight in grains 925.64 738.42 

The rings employed with B 7  by Adolphe \\-ere lost with his ilistrilments: and 

the malrer, Mr. Jones, was unfortunately una.ble to supply us mit,h the detail of their 

dimensions, bnt happily we had made, a t  SrinSgger, a very detailed series of compara- 

tive vibrations of L 1 and B 7, employing both Hermann's and Adolphe'~ rings. The 

result mas for B 7: log K = 0 . 2  689 1, which we adopt as the mean log K for all his 

observations. 

Robert's determinations of the magnetic elements, along his yonte from Raulpindi 

to Bombay, \Irere made with an apparatus which did not allow of the same deta.il an 

the two others. He used the larger magnet of Barrow's Universal Magnetometer. t.l~e 

dimensions of which were: 

External diameter . . . . . . . . .  0.298 inches 

Internil diameter . . . . . . . . .  0 .  I GG ,. 
Length . . . . . . . . . . . . . . . .  3.672 ,, 
Weight . . . . . . . . . . . . . . . .  329.95 grains. 

A compa,rison of Barrow's magnet with the other magnets, a t  l{aulpindi, December. 

1856, gave for Barrow's magnet: 

These a,re the va.lues used for calculating Robert's observations. 

' l'llc dilrlensi<~l~s or l l ~ r  inertin rings n3 given by the maker, ill 1854. \ \ e r r :  

1,orgi. Ring. S~nnll  Ring. 

Extcrnnl din~netrr  3 '480  2'1;93 I ill i n d ~ e "  
Width 

\V,,igl~t (in grains) . . . . . . . . .  925.72 738 .46  
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For cieducing approximatively the total intensity, we were favoured in tllis 

region by a very regular variation of the isoclinal lines. In  the only two stations 

for \vl~icli the magnet Barrow mas employed, viz. a t  Shikkrpnr and Bhiij, we t,ook 

the dip from our map, and then calculated the total intensity by the formula 

generally used. 

p (= the inducing influence of the earth on the magnets employed) was deter- 

mined a t  Kew : 
for L 1 = 0.000170 

for 0 2  = 0.000173; 

we adopt: 
for B 7  = 0.00017. 

1. (= the distance of the magnets when placed on the deflection bar). It is corrected 

for graduation a l ~ d  temperature: r,. being the apparent distance and the temperatures 

given in Fahrenheit., we get: 

?. = r ,  1 + 0.00001 ( t ,  - 62)  j + correction for error of scale. 

Each deflecting apparatus had a deflection bar, originally of brass, to receive the 

deflecting magnet a t  1 foot' and 1 . 3  foot distance. During a part of the experimeuts 

by Hermann, the second position mas 1  foot 4 inches = 1 . 3 3  foot, as specified in 

t,he detail of the elements of each observation. 

With the deflection apparatus No. 1  the following bars were used (by Hermaun): 

1. The original brass bar by Barrow, LLH,". This was stolen by a kuli on the ma.y 

up to Darjiling. The man had brought its empty cyliud~ical case, and the theft was 

only discovered after he had made his escape. 

I (Hermann) replaced i t  by a bar of strong, well seasoned wood, which I received 

through the kindness of Captain Murray, the Engineer of the station. I divided it with 

a valuable standard foot scale, by Hofer a t  Berlin, into 1 foot and 1  foot 4 inches. My 

wooden bar "Hi'  consisted of two pieces1 (the proper position of which was secured by the 

apparatus itself), which I considered the best plan for preventing any change of form by 

the packing. The bar mas subjected to frequent examinations, and was always found to 

have remained unaltered. It required no correction for temperature, but a comparison 

wit11 the Calcutta standard foot, in the Surveyor's General's office, showecl an error of 

I For conrenleltce of carriage, nnd c\,rn for g iv ing ndditionnl a t r e n ~ l l r ,  tllc Ilrasu I,ar n l i g l ~ t  nlsn I,P 11la(ll. \\'i"l 

I l i~ ige  i l l  1111, ~ n i d J l e ,  so as t o  fold up. 
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+ 0'.005 for the unit of 1 foot (a deviation, however, of no importance), and 110 

aplweciable error for the unit of 1 foot 4 inches. A new brass scale "H;' was made 

in Calcutta, and was in use from March, 1856, till the end of the Survey. 

The tleflection app~ra tus  No. 2 was always used by Adolphe, with the original 

brass bar, thc distances employed being 1 foot and 1 . 3  foot. 

In the deflection apparatus No. 1, the supports for fixing the bar were placed a t  

not perfectly equal distances from the centre, an error, which, as afterwa,rds Sound, 

made the ba.r to be 0.012 foot too far to the right, viz. too far to the east, when 

loolring north, and to the west, when looking south. The difference was only nscer- 

tnined, when, a.fter our return, all our apparatuses underwent a strict examination. 

For the observations themselves, this error in the coi~st~uction of the instrument is of 

no consequence, as any such error is eliminated by the method of observation, in 

which the positive and nega.tive errors of the readings (an equal number of observa- 

tions being t.alren an each side) balance each other. 

P (=the  constant depending on the relative clistribution of magnetism) is to be 

determined from several series of observations of deflection a t  two or more clistances. 

Notwithstanding that this correction is very small, we havc taken care repeatedly 

to ascertain the deflections in two different positions. We obtain P from the formula. 

A - A' P=- A A "  --- 
,.2 # 2  

m' 
where A - the value of - from deflection a t  the distance r, and A' = the same 

X' 
value for the distance r . ' .  

For the comparatively few stations where the deflection was nlade in one series 

orlly of positions of the deflecting nlagnet (at the clistance of 1 foot), the value of 
IIL, xo 

required for calculating the value y - in the formula for the vibration, was con- 
XO' ~n, 
sidered ap not differing in the first three decimals from the value which would have 

been obtained, if the distance 1 . 3  foot had also been taken. This supposition is 

generally in accordance with the results of all thc stations, where two positions had 

I ~ e n  observed. 

~ t c  (= the magnetic ~noment) had changed, comparatively speaking. very little. 

Tllr circn~nstance that t l ~ e  iri:~gnets were always placetl in the box with the greatest 
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possible care, and that. t,hey had been a,lready made some t i~ne  before our using them, 

may be the principal causes of t l i s  element remaining so constant. 

For the observations in Turkistin we adopt m = 0.4374, wl~ich is the mean of 

t,he vxlnes obtained a t  Leh, where i t  only varied between 0.4393, in July, and 0.4355, 

in September, 1856. 

For some other places where eit.her vibration or deflection alone could be made, 

the value of sh, as detailed in each single case, was talten from the two next obser- 

vatiolls of the magnet. We calculate l ~ z  t,o three, X to four decimals, the logaiithmic 

values being equally correct in both cases.' 

REMARKS ON THE APPARATUSES 

not11 our vibration apparatuses2 were made by Jones, London, and h_a_d.-a..~ir- - -. -. - -  

rular scale above the' telescope for reading off the observations of variation in miuutes. 

Our two deflection apparatuses were also by the same maker.:: 

The two magnets, the suspended and the deflecting one, were always placed at 

right angles to one another (as first proposed by Lamont), and the arigles of deflection 

were measured on a horizontal circle, which read 20" with the vernier. 

The dejecting apparatus No. 1 was used by Hermann, No. 2 by Adolphe and 

Robert, and both had a circular ivory scale over t,he telescope, which we used in our 

observations of variation. A contrivance, by which the telescopes ill the vibration 

and deflection apparatuses are allowed an upward and downward movement, greatly 

facilitates the adjustment of the suspended magnets. We adopted this i~nprovement 

from one of Lamont's Universal Magnetometers. We had no l~ifilar instru~nents 

\\,it11 us. 

The resulting horizontal intensity would, strictly speaking, require siv~altn)teozls 

observations of deflection and vibration. But the daily va,riations being very small, n.nd 

illoreover, i t  being impossible to avoid small error*, arising partly from the imper- 

fection of the instruments themselves, partly from natural causes (such as influerice of 

111' ' Thc ~nlnl l  rliffrreuces of -- when celculnted fur the diHerent distancetl sho\rr fur 1 1 1 ~ 3  n ~ ~ ~ ~ n r t n ,  :IS \\,rll :IS h , ~ '  
X' 

tllr apparatus, n very minutc accoracy. 

! 1'1n. detnilri yc*e :  Riddlr, pp. Ii3, I&. 



the soil, fic.), we have applied 110 cor rec t io~~ for red1ic:ing the ok)serv:rtions of vil~ration 

and deflection to the sane  time. 

The horizontal, as well as the vertical :nid total intensity, \\,as calculated from the 

results inlmediately obtained, without taking into consideration the difference of the 

time of observation. Also in our general innp, inclucling a smaller map of the territories 

examined by Captain Elliot, no correcf,ions for the different periods of time are applieil. 

chiefly on account of the annual variations being very smt~ll, and part,ly because t,hep 

lri~vr not yet been tlefilled with sufficient accuracy. 

We give, as example, a set of observations of horizont,al intensity made a t  Calcutt,a 

in 1857, and the calculations connected with them. As explainecl above, 1). 284. we 

introduce for K its mean \.slue, t,he logaritl~m of whicli is 0 .4382 1. 



MAGNETIC OBSERVATIONS. 

EXAMPLE. 

A. Observa'tions of Deflection. 

1857, April 12, 5" P.M. Local Time. 

Magnets employed: Deflecting L 1 ; Deflected H 21 ; Deflection Bar H3.  Distances 1 foot; 1 . 3  foot. 

Temp. at  1 foot distance: 32O.0 C. = 89O.6 Fdir.; at 1 .3  foot distance: 31.6 C. = 88O.9 Fallr. 

0 I I ,  0 I I ,  

rt - b 12 13 16; 11, = 6 6 38 at 1 foot distance 
n' - L' = 5 34 25; 7t1, = 2 47 12.5 at 1 . 3  foot t1ist.znc.r 

-- 

Dlstal~cr. 

+= 

5" 
42 
o 

+? 
+ 

4 2  

Z 
W 
* 
8 

Mean of Verniers. 

0 r I ,  

a 41 51 41.5  

y 29 44 37.5 

fl 41 58 17.5 

6 29 38 50 

a' 38 36 10 

y' 33 1 0 

6' 38 34 40 

6' 33 1 0 

Means 

0 I I ,  

a 41 51 41.5 

p 41 58 17.5 

a 41 54 59.5 

y 29 44 37.5 

6 29 38 50.0 

1) 29 41 43.7 

a' 38 36 10 

p' 38 34 40 

a' 38 35 25 

y' 33 1 0 

6' 33 1 0 

h' 33 1 0 

- 209 39 0 
c 38 36 20 

218 36 0 
C) 

33 0 55 
m 
+ 213 1 5 
* 
P East 

38 34 50 
W 218 34 30 
42 

33 0 0 

213 2 0 

I 
-- 

North End. 

East 

West 

East 

Reading of Verniers. 

0 I 1, 

41 51 35 

221 51 48 

29 45 0 

209 44 15 

41 57 25 

221 59 10 

29 38 40 



HORIZONTAL INTENSITY 

IIORIZOKTAL INTENSITY. 

Long.  East Green.:  88" 20' 34". H e i g h t :  5 feet above the  H u g l i  a t  mean height,. 

U. Observations of Vibration. 

1857, April 12, 3'' 10"' P . M .  Local Timc. 

Magnet vibrated: L 1. y = 0.00022, y = 0.00017. Effect of Torsion: 9' (at 0' = 273, at 90" = 282). 

Arcs, beginning: 85 to 461, ending: 200 to 346. Semiarcs: 188 and 73. Temp. of Magnet: 
33O. 0 C. = 92'. 4 Fahr. 

One Single Vibratio~i : 

. Time by Chmn 1. 
Difference. 

28.2 

28.4 

28.0 

28.4 

28.2 

28.0 

28.2 

28.4 

28.2 

28.2 

28.4 

28.2 

Vibmtione. 

0 

10 

20 

30 

40 

50 

60 

7() 

no 
90 

100 

200 

200 

210 

220 1 
40 60-10%t=55.8 

I 

t = tlck, 1 t = OB.4. 

I, n, s 

23040-11t  =35.6 

31 5- 31 = 3 . 8  

31 35- 7 t  =32.2 

32 5-12t = 0 . 2  

32 30- 3'/,1=28.6 

32 60- 8 t  =56.8 

33 30-333 =24.8 

33 55- 5 t  =53.0 

3425- 9 t  =21.4 

34 55-13'/,1=49.6 

35 20- 5%t=17.8 
C J c .  2 40 0 

O ~ R .  2 39 60- 21 =59.2 

40 30- 6 t  ~ 2 7 . 6  

550 1 56 30- 7%t=27,0 

- 

Diflerence. 

28.0 

28.4 

28.2 

28.0 

28.0 

28.2 

28.4 

28.4 

28.2 

28.0 

28.4 

28.2 

28.0 

No. of 1 Time by Chron. 3. 

Vibmtiona. t = tick, I t  = O"4. 

230 

240 

250 

260 

270 

280 

290 

300 

500 

500 

510 

520 

530 

540 

I ,  m s " 
2 41 25- 3 t  =23.8 

41 55- 7 t  =52.2 

42 25-11%t=20.4. 

42 50- 4 t  ~ 4 8 . 4  

43 20- 9 t  =1G.4 

43 507131/2t=44.6 

44 15- 5 t  =13.0 

44 45- 9 t  =41.4 

Calc. 2 54 5.8 

O b s . 2 5 4 1 0 - 9 % t = 6 . 2  

54 40-14t =34.4 

55 5- G%t= 2 .4  

55 35-10%t=30.8 

56 5-15t ~ 5 9 . 0  
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CALCULATION. 

r, = 1 hot .  Temp. 8!1°.6 Fnlir. 21,) = Go 6'. ti r', = 1 . 3  foot. Temp. 8H0.!) l"n11r. u', = 2'47'. 2 

1, = 89'. 6 Fahr. to= 88'. 9 Falir. 

I+$  + (t,,-l)q= I 0 0 2 2 6  . . . log = 0.00099 1 1+~&+(1,-1)q=l 00193 . . . log = 0.00084 

'/,r, log = 9.69933 

sin?/, log = 9.02710 

21* 1 -1- = 1.00034 1'Ln log = 8.72643 
X0 ''0 

+(to-t)q=O.00192 

' 0  ' O 

/I&' 1/&' 
log (A) = -, 106 = 8 .  i2742 1 X log (A') = X, log = 8.72872 

' / , r t3  log = 0.04109 

sin?rl,log = 8.GYb79 

2~ 9 1 1 . ~  I +  , ~ = 1 ~ 0 0 0 1 5  - log = 8.72788 
0 X'J 

+ (to -t) q=0.00178 

log(A-A')= 6.2014 

("-& ) - log lx-T,, = 8.3361 

log P = 7.865:3,, 

A = 0.053385 

A' = 0.053544 

A-it' = - 0.000159 

log (A-A') = (i. 2014 

log P = 7.8653,, log P = 7.8653. P Y 

log A = 8,72742 log A' = 8.72872 

log r2 = 0.00024 log rIZ = 0.22808 

A A' 
log -= 8.72718 logT2 = 8.50064 

v2 

- 
11' 

log vO2 0.0000. log l"," = 0.2279 

P P 
log -, =: 7.8653. log = 7.6374. 

A = 0.05331 , = 11.03167 
1.2 

1 - - . ( :  1 - l.lz = 1,00434 
yoL - n 

log = 0.00317 0.00188 

1'0 o log 11~ '  - =. 8.72742 8 
X ' -  
111 log - = n.7:31)5~ 8 . 7 ~ 5 9  
X 
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1 .  Vibralior~. 

a a' Xo . it2 ti 1. = T;/ 1 - 1 -  - t o -  - - 1 ,  WIX = - 
mn T2 

1',=2"820. Chron. Rate = O n .  17 Ins. To1.s.9'. to= 92.4; t =HO.O; to-t --12'. 4 Fahr. Seruiars: 188; 73. 

111 
p.: -n = 0.00319 xn 

(r, log = 0.450311 n2 K log -- 1.43251 

a a' I 1.2 log - 0 . 9 0 1 5 3  
log = 9.99999 -- 

n2 K I ,  = - -  log : 0 .  .l:jo:,s 
2'. log = 0.45030 1.1 

I Ill log = !). G:307!) 
111 = 0.4274 x = 5.917 

Ill 
If - - A, and 11, X = B. then X = fz, and i lr  = l/m. X - 

, - 
X 2 ;  1)) 

2',% log = 0.90060' log = 8 .  7305!J 

, % x - 7.947 lotal Intensity. . = - - S log = 0.9001?, 
cos d ~ p  cos 28' 22'. 94; 

cos dip log = !) .!)443h 
Vertical Intensity = -X1= v(!). 033)'-(7. 947)2; 

Total Intensitiy log = 0.95581 

. . . log = 0.00093 
-. 

T2 log = 0.90153 

Vertical I~ltensity = V = 4.294 
'l'otnl Intensity = I '  = 9.033 

-. -- 

X" log = 1.80039 
S log -= 0.9001?) 

I .  DIP AND VERTICAL INTENSIT1-. 

c r .  I ) IP  C I R C L E S  USEI).  
- 

0111. t\vo tlil) circles were ~nat le  by Barrow ill the form (jescribed in Ricldle, 1). 84; 

1 ~ 1 t  ww had two addit,ional holes lnade (I/, inch in diameter) in t,he hol-izontal brass 

s ~ ~ l ~ l > o r t s ;  the position of the holes was such as to  a.llow the lower end of the (lip 

~leedle to he visible a t  low a.ngles of inclination. Another slight. nlodification we 

nlitde by 11sing ground glass, illstead of transl)arent, in the side opposite to  t,he vertic:ll 

circle ant1 ~t.; microscopes. This glass had ;I semi-trans1)arent ring, of about the 

cllalnetrr of the length of the neeclles, wl~ich allowed of the outLines of t h r  needles 

t~eing yeen with much greater distinctness, since the observat io~~s are not interl'el.ed 

\\lit11 1,y t h ~  ol~jects and t,lir light behi~itl the inst~r~unent,. 



The detailed example given below' will suffice without further explanatioll to 

sho~v our method of observing. 

In the regions where the dip is very small and the vertical intensity very weak, 

i t  solnetillles becomes very difficult to determine the magnetic meridian by the process 

of tinding the positions a t  right angles to it, where the needle stands vertica,Uy. A 

tangent screw on the horizontal circle, which was wanting in our instrument, woultl 

have considerably facilitated this operation. We afterwards had one put on. 

l n  comparing different needles even with the same clip circle, the results a.re not 

absolutely t,he same, for every needle has an individual correction, partly occasioned 

by defects in the metal, partly by the i i~ep la r i t i e s  of its axles. The dip circle itself 

also might not be entirely free from all admixture of magnet,ic metal. We, howejer, 

examinetl our instruments, and found them to be perfectly free (as far as controlable) 

from 1111 alloy, by the following experiment: The dip circle, without the ma,guet, was 

~)lacetl a little to the side of one end of' a vibration m:~gnet upon a board, where it 

could be turned completely round; the presence of magnetism in the instrument, even 

in the slightest degree, mould have immediately been detected by a deflection of the 

magnet suspended. 

The errors of our needles were determined by three comparisons, a t  Bombay, at 

Silnla, and at SrinBgger. Besides the four needles mentioned here, there were two 

spare needles, which, however, we had no occasion to use. 

1 Olisrrvntionn can also be mnde ill differelit azi~nutlle. If rl = thr* olnserved i n r l i ~ ~ a t i o ~ i  of the needle, 3 th~' 

inclination nought. a tlie azimuth of tlie vertical circle, 
tan b = trill q con u .  

Also the incliuntion observed in any two planee at riglit angles to earl1 rrtller will allo\v of tlie true inclinntiol~ 
Ircing drdurerl \villioul the kno\vletlge of t l ~ c  angle a ,  ncrording Lo thr formula: 

rotnn2 3 = cotnn2q I- colm2r, '  



b .  COMPARISON OF T I l E  D I P  N E E D L E S  

I .  BONBAY, December 1, 1854, 2 "  to 6" p.nr. Local Time. 

In a tent on alluvial soil, on the esplanade, 2% miles to the north of the Magnetic 

Observatory. 

NEEDLE NO. 1. 

Poles direct. Poles reversed. 
End U = N. End A = N. 

East 18' 28l.4 18' 40l .5 
West la0 32'. 1 18' 48l .5 

- 

West 18O 29'. 0 18' 47'. 5 

Enst 18' 21l.5 18' 47l .0 

18' 27l.75 18' 45l.87 

NEEDLE 
l'oles direct. 
End A = ii. 

East 19" 21l.5 
West 19' 30'. 5 

No. 3. 

Poles reversed. 
End B = LV. 

170 35'. 5 

17O 54l.4 

West 19' 4 ' .0  
East 19" 34'. 4 

Alean a 

19' 22l.60 

17' 49I.O 
' 18' 13l .2 

Mean fl 
15' 53l.03 

NEEDLE No. 4. 

NEEDLE NO. 2. 

I'oles direct. I Poles reversed. 

Poles direct. 
End A = N. 
18' 35l.0 

18O 39I.O 

End A =  N. I End B = N. 

Poles reversed. 
End B = N. 

18' 21l .0 

18' 40l .0 

On thc trap rocks near Breach Candy, where we lived with Mr. Ventz, in Sans-souc.~ 

l~angalo, the dip mas found to be on an average 15' to 30' less, probably on account 

of the local magnetism of the rocks, their north poles being turned upwards. But on t,he 

instrument being raised 8 or 10 feet above the ground no disturbance could be observecl. 

In general, local disturbances must be expected to have the greatest influence wl~err. 

as in Southern India, the value of the vertical force is very small.' 

I Con~pnl.~, ot~r rr~l~nrkn 011 tllr n~:lylretir cqllalor (nt tilt, end of tllis pnrt) H I I ~  the resl1lt8 ~l~(i l i l led i l l  its ( ' I ~ \ , ~ ~ o I I B  

11y Mr. -1. '\, 1~r01111, 



BIAONETIC OBSERVATIONS. 

2 .  S i n ~ ~ a ,  1856, May 15, 3' to 5" P.nr. Local Time. 

In the garden belonging to Aln Cottage, n Iioase in the st:ltio~~. 

Our regular observations were made in General Boileau's former magnetic observe- 

tory, a t  some dista.nce fkom the station; me preferred making the comparison of t,he 

needles at, not, too greet a distance from our house. 

Poles direct. 
End A = N. 

Enst 42" 36'. 3 

West 42" 38l .0  

West 42' 35l.0 

East 42' 27'. 5 

blenri a 

42" 34l.2 

Poles reversed. 
End B = 1V. 

42' 33'. 6 

42' 15l .5  

42' OI.5 

42' 22l.4 

Mean fi 
42' 18' .0  

Poles direct. 
End B = N. 

42' 9 l .4  

42' 51l.3 

Poles reversed. 
End A = N. 

42' 41'. 1 

42' 15l.5 

42'13j.5 ' 

42' 23'. 4 

Mean 6 
42' 23l.34 

l'oles direct. 
Entl A = AT. 

East 43' 36'. 2 

West 43' 14'. 5 

West 43" 12'. 5 

East 43" O'.H 

JIenn a 

4.3' 16' .0 

Poles reversetl. 
End B = N. 

I'oles direct. i Poles reversed. 
End B = N. , End A = N. 



DIP AND V E R T I C A L  I N T E N Y I T Y .  

3. SBIN~GGEI~,  1856, October 23, 2" to 3" 50" P.M. IJocd Time. 

In thc garden "Shekh-bngh" under trees; where J s o  our other rn,agnctic observations 
have heen made. 

NEEDLE No. 1. 

Mean a Mean p 
46' 43I.O 1 46' 54'. 6 

Poles direct. 

End B = N. 

4G0 29l.5 

4G0 52l.5 

NEEDLE NO. 2. 

Poles reversed. 

End A = N. 

4i0  1O1.0 

47O OI.5 

Poles direct. 

End B = N .  

46' 48'. 4 

46' 55I.O 

Poles reversed. 

End A = i4. 

46' 28l.4 

46' 56'. 1 

NEEDLE No. 3. 

Poles direct. 

End A = X. 

47' 41l.4 

47' 34l.8 

Mean a 

47' 37'. 7 

Poles reversed 

End B = N. 

4ti0 27'. 1 

46' 8I.G 

NEEDLE No. 4. 

Poles direct. Poles reversed. 

End A = N. End B = N. 

46' 40'. 1 46' 52'. 3 

46' 45l.4 4G0 45l .3 

Mean p 
46' 16l.83 

4G0 39l.3 

46' 41l .9  

Alean a 

46O 41f.G7 

4G0 16l.4 

47' 11l .4  

Mean fi 
4G0 46'. 35 



I\Ik:AN CORRECTION OF THE: DI1' NEEDLES 

Bombay. Simla. SrinAgger. 
0 I 0 I 0 I 

Dip: 18 40.42 42 30.00 46 5 0 . w  - - .s 
NO. 1. + 3.61  + 3 . 9 0  -1- 1 .48  Z + 2.99  . 

0, 3 No. 2. -1- 0 . 1 7  -t 1 . 6 2  -t 0 . 7 4  5 + 0 . 3 5  
w g N0.3. - 2 . 6 0  -t 2 . 2 0  - 6 . 9 9  - 2 . 4 6  - 

NO. 4. - 1.18  - 7 . 7 2  + 6.27  - 0 . 8 8  

The values of the last column will be found applied to the final results. The 

needle No. 2 seemed to be decidedly the best, the correction being  mall and varying 

very little. A correction for temperature is not necessary; but i t  seemed important 

that the needles should not get weak, by remaining too long without being re-mag- 

netiserl. We generally magnetised them afresh a t  every station. 

In reference to the comparison of the different stations, no correction fbr reducing 

them to  a common period was applied, the changes in so short a time being below 

the limit of accuracy obtained by absolute determinations.' 

lire conclude by giving a detailed example of o m  mode of observiilg the dip. 

No. 78" DIP AT LEH, IN LADBIC, 1856, September 28, 10'' a.ar. Local Tirne. 

Needle No. 2. Dip Apparatus: Hermalrn. 

A.  O r i e ~ t t n t i o ~  of' tkr Necdle. 

1:ace of Needle to lcace of Instrument. lcacc of Needle roersed.  

Upper Jlicroscope Lo\\,er i\I~croscope tilq)er i\licroscol)c I,o\\fer &licroscopr~ 

a t  90'. a t  90'. a t  90'. a t  90°. 

Tlle horizontal circle of the dip a p p a r a t ~ ~ s  being tlivided into quarter clrclcs ot !)UO ~ncll ,  the 
same nnmher. 90° distant from its first position, gives the directiolr of the ~naglletic 111erit11all 

I Cnptain ISllint (Pliilosopliicnl 'I'~,nnsactinns, 1851, p. Xli) ,  fn~~nrl nt, Singaplir, frolii 1841 t t ~  1848, n dlacr~nse 
2 ' . 3  per nnnuni, at JIadras, froin 1840 to 1848, an incrennc a ~ f  Y . 7  per nnhllnl. l'lir Rornl,ny ol,nrl.vntinnn girl,, Ilet\\'cc'll 
I854 and 185fi, nn incrcns? 01' IR', li.om l R > G  to 18:!7, :I 11ccrc;lsc oC 5'. 



1)II' AND VERTICAL IN'lXNSITY. 

1 Poeitioa 

01 thr  

Instru- 

ment. 

'1 4 6 4 0  1 47 7 1 4 6 5 3 . 5  

Mean = u . . 46 45.3 Mean = b . . 46 55.0 

FT, 
46 58 46 55 46 56.5 

46 15 46 44.0 46 57 46 53 46 55.0 

46 1.5 47 14 46 44.5 45 0 46 55 46 57.5 

46 18 47 16 46 47.0 

Mean = a' . . 46 44.87 1 Mean = b' . . 46 56.33 

Polcs direct. Poles reversed. 

a!' . . 46 51.0 

- 

rc . . 4 6 4 7 . 5 0  

Mean of Means = a . . 46 45.02 

-. - - -- 

Mean = 1)"' . . 47 7.92 

b" . . 46 46.75 

11' . . 46 56.33 

b . . 46 55.00 

Mean of Means = p .  . 46 56.51 

a .  . 46 45.02 

I 

a + B ---- = Dip 
2 

North E n d  = A. 
-- . -. . i  

Ileading. of Needle No. 2, 1 

Correction of Needle '2 . . . + 0 0 .35  

l)ip corrected . . . . . . 46 51.12 

North E n d  = B. 
-- .- 

Readingn of N e ~ i l c  No. 1. 

Upprr  End.  Lower End .  I IIeroa. Upper End .  I Lower E n d  I Mrane. , 



IIAONETIC OBSERVATIONS. 

B. VERTICAL INTENSITY. 

The vertical intensity (= V) was deduced, T and H = total and horizontal iiitellsity 

being previously calculated, by the formula : 

V = V1.L- H2. 

In the Bombay Observatory the variations of the vertical intensity are obtained 

by direct observation; they are also periodically determined according to our method of 

calculation. 

IV. TOTAL INTENSITY. 

The fornlula for deducing the total intensity, T, froni the (lip or inclination ant1 

t,he horizontal intensity, is 
X T = X s e c 4 = -  

cos 3 ' 

where X is the horizontal intensity, 4 the angle of the d ip  

In some few cases, mhere two of our stations were very close to each otlier, 

either the horizontal intensity or the dip, when not obtaiiietl by direct observation, 

could be interpolated for calculating t h e  probable value of the total intensity. 

In the proceedings of the Royal Irish Academy for 1857, a. very ingenious metliotl 

for the determination of the total intensity is described by Dr. Lloyd. He useb 

a dip circle furnished with three neetlles, one of whicl~ is to be eml)loyed fo1. tlie 

ordina,ry observations of dip, ailcl the t\vo others for observations of intensity. 

The p~,ocEtict of the earth's magnetic force 1,y the illagnetic iriorrient of the needle. 

m X ,  is obtained 11y observing tlle position of eqnilibrium of' tlie dip1)iiig needle NO. 2, 

loaded with small weights, and the rntio of' the same cluantitiv~, i-, is fbund 1)y wing 
-. 

neerlle No. 2 to deflect another needle, No. 3, substituted in its 1)lacr. 

If' 9 = the inclination of needle No. 2 with its meigl~ts, ic = thr tliRerr~lcc: 

between the clip bbservecl by neetlle No. 1 and the inclinntioi~ of neetlle No. 2 wit11 

its weights, and l i  = the deviation of' rieeclle No. 3 fiom the direction of the iuag~iet~ic 

force \\.hen deflected 1)y neeulle No. 2, the total force will I,r givc.11 by thr ft>r~~illli~: 

C"$.,, Y T = A V - -  
9111 21 $111 21' 



'1'01',11. INTENRITY 

a t.lie constant, which con he obtained either from tlirect oi)servntio~~s, or, di l l  

better, l)y observing tlie absolute horizontal intensity at. some one et,at,ion with a uni- 

tilar mapetornet,er, anrl by ini~~kirig si~nultalleo~lsly wit11 i t  a cleterminn,tio~~ of t,he 

clip and of 71. I / !  r l ' ,  at'tc.sr tlie fbregoii~g niethocl. 

If 9. denotes t l ~ r  vallre of t,he mdical 

cos 1 V sin > r  sin u1 

a t  this stntioii, :u~d X the Iiorizontal intei~sity in ;~hsolntc, nlrilsnrr. we liave 



SECTION IV. 

GENERAL RESULTS O F  THE CORRESPONDING MAGNETIC 
OBSERVATIONS AT BOMBAY. 

I. l ) e r l i~~a t ion .  11. Horizontnl Intensity. 111. Dip. IB.  VrrticaI Intensity. V. Totsl Ilrtensity 

I n  the fbllowing tables we give the principal mean results of the Boillbay magnetic 

observat,ions, which are p;blished for every year a t  Bombay by the zealous superinten- 

dent,, Lieutenant E. P. T. Fergusson, I.N. These tables give a very characteristic aper(;u 

of the magnetic elements and their variations, and we slia,ll have occasion to return 

to them for comparison, when communicating the detail' of on; own observations.' 

Days of disturbances are marked by asterislrs (*). 

The declination a t  Bombay is East. 

The following are the jays of disturbances for 1854-7: 

1854. November 1 and 8. 

1855. February 8 ;  March 12 ; April 4 ;  May 2 7 ;  July 18, 19, and 20; September 27; 

October 2, 18, and 19;  December 30. 

1856. No dist,urbance great enough to be ineasured occurred this year. 

1857. May 7 ;  September 2, 3, and 21; December 16, 17, 18, 27, and 28. 

On all t,hese days the disturl~ances were not very grea,t.' It so happened that 

only one clay, ou which absolute deteinlinations were taken by us, coincided wit11 

I ' r l ~ e  nrrans of sonrr correnponding obserrntinnn, (~omn~unicntet l  t o  11s nt hlsdriln for Ihr prriod o l  o ~ l r  t,rarels 

11, S n ~ ~ t l r c r n  India, nrc contninavl Section V., ( ; r o ~ ~ p  V., Statir,n So. :35. 

111 biplter l r t i tndrs  the t I i ~ t ~ ~ r l , : i ~ ~ ( , c ~  i ~ r r  h o t  only rnuclr greater, 1,111 also mhox pcrio,licnl laws dt.ci(lec1l~ 

nrarkrrl. See the lrlost interevtillg rpucnrches 01' Gcllrrnl SnLioe, "011 Prriodical Laws disrovrml,lr: in llre JIenll 

EITrrts tlw I:rrKer >lnpla.tlc. I ) iu l~~ l . l , i l~~crs" .  I ' l~i l~twtpl~irnl  7'1:lnsaction~. Fcl,rnnl~y U?, 1851. 



GENERAL RESULTS O F  THE CORnESPONDING MAGNETIC OBBERVATIONS AT BOMBAY. 

a day, when disturbances were observed at Bombay. This waB the 30th December 

1865, when observntioris at Udelgilri, station 3, were made. 

DECLINATION: 1, MEAN YEARLY VALUES. 

MC;III 
Easterly 

Declination. 

Alean 
Year. Easlerly 

Declination 

DECLLNATION: 3, MEAN MONTHLY VALUES. 

Jauusry, I ' . r l ) r~~~ry ,  &larch, 
I \\I~ntcr = 1 

Octobci', Hov~ln l~er .  December 

~ l l w i l ,  AIny, June, 
July. Al~guut, Septen~bvr. 

P . - -. -. -. . . - . - - - . - -- - - - -- -- . . - - - - - 

hlontl~. Afontl~. 

hlnrch 
April 
May 
.rune 
.laly 
a g u r t  

18 .76  ( 19 .38  

1 8 . 4 8  10 .38  

- 

18 .68  

18 .55  

18"' 

1 8 . 7 5  

lt)41 

18 .94  

17 .78  19 .35  

2 0 . 0 0  

1 9 . 5 2  

19 .69  

19 .81  

L9.0G 

1 8 . 8 6  
1G, , i8  , 1 9 . 2 3  
l l i . 82  19 .31  

Nove~nber 
December 

Mean of Winter1 

IbIe;a~ofSu~~~~11e1'2 

MeanoftheYear 

1 8 . 0 9  

18 .57  

1 8 . 7 0  

1 7 . 4 7  

1 8 . 0 9  

1 9 . 5 3  

19 .51  

1 9 . 3 7  

19 .31  

1 9 . 3 4  

10 .57  

19 .77  

1 9 . 1 3  

18 .72  

18.!)2 

1 8 . G 9 "  

18.96 

1 9 . 2 6  

1 0 . 3 0  

1 0 . 2 8  
/ I  

-. 



NAGNETIC OBSERVATIONS. 

for each Day of Gijttingen Mean Time. 

P n r d ~ .  I April. 

I 

18.95 . . 
18.70, 19.04 

18.32 18.61 

. . . 18.42 

18.44 18.41 

18.62 18.15 

18.86 18.36 

18.65 . . . 
18.75 18.42 

18.83 18.65 

. . . 18.65 

18.62 18.48 

18.53 . . . 
. . . 18.75 

19.47 . . . 
19.53 18.62 

19.11 18.48 
. . . 17.71 

18.64 18.29 

18.74 18.47 

18.86 18.72 

18.80 . . . 
18.65 18.83 

18.39 18.64 

. . .  18.49 

18.76 18.36 

19.07 18.32 

'19.89 18.33 

18.96 . . . 
18.32 1H.40 

Oct. 

18.92 

18.78 

18.77 

18.75 

19.00 

18.74 

. . . 
20.12 

19.23 

19.38 

18.86 

18.49 

18.56 

. . .  
18.21 

18.42 

17.88 

18.23 

18.69 

. . . 
18.65 

18.34 

18.91 

19.08 

19.55 

19.14 

. . . 
18.66 

18.53 

18.65 
. . .  

June. 

18.64 

18.62 

. . . 
18.57 

18.55 

18.53 

18.17 

18.10 

17.97 

. . .  
17.60 

18.27 

17.87 

17.59 

17.80 

17.16 

. . . 
17.61 

17.82 

17.69 

17.59 

17.34 

17.60 

. . . 
17.29 

17 46 

17.15 

17.35 

17.36 

18.75 

. . .  

Dee. - 
18.!14 

. . .  
18.18 

18.16 

18.39 

18.28 

18.30 

18.37 

. . . 
18.38 

18.35 

18.17 

18.15 

18.33 

18.13 

. . . 
18.28 
18.86 

15, 67 

18.92 

19.00 

18.81 
. . .  
. . . 

18.85 
18.57 

18.96 
18.92 

19.05 
. . .  

I!) . OT - 

July 

. . . 
18.86 

16.33 

17.01 

16.77 

16.63 

16.50 

. . . . 
16.90 

17.38 

17.23 

17.13 

16.69 

16.86 

. . . 
16.48 

16.83 

17.07 

16.43 

16.55 

16.56 

. . . 
16.65 

16.86 

16.98 

16.80 

16.85 

16.91 

. . . 
16.35 

16.54 

' bbnormnl di~y,  or n day on \ \ l ~ i c l ~  Lh~n c l e ~ n r ~ ~ t  w a s  d ~ s t u r b ~ d  
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DECLINATION: 3, MEAN DALLY VALUES, 

for ench Day of (iiittingen Mean Ti~ue. 

B. 1855. 

Date. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

3 1  

Dec. 

I 

. . . 
19.58 

19.69 

19.61 

19.70 

19.68 

19.22 

. . .  
19.37 

19.33 

19.40 

19.65 

19.54 

19.74 

. . . 
19.59 

19.61 

19.92 

19.80 

20.04 

19.80 

. . .  
19.68 

. . . 
19.29 

18.97 

19.21 

19.14 

. . . 
*18.98 

1H.95 

nlnrch. 

19.53 

. . . 

. . . 
20.04 

19.12 

19.31 

18.97 

19.11 

19.45 

. . . 
19.51 

*19.85 

19.G8 

19.30 

19.34 

19.45 

. . . 
19.37 

19.74 

19.46 

19.48 

19.29 

19.09 

. . . 
19.05 

19.34 

19.09 

19.46 

19.17 

19.36 

. . .  

Jnnonry. 

I 

19.08 

19.09 

19.19 

19.16 

19.13 

. . . 
19.14 

18.98 

18.94 

18.71 

19.29 

19.03 

. . . 
19.07 

19.23 

18.98 

18.94 

19.28 

19.01 

. . . 
19.07 

18.95 

18.78 

19.34 

19.12 

19.29 

. . . 
19.35 

19.41 

19.26 

19.53 

April. 

I 

19.45 

19.15 

19.14 

*19.52 

. . . 
19.37 

. . . 
19.41 

19.44 

19.43 

19.56 

19.19 

19.47 

. . . 
19.45 

19.33 

19.49 

19.45 

19.27 

19.43 

. . . 
19.44 

1!).23 

19.48 

19.48 

19.22 

19.40 

. . . 
19.61 

19.25 

. . .  

June. 

19.80 

. . . 
19.71 

19.80 

19.57 

19.49 

19.36 

19.62 

. . . 
19.09 

19.56 

18.09 

19.30 

19.50 

18.38 

. . . 
19.14 

18.90 

19.01 

19.21 

19.25 

19.66 

. . . 
19.43 

19.27 

19.17 

19.19 

19.24 

19.40 

. . . 

. . .  

Febluary. 

I 

19.35 

99.23 

. . . 
19.16 

19.14 

18.90 

19.26 

*19.59 

19.59 

. . . 
19.50 

19.43 

19.18 

19.20 

10.39 

19.31 

. . . 
19.23 

19.38 

19.43 

19.48 

19.34 

19.20 

19.37 

. . . 
19.67 

19.27 

19.47 

. . . 

. . . 

. . .  

Nay. 

I 

19.69 

19.94 

19.87 

19.39 

. . .  
19.59 

19.38 

19.92 

19.70 

19.31 

19.58 

. . . 
19.76 

19.54 

19.73 

19.75 

19.43 

19.40 

. . .  
19.41 

19.35 

19.21 

. . . 
19.68 

19.43 

19.65 

*l9.74 

. . . 
20.04 

19.70 

19.91 

July. Oct. 

I 

19.43 

18.94 

19.78 

19.29 

19.49 

. . . 
19.27 

19.13 

19.25 

19.01 

19.35 

19.42 

. . . 
19.45 

19.36 

19.40 

19.16 

*19.89 

*19.63 

. . . 
19.34 

19.30 

19.34 

19.49 

19.20 

19.25 

. . . 
19.25 

19.32 

19.28 

19.36 

August. Sept. Nov. 

19.51 

19.71 

. . . 
19.34 

19.92 

19.43 

19.50 

19.44 

. . . 

. . . 
19.39 

19.51 

19.49 

19.35 

19.62 

19.67 

. . . 
19.65 

19.70 

19.55 

20.02 

19.27 

19.49 

19.39 

. . . 
19.39 

19.41 

19.25 

19.85 

19.45 

. . .  
I 

I I 
I 

19.17 

19.32 

19.12 

18.64 

18.93 

19.15 

. . . 
18.85 

19.04 

18.87 

18.93 

18.89 

18.89 

. .  . 
19.11 

18.96 

19.12 

*19.01 

$19.14 

*19.55 

. . . 
19.92 

19.92 

1!).54 

19.61 

19.55 

19.51 

. . . 
19.82 

19.36 

19.20 

19.62 

19.03 

19.36 

. . .  
18.74 

19.55 

19.20 

19.27 

19.39 

18.99 

. . .  
19.30 

19.30 

1!J.16 

18.94 

19.59 

19.60 

. . .  
19.61 

19.55 

19.47 

19.11 

19.50 

19.41 

. . . 

. . .  
19.02 

19.29 

10.19 

19.12 

19.74 

. . . 
19.00 

19.23 

19.08 

19.26 

19.08 

18.70 

. .  . 
18.74 

18.77 

19.14 

*19.04 

18.82 

19.26 

. . . 
19.24 

18.79 

19.34 

19.11 

19.19 

18.97 

. . .  
18.99 

19.26 

18.87 

18.65 

*19.06 

19.00 

. . . 
19.36 

. . .  
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DECLINATION: 3, MEAN DAILY VALUES. 

for each Day of Giittingen Mean Time. 

D. 1857. 

Dm. 

1i.38 

18.48 

18.12 

18.48 
. . .  
18.79 

18.53 

18.53 

18.93 

18.88 
18.02 
. . .  
18.72 
18.59 

18.84 

"18.60 

*20.60 
"1!).9O 

. . .  
19.22 
19.44 

19.30 
19.46 

. . .  
18.03 
. . .  

*19.30 

*1!).48 

19.24 
20.05: 
20.09 

- - -- 

1 

I 

. 

! 

j 

i 

8 e p t  

1i.31 

18.64 

*19.34 
*19.38 

. . .  
19.04 

19.46 

19.15 

19.03 
19.38 

19.30 
. . .  
19.05 

19.37 

19.18 

19.46 

19.38 
10.51 
. . .  

January. 
I 

May. / June  1 July. / Augunt. February. March. April. OIL ( No". 

. I . .  

18.55 

18.82 

19.02 

18:Gl 
18.77 
. . .  
18.91 

19.00 

18.46 
19.00 

18.84 
. . .  
. . .  
18.62 
18.78 

18.66 
18.76 

I I I 
1i.36 
. . .  
19.28 

19.12 

19.02 

19.14 
*18.50 

19.83 
. . . . . .  

20.26 

20.33 

19.93 
19.61 

19.74 

19.77 
. . .  
19.45 

19.62 

19.93 

1;.98 

17.90 
. .  

17.71 

18.14 

17.81 
17.84 

17.53 
17.67 

. . .  
li.92 

17.89 

17.76 

17.70 

17.74 
. . .  
. . .  
18.52 

18.23 

20 

21 
22 
23 

24 

25 
26 
27 

28 
29 

19.99 

19.83 
19.88 

19.98 

19.85 
20.02 

20.01 
20.30 

. 

. . .  

1i.18 
18.07 

18-40 

18.66 

18.65 

18.43 
. . .  
18.43 
18.58 

18.71 
18.70 

16.82 

18.76 

. . .  
18.70 
18.77 

18.98 

19.62 
18.72- 

1!1.81 

19.86 
19.60 
20.03 
. . .  
2031 

20.09 
19.95 

19.93 
19.84 

. . . .  j 19.80 . . . . .  lsil 

- .- -- - ... --- -- - -. - - -- 

19.72 

19.96 

20.07 
. . .  
19.73 

19-87 

1i.96 

20.19 

19.80 

20.22 
19.89 
. . .  
19.84 

19.64 

19.60 
19.76 

19.83 

19.89 
. . .  
19.92 

19.60 

20.08 

19.84 
19.98 

19.92 

18.29 

18.07 
17.96 

18.36 
. . .  
18.44 

18.34 
18.15 

18.01 

18.701 

1 

2 
3 

4 
5 

6 
7 

8 

9 

10 

11 
12 
13 

14 

15 

16 

17 

18 
19 

19.35 . 1 . 1 . 
- -- -- - .- --- i 

- 

26.12 

'19.80 
20.25 

19.79 

19.96 

19.60 

20.22 

20.13 
20.13 

20.02 

20.11 

19.70 

20.10 

20.28 

19.98 

20.01 

20.22 
20.07 

. . . . . .  
19.85 

19.68 

20.63 
20.02 
20.13 

19.86 

. . .  
20.25 

1i.90 

18.58 

18.66 
. . . . . .  
18.92 

19.05 

18.89 
18.80 

19.26 

19.07 
. . .  
19.01 
19.55 

19.19 

19.24 

19.11 
19.30 

. . .  
19.43 

18.66 
. . .  
18.60 

19.07 

18.98 
18.92 

18.54 

18.95 
18.56 
. 

1i.49 
19.56 
. 
19.41 
19.73 

19.81 

19.87 
19.77 

19.71 
. . .  
19.69 

19.71 

19.60 
19.63 

19.69 

19.95 

. . .  
19.80 
20.01 

18.83118.78 19.45 

19.41 
19.17 
19.27 

19.84 
. 
19.32 
19.53 

19.15 
19.22 

19.89 

19.86 
19.71 

19.49 

. . .  
19.57 

19.81 
19.44 

19.91 

19.48 

18.53 18.~1 

19.02 

. . .  
19.02 
19.96 

. I . .  

20.01 

20-00 
20.03 

19.79 

19.65 
. . . . . .  

19.92 

19.74 

. . .  
20.06 

19.87 

20.23 

. . . . . .  
20.03 

19.86 
20.18 

20.39 
1'3.97 

18.97 

18.69 
19.50 

19.13 

19.68 

. . .  

19.72 

19.20 

18.33 

. 17.78 

1i.92 

20.12 

19.82 

. . .  
111.69 

19.77 

19.64 
19.76 

19.34 
. . .  
19.79 

19.54 

19.57 

19.31 

18.83 
19.31 

. . .  
19.65 

19.70 
. . .  
19.72 

19.99 

17.68 

19.07 18.82 . . .  
18.08 

19.10 18.76 18.01 

19-24 18.89 17.89 
. . .  j 18.17 



MAGNETIC OBSERVATIONS. 

DECLINATION: 4, MEAN HOURLY VALUES FOR EACH MONTH.  

Bombny 
Nean Time. Civil Time. 

Noon 

1 

2 

3 

4 

I 

19.59 

19.27 

19.23 

19.32 

19.37 

18.93 

19.22 

18.97 

19.28 

19.30 

5 19.30 

6 ' 1 9 3 5  

i I 

19.30 

1 9 3 8  

19.37 

19.63 

19.59 

19.34 

19.09 

18.81 

18.67 

18.48 

18.19 

18.83 

19.32 

19.54 

19.21 

18.80 

18.71 

18.91 

( 1 9 . 0 2  

7 

8 

9 

10 

11 

12 

13 

14 

1 5 

16 

17 

18 

I 

18.86 

18.71 

18.62 

18.50 

18.57 

19.27 

19.33 

19.11 

19.04 

18.80 

18.65 

18.36 

18.21 

16.2Ii 

18.99 

19.16 

18.95 

18.80 

18.73 

18.79 

18.99 

19.04 

19.05 

18.90 

18.83 

18.56 

18.50 

19.14 

19.75 

19.86 

19.80 

18.71 

18.00 

17.75 

18.00 

17.80 

19 ( 18.01 

20 ( 17.87 

1 1 R 3 9  

22 ! 1 8 . 9 0  

2 3 19.15 

I 

18.44 

18.32 

18.18 

18.12 

18.23 

18.48 

18.64 

18.77 

18.86 

18.97 

18.95 

18.68 

18.59 

18.62 

19.35 

20.16 

20.31 

19.92 

18.64 

17.43 

16.52 

16.66 

17.07 

17.90 

I 

17.93 

18.08 

18.01 

17.82 

17.87 

18.04 

'18.18 

18.43 

18.62 

18.64 

18.79 

18.73 

18.60 

18.85 

18.66 

20.59 

20.27 

19.10 

17.54 

16-50 

15.88 

15.93 

16.66 

17.37 

I 

17.23 

17.57 

17.48 

17.16 

17.20 

17.41 

17.74 

17.96 

18.15 

18.20 

18.32 

18.28 

18.37 

18.46 

19.53 

20.09 

19.98 

19.12 

17.87 

16.45 

15.74 

15.75 

l(i.17 

l( i .66 

16.31 

16.48 

16.50 

16.15 

16.19 

16.37 

16.69 

16.85 

16.90 

17.21 

17.29 

17.30 

17.32 

17.50 

18.55 

19.04 

18.79 

17.94 

16.70 

15.53 

15.03 

14-86 

15.31 

15.80 

I 

16.98 

17.04 

16.67 

16.45 

16.38 

16.53 

16.68 

16.89 

17.10 

17.27 

17.41 

17.37 

17.39 

17.72 

18.66 

19.20 

18.73 

17.30 

15.88 

14.95 

14.45 

14.66 

15.51 

16.24 

17.60 

17.30 

16.80 

16.72 

16.69 

16.72 

16.95 

17.10 

17.16 

17.26 

17.38 

17.36 

17.25 

17.46 

18.21 

19.02 

1'4.58 

17.20 

15.66 

14.45 

14.00 

14.06 

15.80 

16.97 

I 

19.35 

18.75 

18.56 

18.64 

18.82 

18.93 

18.95 

19.14 

19.18 

19.13 

19.01 

18.90 

18.93 

18.83 

18.94 

I 

18.20 

18.18 

18.21 

18.25 

18.27 

19.39 17.21 17.73 712  9, 

19.59 17.81 18.27 8 1 2  ,, 

18.98 18.21 18.57 9 1 2  

18.29 18.10 18.55 1012 ,, 
7 . 5  17.82 18.23 11 11 ,. 

17.39 18.08 18.14 sooll 

17.88 18.46 18.59 112' ,"  

18.(il 18.53 18.91 2 1 2  7 t  

19.14 18.39 19.04 3 1 2  .. 

18.24 

18.33 

18.42 

18.46 

18.42 

18.29 

17.86 

17.73 

17.54 

17.20 

I 

19.07 

18.98 

18.87 

18.84 

18.91 

L n, 

412p.1,. 

5 1 2  . 
6 1 2  . 
7 1 1  ,, 
8 1 2  . 

18.82 

18.85 

18.83 

18.83 

18.71 

18.59 

18.30 

18.18 

18.06 

11.86 

9 1 9  ., 
1011 . 
1113 . 
hhlnigl~t 

112A.U. 

2 1 2  ;, 
3 12 ,, 

4 1 2  

5 1 2  ,. 
6 1 2  v 

' 



GENERAL RESULTS OF THE CORREBPONDINO MAGNETIC OBBERVATIONB AT DOMBAY. 

i 

July. April. 1 Nay. June. Y c t  IIec. Nov. /I_/. (iottingen J I n u a ~ .  
blenn Time. I I 

I 

18.63 

18.93 

19.10 

18.91 

18.68 

18.79 

19.04 

19.18 

19 .45  

19.60 

19.71 

19.68 

19 .75  

19.96 

20.72 

21.13 

20.97 

20.48 

19.44 

18.23 

17.59 

17.44 

17.67 

18.28 

Bomhny 
Civil Time. 

I 

19 .65  

19.33 

19.29 

19 .26  

19.30 

19.47 

19.53 

19.70 

19.68 

19 .71  

19.59 

19 .55  

19.46 

19.30 

19.39 

20.02 

20.31 

19 .85  

19.16 

18.20 

1 7 - 7 3  

18.17 

18.93 

19.41 

August February 

19.89 

19.67 

19.69 

19 .73  

19.68 

19.54 

19.54 

19.58 

19.55 

19.50 

19.42 

19.23 

19.05 

19.03 

19.21 

19.33 

19.90 

19.89 

19.14 

1 8 - 1 6  

18.93 

19.76 

20.29 

20.31 

20.02 

19.74 

19.79 

19 .84  

19.84 

19.86 

19.88 

19.89 

19.98 

19.90 

1'1.83 

19 .53  

19.23 

19.10 

19.06 

19.11 

19.60 

19.64 

19.04 

18.44 

18 .65  

10.26 

19.70 

19.92 

19.63 

19.42 

19.22 

19.22 

19.31 

19.33 

19.41 

19.49 

19.52 

19.59 

19.54 

19 .42  

19.34 

19.20 

19.36 

19.98 

20.36 

20.46 

19.72 

18.94 

18.28 

18 .23  

18.78 

19.42 

Iept  

I 

19.27 

19.52 

19 .35  

19.04 

19.17 

19.30 

19.41 

19.64 

19.62 

19.73 

19.89 

19.72 

19.45 

19.54 

20.17 

21.25 

21.37 

20.65 

19.58 

18.28 

17.43 

17.22 

17.85 

18.56 

I 
11 m 1 

4 1 2 ~ . a 1 . 1  

5 1 2  ,. 
6 1 2  !. 
7 1 2  ,. 
8 1 2  ,, 

jJ 
9 1 2  ,, 

1 0 1 2  ,, 
11 12 ,, 
blilidnigl~t 

112n .a1 . I  

2 1 2  ,, 
3 1 2  ,. 
4 1 2  ,. 

5 1 2  ,, 
(i 12 ,, 
7 1 2  ,. 
8 1 2  ,, 
9 1 2  ,. 

I 0 1 2  ,. 
11 12 .. 

Noon 

1 1211.>~.  

2 1 2  ,. 
: 3 1 2  ,. 

, 
19.11 

19.33 

19.18 

19.12 

19.16 

19 .25  

19.34 

19.54 

19.70 

19.77 

19.87 

19 .45  

19.46 

20.03 

20.79 

21.45 

21.26 

20.12 

18.74 

17.81 

17.18 

17.30 

1 7 . 8 5  

18.46 

l i . 3 2  

19.37 

10.39 

19.39 

19.40 

19 .44  

19.36 

19.37 

19.41 

19.28 

19.21 

19.04 

18 .95  

18.78 

18.67 

18.73 

19.51 

20.39 

20.36 

19.77 

1!).30 

19.05 

19.11 

19.14 

I 

19.77 

19.57 

18.97 

18.92 

18.08 

19.14 

19.11 

19.16 

19.27 

19 .32  

19.35 

19.42 

19.49 

19.67 

20.45 

21.53 

21.04 

19.58 

17.99 

16.64 

16.06 

16.77 

17.75 

18.94 

19.30 

19.58 

19.45 

19.13 

19.23 

19.30 

19.47 

19.24 

19.86 

20 .02  

20.03 

20.01 

10.99 

20.30 

21.18 

21.92 

21.82 

20.67 

19.10 

18.09 

17.47 

17.66 

18.13 

18.74 

l d . 3 0  

19.49 

19.48 

19.56 

19.49 

10.49 

19.39 

19.39 

19.30 

19.22 

19 .03  

18.88 

18.73 

18.44 

18.24 

18.04 

18.54 

10.59 

19.92 

Noon 

1 

2 

I 

18.96 

19.17 

19 .01  

18-83  

18.79 

18.90 

19.16 

19.26 

19 .55  

19 .73  

19.87 

19.84 

19 .91  

20.03 

20.86 

21.48 

21.33 

20.63 

1 9 5 2  

18.39 

17.51 

17.48 

17.78 

18.40 

I 19 1!1.52 

1 LO 18.96 

19.06 

19.02 

1!1.05 

I . 

' 

3 

4 

j 

G 

7 

n 

9 

10 

l i  

12 

13 

14 

13 

16 

17 

I8 



blAQNETIC OBBERVATIONB. 

DECLINATION: 4, MEAN HOURLY VALUES FOR EACH MONTH. 

Gottingen 
Menn Time. 

n r .  e r  a .  1 * p i .  ~ a y .  June. July. August. Nov. 

- 
, 

19.62 

19.47 

19.58 

19.66 

19.67 

19.69 

19.74 

19.75 

19 .86  

19.94 

19.73 

19 .55  

19.36 

19.12 

18.86 

18.88 

19.27 

19.46 

19.37 

19.21 

19.69 

20.15 

20.15 

19.90 

- 

Sept. 

I 

19.32 

19 .26  

18.84 

18 .83  

18 .90  

1 8 . 9 6  

19.15 

19 .16  

1 9 . 2 6  

19 .28  

19.23 

19 .18  

19.27 

19.41 

20.16 

20.96 

20.71 

19 .45  

17.94 

16 .66  

15 .95  

16.39 

17.42 

1 8 . 6 8  

I 

i 
Bornbay I 

C i v ~ l  Time / Oct. 

19.53 

19 .20  

19.06 

19.18 

19.31 

19.34 

19.38 

19.48 

19 .44  

19.44 

19.36 

19.28 

19 .12  

19.06 

19.18 

19.73 

19.88 

19.37 

1H.63 

18 .05  

17.85 

18.26 

18.97 

19.46 

I 



GENERAL R13BULTH OF THE CORREHPONnlNO MAGNETIC ODAERVATIONR AT BOMBAY. 

DECLINATION: 4: MEAN HOURLY VAI.UFR FOR EACH MONTH.  

D. 1867. 

I 
I 
i 

1 
i ' 

A u g u ~ t  

I 

18.93 

19.13 

18.84 

18.53 

18.50 

18.59 

18.71 

18.87 

18.95 

19.12 

19.24 

19.28 

19.34 

19.56 

20.58 

21.32 

21.08 

19.76 

18.27 

17.18 

16.68 

16.66 

17.23 

18.17 

-- 

- 

June  

I 

19.60 

19.64 

19.42 

19.20 

19.26 

19.47 

19.68 

19.84 

20.07 

20.15 

20.26 

20.22 

20.29 

20.52 

21.47 

21.86 

21.67 

20.76 

19.6G 

18.61 

18.03 

18.11 

18.53 

19.07 

r c h .  Mean Time. 
h'w. 

18.83 

18.61 

18.74 

18.80 

18.91 

18.07 

19.14 

19.16 

19.10 

19.05 

18.85 

18.58 

18.37 

18.18 

17.98 

18.13 

18.57 

18.66 

18.49 

18.07 

18.52 

19.06 

19.08 

18.90 

- 

J y  

18.67 

18.84 

18.79 

38.55 

18.47 

18.66 

18.88 

19.16 

19.37 

19.49 

19.54 

19.59 

19.55 

19.82 

20.70 

21.24 

20.87 

20.02 

18.79 

17.73 

17.31 

17.37 

17.69 

18.27 

20.34 

19.97 

19.80 

19.72 

1 0 4 5  

19.92 

19.98 

20.06 

20.03 

20.00 

19.85 

19.79 

19.75. 

19-77 

19.87 

20.56 

20.98 

20.90 

20.48 

19.81 

19.37 

19.38 

19.79 , 

20.25 

- -. 

- 

S e t  

19.34 

19.00 

18.65 

18.65 

18.71 

18.77 

18.96 

19.13 

19.15 

19.15 

19.21 

19.26 

19.17 

19.53 

20.55 

21.70 

21.37 

19.iG 

17.88 

16.41 

15.72 

16.24 

17.50 

18.76 

- 

i 
Noon I I 

2 

3 

4 

5 

6 

i 

8 

'3 

I 10 

11 

11 12 

1 13 
14 

I 

- 

0 .  

I 

18.41 

18.09 

17.86 

17.92 

18.00 

18.07 

18.17 

18.37 

18.43 

18.38 

18.17 

18.13 

17.93 

17.90 

18.13 

18.91 

19.33 

18.98 

18.17 

17.20 

16.66 

16.81 

17.30 

18.01 

h c .  

I 

18.97 

18.89 

18.94 

19.10 

19.18 

19.04 

19.09 

19.19 

19.07 

18.91 

18.81 

18.67 

18.49 

18.35 

18.24 

18.24 

19.04 

19.71 

19.45 

19.00 

18.91 

19.34 

30.33 

19.03 

4 

p i .  

I 

19..56 

19.53 

19.33 

19.14 

19.11 

19.28 

19.46 

19.69 

19.82 

19.94 

19.99 

19.84 

19.77 

19.79 

20.26 

21.10 

21.10 

20.55 

19.44 

18.45 

17.74 

17.88 

18.46 

19.15 

19.99 

2 i .08  

20.01 

20.03 

20.08 

20.01 

20.03 

20.04 

19.96 

19.87 

19.79 

19.63 

19.46 

19.11 

19.00 

19.09 

19.78 

20.52 

20.50 

19.82 

19.57 

19.57 

19.61 

1'3.65 

I.--- 

I 

! 
Ci\.il B O I I I ~ H ~  ' h u e .  

h m 

412y.iU. 

5 1 2  .; 
6 1 2  

7 1 2  .. 
8 12 .. 
9 1 2  ,. 

1 0 1 2  .- 
1 1 1 2  ,, 
hlidnight 

1 1 2 ~ . ~ .  

2 1 2  

3 1 2  ,. 
4 1 2  ,. 
5 1 2  .. 
6 12 ,? 

7 1 2  ,. 
8 1 2  ,. 
9 1 2  .. 

1 0 1 2  ;. 
1 1 1 2  ,. 

Noon 

1 1 2 ~ . ~ 1 .  

2 12 ,, 

3 1 2  ,, 

! 
a .  

I 

19.47 

19.49 

19.29 

19.19 

19.31 

19.51 

19.76 

19.98 

20.09 

20.40 

20.37 

20.38 

20.27 

20-37 

21.19 

22.00 

21.91 

20.78 

19.25 

17.98 

17.32 

17.43 

18.17 

18.93 

19.79 

20.01 

20.09 

20.13 

20.06 

20.12 

20.13 

20.12 

20.14 

20.06 

19.86 

19.75 

19.63 

19.43 

19.31 

19.23 

20.05 

20.82 

21.11 

20.79 

20.25 

20.01 

19.82 

19.75 

15 

16 

17 

18 

19 

20 

21 

22 

23 

i 



312 JIAONETIG OBSERVATIONS. 

IT. HORIZONTAL INTENSITT 

HORIZONTAL WTENSITY : 1, MEAN YEARLY V A L U E S .  

(English Units are used throughout.) 

HORIZONTAL INTENSITY: 2, MEAN MONTHLY VALUEB. 

Absolute 
Horizontal 

Intensity. 

7.998 

8.000 

7.998 

8.017 

8.025 

January, February, March, 
winter = I 

October, November, December. 

Year. 

1853 

1854 

1855 

1856 

1857 

Year. 

1847 

1848 

1849 

1850 

1851 

1852 

Summer = 
~ d y ,  August, Septemher. 

Absolute 
Horizontal 

Intensity. 

7.943 

., 8:940 

; 7.951 

7.967 

7.968 

7.097 

Month. 

January 
Febiuary 
March 
April 

May 
June 

Month. 

September 
October 
November 
December 

Meanofwinter' 

J ~ Y  

August 

English Units. 

1854. / 1855. 1 1816. 1 1851. 

Englisl~ Units. 

8.200 

8.025 

8.028 

8.028 

8.029 

1857. 

8.021 

8.025 

8.024 

8.028 

8.025 

1854. 

8.007 

8.011 

8.015 

8.017 

8.001 

8.000 7.998 8.024 

8.004 8.000 8.017 I 

8.022 

8.021 

8.019 

8.017 

8'015 

8.013 

7.985 

7.988 

7.992 

7.991 

7 '996 

8.000 
8.016 

7.987 

7.988 

7.991 

7.993 

7 '995 

7.908 
8.026 

18%. 

8.003 

8.005 

8.009 

8.013 

7.999 

Meanofsummer2 

8.017 8,025 I 1  

1856. 

8.011 

8.010 

8.018 

8.017 

8.018 

8.023 Mean of the Year 8.000 7.998 I I 
7.990 7.998 



GENERAL RI*:fjULlYj OF THE CORREfiPONDING MAGNISTIC ORSERVATIOh'Y AT BOBIBAY. 

I 
Date. 1 Jenuarg - IlOItIZONTAL INTENSITY: 3, MEAN DAILY VALUEH, 

for encli Day of Giittingen Alean Time. 

Fe1Jruary.l March. 

7.987 7.990 . . . 7.994 8.000 . . . 8.003 8.004 8.010 8,008 8.010 

7.989 7.993 7.994 7.994 8.001 8.002 8.007 . . . 8.009 8.010 . . . 
7.991 7.990 7.992 7,997 . . .  8.001 8.000 8,005 8.009 8.011 8.011 

. . .  . . .  7.993 7.995 8.000 8.001 7.999 8.007 8.010 . . .  8.013 

7.988 7.992 7.992 7.992 8.000 8.001 . . . 8.008 8.012 8.013 8.013 

7.989 7.990 7.993 . . . R.003 8.003 8.001 8.007 8.012 8.011 8.014 

7.990 7,990 7.992 8.001 8.000 8,002 . . .  8.007 . . .  8.012 8.015 

7.991 7.992 . . . 7.997 8.002 . . . 8.002 8.008 7.995 8.008 8.015 

7.991 7.993 7.995 7.989 8.003 7.999 8.003 . . . 8.004 8.011 . . .  
7.981 7.993 7.984 7.995 . . .  7,993 8.003 8.008 8,008 8.015 8.017 

. . .  . . .  *7.980 7.995 8.002 7.995 8.001 *7.9!)6 8.009 . . .  8.018 

7.986 7.993 7.989 7.995 7.994 7.997 . . . 8r003 8.004 8 . I 7  8.019 

7.986 7.994 . . .  . . . 7.997 7.999 8.004 8.006 8.006 8.01li  8.017 

7.985 . , . 7.984 8.000 8.000 7 9 9  8.004 8.003 . . . 8,017 8.016 

7.982 7.989 . . . 7.992 7.999 . . . 8.008 9.005 8.010 8.016 8.021 

7,987 7.955 7.992 7.991 7.999 8.001 8.006 . . . 8.011 8.016 . . . 
7.988 7.988 7.994 7.993 . . . 8.001 8.004 8.004 8.014 8.017 8.018 

. . . . . . 7.986 7.997 8.000 8,001 8.005 8.005 8,011 . . . 8.016 

7.989 7.993 7.989 7.995 7.999 8.002 . . . 8.008 8.012 8.017 8.017 / 
7.991 7.991 7.990 . . . 7.997 8.004 8,000 8.010 . . . 8,018 8.017 

7.901 7.994 7.991 7.996 8.000 8.003 8.001 8.006 8.013 8.015 R.018 

7.993 7.994 . . . 7.996 8.002 . . . 8.003 8.007 8.016 8.015 8.019 

7.992 7.994 7.988 . . .  5.990 8.000 8.003 . . .  8.011 8.016 . . .  
7.995 7.996 7.983 8.002 . . .  7.996 8.005 8.008 8.012 8.016 8.021 

7.993 . . . 7.991 7.996 8.000 7.998 8.004 8.00G 8.013 8.015 8.021 

. . . 7.990 7.994 7.997 8.002 8.000 8.005 8.008 8.012 . . . 8.022 

1 

April, 1 DIay I June I J I I ~ ~ .  iiugt1.1 011. Srpl  Nov. 1 . Drc. 
i 



MAGNETIC OBSERVATIONS. 

I-IORIZONTAL INTENSITY: 3, MEAN DAILY VALUES, 

for each Day of Giittingen Mean Time. 

U. 1855. 



GENERAL RESULTS OF THE CORRESPONDLNG MAGNETIC! OBYERVATIONY AT BOMBAY. 3 1.5 

HORIZONTAL LNTENSITY: 3, MEAN DALLY VALUEB, 

for each Day of Gottingeu hfean Time. 

Nsrcb. 

. . . 
8.022 

8.019 

8.021 

8.020 

8.017 

8.021 

. . . 
8.017 

8.019 

8.019 

8.020 

8.022 

8.021 

. . . 
8.017 

8,020 

8.015 

8.014 

. . . 

. . . 

. . . 
8.018 

8.019 

8.021 

8.021 

8.010 

8.020 

. . .  
8.016 

8.020 

- 

February. 

8.022 

. . . 
8.027 

8.029 

8.032 

8.027 

8.022 

8.025 

. . . 
8.024 

8.021 

8.019 

8.019 

8.017 

8.020 

. . . 
8.022 

8.022 

8.026 

8.021 

8.020 

8.023 

8.020 

. . .  
8.018 

8.009 

8.005 

8.010 

8.012 

. . . 

. . . 

Date 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31  

January. 

8.025 

8.025 

8.029 

8.028 

. 
8.026 

8.034 

8.026 

8.031 

8.030 

8.022 

. . .  
8.013 

6.012 

8.011 

8.015 

8.015 

8.012 

. . .  
8.015 

8.013 

8.013 

8.015 

8.027 

8.031 

. . . 
8.030 

8.028 

8.027 

8.028 

8.022 

April. Dc. 

8-017 

8.019 

8.017 

8,008 

8.015 

. . . 
8.017 

8.013 

8.020 

8.012 

8.014 

8.020 

. . . 
8.018 

8.017 

8.019 

8.014 

8.015 

8.018 

. . . 
8.019 

8.018 

8.019 

8.016 

8.015 

. . . 

. . . 
8.014 

*8.005 

8.013 

8.014 

June. 1 July. 1 Augud May. Nor .  

. . . 
8.015 

8.012 

8.015 

8.010 

8.013 

8.013 

. . . 
8.017 

8.017 

8.016 

8.018 

8.019 

8.021 

. . . 
8.018 

8.013 

8.020 

8.016 

8.016 

8.014 

. . . 
8.019 

8.017 

8.021 

8.020 

8.018 

8.017 

8,013 

. . . 

. . . 
- _ - - -  

S t .  

8.011 

8.013 

8.013 

8.013 

8.016 

. . . 
8.016 

8.012 

8.009 

8.013 

8.015 

8.015 

. . . 
8.015 

8.015 

8.009 

8.008 

8.008 

8.008 

. . . 
8,010 

8.011 

8.008 

8.010 

8.012 

8.005 

. . . 
8.009 

8.008 

8.007 

. . . 

. . . 
8.010 

8.010 

8.007 

8.007 

8.009 

. . .  
8.007 

8.006 

8.007 

8.006 

8.008 

8.011 

. . . 
8.014 

8.016 

8.011 

8.013 

8.015 

8.016 

. . . 
8.020 

8.021 

8.019 

8.019 

8.020 

8.018 

. . .  
8.019 

8,017 

. . . 

Oct. 

6.008 

8.008 

8.013 

. . .  
8.004 

8.007 

8.008 

8.012 

'8.008 

8.012 

. . . 
*8.001 

8,008 

8.009 

8.010 

8.012 

8.012 

. . . 
6.014 

8.007 

8.010 

8.005 

8.002 

8.006 

. . .  

. . . 
8.013 

8.013 

8.012 

8.016 

8.016 

I .  
8.021 

8.020 

8.018 

8.019 

. . .  
8.018 

8.020 

8.019 

8.019 

8.019 

8.018 

. . .  
8.018 

8.018 

8.019 

8.016 

8.018 

8.016 

. . .  
8.019 

8.019 

8.011 

8.010 

8.014 

8.015 

. . . 
8.016 

8.015 

8.016 

8.012 

. . . 

8.017 

8.015 

8.020 

8.019 

. . .  
8.021 

8.020 

8.018 

8.020 

8.021 

8.022 

. . .  
8.023 

8.029 

8.023 

8.025 

8.022 

8.015 

. . .  
8.027 

8.025 

8.022 

8.019 

8.021 

8.021 

. . . 
8.021 

8.021 

8.021 

8.022 

8.020 

8.013 

8.013 

. . . 
8.017 

8.016 

8.018 

8.019 

8.018 

8.018 

. . .  
8.016 

8.015 

8.019 

8.011 

8.010 

8.010 

. . . 
8,016 

8.015 

8.016 

8.016 

8.015 

. . . 

. . .  
8.021 

8.018 

8.014 

8.013 

8.012 

8.013 

8.011 

~ 

8.021 

. . . 
8.021 

8.017 

8.018 

8.018 

8.018 

8.020 

. . . 
8.021 

8.015 

8.018 

8.020 

. . . 
8.019 

. . . 
8.018 

8.021 

8.018 

8.019 

8,017 

8.010 

. . . 
*8.006 

8.011 

8.015 

8.017 

8.016 

8.015 

. . . 
8.015 

1 



iWAONE1'IC OBSERVATIONS. 

HORdZONTAL INTENSITY: 3, MEAN DAILY VALUER, 

for each Day of Oiittingen RIenn Time. 

Jnnunry. F~bruary. Rfarrh. April. RIny. 

I I I I I 

June. July. 

I 



QENEnlIL RESULT8 01" THF, COIlIlESPON1)INQ JIAQNETIC ODSERVATIONR AT RONBAY. 

HORIZONTAL INTENSITY: 4, MEAN H O U ~ L Y  VALUES FOR EACH MONTH. 

8. 1854. 

Ncnn Time. 

Nool, 7.984 7.988 7.990 7.991 7.996 7.999 7.999 8.003 8.006 8.010 8.011 8.017 4 1 2 ~ . a r .  

1 7.981 7,987 7,989 7.990 7.995 7.998 7.998 8.002 8.005 8.009 8,012 8.015 5 1 2  ,, 
1 7.981 7.986 7.988 7.989 7.992 7.998 7.997 8.002 8 ,005 8.008 8.011 8.013 6 1 2  ,, 
3 7.981 7.984 7.988 7.987 7.992 7.997 7.997 8.001 8.004 8.007 8.010 8.013 7 1 2  .. 
4 7.980 7.984 7.988 7.988 7.992 7.997 7.997 8.001 8.004 8.006 8.010 8.012 8 1 2  ,, 
5 7.981 7.984 7.989 7.988 7.993 7.998 7.997 8.001 8.004 8.006 8 4 1 0  8.012 9 12 ,, 

5 7.982 7.984 7.989 7,989 7.993 7.998 7.999 8.002 8.005 8.007 8.011 8.013 1 0 1 2  ,, 
i 7.982 i.!)86 7.990 7,989 7.993 7.998 7.998 8.002 8.005 8.007 8,011 8.013 11 12 ,, 

n 7.982 7.985 7.990 7.989 7.994 7.999 7.998 8.002 8.005 8.008 8.012 8.014 hlidnight 

, 9 7.983 7.986 7.989 7.990 7.994 7.999 7.998 8.002 8.006 8.008 8.012 8.014 1 1 2 ~ . ~ .  

10 7.983 7.987 7.989 7.990 7.994 7.999 7.999 8.002 8.006 8.009 8.013 8.015 2 12 ,, 1 11 7.984 7.987 7.990 7.991 7-994 7-999 7.999 8.003 8.006 8-010 8.013 8.015 1 1 2  ,, 
12 7.984 7.987 7.989 7.9!11 7.995 8,000 7.999 8.003 8.007 8.010 8.014 8.015 4 1 2  ,, 
13 7.985 7.988 7.991 7.991 7.995 8.000 7,999 8.003 8.007 8.010 8.014 8.016 5 1 2  .! 

14 7.985 7.988 7.991 7.990 7.995 8,001 7.999 8.003 8.005 8.010 8.014 8.0lci ti 12 -, 
15 7.987 7.988 7.991 7.990 7.996 8.003 8.000 8.003 8.005 8.010 8.016 8.017 7 1 2  ,, 
I6 i.!)8G 7.990 7.994 7,992 7.998 8,005 8.001 8,004 8.006 8.013 8,018 8.018 8 12 ,. 

1 17 7.989 7.993 7.997 7.995 8.001 8.006 8.004 8.007 8.006 8.016 8.021 8-020 : , I 2  ,. 

1 I8 7.992 7.996 7.999 7.9!)8 8.004 8.007 8.007 8.009 8,012 8.018 8.022 8.021 1 0 1 2  ,, 
11 10 7.992 7.997 8.000 7.998 8.004 8.007 8-008 8.010 8.012 8-018 8.023 8.022 11 12 ,, 
:I 20 7.992 7.996 7.999 7.996 8.003 8.007 8.007 8,010 9.012 8.018 8.021 8.0" l o o r ,  

I1 7.!)90 7.995 7.996 7.995 8.002 8,006 8.005 8.009 8 ,010 8,016 8.01!) 8.020 1 12 P . J ~ .  

2 7.989 7.992 ?.!I93 7.994 8,000 8.003 8.003 8.007 8.009 8.014 8.017 8.019 2 1 2  .. 
23 7.987 7.989 7.991 7.991 ,7.988 8.001 8,001 8,005 8,007 8.012 8.016 B.018 3 1 2  ,, 



MAGNETIC OBSERVATIONS. 

HORIZONTAL LNTENSITY: 4, MEAN H O ~ L Y  VALUES F O I ~  EACH MONTH. 

B. 1855. 

Gottingen 
January. Febronry 

Nenn Time. I I 
Noon 

1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

2 3 

August. I Sept. I Oct. Nov. Nay. 

7.994 

7.992 

7.992 

7.991 

7.991 

7.991 

7.992 

7.993 

7.994 

7.994 

7.993 

7.994 

7.994 

7.991 

7.994 

7.995 

7.998 

8.001 

8.003 

8.003 

8.002 

8.001 

7.998 

7.996 

-- 

Norch. 

7.990 

7.989 

7.987 

7.987 

7,987 

7.987 

7.988 

7.989 

7.9a9 

7.989 

7.990 

7.990 

7.990 

7.990 

7.990 

7.990 

7.993 

7,997 

8.000 

8.001 

7.999 

7.997 

7.995 

7.993 

April. 

7.992 

7.991 

7.990 

7.990 

7.990 

7.990 

7.992 

7.992 

7.993 

7.992 

7.990 

7.992 

7.993 

7.992 

7.991 

7.992 

7.994 

7.997 

8.000 

8.000 

8.000 

7.998 

7.996 

7.994 



GENEItAL RESULTS OF THE CORIlESPONDINCf YAONETIC OBBERVATIONB AT BOBIBAY. 

HORIZONTAL INTENSITY: 4, MEAN HOURLY VALUEH FOR EACH MONTH. 

C. 1856. 

Gottingen 
Mean Tlme. 

Noon 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1G 

17 

I8 

19 

20 

21 

22 

23 

Februnry. 

8.024 

8.022 

8.018 

8.016 

8.016 

8.016 

8.016 

8.016 

8.016 

8.016 

8.017 

8.016 

8.017 

8.017 

8.018 

8.018 

8.022 

8.027 

8.030 

8.033 

8.033 

8.031 

8.028 

8.027 

January. 

8.024 

8.022 

8.020 

8.018 

8.018 

8.017 

8.017 

8.017 

8.017 

'8 .017 

8.017 

8.017 

8.017 

8.018 

8.018 

8,018 

8.022 

8.026 

8.036 

8.033 

8.032 

8.030 

8.029 

8.027 

March. 

8.020 

8.018 

8.016 

8.014 

8.013 

8.013 

8.014 

8.014 

8.014 

8.014 

8.014 

8.014 

8.015 

8.015 

8.016 

8.016 

8.020 

8.026 

8.030 

8.031 

8.030 

8.028 

8.025 

8.022 

Apr~l.  

8.017 

8.015 

8.013 

8.012 

8.012 

8.011 

8.011 

8.011 

8.012 

8.012 

8.012 

8.013 

8.013 

8.013 

8.013 

8.014 

8.019 

8,024 

8.028 

8.029 

8.028 

8.025 

8.023 

8.020 

May. 

8.015 

8.013 

8.011 

8.009 

8.009 

8.010 

8.010 

8.010 

8.011 

8.011 

8.012 

8.011 

8.012 

8.01'2 

8.012 

8.013 

8.017 

8.021 

8.024 

8.025 

8.024 

8.022 

8.020 

8.017 

June. 

8.014 

8.012 

8.010 

8.009 

8.008 

8.009 

8.009 

8.009 

8.009 

8.009 

8.009 

8.009 

8.009 

8.010 

8.011 

8.013 

8.016 

8.018 

8.020 

8.022 

8.023 

8.022 

8.019 

8.016 

Oct. 

8.009 

8.007 

8.006 

8.004 

8.003 

8.003 

8.003 

8.004 

8.005 

8.006 

8.006 

8.00(i. 

8.007 

8.006 

8.006 

8.007 

8.012 

8.018 

8.021 

8.022 

8.021 

8.017 

8.015 

8.012 

Nov. 

8.019 

8.01G 

8.014 

8.012 

8.011 

8.011 

8.012 

8.012 

8.012 

8.013 

8.013 

8.013 

8.013 

8,014 

8.015 

8.01G 

8.021 

8.026 

8.029 

8.030 

8.029 

8.027 

8.024 

8.022 

Sept. 

8.012 

8.010 

8.008 

8.006 

8.006 

8.006 

8.006 

8.008 

8.008 

8.007 

8.008 

8.008 

8.009 

8.009 

8.009 

8.008 

8.011 

8.016 

8.020 

8.022 

8.021 

8,019 

5.017 

8.014 

July. 

8.024 

8.022 

8.021 

8.019 

8.019 

8.019 

8.019 

8.020 

8.020 

8.021 

8.021 

8.021 

8.021 

8.021 

8.022 

8.023 

8.027 

8.030 

8.033 

8.034 

8.033 

8.032 

8.030 

8.027 

Auyat.  

8.019 

8.016 

8.015 

8.013 

8.013 

8.012 

8.012 

8.013 

8.013 

8.013 

8.014 

8.014 

8.014 

8.014 

8.014 

8.014 

8.018 

8.022 

8.026 

8.027 

8.027 

8.096 

8.024 

8.021 

Dec 

8.020 

8.017 

8.012 

8.011 

8.010 

8.010 

8.010 

8.011 

8.012 

8.013 

8.013 

8.013 

8.014 

8.014 

8.015 

8.015 

8.019 

8.023 

8.027 

8.028 

8.028 

8.026 

8.024 

8.024 

Bombay 

Civ l l  Tirne. 

11 rn 

4 1 2 p . ~ .  

5 1 2  ,, 
6 1 2  ,, 
7 1 2  ,, 
8 1 9  ,, 
9 1 2  ., 

1012 , 
11 12 ,, 
Midnight 

112a.m. 

2 1 2  fl 

3 12 ,. 
4 1 2  ,, 
5 1 2  ,. 
6 1 2  ,, 

7 1 2  ,, 
8 1 2  ,, 
9 1 2  ,a 

1 0 1 2  ,, 
11 19 3 ,  

Noon 

112p.N. 

2 1 2  ,, 

3 1 2  ,, 



HORIZONTAL LNTENSITY: 4, MEAN HOURLY VALUES FOR EACH MONTH. 

Gottingen January. Februa~y.  Mnrch. 
Menn T i n r  1 1 I Scpl I OcL 1 N o r  I D ~ C .  1 c,~~$~c,ll July. August. -r 

8.026 

8.024 

8.023 

8.020 

8.019 

8.020 

8 .020  

8.021 

8 .021  

8 .020  

8 .020  

8 .020  

8.020 

8.021 

8 .022  

8 .024  

8 .027  

8 .030  

8 .034  

8 .036  

8 .035  

8.037 

8.031 1 

8.024 

8.022 

8 .020  

8 .018  

8 .017  

8 .017  

6 .018  

8 .018  

8 ,019  

8.019 

8.019 

8.019 

8.019 

8.020 

8.020 

8.021 

8 .023  

8.028 

8 .032  

8 .033  

8 .034  

8 .033  

8 .030  

8.029 / 8.028 

I 



GENERAL RESULTS OF TIIE COILREYPONDIXG 3IhltNETIC OBSEnVhTIONS AT BOMBAY. 32 1 

111. CALCULATED DIP. 

DIF': 1, MEAN YEAF~LY T T ~ ~ u ~ s .  

' 

Jnnonry, February, Marcl~. 
I Iv~nttr = I 

Octoher, Norembcr, Decenll~er. 

' Summrr = ] April, Mny, June, 

Jl~ly. ~\ugu-t Srptembcr. 

Year. D i p  1 ye&. 1 Dip. 

Month. 

January 
Februmy 
March 
April 
May 
June 
jnly 
August 

- - 

Month. 

September 
October 
Nore~nber 
December 

MeanofIVinterl 

MeanofSiuumer2 

hIeanoftlieYenr 

1847 

1848 

1849 
1850 

1851 

1852 

RIrnn Dip. 

1154. 1 IS55 1 1056 1 1057. 

1853 

1854 

1855 
1856 

1857 

0 I 

18 17.9 

18 08.6 
18 47.9 

19 18.2 

19 01.5 

1851.1 

Mean Dip. I i 

I054 1 1055. 1 1056. 
1 

1 1057. 1 

0 I 

19 18.2 

18 52.8 

19 01.4 
19 11.8 

19 06.6 

0 ,  

18 50.6 
19 05.1 

19 03.7 
18 54.7 

56'0 
19 00.1 
18 58.7 
18 57.2 

0 1  

19 11.3 

19 22.7 

19 17.4 
19 17.6 

21'G 

13 14.8 

10 08.6 
19 06.2 

.- 

0 ,  

18 41.6 

18.49.3 
18.55.4 

18 59.8 
59'0 

18 52.0 
57.0 

19 16.7 

- 

0 ,  

18 51.6 

18 44.9 
18 39.9 

18 31.6 

18 49.3 

18 56.4 

18 52.8 

0 ,  

18 57.3 

18 58.1 
19 02.0 

19 05.7 

04'0 
19 09.2 
19 13.6 

19 06.7 

0 ,  

19 01.5 
19 03.9 

19 13.7 
19 02.0 

19 11.8 

19 11.7 

0 ,  

h 14.4 
13 08.2 

19 12.3 
19 11.8 

18 59.8 

19 03.1 

19 01.4 

0 

19 10.0 

19 08.5 
19 12.3 ' ! 
19 12.1 

19 05.0 

19 08.2 

19 11.8,19 06.6 

I I -. . -. - -- - 



MAGNETIC OBSERVATIONS, 

for each Day of Gottingen Mean Timc. 

Date. 

1 

2 

3 

4 

,j 

ti 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

2 2 

2 3 
24 

2 5 

2 6 

2 7 

28 

29 

30 

31 

* Ahnol.msl day, or a dny on which this element \vns distnrhed. 

lrvuary. 

0 ,  

18 26.4 

49.9 

51.3 

51  1 

48.1 

46.1 

. . .  
47.9 

47.4 

44.9 

46.4 

48.8 

49.1 

. . . 

52.4 

52.4 

52 .1  

51.1 

51.2 

51.0 

. . . 
51.5 

53.2 

54.8 

53.6 

53.4 

52.4 

. . .  
-53.2 

54.9 

57.4 

I April. / Nay. I June. I July 1 AugusC I S c p l  February. 

0 ,  

19 00.5 

02.7 

02.1 

. . . 
03.8 

04 .1  

03.7 

03.9 

04.9 

07.3 

. . . 
06.4 

05.9 

09.5 

10.6 

10.9 

09.7 

. . . 
05.9 

04.3 

05 .1  

05.6 

05.0 

04.8 

03.7 

. . .  
01.3 

0 0 . 6 *  

. . . 

. . . 

. . . 

OcL I Nor. I D... March. I 
0 1  

19 03.3 

03.4 

02.5 

. . . 
01.0 

01.7 

01.9 

01.9 

01.1 

00.7 

. . . 
07.4 

09.2 

. . . 
10.1 

10.0 

09.4 

. . . 
07.7 

08.6 

07.7 

03.9 

01.7 

01.5 

. . . 
1857.9 

57.4 

-59.7 

58.5 

58.8 

.59.4 

0 1  

. . . 
18 56.9 

57.2 

. 55.2 

54.8 

55.8 

57.0 

. . . 
54.8 

54.9 

* 56.0 

52.2 

. . . 
51.0 

. . . 
52.3 

. 5 3 . 5  

53.9 

54.9 

55.8 

55.0 

. . .  
54.2 

56.4 

54.7 

52.'9 

54.9 

56.3 

. . . 
53.4 

. . . 

0 ,  

18 52.8 

52.4 

51.1 

47.0 

47.0 

48 .0  

, . .  
47.4 

38.9 

34.8 

34.2 

33.8 

33.0 

. . . 
31.7 

32 .1  

31.9 

44.8 

45.6 

. . .  

. . . 
42.9 

56.1 

56.7 

55.5 

53.7 

49.0 

. . . 
48.3 

48.0 

49.6 

0 ,  

. . . 
1 9 0 4 . 2  

01.7 

02.0 

01.0 

18 67 .1  

51.5 

. . . 
50.9 

59.4 

65.1 

55.7 

67.2 

19 02.6 

. . . 
02.6 

00.9 

00.4-  

03.6 

00.6 

1869.9  

. . .  
59.0 

1902.6  

18 57.2 

62.9 

57.1 

54.2 

. . . 
56.7 

3 

0 1  

18 55.8 

58.0 

58.4 

58.2 

67.8 

. . . 
59.7 

1 9 0 0 . 6  

02.6 

01.4 

18 56.1 

. . . 
51.0 

51.8 

52.0 

51.6 

50.6 

50.0 

. . . 
50.1 

50 .1  

. . . 
50.9 

52.8 

53.5 

55.9 

. . . 
19 00.6 

02.3 

09.3 

0 ,  

18 51.5 

50.2 

46.1 

. . .  
38.9 

39.3 

39.2 

39.5 

38.1 

35.9 

. . ,  
37.5 

38.2 

38.0 

37.8 

37.4 

36.6 

. . . 
36.1 

35.4 

35.7 

36.5 

36.2 

42.2 

40.8 

. . .  
47.8 

47.7 

39.7 

37.3 

: . . 

0 1  

19 03.2 

02.3 

. . .  
01.8 

07.2 

10.4 

06.8 

03.9 

03.2 

. . . 
0 0 . 7 1 6 4 9 . 1  

50 .1  

57.0 

59.2 

49.7 

47.5 

. . ,  
51.3 

54.5 

57 .1  

1901.7  

00.8 

00.3 

, . .  
01.9 

02.4 
03.9 

07.7 

09.2 

02.7 

. . . 

0 ,  

18 55.9 

53.1 

54.5 

. . .  
56.3 

. . .  
51.5 

53.3 

51.4 

5 3 . 2 *  

. . . 
57.0 

58.8 

57.8 

56.1 

54.0 

54.0 

. . .  
59.4 

56.5 

58.3 

59.4 

58.3 

57.9 

. . . 
:59.4 

19 03.7 

05.8 

01.9 

0 ,  

18 3% 

. . . 
33.( 

29.t 

29.: 

29.( 

31.; 

33.: 

. . . 
35.3 

33.1 

31.4 

31.: 

33.: 

33.1 

, . .  
33.1 

33.3 

33.6 

34.7 

. 34.G 

33.9 

. . . 

. . .  
29.5 

27.2 

26.9 

27.5 

26.5 

. . . 
27.3 

0 ,  

19 01.3 
. . . 

04.9 

6 6 . 1 1 8 5 9 . 4  

50.0 

50.7 

55.2 

58.5 

. . .  
46.3 

46.4 

43.5 

41.9 

43.2 

35.7 

. . .  
43.9 

46.4 

49.2 

52.7 

55.1 

58.9 

. . . 
58.0 

19 00.4 

5 8 . 9 1 8 5 3 . 9  

51.0 

49.7 

48.7 

. . . 

. . . 



C;ENERAI, RESULTS OF THE CORREBPONDING MAGNETIC OBBERVATIONB AT BOMBAY. 323 

D I P :  3, MEAN DAILY VALUEB, 

for each Day of Giittingen Mean Time. 

B. 1855. 

, ' 

Uec 

. . . 
19 16.1 

1G.O 

15.0 

14.7 
13.1 

19.4 

. . . 
07.7 

06.0 
07.0 

07.9 

07.9 
07.5 

. . . 
11.7 

11.3 
11.0 

10.8 
11.2 

11.4 

. . . 
12.4 

. . . 
14.2 
14.0 

15.2 
16.2 

. . . 
15.9 

14.3 

Rpl 1 Ort / Nor. April. 

0 ,  

18 54.5 
54.3 

55.4 

*58.6 
. . . 

. . . 
59.6 

58.5 
57.8 

56.4 
59.6 

19 02.3 
. . . 
03.2 
02.9 
01.2 

18 59.6 
57.4 
58.7 

. . . 
57.21901'3 

02.6 

03.7 

02.9 

01.8 

. . . 
00.7 

01.1 
. . .  

a ,  

1 

2 
3 

4 
5 
6 

7 

8 

9 
10 

11 

12 
13 
14 

15' 
16 
17 
18 

19 
20 
21 
2 2 

23 

24 
25 
2 6 
27 
28 
29 
30 
31 

0 ,  

. . . 
19 23.8 

23.5* 
21.3 

18.3 

17.3 
16.8 

. . . 
15.6 

18.0 

17.2 
11.6 
10.0 

11.4 

. . .  
12.7 

13.4 
14.2 
11.8 
12.8 

14.7 
. . .  
11.7 

11.2 

12.9 
11.5 

11.2 
10.6 

. . . 
07.3 

. . . 

February. 

0 1  

18 48.8 
48.6 

. . . 
49.5 

48.6 

45.8 
43.7 
44.7 

46.0 

. . . 
46.7 

47.1* 
46.5 

47.4 
46.7 

46.5 
. . . 
48.3 
50.0 

49.7 
50.7 

52.5 

53.5 
54.5 

. . . 
54.0 

54.0 
54.6 

. . . 

. . 

. . .  

January. 

0 ,  

18 28.9 

30.4 

33.9 
36.1 

37.3 

. . .  
37.7 

38.3* 

36.5 
37.6 

41.3 

41.2 
. . . 
46.4 

46.9 
49.5 
52.1 
50.7 

46.4 
. . . 
40.G 
39.2 
37.6 
39.0 

40.7 
41.5 

. . .  
46.9 
48.8 
48.5 

48.1 

Mnrch 

0 1  

18 56.7 

. . . 

. . . 
54.8 

51.8 

51.9 
52.9 
53.6 

59.0 
. . . 
5G.7 

56.1 

55.4 

54.9 

57.6 

58.6 
. . . 
54.9 
54.6 
57.1 

58.0 

55.2 

. . . 
54.5 
54.6 

53.5 
54.1 

55.3 
55.7 

. .  

0 1  

19 05.9 

03.5 
04.4 

04.6 

06.3 
. . .  
08.3 
08.4 

08.4 

6 
11.1 

12.8 
. . . 
09.4 

09.0 
09.3 

09.5 
09.7 
06.7 

. . . 
04.3 

06.6 

08.0 
09.9 
07.2 

06.4 
. . .  
08.4 

09.4 
09.7 

10.5 

O I O I  

19 11.6 

13.7 

. . . 
14.6 

14.8 
14.3 

11.8 

08.8 

. . . 

. . . 
07.7 

08.6 
09.8 

10.2 
11.0 
12.7 

. . . 
12.8 
13.2 

12.9 

12.3 
12.2 

13.0 
13.1 

. . . 
12.2 

12.8 
13.4 

15.4 
15.3* 

. . . 

May. I Juoc. July 

0 

18 46.0 

46.6 
47.6 

48.9 
43.8 

43.0 
. . . 
45.9 

45.4 
47.1 

.51.4 

55.5 

58.5 

. . . 
58.5 
59.0 

19 01.3 
01.9 
02.5 

04.4 
. . . 
08.0 

08.2 

08.3 
08.1 
07.2 
06.7 

. . . 
07.6 
06.7 

06.4 

, 
19 00.4 

00.5 

01.0 

00.0 
. . . 

68.61855.6 

54.3 

54.6 

53.7 
52.8 

55.1 

. . . 
58.0 

19 00.4 
01.5 

01.8 
01.5 

18 58.7 

. . . 
58.0 
57.9 
5G.8 

. . . 
57.2 

58.4 
59.7 

03.1*1902.8 

. . . 
04.6 

05.6 
05.8 

bugu8L 

0 

19 06.2 

06.3 
07.8 

. . . 
07.2 

06.6 
06.4 

06.3 
06.2 

06.5 

. . .  
06.2 

10.8 
15.6 

20.2 

21.5 
22.2 

. . . 
26.6 
26.5 

24.5 

25.8 
23.5 

24.6 

. . . 

. . . 
22.9 
23.8 

23.0 
26.0 
31.8 

19 05.8 

. . . 
18 52.3 

52.3 

53.3 

53.3 
525 

52.2 

. . . 
50.3 
52.4 
57.3 

19 00.2 

18 57.3 
54.1 

. . . 
46.2 
48.7- 

53.4* 
55.5* 

51.9 

51.8 
. . . 
43.3 

44.5 
47.8 

48.8 
47.3 
48.1 

. . . 

. . . 



BIAGNETIC OBBERVATIONS. 

DIP: 3; MEAN DAILY 'VALUES, 

for each Day of Gottinge11 Mean Time. 

iouary. 

0 1  

.9 08.2 
09.0 

08.2 

09.4 
. . .  

10.3  

07.7 

07.9 

08 .3  

08.8 

February. 

0 1  

19 90.5 

. . . 
21.3 

21.4 

22.3 

20.5 

21.4 

20.6 

. . . 
'21.2 

08.7 
. . . 

11.4 

11.9 
12.6 

11.6 

12.6 

14.3 
. . . 

11.0 

14 .0  

12.9 

13.5 

11.3 

11.4 

. . . 

Narcb. 

0 1  

. . . 
19 21.7 

21.5 

20.1 

19.8 

18.4 

17.8 

. . . 
15.5 

14 .8  

June 

0 1  

. . . 
19 25.5 

24.3 

20.4 

22.2 

19.5 

. . . 
16.8  

19 .8  

13.6 

April. 

0 1  

19 19.3  

19 .3  

18.7 

19 .1  

. . . 
18.2 

18 .8  

1 7 9  

16.6 

16.6 

- 

July. 

0 1  

19 21.6 

20.9 

13.7 

09 .8  

. . . 
64.0 

00.7 

00.0 

03.0 

03 .3  

0 1  

19 18.5 

18.0 
. . . 

18.4 

18 .7  

19.9 

19 .3  

19.9 

20.3 

. . . 

Augu.1 

0 1  

19 08.1  

. . . 
07.9 

07.2 

07.0 

06.8 

06.5 

06.0 

. . . 
05.2 

05 .8  

. . . 
05.6 

09.8 

07.6 

05.0 

05.9 

07.8 

. . . 
07.6 

07.2 

08.1 

09 .3  

10 .2*  

10.2 
. . . 

::: 
08.9 
08.4 
08 .1  

21.2 

20.6 

21.7 

22.8 

22.9 

. . . 
22.1 

21.5 

19.6 

20.8 

21.5 

21.8 

23.7 

. . . 
25.7 

24.9 

05.7 

05.3 

04 .8  
. . . 

05.0 

. . . 
07.2 

07 .0  

06.7 

06.4 
07.1 

. . . 
07.1 

04.6 

::. 
04.4 

. . . 

Sepl 

0 1  

19 04.5 

03.5 

04 .0  

02.9 

02.0 

. . . 
01.5  

02.0 

22.2 

12.2 

: \  i::: 
14.4 23.9 

1-1.5 . . . 
18.8  . . . 

Oct 

0 1  

18 58.3  

57.7 

5G.1 
. . . 

56.3 

55.3 

54.9 

54.7 

55.1 

54.1 

08.8 

09 .9*  

. . . 
00.1 

00 .3  

00.8 

00 .1  
0 6 . 6 1 8 5 9 . 6  

59.7 
. . . 

19 04.4 
04 .0  

02.3 

00.8 
0 5 . 8 1 8 6 9 . 8  

19 00.8 

i i . 4  
0 4 . 6 1 8 5 9 . 5  

59.0 

. . . 

NO*. I Dw. 

. . . 
55.3  

54.7 

54.7 

54.0 

53.8 

55.6 

. . 
19 02.6 

08.0 

12.2 

12.5 
14.4 

14 .8  
. . .  
. . . 

14.8  
5 . 1  

15.6 
16.3 

15 .8  

I 

08.1 
04 .0  

O l . ' i  

. . . 
08.4 

09 .8  

10.2 

08.4 

07.4 

08.3 
. . . 

11.7 

12.4 

17.0 

19.2 

21.3 

0 ,  

. . . 
19 15.6 

16.0 

13.9 

14.3 

13.0 

11.8 
. . . 

12.1 

13.3 

14.7 

14.8 

15.8 
15.6 

. . . 
15.2 

14.8 
14.2 

14.6 

14.5 

14.9 
. . .  

13.3 
13.4 

11.7 

10.5 
11.0 
1 . 0  

11.7* 
. : . 
. . . 

,; 

14.8 
16.2 

. . . 

22.5 

21.6 

21.2 
22.7 

23.1 

23.4 

. . . 
24.4 

24.3 

22.3 
23.2 

19.9 
. . . 
. . . 

18.6 
20.5 

0 ,  

19 09.9 

08.2 

08.4 

08.G 
OG.8 

. . . 
06.5 

08.1 
07.5 

06.2 

04.2 

03.9 
. . . 
01.9 
02.3 

02.7 
01.9 

01.3 

00.9 
. . . 

18 59.8 

57.7 
57.2 
57.8 
57.8 

. . . 

. . . 
56.3 

55.8 
53'4 

52.4 

14.11 16.0 

14 .2  . . . 

:.:; 
22.1 

21.8 
23.3 

11.51 
11 .0  

. . . 
11.2 

11.0 

13.7 
17.6 

. . . 

. . . 

. . . 
18.8  

.18.9 

20.2 

19.6 

::., 2 

17.3  

17 .3  

17.1 

18.6 

19.9 
21.0 

. . . 
22.8 

23.8 

23.9 

23.0 

20.0 

19.0 

. . . 

. . . 
20.7 
21.0 

18 .8  

19.2 
. . .  



GENERAL RESULTS OF THE CORBEUPONDING MAQNETIC ODUERVATIONU AT BOMBAY. 

D I P :  3, MEAN DAILY VALUL?~, 

for each Day of Gottingen Mean Time. 

D .  1857. 

-~ - 

! 

/ 
1 
I 

6epL I Oet. ( Nor. I ,kc .  April I May. 1 J 1 I .  1 August. 

19 01.1 

02.0 

03.4 

. . .  
05.4 

05.8 

05.5* 

05.6" 

06.5 

. . .  
08.5 

O i .3  

05.9 

05.5 

04.7 

04 .4  

. . .  
07.0 

08.9 

07.9 

06.6 

06.9 

06.4 

. 
05.7 

06.3 

05.8 

05.0 

04.2 

19 16.6 

16.9 

16.2 

14.5 

. . .  
15.1 

1-5.5 

15.0 

14.7 

14.8 

15.0 

. . .  
12.2 

12.0 

11.!J 

13.4 

20.5 

17.2 

. . .  
14.1 

12.7 

09.6 

09.6 

. . .  
08 .1  

. . .  
08.0 

08.6 

DL. January 

19 10.7 

10.7 

13.5 

12.3 

. . .  
09.8 

10.9 

11.7 

11.9 

13.5 

1 

. . .  
10.9 

11.0 

09.5 

09.6 

09.8 

09.5 

. . .  
06.8 

06.9 

01.3 

0 2 . 0 1 8 5 9 . 3  

01 .71901 .0  

06.0 

. . .  
17.8 

16.5 

February. March 

14.6 

14.2 

I 

19 13.3 

12.9 

. . .  
12.2 

12.1 

11.2 

11.3 

10.6 

09.8 

. . .  
09.8 

09.2 

08.!) 

08.8 

09.8 

. . .  

. . .  
08.7 

08.2 

07.8 

07.1 

06.2 

06.2 

. : .  
05.7 

05.2 

04.3 

03.7 

I l l  
19 11.1 

10.0 

12.4 

15.2 

12.5 

11.1 

. . .  
09.5 

11.8 

11.3 

11.4 

12.0 

11.1 

. . .  
09.5 

10.0* 

13.0* 

13.8* 

12.4 

11.7 

. . .  
10.3 

11.4 

12.4 

11.9 

16.6 

17.!3* 

17 ,7 *  

19 03.5 

. . .  
01.9 

02.0 

01.5 

02.0 

01.8 

03.7 

. . . . . .  
02.5 

03.2 

02.4 

03.0 

04.0 

04.9 

. . .  
03.7 

03.9 

04 .1  

05.3 

05.4 

05.0 

. . .  
05 .1  

06.6 

05.8 

06.8 

05.5 

03.6 

04.7 

. . . . . . . . .  

04.7 

04.7 

. . . . . . .  

0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 1 0 ,  

19 06.3 

09.2 

08.3 

07.2 

06.8 

. . .  
07.7 

08.1 

08.7 

09.1 

10.7 

09.9 

. . .  
09.8 

10.4 

10.5 

11.0 

11.7 

08.5 

. . .  
05.5 

08.6 

09.6 

09.1 

06.8 

06.8 

. . .  
06.6 

06.7 

06.0 

19 06.9 

06.8 

07.9 

08.6 

08.9 

10.4 

08.8 

08.6 

. . .  
10.3 

12.3 

14.3 

14.9 

15.7 

15.5 

. . .  
14.7 

15.5 

17.1 

17.0 

18.0 

17.4 

. . .  
17.0 

20.7 

21.4 

19.7 

16.8 

16.3 

i 

. . .  / 01.13 

1 1  X::: 
I 

. . .  
06 .51912 .8  

11 .1*  

. . . . . .  
10.9 

11.1 

10.0 

. . .  
09.7 

09.4 

08.3 

05.8 

04.4 

. . .  

. . .  
07.3 

07.2 

06.4 

06.9 

05.9 

05 .0*  

. . .  

01.2 

02.4 

03.6 

05.0 

O5. i  

. . .  
08.11 

i 

1 

2 

3 

4 

5 

6 . 
5 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2 0 

2 1 

22 

23 

24 

25 

26 

27 

28 

29 

30 

::I 

18 57.9 

56.0 

57.7 

59.0 

58.2 

58.9 

59.3 

5G.6 

56.5 

56.5 

57.5 

. . . . . .  
58.5 

58.4 

57.9 

57.7 

57.2 

57.7 

58.1 

58.6 

58.6 

57.9 

58.6 

59.6 

19 0O . i  

. . .  

. . .  
. . . . . .  

I 

19 03.7 

01.7 

. . .  
00.6 

00.8 

01.2 

1859.7 

58.6 

56.5 

. . .  
54.6 

54.3 

55.5 

56.3 

54.5 

55.0 

. . .  
55.6 

55.5 

54.3 

53.6 

53.5 

55.4 

. . .  
56.9 

57.8 

59.3 

58.8 

58.3 

58.4 

. . .  
5 6 . 7 1 9 0 0 . 1  

00.2 

01 .8  

01.6 

01.7 

. . . . . .  
03.1 

03.2 

. . .  
03.5 

02.8 

04.4 

03.3 

02.7 

00.9 

00.4 

00.9 

01.6 

. . . . . .  
00.3 

01.2 

01.4 

6 

03.0 

03.7 

. . .  
03.11 

02.5 

01.0 

I 



MAGNETIC OBSERVATIONS. 

Uotbiugen 
Jnnuary. 

Nean Time. 

DIP: 3, MEAN HOURLY VALUEE FOR EACH MONTH. 

A. 1854. 

Feb~.uxry. AIorcli. April. I I July. 

0 I 

18 57.1 

57 .3  

57.3 

57.6 

58.3 

58.9 

59 .1  

59.6 

59.9 

19'00.1 

00 .3  

00 .5  

00.6 

01.0 

02.4 

01.4 

00.6 

18 59 .3  

57.9 

56.6 

56 .0  

56 .0  

56.2 

s56.4 

August. E 0 I 

18 54.7 

54.4 

54.3 

55 .3  

56.0 

56.6 

57.0 

57.4 

57.9 

58.2 

58.6 

59 .1  

59.4 

19 00.2 

01 .0  

01.2 

00 .3  

18 58.2 

57.0 

56.4 

55.1 

55.2 

65.0 

54 .8  

Sept. 1 Oct. I No*. I DR. I 
Civil Tinlr 



GENERAL RESULTS OF THE OORREBPONDING MAGNETIC OBSERVATION8 AT BOJIBAY 

DIP: 4, MEAN H O U R L Y  VALUES FOR EACH MONTH. 

B. 1855. 

March 

18 52.5 

51.9 

52 .3  

53.5 

54.2 

54.7 

55 .4  

55.8 

56.3 

56.5 

56.9 

57.3 

57.7 

58.0 

58.7 

59.2 

58.8 

57.2 

55 2 

53.6 

53.0 

52.9 

53.1 

52.7 

- 

Gottlugen 
Uean Time. 

I Hooll 

1 

) 

3 

4 

5 

6 

i 

5 

9 

10 

11 

12 

13 

14 1 15 
16 

17 

I8 

19 

40 

2 1 

22 

No. 

19 09.0 

08.9 

09.9 

10.7 

11.2 

January. 

18 37.6 

37.6 

38.5 

39.5 

40.0 

40.7 

41.2 

. 41.9 

42.0 

42.4 

42.9 

43.2 

43.5 

43.9 

44.2 

44.6 

46.3 

45.7 

44.2 

42.3 

40.6 

39.5 

38.4 

37 .8  

: I .  1 M y  1 June. February. 

18 46.0 

46.0 

47.3 

47.6 

48.3 

48.6 

49.0 

49.4 

50.2 

50.4 

50.8 

50.8 

51.1 

51.4 

51.8 

52.1 

53.1 

52.4 

50.9 

49.0 

47.9 

47.2 

46.7 

46.2 

18 56.9 

56.5 

57.2 

58.0 

58.8 

59.4 

1900 .0  

00.7 

01 .1  

01.4 

0 i . 8  

02.1 

03.5 

03.0 

04.0 

04.3 

02.8 

18 58.9 

57.2 

56.7 

57.0 

57.1 

57.5 

July. A u p &  1 S e t .  1 0 .  Dvc. 

19 08.4 

08.6 

09 .5  

10.0 

10.7 

O , O I O I o I O , O I O , O I O I O , O , O , ~ ~ m  

18 56.8 

56.4 

56.5 

56.5 

66.7 

56.7 

56.9 

57.1 

57.0 

57 .3  

57.2 

57.3 

57.4 

57.3 

57.5 

57.5 

57.4 

57.2 

57.2 

56.7 

56.6 

56.7 

56.8 

56.8 

Bombay 
Civll Time. 

4 12 P.M. 

5 12 ,, 
G 12 ,, 
7 1 2  . 
8 12 ,, 

18 55.3 

55 .3  

55.7 

56.8 

57 .8  

58.6 

59.3 

59.9 

11900.3 

00.9 

01.5 

01.9 

02 .2  

02 .9  

03.9 

03.8 

02.0 

0 1 . 1 1 8 5 9 . 9  

57.6 

5G.G 

55.9 

55.8 

55.9 

55.8 

9 12 ,. 
10 12 ,, 
11 12 ,, 
bhrluigllt 

1 12 A.M. 

2 12 ,, 
3 1 2  ,, 
4 1 2  ,. 

5 1 2  ,, 
G 1 2  ,, 

7 1 2  , 

8 1 2  , 

9 1 2  ,, 
10 12 ,. 
11 12 ., 

Noon 

1 12 p.31. 

2 1 2  ,, 
3 1 2  ,. 

18 49.5 

49.5 

49.8 

50.4 

51 .1  

52.0 

52.6 

53.0 

53.6 

55.7 

53.8 

54.0 

54 .3  

54.7 

55.6 

55.4 

54.5 

52.5 

51.0 

49.9 

49.5 

49.5 

49.8 

49.8 

19 15.0 

15.0 

15.2 

15.7 

15.9 

16.4 

16.8 

16.9 

17.1 

17.4 

17.6 

17.8 

17.9 

18.2 

18 .8  

18.9 

18.2 

17.0 

16.1 

15.7 

15.7 

15.8 

15.8 

15.9 

1 1 . 7  11.2 

12.1 

12.6 

13.1 

13.3 

13.5 

13.7 

14.2 

14.6 

14.9 

15.4 

15.5 

14.3 

12.5 

11.6 

11.2 

10.9 

10.3 

09.8 

19 12.9 

12.0 

11.8 

12.8 

13.9 

14 .1  

14.7 

15.1 

15.2 

15.7 

16.0 

15.6 

16.6 

17.0 

17.7 

18.2 

16.6 

14.4 

12.9 

12.4 

12.4 

12.7 

13.3 

13.2 

11 .8  

12.2 

12.6 

12.9 

13.2 

13.5 

13.9 

14.0 

14.2 

14.8 

15.0 

13.7 

11.9 

10.8 

10.7 

10.6 

09.7 

09.3 

19 05.0 

05.0 

06.7 

06.5 

07 .1  

07.8 

08.2 

08.7 

09.1 

09.7 

09.9 

10.2 

11.6 

10.7 

11.1 

11.7 

10.8 

09.6 

07.6 

06 .3  

06.1 

06.5 

06.6 

06 .1  



MAGNETIC OBSERVATIONS. 

DIP: 4, MEAN HOURLY VALUES FOR EACH MONTH.  

C. 1856. 



CiENERAL . RESULT8 OF THE CORRESPONDING MAGNETIC OBBEBVATIONH AT BOMBAY. 

DlP: 4, MEAN HOURLY VALUES FOR EACH MONTH. 

D. 1857. 

' 

Gijttinge~i 
3Ien11 Time. 

Noon 

1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

I7 

18 

19 

20 

21 

22 

2 3 

Jsnunry. 

o r  
18 56.2 

56.3 

56.9 

57 .3  

57.6 

58.0 

58.0 

58.0 

58.1 

. 6 8 , 3  

58.4 

58.6 

58.7 

58.6 

58.8 

59.1 

59.2 

56.7 

55.1 

54.7 

54.7 

54.8 

55.2 

Civil Time. 

h m  

4 12 P.M. 

5 12 ,, 
6 1 2  ,. 
7 12 ,, 
8 1 2  ,, 
9 12 ,, 

1 3 . 0 1 0 1 2  

11 12 ,, 
Midnight 

1 1 2 ~ . ~ .  

2 12 i, 

3 1 2  ,, 
4 1 2  ,, 

5 1 2  ,, 
G 1 2  .. 
7 12 ,, 
8 1 2  ,, 
9 1 2  ,! 

10 12 ,, 
1 0 ~ 0 1 1 1 2  ,. 

Noon 

1 12 P.JI. 

2 1 2  ,. 
3 1 2  ,, 

February. March. 1 1 [TF Dec. 

0 1  

18 56.6 

56.7 

57.4 

57.8 

58.3 

58.4 

58.5 

58.8 

59.0 

58.9 

59.0 

59.1 

59.3 

59.5 

59.5 

1900.0  

00.2 

5 8 . 5 1 8 5 9 . 3  

57.9 

55.7 

55.6 

55.5 

55.7 

o r  

19 00.8 

00.7 

01.2 

01.6 

01.7 

02.3 

02.4 

02.9 

02.9 

03.0 

03.3 

03 .5  

03.7 

03.7 

03.8 

03.9 

03.1 

02.0 

00.5 

5 6 . 5 1 8 5 9 . 8  

59.8 

19 00.2 

00.6 

01.3 

0 ,  

19 09.6 

09.4 

09.6 

10.0 

10.3 

10.3 

10.4 

10.4 

10.4 

10.4 

10.5 

10.5 

10.6 

10.7 

10.9 

11.3 

10.6 

09.6 

08.9 

08.6 

08.8 

09.0 

09.3 

09.7 

I 

0 ,  

19.05.8 

05.8 

05.8 

06.2 

06.6 

07.0 

07.3 

07.6 

07.7 

07.8 

08.0 

08.2 

08.4 

08.7 

09.2 

09.1 

08.0 

06.3 

05.2 

04.4 

04.2 

04.3 

04.7 

05.1 

0 ,  

19 05.0 

04.9 

05.3 

05 .5  

05.8 

06.2 

06.4 

06.5 

06.4 

06.3 

07.1 

07.1 

07.3 

07.5 

07.6 

08.1 

06.2 

04.4 

03.6 

02.8 

03.1 

03.8 

04.1 

04.7 

0 1  

19 08.5  

08.6 

08.6 

09 .0  

09.0 

09.3 

09 .1  

09.1 

09.0 

09.1 

08.9 

09.0 

09.0 

09.1 

09.0 

09.0 

08.3 

07.9 

07.3 

07.0 

07.2 

07.6 

08.0 

08.4 

0 ,  

19 10.9 

11.2 

11.7 

12.4 

12.6 

12.9 

13.4 

13.4 

13.2 

13.2 

13.3 

13.3 

13.5 

13.6 

13.6 

13.7 

13.1 

12.0 

10.9 

10.2 

10.5 

11.0 

10.9 

11.1 

o r  

19 11.2 

11 .7 '  

. I 2 2  

12.5 

12.6 

12.9 

13.2 

12.9 

13.0 

12.9 

13.0 

13.1 

13.2 

13.2 

13.6 

13.4 

12.3 

11.4 

10.4 

11.5 

11.5 

10.4 

0 ,  

19 03.4 

03.4 

03.2 

04.0 

04.0 

04.2 

04.4 

04.3 

04.9 

05.2 

05.4 

05 .3  

05.4 

05.7 

06.5 

06.2 

03.2 

03.0 

02.0 

01.4 

01.7 

02.4 

03.0 

03.4 

0 ,  

19 08.9 

08.9 

08.7 

09.0 

09 .3  

09.6 

09.8 

09.8 

09.9 

10.0 

10.2 

10.3 

10.7 

10.9 

11:3 

10.5 

09.6 

08.5 

07.4 

06.7 

06.8 

07.1 

08.0 

08.2 

0 ,  

19 12.9 

12.7 

12.7 

12.9 

13.3 

13.4 

13.7 

13.8 

14.0 

14.4 

14.5 

14.8 

15.0 

15.4 

15 .3  

15.4 

14.5 

13.4 

12.2 

11.8 

11.8 

12.0 

12.5 

12.7 



MAGNETIC OBSERVATIONS. 

IV. VERTICAL INTENSITY. 

VERTICAL INTENSITY: 1, MEAN YEARLY VALUES. 

~lbsolutc Absolute 

Vertical 
Inteusity. Intensity. 

I II I 

VER,TICAL LNTENSITY: 2, MEAN MONTHLY VALUES. 

January, Februnry, Alnrch, 
1 i n  = 1 

October, November, December. 

April, Yay,  June, 
S~~rnmer = j 

July, Auguet, Heptenlbcr 

IIontli. 

September 
October 
November 
December 

i\Ieanof Winter' 

I Meanof SummerZ 

Mean of the Ycnr i 

Nont l~  

January 
February 
JIarcll 
April 
M a y  
Junes 
.July 
l i u g u s t  

English Units. 

1854  1 1 8 5 5  I 1 8 5 6  1857. 

English Units. 

1854  1 1855. I 1856. / 1857. 

2.751 

2.753 

2.767 

2.775 

2 '774  

2.787 

2 .  798 

2 ,782  

2.719 

2.( i86 

2.735 

2.751 

2.743 

2.792 

2.821 

2.806 

2.811 

2'817 

2.797 

2, 782 

2.776 

2.740 

2.776 

2.771 

2.701 

'2.722 

2.740 2.791. 

2.793 

2.772 

2.783 

2.778 

2.790 

2.790 

2.753 

2.762 

2.758 

2.798 

2.767 

2.792 

2 .791  

2 .791  

2 - 7 1 7  1 2 .751 

2'7'51 ' . j50 

2.761 

2. 754 

2.553 

2.734 

2 ,  746 

2.796 



GENERAL REliULTli OF THY COltltEBPONDIh'Ct BIAONETIO OBBEIlVAl'lOh'lJ AT BOYBAY. 33 1 

VERTICAL LNTENSITY: 3, MEAN DAUY VALUER, 

Date. 

1 
2 

3 
4 

5 

6 
7 

8 
9 

10 
11 
12 

13 

14 

15 
16 
17 

18 
19 
20 
21 

22 
23 

24 
25 

26 

27 

28 
29 
90 

31 

for each Day of Giit.tingen Bleil~i Tirne 

Jnnuary. 

2.732 
*2.734 

2.739 
2.740 

2.733 

2.729 
. . .  
2.732 

2.731 
2.725 

2.729 

2.735 

2.736 
. . .  
2.744 

2.744 
2.742 
2.741 
2.740 

2.739 
. . .  
2.742 
2.755 

2.750 

2.748 
2.747 
2.744 

. . .  
2.746 
2.749 

2.i56 

April. 1 
. . .  
2.755 

2.755 

2.751 

2.748 

2.751 

2.754 

. . .  
2.749 

2.746 
"2.767 

2.741 
. . .  
2.736 

. . . 
2.741 
2.745 

2.746 
2.748 
2.747 

2.748 
. . . 
2.745 

2.749 
2.747 

2.744 
2.748 
2.752 
. . .  
2.745 
. . . 

Mny. June. 

2.750 2.770 

2.756 2.768 

2.758 . . .  
2.756 2.766 

2.756 2.780 

. . .  2.789 

2.763 2.779 

2.763 2.772 

2.764 2.771 
2.772 . . .  
2.763 2.734 
2.752 2.734 

. . .  2.753 

2.740 2.760 

2.739 2.734 

2.739 ,2.728 
2.738 . . . 
2.737 2.738 

2.735 2.746 

. . . 2.753 
2.735 2.765 

2.726 2.763 
. . . 2.761 

2.739 . . .  
2.742 2.766 
2.745 2.767 
2.751 2.771 

. . .  2.772 
2.743 2.785 
2.750 2.768 

2.751 . . . 
I 

Sept. July. 

. . . 
2.772 

2.768 

2.766 
2.763 

2.764 

2.739 

. . .  
2.737 

2.756 

2.746 
2.748 

2.753 

2.766 

. . .  
2.766 

2.762 
2.7GO 

2.770 
2.762 

2.760 

. . .  
2.757 

2.765 

2.752 
2.740 
2.751 

2.745 
. . .  
2.751 

2.757 

~iupoat. 

2.750 

2.743 

2.745 

2.749 

. . . 
2.750 

. . .  
2.753 

2.742 

2.738 
2.742 

. . .  
2.752 

2.757 

2.754 

2.750 

2.744 
2.744 

. . .  
2.751 

2.750 
2.755 

2.788 
2.756 
2.754 

2.756 
. . . 
2.758 
2.770 
2.775 

2.764 

Dec. 

2.701 

. . . 
2. 689 

9.681 
2. 680 

2. 6i9 

2. 6H6 

2.692 
. . . 
2,696 

2.691 
2.687 

2.686 

2.691 

2.G91 

. . . 
2. 690 

2.690 
2.691 

2.694 

2.693 
2.692 

. . .  

. . .  
2.682 

2.676 
2.676 

2.675 
2.672 

. . .  
2.675 

-- -- 

O c t  I Nor.  

" Al~norrnnl dny, or :I ~ l a y  on wlliclr illis 4rlnent was distllrbed. 

43 " 

2.741 

2.739 

2.736 

2.726 

2.725 

2.728 

. 
2.721 

2.702 

2.693 
2.692 

2.689 

2.688 
. . .  
2.685 

2.686 
2.687 

2.719 
2.721 
. ,  
, ,  

2.715 

2.750 
2.749 

2.746 
2.742 
2.730 

. . .  
2.729 
2.72!J 

2.733 

2.795 

2.733 
2.722 
. . .  
2.704 

2.705 
2.705 

2.704 
2.702 

2.697 

. . .  
2.702 

2.704 
2.702 

2.702 

2.701 

2.699 
. . . 
2.697 
2.697 

2.697 

2.696 

2.698 

2.713 

2.710 
. . .  
2.729 

2.727 

2.707 

2.700 

. . .  



YAQNETIC OBSERVATIONS. 

VERTICAL LNTENSITY: 3, MEAN DAILY VALUES, 

for each Day of Giittingen Men11 Time. 

B. 1855. 

- 

Date. 1 Jnuuary. /Febnury.l Nardl. I A p ~ i l  I Nay. June. 

2.769 2.718 2.770 . . . 2.722 2.786 . . . 
. . . 2.720 2.770 2.814 2.767 2.791 2.802 

2.735 2.721 2.774 2.813 *2.766 . . . 2.802 

2.733 2.725 . . . 2.807 2.767 2.795 2.799 

2.737 2.712 2.772 2.802 2.771 2.795 2.797 

2.737 2.713 2.771 2.800 . . . 2.793 2.794 

2.735 . . .  2.770 2.798 2.779 2.788 2.792 

2.734 2.717 2.770 . . . 2.779 2.780 . . . 
. . . 2.717 2.770 2.796 2.780 . . . 2.780 

2.729 2.721 2.771 2.802 2.782 . . . 2.778 

2.734 2.732 . . . 2.799 2.786 2.777 2.778 

2.747 2.743 2.769 2.785 2.780 2.778 2.779 

2.754 2.761 2.782 2.782 . . . 2.783 2.779 

2.747 . . . 2.794 2.785 2,781 2.785 2,778 

2.739 2.751 2.802 . . . 2.780 2.787 . . . 
. . . 2.752 2.808 2.789 2.780 2.790 2.789 

2.719 2.758 2.810 2.790 2.782 . . .  2.788 

2.726 *2 .761  . . .  2.792 *2.779 2.790 2.786 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

- .. . 

2.738 

2.744 

2.734 

2.733 

. . . 
2.711 

2.714 

2.723 

2.725 

2.721 

2.724 

. . . 

. . . 

2.669 

2.673 

2.682 

2.(iEKI 

2.690 

. . . 
2.692 

2.693 

2.688 

2.691 

2.700 

2.700 

. . . 
2.713 

2.713 

2.720 

2.727 

2.724 

2.713 

. . . 
2.GD8 

2.694 

2.690 

2.693 

2.698 

2.700 

. . . 
2.715 

2.720 

2.720 

2.718 

2.721 

2.721 

. . . 
2.723 

2.711 

2,714 

2.709 

*2.709 

2.712 

. . . 
2.715 

2.716 

2.715 

2.716 

2.714 

2.714 

. . .  
2.720 

2.724 

2.723 

2.726 

2 . 7 3 0 . 2 . 7 4 5  

*2.759 

*2.764 

. . . 
2.774 

2.775 

2.775 

2.774 

2.772 

2.771 

. . .  
2.771 

2.771 

2.770 

2.739 

2.738 

2.741 

*2.745 

. . . 
2.746 

. . .  
2.750 

2.746 

2.744 

2.741 

2.748 

2.757 

. . . 
2.758 

2.758 

2.753 

2.749 

2.744 

2.748 

. . . 
2.756 

2.759 

2.762 

2.760 

2.758 

2.761 

. . .  
2.755 

2.754 

. . . 

2.742 

. . . 

. . . 
2.738 

2.731 

2.731 

2.734 

2.737 

2.749 

. . . 
2.745 

*2.740 

2.739 

2.738 

2.745 

2.748 

. . .  
2.739 

2.738 

2.744 

2.746 

2.752 

2.753 

2.754 

2.751 

. . . 
2.740 

2.738 

2.737 

2.735 

2.735 

2.739 

. . . 
2.748 

2.758 

2.756 

2.757 

2.757 

2.749 

. . .  
2.748 

2.749 

2.746 

. . . 
2.719 

2.751 

2.753 

*2,759 

. . .  
2.765 

2.768 

2.769 

- 

2.822 

2.921 

2.816 

2.819 

2.814 

2.816 

. . . 

. . .  
2.813 

2.814 

2.812 

2.820 

2.833 

2.734 / 2.740 

2.787 

2.790 

2.795 

. . .  
2.787 

2.787 

2.791 

2.788 

*2.786 

2.784 

. . .  
2.776 

. . . 

2.736 

. . . 
2.736 

2.736 

2.739 

. . .  

. . . 

. . . 
2.738 

2.738 

2.736 

2.737 

2.741 

2.742 

*2.772 

. . . 
2.767 

2.773 

2.776 

2.780 

2.774 

2.773 

. . . 
2.777 

2.77'3 

2.781 

2.783 . . . I . . . 
-- - -- 

2.792 

2.791 

2.789 

2.790 

2.792 

2.793 

. . . 
2.791 

2.793 

2.795 

2.798 

2.799 

. . . 

2.786 

2.787 

2.789 

. . .  
2,791 

. . . 
2.793 

2.7g5 

2.798 

2'b00 

. . .  
"2'786 

2.705 

- 



GENER.AL REBULTS OF THE CORREBPONDING MAGNETIC ODSERVATIONB AT BOMBAY. 

VERTICAL LNTENSITY: 3, MEAN DAILY VALUES, 

for each Day of Gottingen Mean Time. 

C. 1856. 

Date. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

January. 

2.785 

2.787 

2.786 

2.788 

2.791 

. . . 
2.787 

2.784 

2.788 

2.788 

2.785 

. . . 
2.789 

2.790 

2.791 

2.792 

2.790 

2.796 

. . .  
2.789 

2.796 

2.793 

2.795 

2.793 

2.795 

. . .  
2.79G 

2.796 

2.801 

2.802 

2.811 

Der 

2.785 

2.784 

2.784 

.2.781 

2.779 

. . . 
2.779 

2.781 

2.782 

2.780 

2.776 

2.773 

. . .  
2.767 

2.768 

2.770 

2.766 

2.765 

2.765 

. . .  
2.762 

2.757 

2.756 

2.756 

2.756 

. . .  

. . . 
2.752 

*2.748 

2.744 

April I May. I June. I July. I Aupat.  1 qept I Oct, / Ynr. February. 

2.816 

. . . 
2.819 

2.823 

2.824 

2.818 

2 . 8 1 8  

2.818 

. . . 
2.819 

2.818 

2.816 

3.819 

2.821 

2.822 

. . . 
2.820 

2.819 

2.815 

2.816 

2.818 

2.820 

2.829 

. . . 
2.829 

2.827 

2.827 

2.827 

2.826 

. . . . 

. . . 

March 

. . .  
2.820 

2.818 

2.815 

2.814 

2.809 

2.819 

. . . 
2.801 

2.800 

2.798 

2.799 

2.792 

2.791 

. . . 
2.790 

2.790 

2.795 

2 .805  

. . .  

. . . 

. . . 
2.809 

2.810 

2.814 

2.812 

2.810 

2.807 

. . . 
2.812 

2.815 

i 

. . .  
2.804 

2.804 

2.800 

2.797 

2:796 

2.791 

. . . 
2.794 

2.798 

2.800 

2.801 

2.804 

2.802 

. . . 
2.801 

2.801 

2.800 

2.799 

2.800 

2.799 

. . . 
2.797 

2.796 

2.792 

2.789 

2.790 

2 . 7 W  

4.791 

. . . 

2.769 

2.767 

2.767 

2.766 

2 , 7 6 5  

. . . 
2.764 

2.764 

2.763 

2.762 

2.762 

2.763 

. . . 
2.761 

2.762 

2.761 

2.759 

2.757 

2.757 

. . .  
2.770 

2.769 

2.764 

2.761 

2.759 

2.759 

. . . 
2.760 

2.757 

2.755 

2.816 

2.813 

2.796 

2.785 

. . .  
2.771 

2.762 

2.759 

2.768 

2.769 

2.775 

. . . 
2 .774  

2.784 

2.779 

2.773 

2.775 

2.780 

. . .  
2.781 

2.787 

2.781 

2.783 

2.786 

2.756 

. . .  
2.785 

2.784 

2.784 

2.783 

. . .  
2.826 

2.823 

2.812 

2.806 

2.800 

. . . 
2.802 

2.809 

2.793 

2.778 

2.768 

2.771 

. . .  
2.781 

2.786 

2.785 

2.781 

2.780 

2.783 

. . . 
2.792 

2.794 

2.805 

2.810 

2.816 

2.810 

. . .  
2.794 

2.802 

2.810 

2.811 

2.809 

2.810 

. . .  
2.808 

2.809 

2.807 

2.803 

2.804 

2.802 

. . . 
2.S05 

2.806 

2.803 

2.808 

2.812 

2.814 

. . .  
2.820 

2.923 

2.821 

2.818 

2.812 

2.810 

. . .  
2.810 

2.810 

2.810 

2.810 

. . . 2.742 , 

2.754 

2.753 

2.750 

. . .  
2.747 

2.745 

2.745 

. 2.745 

2.745 

2.744 

. . .  
*2.743 

2.744 

2.744 

2.743 

2.744 

2.748 

. . .  
2.767 

2.779 

2.786 

2.791 

2.794 

2.797 

. . .  

. . .  
2.801 

2.801 

2.803 

2.805 

. . . 

2.782 

. . . 
2.782 

2.778 

2.778 

2.778 

2.776 

2.776 

. . . 
2.774 

2.774 

2.774 

2.772 

. .  . 
2.773 

. . . 
2.778 

2.778 

2.777 

2.777 

2.776 

2.775 

. . .  
$2.774 

2.772 

2.770 

2.770 

2.771 

2.770 

2.770 

2.782 . . . 

I 

2.809 

2.809 

. . .  
2.810 

2.810 

2.814 

2.813 

2.814 

2.815 

. . . 
2.820 

2.818 

2.818 

2.819 

2.820 

2.820 

. . .  
2.825 

2.824 

2.820 

2.822 

2 .813  

. . .  

. . . 
2.812 

2.816 

2.827 

2.820 

2.818 

2.817 

. . . . . . . . . 2.821 



3IAONETIC OBSERVATIONS. 

VERTICAL LNTENSITY: 3, MEAN DAILY VALUES, 

for each Day of Gottingen Mean Time. 

Dnte. 

1 
2 

3 

4 
5 

I 

7 

8 

I !I 
10 

12 

13 

14 

15 

If 

18 1 19 

20 
21 

22 

23 

24 

2.749 2.757 2.770 2.779 2.781 2.781 2.806 2.770 . . . 2.771 2.805 . . . 
2.753 2.758 2.772 2.779 2.782 . . . 2.816 2.773 2.807 2.769 2.808 *2'780 

' 

I ( 28 2.752 2.762 1 . . . 2.778 2.779 2.78" 2 . ~ 8  2.775 2.804 2.769 2.808 *2.78° 

i 21 2.751 . , . 2.769 2.776 2.775 2.780 2.813 2.757 2.8M 2.768 . . . 2'i7P 
jf  1,752 1 2.768 2775 2.776 2.779 2.807 . . . 2.795 . 2.767 2.806 2.7Tn 

. : . ( :)I , . . . . , 2.766 . . . . , . 2.805 2.783 . . . . . . , , . ( 
2.769 / I 8 - L -  ~- - . .- _I1 

Jnnunry. 

2.770 

2.765 

. . . 
2.761 

2.761 

2.762 

2.758 

2.755 

2.751 

. . . 
2.745 

2.744 

2.746 

2.748 

2.745 

2.743 

. . . 
2.745 

2.741 

2.742 

2.741 

2.741 

2.744 

. . . 

Sept. 

2.789 

2.790 

*2.791 

*2.789 
. . .  
2.786 

2.787 

2.790 

2.790 
2.793 

2.789 

. . . 
2.789 

2.788 

2.783 

2.784 

2.785 

2.784 

. . . 
2.779 

*2.774 

2.762 

2.757 

2.761 

Oct. 

2.793 

2.792 

. . . 
2.793 

2.791 

2.791 

2.789 

2.788 

2.787 

. . . 
2.787 
2.785 

2.785 

2.785 

2.785 
. . . 
. . . 
2.790 

2.779 
2.778 

2.776 

2.774 

2.773 

. . . 

Februnry. 

2.750 

2.748 

2.746 

2.750 
2.753 

2.782 

. . . 
2.755 

2.754 

2.747 

2.748 

2.749 

2.751 

. . . 
2.754 

2.763 

2.753 

2.753 

2.752 

2.753 

. . . 
2.755 

2.756 

2.757 

Nay. 

2.774 

. . .  
2.770 

2.770 

2.769 

2.770 

*2.770 

*2.768 

. . . 
2.768 

2.769 

2.768 

2.770 

2.774 

2.777 

. . . 
2.776 

2.776 

2.776 

2.779 

2.778 

2.777 

. . . 
2.779 

No". 

2.786 

2.785 

2.785 

2.791 

2.786 

2.784 

. . . 
2.783 

2.784 

2.785 

2.787 

2.789 

2.789 

. . . 
2.788 

2.789 

2.793 

2.794 

2.795 
2.794 

. . . 
2.791 

2.792 
2.792 

June. 

2.781 

2.788 

2.786 

2.783 

2.783 

. . .  
2.786 

2.787 

2.790 

2.790 

2.795 

2.793 

. . . 
2.792 

2.793 

2.793 

2.793 

2.794 

2.787 

. . . 
2.779 

2.784 

2.788 

2.787 

July. 

2.781 

2.780 

2.781 

. . . 
2.785 

2.786 

2.788 

2.788 

2.785 

2.785 

. . . 
2.789 

2.795 

2.900 

2.802 

2.803 

2.802 

. . . 
2.802 

2.804 

2.808 

2.811 

2.807 

2.808 

JInrsh. 

. . . 
2.762 

2.762 

2.765 

2.766 

2.765 

. . . 
2.769 

2.769 

. . . 
2.769 

2.769 

2.772 

. . . 
2.770 

2.770 

2.763 

2.762 

2-764 

2.766 

. . . 
2.762 

2.766 
2.766 

Dee. 

2.807 

2.806 

2.805 

2.803 

. . .  
2.802 

2.804 

2.803 
2.802 

2.802 

2.802 

. . . 
2.796 
2.795 

2.796 
*2,795 

*2.798 
*2.799 

. . . 
2,795 

2.792 

2.785 

2,783 

. . . 

-- 

Auguot. 

. . . 
2.798 

2.793 

. . . 
2.795 

2.'796 

2.792 

. . . 
2.790 

2.790 

2.787 

2.780 

2.777 

. . . 

. . . 
2.784 

2.785 

2.781 

2.780 

3.779 

2.778 

. . . 
2.767 

2.767 

April. 

2.765 

2.767 

2.771 

. . . 
2.776 

2.776 

2.776 

2.777 

. . . 
2.780 

. . . 
2.780 

2.779 

2.777 
2.777 

2.775 
2.774 

. . . 
2.781 

2.787 

2.784 

2.781 

2.782 

2.780 



UENEBl\L REBULTB OF 'THE CORBEBPONDINO MAGNETIC OBBERVATIONB AT nOMBAY 

VERTICAL INTENSITY: 4, MEAN HOURLY VALUES FOR EACH MONTH.  

A. 1854. 

1 .  

2.762 

2.761 

2.762 

2.764 

2.766 

2.768 

2.770 

2.771 

2.773 

2.774 

2.775 

2.776 

2.777 

2.775 

2.779 

2.781 

2.783 

2.781 

2.770 

2.772 

2.769 

2.767 

2.765 

2,764 

- - . _. 

2,733 2.768 

J n u  

2.731 

2,730 

2.733 

2.734 

2.735 

2.736 

2.738 

2.738 

2.740 

2.741 

2.742 

2.743 

2.744 

2.746 

2.747 

2.747 

2.751 

2.749 

2.745 

2.740 

2.738 

2.737 

Gottinge11 
Nenn Time. 

Noon 

1 

1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
i 

I 

2.767 

2.766 

2.767 

2.770 

2.772 

2.773 

2.774 

2.776 

2.777 

2.778 

2.780 

2.780 

2.781 

2.782 

2.783 

2.784 

2.786 

2.786 

2.784 

2.779 

2.776 

2.773 

1 

I 
I 

*pi-i 

2.738 

2.736 

2.737 

2.740 

2.742 

2.745 

2.747 

2.749 

2.750 

2.751 

2.752 

2.754 

2.755 

2.756 

2.758 

2.760 

2.758 

2.754 

2.749 

2.748 

2.742 

2.742 

2.740 

2.739 

June. 

2.754 

2.754 

2.753 

2.755 

2.757 

2.759 

2.761 

2.762 

2.763 

2.764 

2.765 

2.768 

2.769 

2.770 

2.773 

2.773 

2.771 

2.766 

2.764 

2.761,2.754 

2.759 

2.759 

2.750 

2.758 

- 

May. 

2.741 

2.740 

2.739 

2.742 

2.745 

2.747 

2.750 

2.752 

2.754 

2.756 

2.758 

2.759 

2.760 

2.762 

2.765 

2.765 

2.762 

2.754 

2.752 

2.749 

2.747 

2.747 

2.745 

2.743 

- 
~ 

/). 

2.677 

3.677 

2.677 

2.680 

2.682 

2.683 

2.685 

2.686 

2.687 

2.688 

2.689 

2.690 

2.690 

2.692 

2.693 

2.694 

2.696 

2.696 

2.693 

2.689 

2.687 

2.684 

2.681 

2.679 

I Unrnbny 
Civil  Tinlr. I 

11 111 

412p.31. 

512 .. 
I 

612 .. 
712 , I 

i 812 , 1 
912 .. 
1012 .. 
11 12 ,. 

blidnight 1 
112~.nr., 

213 ,- 
312 ,. 
412 ,. 
512 ,, 

612 ,. 
712 .. 

i 
I 

812 ,. 
912 ,- 
1012 ,, 
11 12 .. I , 

N O O ~ I  , 

1 1 2 ~ . ~ . !  

212 .. 
312 ,, 

-- ! 

J u l y  1 Augu~b .  1 S j t .  

2.752 

2.,752 

2.753 

2.753 

2.754 

2.756 

2.757 

2.758 

2.759 

2.759 

2.760 

2.761 

2.761 

2.762 

2.764 

2.763 

6.762 

2.759 

2.757 

2.752 

2.751 

2.751 

2.751 

- .  

Oct. 1 I o v  

7 

2.715 

2.715 

2.715 

2.716 

2.717 

2.718 

2.718 

2.719 

2.719 

2.719 

2.720 

2.721 

2.721 

2.722 

2.723 

2.722 

2.721 

2.720 

2.719 

2.718 

2.718 

2.721 

2.719 

-- 

2.736 

2.735 

2.735 

2.737 

2.739 

2.740 

2.742 

2.743 

2.744 

2.745 

2.i4G 

2.747 

2.748 

2.750 

2.752 

2.753 

2.751 

2.746 

2.744 

2.742 

2.739 

2.739 

2.738 

2.737 

-- - 

2.716 

2.717 

2.717 

2.717 

2.718 

2.719 

2.719 

2.719 

2.720 

2.721 

2.720 

2.721 

2.721 

2.721 

2.721 

2.722 

2.723 

2.722 

2.721 

2.720 

2.719 

2.718 

2.717 

2.716 

2.733 

2.731 

2.730 

2.731 

2.733 

2.734 

2.736 

2.737 

2.736 

2.738 

2.739 

2.740 

2.740 

2.741 

2.744 

2.743 

2.737 

2.738 

2.736 

2.734 

2.734 

2.735 

2.734 

2.734 

-p 



MAGNETIC OBSERVATIONS. 

TTERTICAL LNTENSITY: 4, MEAN HOURLY VALUES FOR EACH MONTH. 

B. 1855. 

'"4 

Mean Time. 

XOOU 
1 

2 

3 

4 

5 

S 

5 

n 
9 

I 0  

11 

12 

13  

14 

15 

16 

17 

18 

19 

20 

2 1 

March. 

2.732 

2.732 

2.731 

2.734 

2.736 

2.737 

2.739 

2.741 

2.742 

2.742 

2.743 

2.744 

2.745 

2.746 

2.748 

2.749 

2.749 

2.745 

2.742 

2.739 

2.737 , 2.735 

2.735 

2 .731  

April. 

2.743 

2.741 

2.743 

2.745 

2.747 

2,749 

2.750 

2.752 

2 .753  

2.754 

2 .755  

2.756 

2.757 

2.758 

2.7G1 

2.762 

2.758 

2.753 

2.751 

2.746 

2.745 

2.745 

2.745 

2.745 
I 

2.691 

2.690 

2.692 

2.694 

2.696 

2.698 

2.699 

2.700 

2.701 

2 . i 0 3  

2.504 

2.704 

2.706 

2.707 

2.708 

2.708 

2.712 

2 .713  

2.709 

2.704 

2.700 

2.697 

May. Jnne. July. L Oct. Aoguet. 

2 .733 

2.792 

2.792 

2.793 

2.794 

2.794 

2 .795  

2.796 

2.797 

2.797 

2.798 

2.798 

2.799 

2.800 

2.801 

2.802 

2.800 

2.7!)8 

2.796 

2.796 

2.795 

2.795 

2.79.5 

2.79.5 

2.714 

2.713 

2.714 

2.716 

2.718 

2.720 

2.720 

2.721 

2 .723  

2.724 

2.725 

2.726 

2.727 

2.728 

2.729 

2.730 

2.732 

2.731 

2.728 

2.723 

2.721 

2.718 

2.740 

2.740 

2.740 

2 .743  

2.746 

2.748 

2.750 

2.752 

2.753 

2.755 

2.756 

2.757 

2.758 

2.760 

2.762 

2.763 

2.759 

2.753 

2.749 

2.747 

2.745 

2.744 

2.743 

2 , 7 4 2  

Nov, Sept. 

2.788 

2.786 

2.785 

2.788 

2.789 

2.791 

2.793 

2.794 

2 .795  

2.796 

2.796 

2.797 

2.798 

2.799 

2.801 

2.802 

2.799 

2 .794  

2.791 

2.789 

2.789 

2.790 

2.791 

2.790 

2.722 

2.726 

2.727 

2.729 

2.730 

2.729 

2.734 

2.736 

2.737 

2.738 

2.738 

2.738 

2.739 

2.740 

2.742 

2.742 

2.741 

2.736 

2.729 

2.730 

2.728 

2.728 

2.728 

2.728 

2.744 

2.744 

2.744 

2.744 

2.744 

2.744 

2 .745  

2.745 

2.745 

2.746 

2.746 

2.746 

2.747 

2.746 

2.747 

2.747 

2.748 

2.748 

2.748 

2.747 

2.747 

2.747 

2.747 

2.746 

- F' 

Bombay ' 
Civil Time, 

- 
11 rn 

4 1'2 U.X., 

5 1: 

6 12 ,, 
7 12 ,, 

8 12 ,, 
9 12 ,, 

10 12 ,, 
11 12 ,, 
klidnigl~t j 

1 12 '1. x.: I 
2 12 ,, 
3 12 ,, 

i 

4 12 ,, , 
I 

5 12 ,, I 
6 12 9, 

7 12 ,, 
8 12 ,. 
9 12 2, 

10 12 7, 

11 12 ,, 
Noon 

1 11 P.P., 



GENEBAL REBULTB OF THE CORREBPONDINQ MAGNETIC OBBERVATION8 AT BOMBAY. 337 

VERTICAL LNTENSITY: 4, MEAN HOURLY VALUES FOR EACH MONTH. 

C. 1856. 

rf 

\ 

May. 

2.800 

2.808 

2.808 

2.812 

2.814 

2.816 

2.818 

April. 

2.802 

2.801 

2.802 

2.804 

2.806 

2.809 

2.811 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

I9 

20 

21 

22 

Gotlingen 

Mean Time. 

Noon 

1 

2 

3 

4 

5 

6 

June. 

2.791 

2.791 

2.791 

2.792 

2.794 

2.795 

2.797 

e b u  

2.812 

2.811 

2.813 

2.815 

2.817 

2.818 

2.820 

2.792 2.821 2.807 2.813 2.820 2.799 2.782 2.775 2.764 2.767 2.797 2.767 11 12 ., 

2.793 2.822 2.808 2.814 2.821 2.800 2.782 2.775 2.764 2.767 2.797 2.767 Midnight 

2.794 2.823 2.809 2.815 2.822 2.800 2.783 2.775 2.764 2.767 2.798 2.767 1 1 2 A . M .  

2.795 2.824 2.810 2.816 2.822 2.801 2.783 2.775 2.763 2.768 2.798 2.767 2 1 2  ,, 
2.796 2.825 2.811 2.817 2.824 2.802 2.783 2.775 2.763 2.768 2.799 2.768 3 1 2  ,, 
2 ,797  2.826 2.812 2.818 2.824 2.803 2.784 2.775 2.763 2.769 2.799 2.768 4 1 2  ,, 

2.798 2.827 2.813 2.818 2.824 2.804 2.784 2.776 2.764 2.769 2.799 2.769 5 1 2  ,. 
2.799 2.828 2.814 2.820 2.826 2.806 2.785 2.776 2.764 2.769 2.800 2.769 6 1 2  ,, 
2.801 2.830 2.815 2.821 2.626 2.806 2.785 2.776 2.764 2.770 2.801 2.769 7 1 2  .. 
2.803 2.831 2.816 2.820 2 ,823  2.800 2.784 2.776 2.765 2.770 2.801 2.771 8 1 2  ,. 
2.800 2.830 2.813 2.815 2.815 2.800 2.783 2.776 2.764 2.769 2.800 2.770 9 12 ,, 

2.794 2.826 2.808 2.810 2.816 2.797 2.782 2.776 2.764 2.768 2.799 2.768 1 0 1 2  ,- 
2.790 2.823 2.805 2.806 2.813 2.794 2.782 2.776 2.763 2.768 2.799 2.767 1 1 1 2  ,, 

2.788 2.819 2.803 2.805 2.812 2.794 2.781 2.776 2.763 2.769 2.800 2.767 Noon 

2.788 2.818 2.802 2.805 2.812 2.793 2.781 2.776 2.763 2.770 2 .798  2.767 1 1 2 p . b l .  

2.787 2.816 2.801 2.604 2.811 2.793 2.780 2.776 2.763 2.770 9.797 2.766 2 1 2  ,, 
2.786 2.814 2.790 2 8 0 3  2.806 2.792 2.780 2 ,776  2.763 1 .  

i I -- 

a .  

2.783 

2.782 

2.784 

4.786 

2.788 

2.780 

2.791 

M a c .  

2.798 

2.797 

2.798 

2.780 

2.802 

2.604 

2.805 

July 

2.780 

2.780 

2.760 

2.780 

2.780 

2.781 

2.781 

Augunt. 

2.776 

2.776 

2.775 

2.775 

2.775 

2.775 

2.775 

Sept  

2.763 

2.763 

2.763 

2.763 

2.763 

2.763 

2.763 

I Uomboy 
OcL 1 N o v  Dec. 1 

Civil 'rime. 

2.765 

2.765 

2.764 

2.764 

2.764 

2.766 

2.766 

2.794 

2.794 

2.795 

2.795 

2.795 

2.796 

2.796 

2.765 

2.764 

2.765 

2.765 

2.766 

2.766 

2.766 

h m 

4 1 2 p . ~ .  

5 1 2  .. 
6 1 2  ,. 
7 1 2  ,. 

8 1 2  ., 
9 12 ., 

1 0 1 2  , 



MAQNETIC OnRERVATION8. 

Gottingen 
Mean Time. 

VERTICAL INTENSITY: 4, MEAN HOURLY VALUEB FOR EAOH MONTH. 

D. 1857. 

r 

Jnnusry. 

Noon 2.748 

1 r' 2.748 

2 

3 

4 

5 

6 

7 1 

8 

9 

10 

1 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

June. February. March. 7- 
2.748 

2.749 

2.750 

2.750 

2.751 

2.751 

2.751 

2.752 

2.752 

2.752 

2.752 

2.753 

2.753 

2.754 

2.755 

2.755 

2.752 

2.748 

2.747 

2.747 

2.747 

July. 

2.750 

2.750 

2.750 

2.750 

2.751 

2.752 

2.752 

2.753 

.2 .753 

2.753 

2.753 

2.754 

2.754 

2.755 

2.755 

2.756 

2.758 

2.757 

2.756 

2.753 

2.751 

2.750 

2.749 

2.749 

August. 

2.780 

2.779 

2.778 

2.779 

2.780 

2.781 

2.782 

2.783 

2.783 

2.784 

2.784 

2.784 

2.785 

2.786 

2.787 

2.787 

2.785 

2.782 

2.781 

2.779 

2.779 

2.779 

2.780 

2.779 

2.764 

2.763 

2.764 

2 .764  

2.764 

2.766 

2.766 

2.767 

2.767 

2.768 

2.769 

2.769 

2.769 

2.769 

2.770 

2.771 

2.770 

2.769 

2.767 

2.765 

2.765 

2.766 

2.766 

2.765 

Sept. 

2.785 

2.784 

2.784 

2.784 

2.785 

2.785 

2.785 

2.785 

2.785 

2.786 

2.786 

2.786 

2.787 

2.787 

2.787 

2.788 

2.787 

2.786 

2.786 

2.785 

2.786 

2.786 

2.786 

2.786 

Dec. 

- 
Bombay 

Civil Time 

- 

h m 

4 12 P.A 

5 12 ,, 
6 12 ,, 
7 12 ,, 
6 12 ,, 
9 12 ,, 

10 12 ,, 
11 12 ,, 
Midnight 

1 12 A. n 

2 12 ,, 
3 12 ,, 
4 12 ,, 
5 12 ,, 
6 12 ,, 
7 l a  ,, 
6 12 ,, 
9 12 ,, 

10 12 ,, 
I1 12 ,, 

Noon 

1 12 P.M 

2 12 ,. 
3 12 ,, 



GENERAL ItEBULTY OF THE CORBEBPONDINO MAONETIC ODCJERVATIONS A'C BOYR~\Y.  339 

V. TOTAL INTENSITY. 

TOTAL INTENSITY: 1 ,  MEAN YEARLY V A L U E R .  

TOTAL INTENSITY: 2, MEAN MONTHLY VALUE~.  

Year. 

1847 

1848 

1849 

1850 

1851 

1852 

Jnnunry, February, hlnrcl~, 
I Winter = I 

Octobcv, November, December. 
April, May, Jonr, 

S I I I ~ ~ I C ~  = 1 
July, Augot~t, September. 

Intensity. Intensity. 

8.368 8.470 

8.355 

8.400 

. . .  
8.429 1867 1 8.493 

8.450 / , -- 

1855. 

8.476 

8.473 

8.482 

8.485 

8.460 

8.461 

8.461 

1856. 

8.474 

8.475 

8,492 

8.481 

8.490 

8.488 

8.489 

1857. 

8.494 

8.494 

8.501 

8.510 

8.495 

8.481 

8.493 

Month. 

January 
February 
hla.rc11 
April 

May 

A ~ g r l s t  

- 

Month. 

September 
October 
N o v e m b e r  

December 

Mean of Winter1 

Mean ofSummer2 

Mean of theyear 

! 

1854. 

8.461 

8.460 

8.459 

8.464 

8.453 

8.458 

8 .455 

1864. 

8,437 

8.459 

8.455 

8.447 

8.462 

461 

8.463 

1855. 

8.432 

8.439 

S. 448 

8.453 

8.453 

8, 456 

8.475 

-- 

1856. 

8.494 

8.603 

8.496 

8.494 

S'4'J5 

8.487 

4D4 

8.484 

1857. 

8.489 

8.489 

8.489 

8.490 

8.493 

8. 496 

8.492 



340 MAQNETIC OBBERVATIONB. 

TOTAL INTENSITY: 3, MEAN HOURLY VALUEB FOR EACH YEAR. 

' In this, as in all the preceding tables "Midnight" and "Noon" is written for Oh l?ln A.M., snd 011 12-n P.M., 

in order Inore clearly to mark the divisions of day and night. 

Gottlngen 

Mean Tlme. 

Noon 

I 

2 

3 

4 

3 

6 

I 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1 

2 2 

23 

Uombny 

ci1.11 Time. 

11 rn 

4 12 P.M. 

5 12 ,, 
6 12 ,, 
7 12 ,, 
8 12 ,, 
9 12 ,, 

10 12 ,, 
11  12 ,, 
Midnight 

1 12 A.M. 

2 12 ,, 

3 12 ,, 
4 12 ., 

5 12 ,, 
6 12 ., 

7 12 ,, 

8 12 ., 
9 12 .. 

10 12 .. 
11 12 ,. 

Noon 

1 12 P.M. 

2 '12  .. 
3 12 ,. 

1834. 

8 , 4 5 2  

8 . 4 5 1  

8 . 4 5 1  

8.450 

8 .451  

8 .451  

8 .452  

8 .453  

8 .454  

8.454 

8.455 

8.456 

8.456 

8.457 

8.457 

8 .458  

8.459 

8 , 4 6 1  

8.462 

8.462 

8 .461  

8.460 

8.457 

8 , 4 5 3  

Intensity 

1856. 

8.489 

8 .487  

8.484 

8.484 

8 .483  

8 .484  

8.484 

8 .484  

8 .485  

8.486 

8.486 

8.486 

8.487 

8.487 

8.489 

8.489 

8 .493  

8 .498  

8 .501  

8.502 

8 .500  

8.497 

8 .495  

8 , 4 9 3  

Yearly Total 

1855. 

8.458 

8 .456  

8 .455  

8 .455  

8 .456  

8 .456  

8,457 

8 .458  

8.459 

8.459 

8.459 

8.460 

8 .461  

8 . 4 6 1  

8 .462  

8 .463  

8 .464  

8 .466  

8 , 4 6 6  

8.467 

8.465 

8.464 

8 .462  

8.459 

1857. 

8 .494  

8.491 

8.489 

8.488 

8 .488  

8.487 

8 .488  

8 .488  

8.489 

8 .490  

8 .490  

8 . 4 9 0  

8 .490  

8 .490  

8 .491  

8.492 

8.405 

8.499 

8.502 

8.504 

8 .504  

8.502 

8.500 

8 , 4 9 7  

- 



SECTION V. 

MAGNETIC STATIONS. 

A. INDIA. 

Groub I. Assim nod Khessia Hills. 

Group 11. Delta oC tbe Ganges aud Brnb~uap~i t r a .  

Group III. Valley of the Ganges and its Tributaries. 

Group IV. Panjab, Siudll, and Kich.  

Group V. Central and Soutl~errl India. 

B. IIlGH ASIA 

a. Ilinrdlaya. 

Group VI. Bhutan t o  Nepal. 

Group VJI. Knmion and (;6rl1vaI. 

GroupVlU. Sinlla t o  I I>~z i r s .  

b. I lbet .  

Group LX. Gniri  Ifi6rel1111. 

Group X. Lndik.  
Group XI. Bnlti and H o ~ d m .  

Group XLI. T u r k i s t a ~ ~  

A. I N D I A .  

No. 1. DIBRUG~~RII, IN UPPER AssAnr. 

Latitude North. Longitude' East Green. Height. 
2 7 O  32' 0" 9 4 O  57' 35" 395  feet. 

Under trees a t  a short distance fro111 the left bank of the Bralimapi~tril, near t l ~ e  

building called "namg8rli". See p. 128. 

Observer : Hermann. 

1856, February 5, 5'1 10"' p.ar. local time. Collimator 1 ;  'l'l~eodolite 3, 'Trougl~tori; Chron 3 
0 I 

Magnetic rne r id ia~~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261 3 3 . 5  

True meridian (see p. 130) . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 0  d i  . I  -- 
l)ecli~latiol~ East . . . . 0 4G.4 



BIAQWTIC OBSERVATIONS. 

INTENSITY. 

Y A. Vibration. ' 
1856, February 6, ah P.M. local time. 

0 

20.1 C., 68 .2  Fahr. 
Magnet vibrated Temp. L 1 with ring. I L 1  20 .4  C., 68 .7  Fahr. 

Chron. IT, losing Os.2. 

Without 
ring. 

No. of vibrations . . . . . . 400 

I beginning . . . . 129.5 
Semiarc 

eliding . . . . . . 49.5 

Torsion (90') . . . . . . . . . 0' 

10:: I<, = 0.43858 log K = 0.43821 
log mX = 0.53157 

With 
ring. 

220 

132 
110 

0' 

B. Dejection. 

Without 
ring. 

Time of 1 vibration . . . . . 2.814 

p = 0 ~ 0 0 0 2 0  

p. = 0.00017 
'rime of 1 vibration corr. . . 2.821 

log = 8,75489 x 

1856, February 6, lh 30m P.M. local time. 

Magnets: Deflecting L 1 ,  deflected H 2 1 .  

Deflertion bar:  H 2 .  Distances: 1 foot. Temp.: 19O.1 C., 66O.4 Fahr. 

1 , ~  = 0.4308 X = Horizontal Intensity = 7.733 

1 foot. 
ti, = 6' 46' 55" 

p = 0.00017 

1856, February 5, 11" A.M. local time. 

Dip needle: No. 2. Temp : l6O.5 C., 61°. 7 Fahr. 

End A. 

1 foot. 

Temp. of m y n e t  19'. 1 C., 6G0.4 Fahr 

q = 0.00020 

- .  
Face to instrument 38 19 .1  o I 

Mean a = 38 24.4 
Face reversed . . . 38 29.7 

With 
ring. 

7.518 

0.00020 

0.00017 

7.587 

1 In ordrr to expose onr standarrl chronornclers 38 littlc as possible, we u~rrl  lor l he  vihrabion chronorn~tera 

..If.' and " A "  by I ) c I I ~ ,  and 5 hy (itant, their rate being referred, by comparison, to t l ~ c  stan~lard chronomclrl.. 
C o ~ ~ ~ l , a r c  p. ?8:1. 



GROUP I. A ~ B ~ M  AND K H ~ R L A  HILLB. 

End B. 
0 I 

Fare to instrument 38 3 9 . 0  o I 

Mean p = 38 35 .6  
Face reversed . . .  38 3 2 . 2  -- 

a + B  3 8 3 0 . 0  Mean of the dip = - = 
2 

Dip corrected for error of needlc . . . .  38 :10.:45 

Latitude North. 1.ongit11dc East Green. Height. 
3G0 34' 35" 92' 46' 45" 239 feet 

On alluvial soil, right hank of the Ural1mapi1tl.a in the vicinity ol t,he circuit 

bkngalo. See 11. 130, 
Obser\~er: I lerrna~l~l .  

DECLINATION. 

1856, January 25, 5" A.nr. local tinle. Collimator 1 ; Theodolite 13. 'l'rouglltorl; Chron. 3. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  278 3 3 . 8  

True meridian (see 11. 131) . . . . . . . . . . . . . . . . . . . . .  278 1 1 . 3  
-- - 

. . . .  Declination Enst 0 2 2 . 5  

INTENSITY. 

I .  HO~IZONTAI, INTENSITY. 

A.  Vibrcrtion. 

1856, January 28, 2" 20" ll.nr. local time. 

>lagnet vibrated I LL: wit11 ring. 

0 0 

1 7 . 3  C:., 6 3 . 1  Fahr. 
,renlp. 1 

1 7 . 6  C'., 6 3 . 7  Fahr. 

C:llron. H ,  losing 0'. 2. 



344 MAGNETIC OBSERVATIONS. 

KO. ( lf  1 

Se~niarr 

Torsion 

With 
ring. 

7.535 

0.00020 

0.00017 

7.559 

B. Dejection. 

Without 
ring. 

Time of 1 vibration . . . . 2.804 
q = 0.00020 

p = 0.00017 

Time of 1 vibration corr. . 2.813 

Without ' With 

1856, January 28, 2h 40" P.M. local time. 

Magnets: Deflecting L 1, deflected H 2 1 .  

Deflection bar: H 2. Distances: 1 foot. Temp.: 17". 1 C., 62O.8 Fahr. 

log K, = 0.43937 log K = 0.43821 

log m X  = 0.53407. 

ring. 

ribrations . . . . . . 600 

I beginni~~g . . . . 170.5 

ending . . . . . . 140.5 

(90') . . . . . . . .  1' 

ring. 

160 
155 

120 

1' 

log 114- - 8.75458 X - 

= 0.4399 X = Horizontal Intensity = 7.758 

1 foot. 
r c ,  = 6' 46' 50 

1856, January 24, 4h 20" P.M. local time. 

Dip needle: No. 2. Temp.: 16O.0 C., 60°.8 Fahr 

1 foot. 
Temp. of magnet: 17O.8 C., 64O. 0 Fahr 

End A. 
0 ,  

p = 0.00017 q = 0.00030 

Face to instrument 3 i  0.5 0 I 

Mean a = 37 6.26 
Face reversed . . . 37 12.0 

End B. 

1:ace to instrument 37 18.3 
Mean fl = 37 22.9 

l'nre reversed . . . . 37 27.5 

Mean of the dip = a*P = 37 14.58 
L 

Dip corrected for error of needle . . . . 37 14.03 



1,atitude Noi-tl~. Longitude East G r ~ c n .  I lc igl~t .  

2 f0  45' 40" 91' 56' 30" 352 fcet 

In a honse constructed of cane and bamboo, on alluvial soil. See 1). 131.  

Observer: Ilermann. 

DECLINATION. 

IXj(i, .I;uiuary '2, 1" I1.nl. local time. (:ollimator 1 ;  Tlieodolite 3. ' r rongl~ton;  Cliron. :< 
0 I 

Magnetic 11ieridi:~n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  358 13 .2  

True ~iieridian (sre 11. 134) . . . . . . . . . . . . . . . . . . . . . . . .  355 36.9 
pp -~ 

. . . .  Declination East 2 3 6 . 3  

A. Vibratioiz. 
1855, December 31, 3" 5"' P.nr. local time. 

AIag~ict ~ i l ~ r a t c ( l  
L 1 

L I sit11 ring. 

0 

19. 7 C., 67 .4  Fnhr. 
Temp. 

19 .9  C., 67 .8  Fahr .  

Chron. H, losing 0" 5. 

No. of vibrations 

I beginning . . 
Semiarc 

ending . . .  
Torsion (!lo0) 

1856, January 4, 3h 45" P.N. local timc. 

Magnets: D e f e c t i ~ ~ g  L 1, deflected 1121. 

Without 
ring. 

'Time of 1 vibration . . .  2.809 

y = 0.00020 

p. = 0.00017 

Time of 1 libration corr. 2.818 

Without 
ring. 

400 . . . .  
179 . . . .  

7 . . . .  
I '  . . . .  

1 t i o 1  I :  1 Distances: 1 foot, 1 .3:3 foot. 'Temp. : 20'. 0 C., ( j H O . 0  I"rl111.. 

log If, = 0044182 log I{ = 0.43821 

log NIX = 0.53271 

Wit11 
ring. 

200 

15.5 . 
120 

1' 

~ t t  = 0.4405 S = I l o r i ~ o i ~ t n l  Intensity .= 7 ,740  

4.1 

1 .33  h o t .  

l!jO. 4 C. 
60'. 9 Falir. 

0 00020 

I foot. I 1 . 3 3 f 0 0 t !  ,, - 60 45' 34" . 2051' 15" 
1 0 -  

,u = 0.00017 1 0.00017 

I ) !  log .;. - 8 . i6521  
X - 

1 foot. 

i 'Tenrl~ of n~;~gl~l.t:  '20°.0 C. 
I;#"' 0 1:alir. 

I I f/ = 0.00020 



MAGNETIC OBRERVATIONS. 

1855, December 30, 2'' 30" P.M.  local time. 

Dip needle: No. 2. Temp.: 2 1 ° . 8  C., 7 1 ° . 2  Falir. 

End A. 

Face to instrument . . . .  36 2 1 . 8  o I 

Mean a = 36 2 2 . 2  
Face reversed . . . . . . . .  36 2 2 . 6  

End B 
0 1 

Face to instrument . . . .  36 2 8 . 0  
Mean p = 36 32 .4  

Face reversed . . . . . . . .  36 3 6 . 8  . 

a + B  Mean of the dip = -- = 36 27 .30  
2 

Dip corrected for error of needle . . . .  36 27 .65  

This day is marlred in the Bombay magnetic observations as an abnormal day, 

but with olily a very light disturbance, scarcely amounting to 1'. 

No. 4. C~OHATTI, IN ABSAM 

Latitude Nol.tl~. 1,ongitude East Green. I-leight. 
2f0  5' 50" 91° 43' 45" 134 feet. 

On detrit,us resting on granitic subsoil, not far from Major Vetch's House. 

See p. 135. 
Observer : H e r r n a ~ ~ n .  

DECLINATION. 

n.  IH55. I)ecr~l~l)r l .  11. 311 10" p.nr. 1ocn.l time. Collimator 1 ;  'L'h~oclolite 3, T~ ,ong l~ ton ;  Ghron. 3. 

0 I 

J l ~ n e t i c  meridian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3 . 2  
, .  . . . . . . . . . . . . . . . . . . . . . . . . .  l r n e  meridin~i (set, p. 139) 0 .3.8 

- 
Decli~~at ion Ihq t  . . . .  1 6!). 4 

h. By Prismatic Compass No. 6. 

Jleridiati a.: obtained December 14, was marked by t,~irt~ilig t l ~ e  t,l:lesc*opr to 

a well tlefiued object, the temple on Icamaikia Hill, and reading o f  the n~lgular 

distat1ce.-Pl.inn~ntic ('onipaw No. 6, I)y Troughton, gave: 



Difference of the angular distance . . . . . . . . . . l" 54.0 

Correction of compass . . . . . . . . . . . . . . . . . + 2 . 0  

Declination East, by compass 6 corrected . . . . . . 1 56.0 

c. 1856, November 19, l lh 20"' P.M. local time. Trougtiton's needle 

I n  rletermining the longitude by lunar distances the needle ill Troughton's 

theodolite was turned, so as to  read 360°, when pointing to the magnetic north. 
0 I 

Meridian obtained by the Observations of Jupiter + 180 . . . . . . 357 55 .2  
.- 

Declination East 2 4 . 8  

Mean of the three series n, b, c: 
Declination Kast 2 0 .  1 

INTENSITY. 

A. Pihotion. 
1856, December 12, 12h 15" P . M .  local time. 

0 0 

I 19.7 C., 67.4 E'ahr. 
Magnet vibrated Temp. 

L 1 with ring. l 1 9 . 9  C., 6 7 . 8  Fahr. 

B. Deflection. 
1855, December 11, 3" 15" P.M. local time. 

Chron. H, losing 08.4. 

Magnets: Deflect,ing L 1, deflected H 2 1. 

Without 
ring. 

No. of vibrations . . . . . . 500 

( beginning . . . . 148.5 
Semiarc 

( ending . . . . . . 51.5 

Deflection bar: H 2 .  Distances: 1 foot, 1 . 3 3  foot. Temp.: 20O.0 C., 68O.0 Fallr. 

1 foot. I 1 .33 foot. I, 1 foot. 1 1.33 hot .  

With 
ring. 

500 

170 

120 

In 
log = 8.75320 

Torsion (90') . . . . . . . . 0' 0' 

III = 0.4410 X = Horizontal Illtensity 2- 7.784 

44 " 

Time of 1 corr. 2.808 1 i .5G1 

Without With 

log I\; = 0.43743 log K = 0,43821 

log 9nX = 0.53557 

ring. 

'rime of 1 vibration . . . 2.801 

Q = 0.00020 

p = 0.00017 

ring. 

7.542 

0.00020 

0.00017 



iNACiNETIU OBSERVATIONS. 

2. DIP. 
1856, December 10, 4" 30"' P.M. local time. 

Dip needle: No. 2. Temp. 19O.8 C., 67O.G lJ:iI~r. 

End A. 
0 I 

Face to instrument 36 13.3  o I 

Mean a = 35 10.4  . . .  Face reversed 35 7 . 5  

End A'. 
0 I 

race  to instrument 35 27.4 
Face reversed . . .  35 2 7 . 0  

Mean of the dip = = 35 18.80 
2 

Dip corrected for error of needle . . . .  35 19 .15  

No. 5 .  CHCRRA P ~ N J I .  IN THE I<HLSYIA HILLS 

1.atitude North. Longitude East Green. Hcigl~t. 
25" 1.1' 15" 91' 40' 30" 4,lG4 feet. 

O n  santlntone rocks,  i n  a n  opeu place of t h e  station.  See 1). 139. 

Observer: Her~nann. 

DECLINATION. 

n .  1855. i\'orenll)cr 14. '211 14"' P.nr. local time. Colli~nator 1 ;  'I'!~codolite 3, 'l'rougl~ton; ( 'l~ro~l. 3. 

0 I 

Blagnetic ~neridian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :+GO 14.4 
t 3 . . . . . . . . . . . . . . . . . . . . . . . .  l rue meridian (see p. 144) 9>7 55.1; 

-- 

I)c.cli~~ation East . . . .  2 18.8 

1,. F o r  Cleterluiui~lg t h e  tleclinntion .wit11 'li~oli,qktotz's t~eeclle ancl wi th  cor/~p/rss 

No. I;, t h e  a n g ~ i l a r  distance between tlio 111c.ritlia.1l ;111d il. l<l~b~siiL'-Tt?nl~~le t o  t he  east' 

of it was talcen, a n d  fou~rcl t o  I)e 20' 58' ' 8. The inearis of' t h e  clecli~lntion, t , l~us  

obta ined by re l~eate t l  reading8 of t,lie needle an11 bearings Ily t he  conllxws, were 



INTENSITY. 

A. Vibration. 

1855, October 26, 2" 5m P.M. local time. 

hlngnet ~ i b r a t e d  
L 1 with ring. I L 1  

18 .8  C., 6 3 . 8  1:ahr. 
Temp. 

1 8 . 6  C., 66 .5  1:ahr. 

log K, = 0.41970 log K = 0.43821 
log ~ L X  = 0.54105 

Chron. H, losing 0'. 3. 

U. Deflection. 

1855, October 28, 3h 30" P.M. local time 

M'agnets: Deflecting L 1, deflected H 21. 

1)etlcction bar .  If 2 Distances: 1 foot, 1 .33  foot. Temp.: 21". O C., Ii'J0. 8 F a l ~ r .  

Witllout 1 IVitll 
ring. 1 ring. 

Time of 1 vibration . . . . 2 782 

Time of 1 vibration 

Without 
ring. 

No. of ~ i l ) ra t io~ l s  . . . . . . 500 

I beginning . . . .  120 
Semiarc 

ending . . . . . . 36 .5  
r .  1 orsion (90°) . . . . . . . . 0' 

2. DIP. 
1855, October 23, gh 10m P.M. local time. 

Dip needle: No. 1. Temp. 23". 2 C., 73'. 8 Fallr. 

IVilh 
ring. 

250 
211 

146.5 

0' 

1 foot. 
0 

Temp. of magnet . . PO. 2 C. 
G8.4 Fallr. 

q = 0.00020 

End d 

1 . 3 3  foot. 
0 

20 .0  (:. 
6 8 . 0  F a l ~ r .  

0.00020 

U I 

I?;lce to instrument 33 4 1 . 9  0 I 

>le;~n a = :+:i 51 . i 5  
Face reversed . . . 34 1 . 6  

log - 8.74925 X - 
J I I  = 0 4 4 1 7  X = Horizontal Intensity = 7 . H l i H  

End U .  
0 I 

Face to instru~nent  33 1 3 . 0  

reversed . . . 33 20.6 

>lea11 of the dip :L '3 = :33 : 3 ~ .  ?* 
2 

])ill corrertetl Ibr error of needle . . . . :3:3 Yi .2 i  



350 MAGNETIC OBSERVATIONB. 

GROUP 11. 

DELTA OF THE GANGES AND BRAHMAPUTRA. 

N o .  6. SURAJG~NJ, w EASTERN BENGAL. 

Latitude North. Longitude East  Green. Height. 
24O 22' 50" 89' 43' 20" L. a. L. S.' (20 feet.) 

Observer: Hermann (see p. 144). 

DIP. 

1856, February 17, 3h 50" P.M. local time. 

Dip needle: No. 2. Temp.: 27O.2 C., 81°.0 Fahr. 

End A. 
0 I 

Face to instrument 31 54.1 o I 

Mean a = 31 57.3 
Face reversed . . .  32 0.5 

End B. 
0 r 

Face to instrument 32 10.3 
Meanp = 32 9.0 

Face reversed . . .  32 7 . 7  
a + B  Mean of the dip = - : 32 3.15 

2 

Dip corrected for error of needle . . . .  32 3.50 

Xo. 7. DHAKA, IS EA~TERN BENGAL. 

1,atitode North. Longitude East Green. Height. 
23' 42' 44" DO0 20' 15" 1,. a. L. S. 

On alluvial clay soil, at a short distance from the landing Ghiit. See p. 144. 

Observer : Ilermaon. 

1 1,. a. L. S. = Liltlc abuve l l ~ c  level oC tlie sea 



GROUP 11. DELTA OF THE OANOEB AND B R A H M A P ~ T R A .  351 

DECLINATION. 

1855, February 21. 1" lom P.M. local time. Theodolite 3, and Neeclle 'I'roughton; Chron. 3. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163 4 6 . 4  

'True meridian (see p. 145) . . . . . . . . . . . . . . . . . . . . . . .  161 25.2 - -- . 

. . . .  Declination ]cast 2 91 . 2  

INTENSITY. 

Dm. 

1856, February 21, l l b  A.M. local time. 

Dip needle: No. 2. Temp.: 25". 2 C., 7'i0.4 Falir. 

End  A. 

Face to instrument 30 52 .0  o I 

Mean a = 30 55 .5  
Face reversed . . .  30 59.0 

End B. 

Face to instrument 31 5.0 
Meanp  = 31 6 .25  

Face reversed . . .  31 7 . 5  

Mean of the dip = -- = 31 0 . 8 8  
2 

Dip corrected for error of needle . . . .  31 1 .23  

No. 8. K ~ L N A ,  IN EABTERN BENGAL. 

Latitude North. Longitude East  Green. Height. 
22O 45' 55" 8S0 36' 55" I,. a. L. S. 

Alluvial soil of the Ganges Delta. See p. 145. 
Observer : Hermann. 

DECLINATION. 

1856. I"e11rrrary 24, 12h 30'" P . M .  local time. Theodolite 3, and Needle 'Trougllton; Chron. 3. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 2 3 . 0  

True meridian (see 1). 146) . . . . . . . . . . . . . . . . . . . . . . .  22 52 .6  
-- - -- 

. . . .  Declination East  2 30 .4  

INTENSITY. 

D I P .  

1856, February 24, 12" 30"' P.M.  local time. 

Dip needle: No. 2. Temp.: 2ti0.8 C., SO0. 2 Fahr. 



End A. 
n ,  

1:are to instrument 29 0 . 4  o I 

Mean a  = 29 13.1 
Face reversed . . . 29 25 .8  

End B. 

Face to instrtunent 26 1 7 . 2  
Mean @ = 29 23 .9  

Face reversed . . . 29 30 .6  
a + @  hIean of the dip = - = 29 18.50 

2  

Dip corrected for error of needle . . . . 29 18.85 

No. !). CALCUTTA, IN BENGAL. 

Latitude h'orth. Longitude East Green. Height. 
22O 33' 1" 88' 20' 34" I,. S. L. S. 

On alluvial soil, in the botanical garden, right bank of the H6gli. See p. 147. 

Observer: Hermann. 

FIRST SERIES. 

DECLINATION. 

1856, Blarcl~ 24. 1" 30"' P.M. local time. Collimator I ; Theodolite 3, Troughton; Cllron. 3. 

Magnetic meridian 
True meridian (see p. 148) . . . . . . . . . . . . . . . . . . . . . . 346 47.6 

Declination East . . . . 2 28 .4  

A. Vibmtion. 

1856. March 22. ZL 55"' P.nr. witllout ring, 4" in P.nr. with ring, local time. 
0 0 I 31.9 C., 89.4  Fnlir. 

Magnet vibrated Temp. 
L 1 with ring. ( 31 . 1 C., 88 .0  Fal~r .  

Chron. H, losing 0'. 5. 

Il'ithout 
ring. 

So .  nf vibrations . . . . . . . 6 0 0  

With 
ring. 

HI) 

l i 0  

1 'LO 

1 ' 

L\'ithout 
ring. 

'I'inlr of' 1 vihmtio~~ . . . . 2 . 7 6 2  

'1 = 0 . 0 0 0 2 0  

= 0 ~ 0 0 0 1 7  

T i m  of' 1 \-ibl.ation rorr. 2.763 

Will1 
ring. 

i .4R!) 

0 . 0 0 0 2 U  

0.00017 

i ,454 



log K, = 0.43552 106 K = 0.43821 

IogmX = 0.54961 

1~ = 4372 X = Horizontal Intensity = 8.108 

B. Dejection. 

1856, March 23, 6'' 30m P.M. local time. 

Magnets: Deflecting L 1, deflected H 21. 

Deflcction bar: 112. Distances: 1 foot, 1.33 foot. Temp.: 30O.0 C., 8(i0,0 1:allr. 

1856, March 23, 8'' 40" P.M. local time. 

Dip needle: No. 2. Temp.: 25". 7 C., 78O. 3 Fahr. 

End A. 

Face to instrument 2; 53.75 0 , 
Mean a = 27 56.38 

. . .  Face reversed 27 50.0 

1 foot. 

u, = Go 24' 48" 

p = 0.00017 

End 13. 

1 foot. 
0 

Temp. of magnet 29.7 C. 

85.5 Fabr. 

1.33 foot. 

2' 41' 58" 
0~00017 

0 I 

Face to instrument 28 14.25 
Mean p = 28 16.38 

. . .  Face reversed 28 18.50 - .- 

1 .:XI foot. 
0 

29. :i C. 
84.7 Fallr. 

a + B Mean of the dip = = 28 6.38 
2 

q = 0.00020 I 0.00020 

Dip corrected for crror of needle . . . .  28 6.53 

SECOND SERIES. 

DECLINATION. 

1857. April I:-;-;, 11" 5" A . M .  local timc. Collim:ttor 1 ; Tlieodolite 2, Jones; Vliron. 3. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209 34.0 



BlACXETlC OBSERVATIONS. 

1657. .\pril 12, 3" 10"' P.N. mit.hout ring t local time. .. ,. 13, 4'' 0"' ,, ~vitll  ring 

0 

L 1 33 .6  C., 9 2 . 4  F a l ~ r .  
JIilg~ret vibmtetl Temp. I L 1 wit11 ring. 33 .!) C., 9 3 .  1 Fahr. 

Chron. H, losing. 0". l i .  

Without 
ring. 

No. 01' vil~rations . . . . . . . . 550 

I beginning . . . . . . 188 
Sellli:~rc 

entling . . . . . . . 73 

'l 'orsio11(!)0~) . . . .  . .  . . . .  9' 

With 
ring. 

210 

180 

70 

9' 

Wi t11o11t 
1.i11g. 

'rime of 1 v i b r a t i o ~ ~  . . . . . 2 .820  

'1 = 0.00020 

I* = 0.00015 

Tinie of 1 vibration corr. . . 2.823 

log K, = 0.43334 log K = 0.4:3821 

log n ~ x  = 0 .  .5:30!)8 

lti5i, rlpril 12, 5'l 0'" P . M .  1oc:kl time. 

hI:gnets: Detlerting L1 ,  dcflectetl H a .  

Detlec-ti011 I>:II.: H 3. Ilistances: 1 foot, 1 . :I foot. 're1r111. : :IZ0 . U C',., 8V0. 1; 1::~llr. 

2 .  1)lll. 

Ih.57, .\l)lil 12- 1" :lOn' l v .x ,  l o c d  tilnv. 

I)il) ~~t.e~llcs: So.  2 .  'I'c~np.: . Hi0. 3 C., !)OD. I I:ahr. 

Ell11 A .  

1 fnot. 1 I . 3  foot. 
0 

'I'c.~nl~. of I I I : ~ I I ~ * ~  32 . 0  C. 3 I . ( i  C'. 

8 9 . 6  I ia l~r .  8 8 .  !, Fahr. ,, = 0.00020 1 o.ono2o 

1 foot. 

I , , ,  = lio 1;' 33" 

. = 0 1 0 7  

)I& 
log = n.  i:io5!) 

log I I I  = 0 .  4274 X = I ~ O ~ ~ X O I I ~ : L ~  I ~ r t r ~ ~ s i t y  = 7.!l-l7 

1 . 3  foot. 

2" 4 i '  13" 

0.00017 



G R O U P  I l l .  VAI.LEY 01' T H E  Gdh'GEH AND ITS TRIBU'L'ARIEH. 

End B. 
0 I 

Vacv to ll~ntrument 28 22 . ( i H  o I 

Mean 8 =- 28 19 .  I! ,  . . .  I;;tc.c. reversed 28 15. i 5  - -  - 

a + B 1Iea11 of the dip = - = 28 22.6!) 
2 

Dill corrected for error of needle . . . .  28 2 2 . 9 4  

GROUP Ill. 

VALLEY OF THE GANGES AND I'L'S THIBUTAHIES. 

No. 10. l t l i b r ~ u ~  B ~ L E A ,  IN EASTERN BENGAL 

1,atitude North. Longitude East  Green. Height. 
24' 21' 46" 88' 34' 20" 51 feet. 

On the left s h o r e  of the (fanges, a few feet above the level of' t,lir water. Sre 11. 148. 

Observer: I-Iermann. 

1855, August 28, 511 30" P.M. local time.' 

' Magnet vibrated: L 1 .  Temp.: 28O.3 C., 83O.0 Vnl~r. 

Clu-011. H, losing 1'. 0. 

Wilhout 
ring. 

KO. of vibrations . . . . . . . .  2li0 

. . . . . .  I beginning. l:30 
Scnli:~rr 

ending . . . . . . .  H l  

'I'orsion (00') . . . . . . . . . .  (i' 

Witl1(,111 
ri~bg. 

Ti~ne  of 1 vibration . . . . .  2 , 7 7 3  
q = 0.0002U 

I* = 0.0001 T 

. .  'Time of 1 ribratiul~ cwr .  2 . 7 7 s  

log h- =: ( I .  AH82 I log = 0.5451!1 



MAGNETIC OBBERVATIONS. 

1855, August 28, 4" lom P.M. local time. 

hkagnets: Deflecting L 1, deflected H2 1. 

Deflection bar: 8 2 .  Distances: 1 foot. Temp.: 30°.2 C., 8G0.4 Fahr. 

1 foot. 
11, = Go 16' 0" 
p = 0 ~ 0 0 0 1 7  

1 foot. 
Temp. of magnet 30°.2 C., 8G0.4 Fahr. 

q = 0.00020 

7 I L  log - = 8.89269 X 
111 = 0.5235 X = Horizontal Intensity = 6.703  

1855, August 28, 4h 50" P.M. local time. 

Dip needle: No. 1. Temp.: 28'. 9 C., 84O.0 Fahr. 

End A. 

Face to instrument :39 31 7 o 8 

Mean a = 32 33.75 
Face reversed . . .  92 35 8 

End B. 
0 8 

Face to instrument 31 17.4 
Mean p = 31 21 .8  

Face reversed . . .  31 2 6 . 2  - 

a + B  Mean of the dip = = 31 57.78  
2 

Dip corrected for error of needle . . . .  32 0 . 7 i  

No. 11. KIBBENOANJ, OR BARIADANGI, IN WEATERN BENGAL. 

I.atitude North. 1,ongitude East Green. Height. 
26' 6' 0" H i 0  56' 8" 140 feet 

On i ~ l l l ~ r i a l  soil deposited 1)y the MahanOdi river. See 11. 149 

Observer: Hermant~. 



DECLINATION. 

1855, August 18, 8h 30"' P.nr. local time. Theodolite 1 and Needle, Troughton; (:hron. 3. 

0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  260 30.6 

True meridian (see p. 149) . . . . . . . . . . . . . . . . . . . . . .  258 10.4 

. . . .  Declination East 2 20.2 

INTENSITY. 

A. Vibration. 

1855, August 18, !lh 35"' A.M. without ring, lh 40" P.M. with ring; local time 

0 

26.8 C., 80 .2  Fahr. 
Magnet vibrated Temp. 

L 1 with ring. I 27.6 C., 81.7 Falir. 

Chron. Ii, losing 0O.6. 

No, of vibrations . . .  

I beginning . 
Seniiarc 

ending . . 
. . .  Torsion (90') 

Without 
ring. 

. 500 

. 140 

log K, = 0.44293 log K = 0.43821 

log nbX = 0.54289 

With 
ring. 

190 
160 

Without ' Wit11 

B. Dejection. 

1855, August 18, 12h 10" P.M. local time. 

ring. 

Time of 1 vibration . . . . .  2.779 
q = 0,00020 

p = 0 ~ 0 0 0 1 7  

Magnets: Deflecting L 1, deflected H 21. 

ring. 

7.443 

0 ~ 0 0 0 2 0  

0.00017 

Time of 1 vibration corr. . .  2.785 17.457 

1)L 
log - - - 8.89200 

1)eflection bar: H 2. Distances: 1 foot. Temp.: 27O. 2 C., 81°.0 P'ahr. 

III 2; 0.5217 X = Horizontal Intensity = 6.690 

1 foot. 
t ( ,  = Go 15' 50 

p = 0 ~ 0 0 0 1 7  

1 foot. 

Temp. of magnet 27O.2 C., 81°.0 Iiahr. 

q = 0 ~ 0 0 0 2 0  



MAGNETIC OBSERVATIONS. 

2. DIP. 

1855, August 17, 5" 25"' il .nr.  local tiinc. 

Dip needle: No. 2. Temp.: 26'. 5 C., 7!1°. 7 E'ahr. 

Fad A. 

Face to instrriment 35 1d .4  
. . .  Face reversed 35 1 8 . 0  

End B. 

Face to instrument 35 9 . 0  

. . .  1:wr rcversed 35 3 . 0  

0 I 

Mean a = 35 1 7 . 2  

Mean = 36 6 . 0  

Mean of tlie dip = b:+ = 35 1 1 . 6 0  
2 

Dip corrected for error of needle . . . .  35 1 1 . 9 5  

. . . . . . . . . . . . . . .  3. VERTICAL INTENSITY . .  '. 4 . 7  19 

4. TOTAL INTENSITY . . . . . . . . . . . . . . . . . . . .  8 .1Yi  

N o .  12.  PATNA, IN WESTERN BENGAL. 

Lntitnde Xorth. Longitude E,mt Green. Height. 

250 $71 12" $5' 7' 32" 170 feet. 

On rich n l l u v i n l  s o i l ,  in a garden. See p. 149. 

Obsen~er : Hermann. 

FIRST SERIES. 

DECLINATIOS. 

1857, Fel)rrlary t i ,  11" 10"' A.M. local time. Collimator 1 ; Tlieodolite 2, Joncs; Chron. 3. 

0 I 

. . . . . . . . . . . . . . . . . . . . . . .  llagnetic meridian 223 15 .0  

. . . . . . . . . . . . . . . . .  True meridian (see p. 150) 221 5 1 . 1  
-- -. - - 

. . . .  Declination 1 53.!)  

INTENSITY. 

1. HORIZOKTAI. INTENRITY. 

A. Vil>rcrtiorr. 

1S.j:. l,.cl)r~~i~ry 7. 12l1 2Unu P.M. x i t l ~ o ~ ~ t  r i ~ ~ g ,  I l l  10"' ~, .&t .  \vitI~ ri11g; l o t . i ~ l  ti~nc. 



GROUP 111. VALLEY OF THE GAh'(;EEi ANI) IT8 'I'RIl3UTARIEH. 

>I:~gnet vihratecl 
L 1 with ring. I L 1  

0 

23.9 C., 75.0 I'alir. 
Temp. 

24. li ('.. 76.2 Fahr. 

Chron. H, losing O n .  2. 

111 = 0.4351 X = I~orixont;~l Intensity = 7. 660 

13. Dejlectiot~. 

1867, February 7, 5h 25'" P.nr. local tilnr. 

Magnets: 1)eflecting L 1, clef ectecl H PI. 

Deflection bar: H 3. Distances: 1 foot, 1 . Y  foot. 'Tcrul).: 35O.O C.. T i o , ( )  Fnhr. 

2. DIP. 
1857, February 7, 3"On' P.ni. local ti~ue. 

I)ip needle: No. 2. Ten111.: 3(i0. 3 C., i ( J O . 4  b'ahr. 

End A. 

Without 
ring. 

Time of 1 vibration . . . . 3,844 

11 = 0.00020 

p. 1: 0.0001 7 

Time of 1 vibration corr. . . 2.860 

Without 
ring. 

Xo. 01' vibr:~tions . . . . . . . 970 

I~eginning . . . . . 163 
*nniarc I 

ending . . . . . . .  77 

Face to instrument 93 31.35 0 ,  

31ea11 n = 93 29.44 
Face reversed . . . 33 '27.63 

log If, = 00437!20 log K = 0.43621 

log I ILX = 0.52285 

With 
ring. 

200 

198 

136 

1 foot. 1 , :j hot .  
0 

'reml?. of magnet 24.3 (:. 24.1 C. I o 

75 .$ Fahr. 75.4 Fahr. 

'1 = 0.00030 0.00020 

1 foot. 

I ! , ,  = Go 25' 37" 

I* = 0.00017 

Mean of the dip = 523 = 33 30.11 
3 

o i o ~  (!OO) . . . , , . . . . 0' 0' 

111 
log - - 8.75436 X - 

I 
1 . 3  foot. 

2' 56' 21" 

0.00017 

I) i l~ corrrrted for error of nc.ecllc . . 93 : iO.4li 



MAONETIC OBSERVATIOXB. 

SECOND SERIES. 

INTENSITY. 

A. Vibration. 

1857, March 20, 2h P.M. local time. 

Magnet vibrated: L 1. Temp.: 28'. 3 C., 83'. 0 Fahr. 

Chron. H, losing 08.6. 

. . . . . . . . . .  No. of vibrations 120 Time of 1 vibration . . . . . . . . .  2.835 
. . . . . . .  I beginning.. 160 p = 0.00020 

Semiarr 
ending . . . . . . . . . .  140 y = 0.00017 

. . . . . . . . . . . . .  Tolaion (90') 0' Time of 1 vibration corr. . . . . . .  2.837 

log K = 0.43821 log m X  = 0.52667 

B. Dejection.. 

1857, March 20, lb 30m P.M. local time. 

Magnets: Deflecting L 1, deflected H21. 

Deflection bar: H 8 . .  Distances: 1 foot, 1.3 foot. Temp.: 27O.2 C., 81°.0 Fahr. 

*it = 0.4369 X = Horizontal Intensity = 7.697 
Mean of the two series . . .  = 7.678 

2. DIP. 

1857, March 23, 5h 10" P.M. local time. 

Dip needle: KO. 2. Temp.: 27O.3 C., n1° .2  Fahr. 

1 .3 foot. 

27 .; C. 
8 1.0 Fahr. 
0.00020 

1 foot. 1 . 3  foot. 1 foot. 

End A. 

u, = 6' 28' 34" 

= 0.00017 

l'are to instrument 33 3 5 . 7  
1:nc.c rerersetl . . .  33 4 0 . 5  

2' 57' 2" 
0.00017 

Temp. of magnet 260.7 C. 
80.0 Fahr. 

q = 0.00020 



(;nOUP I l l .  VALLEY OF 'I'HE OI\NC;F:X A N 0  ITS TRLUU'l'~\nlEN 

. . .  Face reverficd 3.3 .32.!) 

Mean of tlre dip = a* = 3.3 35.10 
2 

Dip corrected for error of 11eed1e . . . .  33 35.46 

General Afenn . . . . . . . . . . . . . . . . . . . . . . .  33 39 .85  

For apl~r~ximativelj~ determining the daily variation of the horizor~tal ~ ~ ~ t e n s l t y ,  

t l ~ e  deflect~on alyaratns \\,as observed Alarcti 21. Magnet L, was used as t l ~ e  deflecting 

one, a t  1 h o t  distance. 

One tenth of n minute was the uiiitr read otF from the scales, to ~vliicll corre- 

sl~ondecl an absolute value in English units = 0.00090, as deduced li.0111 the ~wecetling 

observatio~~s of deflection. 

Increasing numbers denote an increase of the intensity. Tllc time is local 

time for J'iitna and tor Bombay. The scale readings were: PAtna, 1857, Marc11 2 1. 

(jlh 40" A.nr.  10" a.aI. :il' 30"' P.M. 6l' 10" P.ar. 

302.8 310.2 309.0 308. !r 

I in scale rendings 5 . 4  1.2 0. I 
IJiffereurcs 

in Ihglish units + 0.0068 - 0.0011 - 0.0001 

0l)servations a t  Bombay, 1857, Marc11 2 1, in Englisli Units : 

GI' 12"' A. nr. 1 01' 1 2"' A. ar J1' 19"' '. AI. 5'' 12"' 11. ar. 

8.0181 8.0::45 6.0290 P\'o obscr\ : ~ t i o ~ ~ .  
Differe~lccs 4- 0.0164 - 0.0055 

No. 13. SIGAULI, IN ~I'ESTERN U E K O ~ ~ L .  

l l : ~ t i t ~ ~ d c  North. Longitude T::lst Grecn. Height. 
" ( i O  4(i1 4  1 " 84O 44' 26" 2(;0 feet 

Near Major Holmes' Ilouse; 111 a fine gurclen. See 1). 151. 

0l)scrver. Her~nnnrl. 

I ) I P .  

I S 5 i .  Fcl)rn:~rs 16. 2l' 33"' 1,. 31. loc:~l tilne. 

I)ip needle: So. 2. Tc~np.:  2i0.6 ('.: S l O . i  F'al~r. 



31AGNETIC OBSERVATIONS. 

End A. 
0 ,  - .  

E';tce to instrnment 35 4 6 . 4  

Face reversed . . . 35 4 2 . 8  

Iiace to instrurnent 35 33.7 
Mean 8 = 35 34 .9  

I?ilcc reversed . . . 35 36 .1  

Mean of the dip - a + fi = 35 39.75 
2 

Dil) corrected for error of needle . . . . 35 40 .10  

Latitude North. Longitude East  Green. Height. 
'25O 19' 26" 82' 59' 47" . 325 feet. 

In  a garde l l  not far from the English church, on alluvial s o i l .  See 1). 151.  

Observer: Hennnrln. 

DECLINATION. 

ls56, April 4. 4'' 30'" P.M. local time. Collimator 1; Tl~eodolite 3, Troughton; Chron. 3. 

' rrne meridian (see p. 1.52) . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 1  . 9  

Declination E a s t .  . . . 1 5 0 . 3  

INTENSITY. 

1856, April 3, Fill 50'" P.M. loci~l tinie. 

\lagnet vibrated 
L 1 with ring. 

0 0 

I 37.1  C., 9 8 . 7  Falrr. 
Temp. 

3 6 . 8  (l., 98 .  2 I"a11r. 

Chron. I f ,  losing 0% tl. 

Witl~oot ' \\'it11 
ring. 1 ring. 

Sn. of vil,rati;>ns , , . . . . . 300 1 160 
beginniap . . . . . 180 220 

Bemiarc 
( ending . . . . . . . 80 1 140 

'I'orsinn (!)no) . . . . . . . . . 1' , 1' 

log I<, = 0.43415 

lo:! I I I  S .= 0.53843 

\Vitl~oul Wit11 
I .  ' ring. 

Time of 1 vihra t in~~ . . 2 .901  1 7.5M ,, = 0.0002o 

p = 0.00017 

'Tinrc of 1 vibration corr. 2.799 

o.ooo20 

0.00017 

7.SB1 

log K = 43821 



GItOI.Jp 111. VhLLEY OF THE GANGk:S AND ITH TRU1U'I'AllIEH. 

U. De$ectiott. 
1866, April 3, 4l' 20'" P . M .  1oci~l t in~c.  

Magnets : Deflecting L 1, detlected H21. ' 

I)c4iection )jar: H3. Distances: 1 foot. Tclnp.: 38O.G C., 101U.5 Fallr. 

1 1 ,  = 6' 46' 40" I Temp. of magnet 38O.0 C., 100°.4 Fahr. 
(J. = 0.00017 Q = 0.00020 

111 
log - = 8.7515'3 x 

111 = 0.4417 X = Horizontal Intensity = 7.822 

2. U11'. 
1856, ~ l p r i l  3, lzl' 20"' P . M .  local timc. 

Dip needle employed: So.  2. 'Te~np. : 37'. !J C.,  100'. 2 I"al~r. 

0 I 

Face to i l~s t ru~nen t  32 41 .P o I 

h1e;r11 a = 32 36.0 
Face reversed . . .  32 28.8 

End U .  
0 I 

Fxcc to il~strurnent 32 53.6 

Face reversed . . .  39 40.0 

RIean of the dip = adg = 32 40.90 a 
L)ip corrected for error of needle = 32 41.96 

No. 16. L t i ~ a ~ d u ,  IN AUDH. 

Latitude Nortlr. 1,ongitude East  Green. Iieight. 
2G0 51' 10" SO0 55' 32" 690 feet. 

111 a, garden, on alluvial soil, not far from the ltesident's (then General O~ltraul's) 

Ilouse. See 11. 152. 
Ohscrver : kIermi~nn. 

DECLINATION. 

IS.%;, r\pril !), 8'' 130'" . i .al ,  local time. (:ollimator 1;  ' ~ l ~ ~ o d o l i t e  3, Troug11t1111; Chrol~.  3. 
0 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Xlngnetic ~neridi iu~ 324 ti .n 
. . . . . . . . . . . . . . . . . . . . . . .  Trnr ~ncritlian (see p. 1.33) :-I21 z'!).-I 

. Declinatioll Last . . . .  2 3 7 . 4  

4(; * 



A. Vibra.tiorz. 
1856, April 9, 7" 10" A.M.  local time. 

Jl,zgnet vibrated 1 LL :  wit,^ r ing 

0 0 

30.9 C., 87 .6  I"a1ir. 
,remp. I 

3 1 . 9  C., 89 .5  Fahr. 

1866, April 9, 9" A.X.  local t i~nc.  

C:lrron. I< losing 1" 3. 

B1:rgnets: Deflectin:: L 1, tleHected H 2 1  

DeHectio~~ bar: R 3. 1)istmlces: 1 foot. Temp.: 31'. 5 C., 8tr0. 7 Fnlrr. 

1 foot. 1 foot. 
r f ,  = 6' 7' 0" I l'elnl). of nlngl~et 33O.0 C'., 91°.4 1;:111r. 
p = 0.00017 'I = 0.00020 

111 
log :y = 8.70044 

\Vi tho~~t  
rirrg. 

So.  of vibrations . . . . . . . 100 

I beginning . . . . . 130 
Se~ninrc 

ending . . . . . . . .  43 

Torsicr~~ (90') . . . . . . . . . 1' 

111  = 0.4159 X = Horizontal Intensity = 8.17(; 

2. DIP. 
1856, April 9, 3h 35"' P . x .  local time. 

log Ii, = 0.43451 log K = 43821 
log ,nX = 0.53151 

IVit11 
ring. 

160 

230 

(; 6 

1' 

1)ip needle: Xo. 2. Temp.: 34'. 3 C.:  93'. 7 Fallr. 

LVithoot 
ring. 

'rime of 1 vibration . . .-2.819 

q = 0.00020 

I* = 0.00017 

Tinw of 1 v ibra t io~~ corr. 2.822 

I::ic~ to ius t rume~~t  35 26. 1 o I 

1lea11 a =: 35 22.13 
1;:lre reversed . . . 35 18.2 

End B. 
0 I 

k':~rr to instru~nent 35 6 . 0  
Zlrnr~ 6 - 35 14.25 

Face reversed . . . 35 23.8 -~ ..-A 

a + $  Jleqn of the dip = --- == 35 18.20 
2 

Ilip corrected for wror of 11ec11lr . . . . X i  18.X1 



GROUP 111. VALI,EY OF THE CiANQES AND ITS TRIBUTAnIE8. 365 

No. 16. ALIQ~RH,  IN H ~ D O S T L N  (N.W. PROV.). 

Latitude North. Longitude East  Green. Height. 
27' 53' 50" 780 3' 55" 760 feet. 

On a.lluvia1 soil, in a ga,rden. See p. 153. 

Observer: Hermanu. 

. 
DECLINATION. 

1856, .January 18, G h  P.P. local time. Collimator 1;  Theodolite 3, Troughton; Chi-on. 3. 

0 I 

Magnetic ~neridian . . . . . . . . . . . . . . . . . . . . . . . . . .  254 3 1 . 1  
Trne meridian, fixed by a mark of Mr. Gul~bins' (see p. 153) 252 5 3 . 8  

Declination East . . . .  1 3 7 . 3  

1857, January 18, 11" 35"' A.31. local time. 

Dip needle: No. 2. Temp.: 21'. 6 C., 70° .9  Fahr. 

End d 

Facc to instrument. 37 2 . 3  0 I 

AIran a = 35 3 . 8  
Face revcrsed . . . .  37 5 . 3  

End U .  
0 I 

Face to instrument. 37 0 . 8  AIem 0 = 36 5 3 . 3  
. . . .  1:acc reversed 36 4 5 . 8  

36 5 8 . 5 5  RIean of the dip = - 
2 

l ) ip corrected for error of needle . . . .  36 5 8 . 9 0  

No. 17. LOR*, IN  HINDOSTAH (N.\v. PI-OV.). 

I,atitnd(, Nort l~.  Longitude 1.hqt Green. Meigllt. 
2 i 0  1 0 '  26" SAD 1' :I9" ti57 feet. 



366 IIAONETIC' OBSERVATIONG. 

011 it. t,hic,k stra,t~un of alluvial soil. The instrulnents were put up not far from the 

Chief Engineer's (General Uoileau's) office. See p. 154. 

Observer: Hern~iunn. 

DECLINATION. 

1856, April 15, 2" 10"' P.M. local time. Collimator 1 ; Theodolite 3, Troughton; Chron. 3. 

0 I 

Jlagnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 22 .9  

Trne nieridian (see 11. 163) . . . . . . . . . . . . . . . . . . . . .  100 2 . 9  

Declination East  . . . .  1 2 0 . 0  

No. 18. M ~ ~ T H ,  IN HINDOBTAN (N.\V. PROV.). 

Latitude North. Longitude East  Green. Height. 
29' 0' 41" 77' 41' 48" 865 feet. 

0 1 1  alluvial soil, near the central part of the station. See p. 154. 

Observer: Hermann. 

DECLINATION. 

185b. April IS. 4'l 30"' IJ. nr. local time. Collimator 1 ; Tl~eodolite 3, Troughtoll; Cl~ron. 3. 

0 r 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  251 58 .5  

Trne meridian, from Mr. Gubbins' meridian marks (see p. 154) 250 1 0 . 1  

. . . .  Declination East  1 4 8 . 4  

c;ItoUP IV. 

PANJAB, SINDH, AND KACH. 

No. 19. AXBALA, IN S X R H ~ D  (~ 'ANJXB).  

Latitude North. Longitude East Green. Height. 
30° 21' 25" 76' 48' 49" 1,026 feet. 

011 nllovial boil, with much kltnker, but 110 boli1tlel.s. See 1). 154. 

Ol~server : Hcrmnnn. 



DECLINATION. 

857. January 15, 11" 38" A.M. local time. Collimator 1 ; Theodolite 2, Jones ; Chron. 13. 

0 I 

Magnet,ic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 30 .5  

. . . . . . . . . . . . . . . . . . . . . .  True meridian (see p. 165) (i 4 . 3  

. . . .  Declination East  2 2 6 . 2  

1857, January I f ,  9" 45" A.M. local time. 

Dip needle: No. 2. Temp.: 18'. 6 C., 65'. 5 Fahr. 

End A. 
0 I 

1"ace to instrument 40 5 2 . 0  0 I 

Mean a = 40 54 .8  
Face reversed . . .  40 5 7 . 6  

End B. 
0 I 

Face to instrument 40 3 8 . 0  . Mean p = 40 4 1 . 3  
Face reversed . . .  40 4 4 . 6  

Alean of the dip = -- a + = 40 48 .05  
2 

Dip corrected for error of needle . . . .  40 48 .40  

NO. 20. L A H ~ R ,  IN THE PANJAB. 

Latitude North. Longitude East  Green. Height. 
31° 34' 5" 74' 14' 37" 790 feet. 

Near the Company's garden, clayey soil, but cnltivated. See p. 156. 

Observer: Hermann. 

DECLINATION. 

1867, January 7, 4') 30"' P . M .  local tiole. Colli~uator I ; Tl~eodolite 2. Jones; Chron. 3. 

0 1 

Rlngnetic mcridinn . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3 .  Y 

T r r ~ r  n i e r i d i : ~ ~  (sec 1). 16G) . . . . . . . . . . . . . . . . . . . . . . .  O 6 .  O 

Declination East . . . .  9 2 . 3  



3IAGNETI(! OBBERVATIONS. 

INTENSITY. 

A. Vibmt i~n.  

1857, January 6, 4" 50"' P.M.  local time. 

hIagaet sibrnted 
L 1 nit11 ring 

0 

20 .1  C., 68.2 Fahr. 
Temp. 

19 . 8  C., 67.7 Fahr. 

Cllron. fI, losing l n . O .  

M71tI1 
ring. 

7.943 
0.00020 
0.00017 
7.970 

Without 
ring. 

Ko. of ribrations . . . . . . . 559 
beginning . . . . . 80 

Semiam ] 
ending . . . . . . . 10 

Torsion (90') . . . . . . . . . 7' 

U. Deflection. 

1857, January 7, 10: 45"' A.M. 1oc:~l time. 

Jlngnets: Deflecting L 1, deflected H21. 

log K, = 0.43696 log K = 0.43821 
log P I L ~  = 0.49021. 

With 
ring. 

200 
60 
30 

7' 

0 0 

12.8 C . ,  55.0 I'ahr. 
1)eHertion ]jar: H 3 Distmces: 1 foot, 1 . 3  foot. Terup, 1 

13.3  C., 55.9 Fahr. 

Without 
ring. 

Time of 1 vibration . . . . 2.949 
p = 0.00020 

, p.=0.00017 
Time of 1 vibration corr. 2.959 

?lL 
log = 8,77863 

1 foot. 
0 I , ,  

I!,, = 6 57 39 
y = 0.0001i 

I I I  = 0.4:309 ,Y Horizontal Intensity = 7.175 

2. DIP. 
1857, .January 6, 3h 25'" P.M.  local tirne. 

L)ip needlo: No. 2. Temp.: 20°. F C1., f g 0 .  1 linhr. 

End 11. 

1 . 3  foot. 
o , , ,  

3 9 23 
0.00017 

1 . 3  foot. 1 , 3  foot. 
0 

Temp. of 111agnet . . . 13.3  C. 
56.0 Fahr. 

r/ = 0.00020 



GROUP IV. PANJAR, RINDH, AND KACEI.  

End B. 
0 I 

pace to instrument 43 14.15, o I 

Meall fi = 43 13.73 
]'ace reversed . . . 43 13.30 -- 

Mean of the dip = = 43 17.09 

Ihp  corrected for error of needle . . . . 43 17.44 

NO. 21. H,AULP~NDI, 1N THE P~NJAB. 

Latitude North. Ilongitude East  Green. Height. 
33' 36' 30" 72' 59' 49" 1,674 feet. 

On hard soil, with numerous strata of conglomerates. See p. 156.  

Observers: Adolphe and Robert. 

DECLINATION. 

1856, 1)ecember 2, 3" 10"' P.M. local time. Collimator 1; 'l'heodolite 2, Jones; Cliron. 3. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . 214 42.5 

'Trlle meridian (see p. 161) . . . . . . . . . . . . . . . . . . . . . 211 37.0 
- - - -. .- -- 

Declination East . . . . 3 5.5 

INTENSITY. 

1856, December 3, 2" 5"' P . M .  local time. 

( L 1  I 19.1 C., 66.4 Fahr. 
I\'I;lgnet vibrated Temp: 1 L 1  wit11 ring 19:G C., 67.2 Fahr. 

Chron. If, losing 0c8.  

Nit11 
ring. 

8"068 

0.00020 

0.00017 

Without 
ring, 

'I'ime of 1 vibrat io~~ . . . . . 2'.999 

9 = 0.00020 

(* = 0.00017 

\V i t , l~o~~t  
ring. 

h o .  ol' vibrations . . . . . . 600 

I beginning . . .  . 115.5 
Seminrr 

ending . . . . . .  35 
r 7 

With 
ring. 

420 

152.5 

130.5 1 
l o r s i o ~ ~  (90") . . . . . . . . 0' 

log If, = 00.4:IHL'l log h' = 0.43821 

log ntX = 0.47615 

4 7 
I. 

'rime of 1 vil,mtior~ rorr. . . 3"007 0' ' 8"090 



MAGNET10 OBCIERVATIONB. 

1856, December 5, 4h 15)" P.M. local time. 

Magnets: Deflecting L1, deflected 1-121. 

1 16.0 C., 60.8 Fahr. 
Deflection bar: H3. Dist,ances: 1 foot, 1.3 foot. Temp. 

( 15.8 C., 60.4 Fahr. 

nl 
log - = 8.79984 X 

ttb = 0.4345 X = Horizontal Intensity = 6.889 

1856, December 6, lh 30m P.M. local time. 

Dip needle: No. 2. Temp.: 15'. 6 C., 60'. 1 Fahr. 

1 foot. 1 .3 foot. 
0 

Temp. of magnet 16.0 C. I li.8 C. 
60.8 Pahr. j 60.4 Fahr. 

q = 0.00020 j 0~00020 

1 foot. 

t r ,  = 18' 49" 

p = 0.00017 

Face to instrument 46 9.67 D I 

Mean a = 46 2.44 
Face reversed . . .  45 55.20 

1.3 foot. 

3O 18' 52" 

0~00017 

End B. 
0 I 

Face to instrument 45 49.69 
Mean 13 = 45 48.27 

Face reversed . . .  45 46.85 
Mean of the dip = * = 45 55.36 

2 

Dip correrted for error of needle . . . .  45 55.71 

3. VERTICAL INTENSITY . . . . . . . . . . . . .  7.115 

NO. 22. P E Y ~ U R ,  IN THE PANJAB. 

Latitude North. Longitude East Green. Height. 
340 3' 10" 71' 33' 19" 1,250 fret. 

On alluvial soil, deposited by the Himalayan rivers. See p. 162. 

Observer: ~ d o l ~ h e .  



GROUP TV. P ~ N J ~ B ,  BINDH, AND KACH. 

DECLINATION. 

1856, December 22, 5h 30" P.M. local time. Collimator 2;  Theodolite 3, 'I'roughton: (:hron. 1 

0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . .  293 24.7 
True meridian (see p. 164) . . . . . . . . . . . . . . . . . . . . .  290 56 .8  

Declination East . . . .  2 2 7 . 9  

INTENSITY. 

A. Vibration. 

1856, December 23, 4" 30" P.M. local time. 

I 1 5 . 0  C., 59 .0  E'al~r. 
Magnet vibrated: B 7  ' Temp. 

1 3 . 4  C.. 56.1 Yahr. 

Chron. A, losing 4'. 8. 

Without 
ring. 

No. of vihrat,ions . . . . . . . . . . .  150 
. . . . . . . . .  I beginning 191.5 

Semiarc 
ending . . . . . . . . . . .  169.5 

Torsion (90') . . . . . . . . . . . . .  6' 

log K = 0.26891 

Without 
ring. 

Time of 1 vibration . . . . . . . .  3'. 321 

q = 0.00021 
I* = 0.0001; 

Time of 1 vibration corr. . . . . .  3".303 

l o g m X  = 0.22063 

B. neflection. 

1556, December 23, 10b 30" A . M .  local time. 

M,agnets: Deflecting B 7 ,  deflected B 2 .  
0 0 

14.4 C:, 5 8 . 0  E'ahr. 
Dcflect,ion bar: A. Distances: 1 foot, 1 . 3  foot. Temp. ' 

( 16.1 C., 61 .0  Fnhr. 

1 . 3  foot. 

Temp. of magnet 14 .6  C,. 16 .5  C. 

q = 0.00020 0.00020 

1 foot  1 1 - 3  foot. 

111 log - = 8.47465 
S 

u, = 3' 23' 55" 
y = 0.00017 

m = 0.2926 A' = Horizontal Intensity = 7.464 

lo 33' 6" 

0.00017 

1 Iikc o~~rarlver, Adolphr hcrl~~mlly mndr ol~servntions for dctcrmil~i~rg the value of K. \Ire, I~owever. cannot 
mnkc llsr of I ~ C R C  oI~ser\~nt.ion9, na 11ie inerlin rings hnve 11e~n lost togetller wi th  his other instrunrenls. Compnrr 
p. '?R!I, ~rhcrr the dntn \rlricl~ we ndopt for his K are detniled. 

47 * 



MAGNETIC OBf3ERVATIONY. 

2 .  Drr. 

1866, December 22, 5" P.M. local time. 

Dip needle: So .  3. Temp.: 16'. 6 C., tilo. 9 Fahr. 

End A. 

Face to instrument 47 7 . 0  o I 

Mean a = 47 7 . 7 5  
. . .  1:are r&ersed 47 8 . 5  

End B. 

12sre to instrument 4 4 6 . 5  
Mean p = 45 4 5 . 5  

Face reversed . . .  4 5  4 1 . 5  
a + B  Meall of the clip = -- = 46 26 .63  

2  

I)ip corrected for error of needle . . . .  46 2 5 . 7 6  

A. Declination. 

T h e  ~ l ec l i~~at io~ i  was observed from Dee-ember 24, 1896, to January 19, 1867 

(needle B5 being suspended in the vibrating appamtus, which coultl also be used 

thr tleclination). The units of scale readings are %, of minutes of arc. 

Iiicrensi~i~ ~iu~nbers correspond to ;ru easterly inotion of the cleclin~~tiori. 



Scale Readings of tkc Dcclino~etcr. 

I ' E Y H ~ u ~ ,  1856-7, 1)ccember and January. 

Uriit = '/,, Minute 

1856, December 24 

,, 25 
, 2Li 

.. , 27 

.. 28 

.. 29 

, 30 

,, 31 
1857, January I 

2 

:i 

4 

1 ) 

(i 

7 

Y 

!I 

.. 10 

.. 11 

, 12 

, 13 

,, 14 

, 15 

, 1 (i 

, 1 7  

, 18 

, 19 

1Iea1is . . . . . 

Tllt: curve being completed and the mean of the 24 hours faken, blie daily vnlla- 

tioil of t,he declinatiol~ for each hour was found t o  be as follows: 



374 MAGNETIC OBSERVATIONB. 

DECLINATION at P E S ~ U R ;  Daily Variation: 1856, December 24, to 1857, .January 19 

(compare Plate 2). 

A.M. Y. M. 

Midnight 
1 

2 
3 

1 

5 

6 
7 

0 

9 
10 
11 

Noon - 0 . 0 5  
1 - 0 . 0 4  

2 - 0 . 0 3  
3 . - 0 . 0 2  
4 - 0 . 0 0  
5 0 . 0 2  

6 0 . 0 2  
7 0 . 0 3  

0 0 . 0 4  

9 0 . 0 3  
10 0 .02  
11 0 . 0 2  

Though in Bombay the winter months, December and January, also show a con- 

siderably smaller difference of the extremes than the summer months, Peshiur. has it 

st,ill much more reduced. The morning maximum nearly coincides in time with Bom- 

bay, I ~ u t  the afternoon elevation of the curve takes place later, and is very small. 

B. Horizontal Intensity. 

The deflection by B7 was reduced to absolute values by multiplying the scale 

readings, '/,, of t.he minute, with 0.00350. This factor was deduced from the direct 

obsen7ations of deflection by substituting a greater value than the angle observed, 

aud considering the parts of difference of the results to be within the range of the 

observations here to be reduced, as proportional to the differences between the angles 

of deflection themselves. 

The following tables show the scale readings and their comparison with Bombay. 

Increasing numbers correspond to an increase of the Horizontal Intensity. 



DEFLECTION a t  P ~ s d u a ,  1857, J a n u a ~ y ,  local time. 

7h gh Noon 2" 5h 

January 21 299 300 300 300 302 
,, 22 303 304 304 303 304 
,, 23 305 307 306 306 308 
,, 24 309 312 31 1 311 314 
,, 25 314 31G 316 315 317 
,, 26 320 322 321 322 322 

,, 27 322 323 322 321 322 
. . .  ,, 28 322 322 322 32 1 - - - - 

Mean . . . . . . .  311.7 312.0 :312.7 312.4 312.7 
I__ -- _h -- 

Differences (variations of in scale readings I- 0 . 5  + 0.7  - 0 . 3  + 0 . 3  

Horizontal Intensity) 1 in absolute values + 0.0175 + 0.0245 - 0.0105 +- 0.0105 

HORIZONTAL INTENSITY a t  B o a r n ~ ~ ,  1857, January, local time. 

7h 12'" gh 12'" Noon 12" 2h 12" 5h 12'" 

January 21 8.0151 8.0210 8.0271 8.0255 8.0173 
,, 22 8.0162 8.0210 8.0280 8.0267 8.0214 
,, 23 8.0128 8.0216 8.0276 8.0234 8.0185 
,, 24 8.0107 8.0181 8.0226 8.0214 . . .  

. . .  . . .  . . .  . . .  ,, 25 8.0155 
,, 26 8.0151 8.0183 8.0263 8.0194 8.0118 
,, 27 8.0099 8.0189 8.0238 8.0189 8.0126 
,, 28 8.0093 8.0181 8.0286 8.0234 8.0157 

Mean .  . . . . .  8.0127 8.0196 8.0263 8.0227 8.0161 
V V I l y l - _ h  

Differences (variations in absolute values) + 0.0069 + 0.0067 - 0.0036 - 0.0066 

No. 23. SHBHPUR, IN THE P ~ J A B .  

Latitude North. Longitude East Green. Height,. 
32' 14' 0" 72' 32' 30" 680 feet. 

Alluvial soil of the J6ch Duab. See p. 164. 

Obsemer: Robert. 

DECLINATION. 

1856, December 28, 9" 20" A.M. local time. Prism. Comp. 7; Theodolite 1, Jones; C l l r o ~ ~ .  4. 
0 I 

M'agnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . .  103 37.7 

'I'~.ue meridian (see p. 169) . . . . . . . . . . . . . . . . . . . . .  102 18.0 
- -- 

Declination East . . . .  1 19.7 



MAGNETIC OBSERVATIONS. 

No. 24. D ~ R A  ISN~EL KHAN, IN THE PKNJAB. 

1,ntitude North. Longitude East Green. Height. 
31' 39' 35" 70' 56' 30" 478 feet. 

Clayey soil, on the right side of the Indus. See p. 169. 

Observer: Adolphe. 

DECLINATION. 

1855, February 25, Sh 15" P.N.  local time. Collilnator 2 ;  Theodolite 1, Troughto~i; Chron. 1. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 22.2 

. . . . . . . . . . . . . . . . . . . . . .  'I'roe nleridian (see p. 171) 49 24.0 
Declination East . . . .  0 58.2 

INTENSITY. 

1. HORIZONTAL INTENRITY. 

A. Vibration. 

1857, February 25, 4h 35m P.M. local time. 

Magnet vibrated: U 7. Temp.: 24'. 2 C., 75'. G 1;ahr. 

Chron. A, losing 4" 8. 

Without 
ring. 

So.  of vibrations . . . . . .  300 

. . . .  I beginning 183.5 
Semiarc 

ending . . . . .  103.5 

. . . . . . . .  Torsion (90') 1' 

log K = 0.26891 

With0111 
ring. 

Time of 1 vibration . . . . .  ?.274 

q = 0.00021 

y = 0~00017 
Time of 1 vibration corr. . .  2c286 

log m X = 0.22993 

B. Deflection,. 
1857, February 25, 3h 40"' P.M. local time 

hlagl~ets: Deflecting B7,  deflected B2 .  
0 0 

24.8 C., 76.6 E'ahr. 
Deflertio~~ bar: A. Distances: 1 foot, 1 . 3  foot. Temp. 

24.5 C., 76. 1 E'ahr. 

! ) I  .= 0.2223 X = Hnriront.al Intcnsity = 7.64H 

1 foot. 1 . 3  foot. 
0 

Temp. of magnet 25.0 C. 1 23.0 C. 
77.0 Fahr. 

q = 0.00020 
77.0 E'ahr. 
0.ono2o 



1857, February 294, 4'' 30" Y.Y. local time. 

Dip needle: No. 4. Temp.: 23'. 9 C., 75O.0 Fallr. 

End 11. 
0 I 

Face to instrnmcnt 44 3 . 4  o I 

Meal a = 44 5 . 8  
Face reversed . . .  44 8 . 2  

0 I 

Icnce to instrument 44 45 .-I 
Mean fl = 44 4 2 . 9  

Face reversed . . .  44 4 0 . 4  
a -1 B Rlenn of the dip = - - = 44 24.3.5 

2 

Dip corrected for error of needle . . . .  44 23.47 

No.  25. MULTXN, IN THE PXBJAB. 

1,;~titnde Nortlr. IJongitnde East Green. Heiglit. 
:30° 10' 10" i I O  34' 34" 480 feet 

Uncler a g r o v e  of  palm trees, o n  a. l lur ial  soil. Set. p .  151. 

Observer: Robert. 

DECLINATION. 

1897, .T;~n~r;~ry 8, lU1' 0'" A.ar .  local time. l'rism. Comp. i ;  'I'heodolite 1, Jones; Chron. 4. 

. . . .  Magnetic meridian 
True meridian (see p. 174) . . . . . . . . . . . . . .  118 55 .3  

Declination East . . . .  0 5 4 . 2  

No. 26. SHIKARPUR, IN SINDH. 

Lntitl~tle Nortl~. L.ongitude Enst Green. Height. 
P i 0  56' 10" 68' 51' 50" 60 feet 

r 7 l\\ .c.l~t,y onv 111ilt:s west  of the 11ldus. on a dry a11tl hard soil. See p. 154. 

Observer: Robert. 

I 48 



MAGNETIC OBSERVATIONS. 

INTENSITY 

. . . .  Deduced from our map of isoclinal lines 36' 2'. 

1857, February 5, 4h P.M. local time. 

Magnet vibrated: Barrow. Temp.: 19O.8 C., 67O.6 Fahr. 

Chron. 4, gaining 15'.0. 

No. 27. SEVAX, IX SINDH. 

So. of vibrations . . . . . . . . . . .  140 

. . . . . . . . .  I beginning 210 
Semiarc 

ending . . . . . . . . . . .  180 

Latitude North. Longitude East Green. Height. 
26' 25' 0" 67' 56' 40" 140 feet. 

Time of 1 vibration . . . . . . .  2@.888 

q = 0.00022 
= 0 ~ 0 0 0 1 7  

log K = 0.45945 
nr = 0.4260 

On alluvial soil. See p. 176. 
Observer: Robert. 

X = 8.000 

DECLINATION. 

1857, February 13, 1 Z h  10" P.M. local time. Prism. Conlp. 7; Tlieodolite 1, Jones; Chron. 4. 
0 I 

Magnetic meridinn . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  239 30.9 

True meridian (soe p. 176) . . . . . . . . .  . . . . . . . . . . . . . .  238 55 .9  
Declination East . . . .  0 3.5.0 

No. 28. KARRLCHI, IN SLNDH. 

Latitude Sortb. Longitude East Green. Height. 
24O 45' 30" 67' 0' 51" - I,. a. I>. S. 

On ma~irle deposits, three miles from the harbour. See p. 157.  

Obseiqer : Robert. 



CROUP IV. PIINJAB, ,BINDH, AND KXUII. 

DECLINATION. 

1857, February 24, 3' 20" P.M. local time. Prism. Comp. 7 ; Theodolite 1, Jonee ; Chron. 4. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  301 3 8 . 0  

True meridian (see p. 178) . . . . . . . . . . . . . . . . . . . . . .  301 3 2 . 0  

Declination East . . . .  0 6 . 0  

No. 29. BHUJ, IN BCH. 

Latitude North. Longitude East  Green. Height. 
23O 17' 69' 40' 283 feet. 

On alluvial soil, very frequently disturbed by earthquakes. . See p. 178. 

Observer: Robert. 

DECLINATION. 

1857, March 16, 2h 30" P.M. local time. Prism. Comp. 7; Theodolite 1, Troughton; Chron. 4. 
0 r 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  152 30 .7  
True meridian (see p. 179) . . . . . . . . . . . . . . . . . . . . .  172 1 8 . 7  

. . . .  Declination East  0 1 2 . 0  

IKTENSITY. 

1857, March 16, 4" 20" P.M.  local time. 

itlagnet vibrated: Barrow. Temp.: 3 3 . 2  C., 91 .8  Fa t~r .  

Chron. 4, gaining 15" 0. 

2. DIP. 
Ueduced from our map of isoclinal lincs . . . .  28' 25l .0 .  

3.  VERTICAL INTENSITY . . . . . . .  4 . 3 3 5  

4. TOTAL INTENSITY . . . . . . . . .  ' J . IO:~  

No. of \~il)rations . . . . . . . . . . .  100 
. . . . . . . .  I beginning. 180 

Semiarc 
ending . . . . . . . . . . .  170 

Time of 1 vibration 



NAQNE'I'IL' OBSERVATIONS. 

N o .  30. R A J K ~ T ,  IN ICATTIVAH. 

Latitude North. Longitude Eas t  Green. Height. 
220 13' 0" 71' 7' 0" 325 feet 

Ha.rd, clayey s o i l .  See p. l'i!). 
Observcr : Robert. 

DECLINATION. 

1855, 31arclr 22, 1" 30" il.nr. local time. Prism. Comp. 7;  Theodolite 1, Jones; Chron. 4. 
0 I 

Magnetic mcridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 2 7 . 0  

' r m e  meridian (see p. 180) . . . . . . . . . . . . . . . . . . . . .  16 13 .7  
. . . .  Declination East  0 1 3 . 3  

GROUP V. 

CENTRAL AND SOUTHEXN mDLA. 

N O .  31. S~GEII, IN MBLVA. 

Latitude Xorth. Longitude East  Green. Height. 
93' 50' 9" 78O 43' 26" 1,880 feet. 

Observer: Adolphe. See p. 181. 

DIP. 
1855, 1)ecember 18, 4'' 5'" P.N. locd  time. 

Dip needle: No. 3. Temp.: 25O.6 C., 78'. 1 Fahr.  

F:ire to ~ ~ ~ s t r u r r r e ~ ~ t  30 41 , 3 0 I 

Mean a = 30 41.1) 
Face yeversed . . .  30 4 2 . 5  

End 1j. 
0 I 

1:ace to instrnn~ent  9!)  2 4 . 7  >lean $ = 29 2 0 . 7  
. . .  1:are rcversttd a!) 16. T - 

XIea~l of the dip = F - ~ J  = 30 1 .:30 
2 

Dip corrcrtrd for error of needle . . . .  29 38 .84  



GROUP V. CENTRAL AND SOUTHERN INDIA.  

No. 32. J A B L P U ~ ,  IN UVA. 

Latitude North. Longitude East  Grccn. Height. 
23' 9' 39" 79O 56' 18" 1,480 feet. 

On a thick stratum of reddish clay. See p. 181. 

Observer: Adolphe. 

DECLINATION. 

1855, December 2.3, 911 A.nr. local time. Collimator 2 ;  Theodolite 2. Jones; Chron. 1. 

0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  351 0 . 5  

True meridian (see p. 181) . . . . . . . . . . . . . . . . . . . . . .  349 50.0 

. . . .  Declination East 1 1 0 . 5  

INTENSITY. 

1. HORIZONTAL INTENSITY. 

A. Vibvntion. 

1855, December 23, 3" 10" P.M. local time. 

bkagnet vibrated: B 7. Temp.: 26O.7 C., 80O.0 Fahr. 

Chron. A, losing 4q0 .  

1855, December 23, l h  10" rB.nr. local time. 

Magnets : Deflecting B 7, deflected B 2. 

Deflection bar: A. Distances: 1 foot, 1 . 3  foot. Temp.: 2G0.7 C.. t1OU.0 1i:lhr. 

No. of vibrations . . . . . . . . . .  200 Time of 1 vibration . . . . . . .  2'. 909 

. . . . . . . .  I beginning 209.5 1 q = 0.00021 

. 1 foot. 1 1 . 3  foot. l1 1 foot. 1 . 3  foot. 

tr,, = 3' 10' 38" , lo 27' 53" Temp. of magnet 2;. 1 C. 2;.8 C. 
79.0 Fahr. 82 .O Fnlir. 

1 I1 ,, = 0.00021 i 0.00021 

Semiarc 
ending . . . . . . . . .  93 .5  

Torsion (90') . . . . . . . . . . .  4' 

111 
log - - 8.45720 X - 

y = 0.00017 
. . .  Time of 1 vibration corr. 2",919 

DL = 0 9483 X == Horizontal Intensity = 8.G6ti 

K = 0.26891 log 911X' = 0,31665 



MAGNETIC ODBERVATIONS. 

1855, December 23, 4b 40m P.M. local time. 

Dip needle: No. 3. Temp.: 22O.8 C., 73'. 1 Fahr.  

E n d  A. 
0 I 

Face to instrument 29 17.2 o I 

Mean a = 29 18.2 
Face reversed . . .  29 19.2 

End B. 
0 I 

F x e  to instrument 27 46.0 

Face reversed . . .  27 52.0 
Mean ,3 = 27 49.0 

Mean of the dip = as = 28 33.60 
2 

Dip corrected for error of needle . . . .  28 31.14 

N o .  33. NAGRI, IN O R ~ B B A .  

Lntitade North. Longitude East  Green. Height. 
20' 25' 25" 78O 52' 50" 850 feet. 

Observer: Adolphe. See p. 181. 

INTENSITY. 

A. Vibration. 

1856, January 11, 2" 30" P.M. local time. 

Magnet, vibrated : B 7. Temp. : 31". 1 C., 88'. 0 F d i r .  

Chron. A, losing 4" 4. 

. . . . . . .  So. n i  vibr~ t ions  . . . . . . . . . .  420 1 Time of  1 vibration 2O.954 

. . . . . . .  I l leginning. 300 i q = 0.00021 
Semiarc 

. . . . . . . . . .  ending 166 I p = 0.00017 
. . .  . . . . . . . . . . . . .  'rol.sion (.go0) 0' ' 'Time of 1 viln.:~tion rorr. 2"960 

log K = 0.26891  lo^ 111 S = 0.38069 



GROUP V. CENTRAL AND BOUTFERN INDIA. 

rn 
log - - 8.44832 X - 

9 ) ~  = 0.2424 X = Horizontal Intensity = 8 .633  

1856, January 11, 1 lh 45" A.M. local time. 

Magnets: Deflecting B 7, deflected U 2. 

Deflection bar:  A. Distances: 1 foot, 1 . 3  foot. ~ e m p . :  29". 4 C., 8.5O.0 Fahr. 

2. DIP.  

1856, January 11, 4b 28" P.M. local time. 

Dip needle: No. 3. Temp.: 27O.7 C., 81°.8 Fahr. 

End A. 

0 

1 foot. 1 . 3  foot. 

0 I 

Face to instrument 23 31 .0  o r 
Mean a = 23 28 .5  

Face reversed . . .  23 26.0 

u , =  3O 8' 19" 

p = 0 ~ 0 0 0 1 7  

End B. 

lo 26' 30" 

0 ~ 0 0 0 1 7  

0 I 

Face to instrument 22 24.0 
Mean t3 = 22 16.4 

. . .  Face reversed 22 8 . 8  

a +' = 22 52.45 Mean of the clip = - 
2 

Dip corrected for error of needle . . . .  22 49.90 

No. 34. RAJAM~NDRI,  IN O R ~ B S A .  

Latitude North. Longitude Eaat Green. Height. 
17' 10' 30" 81° 46' 35" L. a. L. 8. (35 feet.) 

On alluvial soil; 100 yards north of the cantonment. See p. 181. 

Observer: Adolplic. 



384 MAGNETIC OBSERVATTONS. 

DECLINATION. 

1R36, Fehruarj  6, 5"OBn P.M. local time. Collimator 2;  Theodolite 2, .Jones; Chron. 2. 

0 I 

Maguctic meridian . . . . . . . . . . . . . . . . . . . . . . . . . .  229 34.5 

True meridian (see p. 182) . . . . . . . . . . . . . . . . . . . . .  227 59 .7  

Declination East . . . .  1 24.8  

INTENSITY. 

1856, February 5, 2"Om P.M. local time. 

Magnet vibrated: B 7. Temp.: 30°.3 C., 86O.5 Fahr. 

Chron. A, losing 4" 4. 

log If = 0.26891 log mX = 0.29984 

No. of vibratio~ls . . . . . . .  420 

. . . . .  I beginning 300 
Semiarc 

ending . . . . . . .  285 

. . . . . . . . .  Torsion (90') 10' 

B. Dejection. 

Time of 1 vibration . . . . .  2$.968 

(I = 0.00021 

y = 0.00017 
. .  Time of 1 vibration corr. 2'.078 

1856, February 5, 7h 45" A.M. local time. 

Magnets: Deflecting I3 7, deflected B 2. 

Deflection bar: A. Distances: 1 foot, 1 . 3  foot. Temp.: 28O.9 C., 84O.0 Falur. 

1 foot. 1 1 . 3  foot. I /  1 foot. I 1 . 3  foot. 
0 

Temp. of magnet 28.8 C. I 28.8 C. 
8 4 . 0  F a l i ~ .  84 .0  Fahr. 

I (1 = 0.00021 0.00021 

log 2 - 8.42468 x - 
I I L  = 0 . 2 3 4 6  X = Horizontal Intensity = 8.824 



(:HOIJP V. ('ENTRAL ANI) HOUTHERR INIIIA 

2. DIP. 
lnjf i .  Iiebru:u.y (i, Series I., 8" 30"' A.M., Series II., '3" A. nr. local time. 

0 0 

) Series I., No. 3. I Series I., 29 .4  C., 8 5 . 0  Fe l~r .  1)ip ~ ~ c e d l e s  Temp. 
/ ., IL, No. 4. ( ,, II., 29.7 C., 8 5 . 5  Fa l~r .  

End A. 

No. 3. Xo. 4. No. 3. No. 4. 
0 I 0 I 

Fact to i t~s t r~unent  17 11 . G  1 G  5.0 0. r o I 

h I e : ~ n a =  17 10 .8  1 6 2 0 . ;  . . .  Yace reversed 17 1 0 . 0  16 36 .4  
b 

End U. 
0 I 0 8 

1"arr to ~ns t rnn~ent  15 4 0 . 3  16 36 .0  
h I c a n p =  1 5 4 2 . 3  1 6 9 7 . 0  

I"necrerersed . . .  1 5 4 4 . 3  16 18 .0  - -- 

Mean of the dip = 5%' = 16 26.55 16 23.85 
2 

Dip corrected for error of needle . . . .  16 24.09 16 93.07 

Dip, general 1nea11 . . . . . .  I (iO 23'. 53 

No. 35. MADRAR.  

1,atitude North. 1,ongitude East Creeu. Height. 
13O 4' 11" 80° 13' 56" L. n. L. S. 

Close to the sea hrach. Sec p. 183. 

Through the kindness of Mrqjor Jacob and Major Worcester, then in charge of 

the JYIagpet'ic Observatory, a. detailed series of corresponding observations was c o m u -  

nicated to  us during our stay in  Inclia. 

The following are the monthly values of the Declitzcctio~t from November, 1854, 

to October, 1H5G. 

1854. Nnvcmbrr l o  0' 46"; I)c>cemher l o  0' 38". 

I Jnnnnrg la 0' 18"; I"ebrua.ry O0 59' 21"; Ivlnrcl~ 0" 59' 33"; April l o  0' 14"; alny 0' 59' 49"; 

1855. .11u1e O0 58' 41"; ,luly (I0 58' M"; August 59' 21"; September l o  0' 22"; October 1' 1' 10"; 

Xn\.rml~er l o  0' 34" ; I ) e c c n i l ) ~ ~  l o  0' :is". 

.J:xn~t:~ry lo 0' 50"; I?ebrnary l o  0' 18"; XIarch 1' 0' 46"; April l o  2' 2"; hIny l o  2' 2"; 
I r i c .  ] 

.lunr l o  1' 6"; .July l o  1' 46"; Angnst l o  2' 15"; September l o  1' 22"; 0ctol)er 1" 1' 42". 

1. • 4!1 



386 BIAGNETIC OBSERVATIONS. 

The. means for the time corresl~onding to our travels in Sonthern India, viz. 

F e b l ~ ~ a r y  and Mnrch, 1855, were found by direct com1)arisons of our magnets with 

t,hose of the Government Observatory. The mean results which we obtained, together 

with i\iI;~jor Worcester, are the following : 

Derlination East . . . . . . . . . . . . . .  0" 59' 30" 1 

Horieo~ltnl Intensity . . . . . . . . . . . .  8.023 

I)ip,. . . . . . . . . . . . . . . . . . . . . .  7" 52'. 34 

Vertical Intensity . . . . . . . . . . . . .  1.114 

'rota1 Intensity . . . . . . . . . . . . . . .  8.100 . 

For July a11r1 August,, 1849, Captain Elliot gives:2 

Declinatiol~ . . . . . . . . . . . . . . . . .  0' 56' 8" 

Horizontal Intensity . . . . . . . . . . . .  8.078  
-0 . D i p .  . . . . . . . . . . . . . . . . . . . . .  I .34'.P 

Total Intensity . . . . . . . . . . . . . . .  8 .149  

No. 36. S ~ O ~ B A Y .  

Latitude North. 1,ongitncle East Green. Heiglrt. 

18" 53' 30" 7 2 b  491 5" 1,. a. L. S. 

The details of the observations made a t  the Magnetic Observatory, are ~ont~ained 

111~. 302 to 340. 

In~mediately up011 our arrival in Ilidia, we availed ourselves of the t~dvantages 

here offered, to compare our instruments w-it11 each other and with tl~ose of the 01)- 

servat.oly. 

We add here a table of the daily variation of the tleclinnt.io~i for tlie fotu* 

seasons", from Rlarch, 1856, to March, 1855, to which we shall 11;rre. occasioi~ to refer 

for comparison with variations observed by onrselveu. The tal)le is c;~lr~~lnterl kom 

the monthly values contained in the volumes oi' the Magnetic O1)servntory at. I3ombn~, 

1856, 1). 10, and 1857, 11. 12. 

I 011 tllr rscellcl~t  clrnrt nl' the 111ngoetic vr~rialion, I1y 1:redelick F. K\.al~s, the ;leclinnt.ion nt, hlsrlr;~s ie lleri- 

cIt*dly Irss; 1,111 no valllre, ol~tained hy direct observatinna, lower than thono givclr ahovr, n1.p k~~anwll to I I R .  

I'hilnsnphiral Tra~lsartinna, 1851, p. c1.r. Tlic dip is rr1111cr.cl to Jnn~rn rp  I ,  1848. 

L . o I I I ~ . ~ ( .  p l i l t l .  2, figur,. I .  
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DAILY VARIIITION OP THE DECLIKATION FOR THE FOUR SEASONS A l .  IlOhlHi\Y. 

111 h l i ~ ~ l r t e ~  of Arc. 4'1 1.2 r.nl. I i o ~ l ~ b a y  Civil Time = Noon Gottingcu Tune. 

We adopt for o m  maps the following values for the magnetic elements for Bombay. 

They are reduced to January 1, 1856, by taking the mean of the annual values of 

1855 and 1856. 

I)cclination Eaqt . . . . . 0' 19'.1:3 Vertical Intensity . . . . . 2.775 

tlorixontal Intensity . . . 8.008 ' Total Illtensity . . . . . . 8.475 

1)ip . . . . . . . . . . . . 19' 6l .6 
.- -- - - - 

49 * 

, 

I3oml)ny 
Spring, 

1356,  
Cil-il 1 AIarcL, dln1l. 
'riljw. , 1 and May. 

I 

S u m ~ r ~ e r ,  

18,5G, 

A U ~ I I I I I I I ,  
I 

1856, 1856-7. 

J ~ I I C ,  July, I Sept., Oct., 

and Augllnt. 
I 

and Nov. 
Drc., J n n ,  

n ~ r d  Yeb. 

I 

I ' 

I I 

hlidlligl~t + 18"' 0 .  19 1 
I I 

0.247 0.333 - 0 . 0 0 8  
11 m ( I 
1 12 A . M .  1 0,264  0.3(;t! / - 0.116 

2 12 .. 
3 1 9  .. 
4 12 .. 
5 12 .. 
6 12 ,. 

0.901 0.25(i 0.200 

0.145 1 1 0.114 ' n . o i a  1 - 0.412 

0 .880  

0.853 

7 12 ., 1.227 

8 12 ,, 1 1.540 
9 12 :, 1,244 

2.20!) 1 0.668 

1.822 ! 0.766 1 
0.750 0.240 

- 0.512 / - 0.555 

- 1.523 ' 1.217 

10 12 ,. 
11 12 ,. 

-- 1.488 

- 0 . 8 8 4  

0 . 008 

0.541 

0.359 

0.285 

- 0.809 

0.833 

0.845 

0.559 

0.226 

0.114 

0.199 

0.28-1 

0.33(i 

0.30.i 

0,288 

0.196 , 
0.115 

Noon+lPm 

1 2 1 .  

2 12 ,, 
3 12 ,, 
4 12 ,, 
5 12 ,, 
6 12 ,, 

7 12 ., 
8 12 ,, 
9 12 ,, 

10 12 ,, 
11 12 ,, 

- 1 . 5 5 4  - 2 . 0 7 4  i I - 1.358 

- 1.387 - 1.114 1 1 0.921 

- 0,936 1 - 1.343 1 - 0.338 

- 0.360 1 - 0.725 j 0.161 

- 0 . 0 2 8  1 - 0 . 1 8 2  i 0.466 
1 

- 0.075 / - 0.046 0.121 
I 

- 0,247 

- 0.376 

- 0.368 

-0 .231  rn - 0 . 0 2 8  
i 

- 0.490 ' 0.036 

- 0.464 0.133 

- 0.224 I - 0.309 i - 0.083 / - 0.150 1 0.237 

0 . 0 ~ 0  0.065 j 0.276 
1 

I 



BIARNETIC OBSERVATIONS. 

No. 37. P ~ N A ,  IX THE D ~ K H A N .  

1,atitnde North. 1,ongitude East  Grcen. Height. 

18' 30' 23" 73' 52' 8" 1,819 feet. 

Near the bingalo, in an open cultivated plain. See p. 183. 

Obscrver: Hermann. 

1855, .Innnary 5, 12" 40'" P.M. local tinie. 

Dip Needle : No. 2. Temp. : 19'. 4 C., FGO. !) Fahr. 

End  A.  
0 I 

Face to instrument 18 55.0 

Face reversed . . . 19 1 .8 

0 I 

Mean a = 18 58.4 

End  B. 
0 I 

Face to instrument 19  1 4 . 8  
Mean f3 = 19 5 . 4  

Face reverse11 . . . 18 56 .0  
a + B  Mean of the dip = 19 1 . !)0 

2 
Dip corrected for error of needle . . . . l!) 2 . 2 5  

Latitude North. Longitude East  Green. Height. 

17' 55' 25" 73O 38' 42" 4,391i feet. 

Near t h e  bhngalo "Gliffton." See p. 184. 

Ol,server: Adolphe. 

DIP. 
1854, 1)ecember 14, 2h 15" P.nr. local titne. 

Dip needle: No. 4. Temp.: 18'. 6 C., 65'. 6 Fahr. 

End A. 
0 1 

I.'uce to instruulent . I6 30 .0  0 I 

Mean a = 16 36 .0  
Face reversed . . . . 16 42.0 

End 11. 
0 I 

Face to instrument. 16 1 7 . 0  Mean p = 16 1 6 . 7 i  
1;acr rerersed . . . 16 1 6 . 5  -- 

a - k p  - 16 96.38 Mean of the dip = ---- - 
2 

nil) corrected for ~1.ror of I I P P ~ I P  16 25.50 



GHOUP V. CENTRAJ, AN1) SOUTHIRX IXUIA. 

No. 39. K K L ~ D Q H ~ ,  IN TIIE  KHAN. 
Latitude North. Longitude East Grecn. IIeigl~t. 

16' 12' 55" 75' 29' 35" 1,720 feet. 

Near the limit of the trap, but already on sandstone. See 1). 184. 

Observer: Adolphe. 

DECLINATION. 

1855, January 19, 3" 50"' P.N. lnral time. Elarrow's Universal hlaguetometer; Chron. 9. 

0 I 

BIagnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  220 40 .  i 

T ~ u e  meridian (see p. 184) . . . . . . . . . . . . . . . . . . . . . .  220 10.7 -- - - - -- 
. . . .  Declination East  I 0 30.0 

DIP. 
1855, January 19, 4)' 5"' P.M. local time. 

Dip needle: No. 2. Temp.: 22O.6 C., 72O.7 Fahr. 

End A. 
0 I 

l";~ce to instrument 14 2 4 . 3  0 r 

Mean a = 14 2 3 . 4  
. . .  Face reversed 14 2 2 . 5  

End U. 
0 I 

Face to instrument 14 23 .5  0 I 

Blean P = 14 3 0 . 4  
I:n~e re\.ersed . . .  14 3 7 . 3  -- 

hIca11 of the dip = ~5 = 14 26 .90  a 
Dip corrected for error of r~eedlc . . . .  14 25 .25  

No. 40. UBLLXRI, IN M ~ I S S ~ R .  
Latitude North. Longitude East  Green. 

15' 8' 55" r -0 
I t ,  53' 45" 

Height. 
1.580 feet. 

On deroml~osed granite. See p. 184. 

Observer: Hermann. 

DECLINATION 

1855, January 2!), 2l' P. nr.. local t,inle. liarrow's Universal Magnetometer; Cllron. 3. 
0 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  I h g ~ l e t i r  ~ n e r i d i a ~ ~  26 40 .  V 
. . . . . . . . . . . . . . . . . . . . . .  True mcridi;~n (see 11. 184) 2G -- 1:) , 0  

l )ecl i~~at ion East . . . .  O 21  . O  

1 I{cli,rc \rorking out in rlrtnil our observations, we were u~lder  the inlpressio~r that t l ~ c  d e c l i ~ ~ n l i o ~ ~  was 11 lirtlr: 
w,aslcrly hrLx\,ee~~ I i o ~ ~ ~ b n ~  ond Sat tBr~;  Ink, when we had reacllccl IIO lhrlher than Ii&lndghi, we lbutld it ,  011 thr  cou- 
tr~try, l o  I,? rnntcrly. T l ~ c  pravioos errbr H'UR the consequence of our llaving nt tirsl lri~pposed l l ~ e  r r r w  in B:~r,row's 
i11strtt111e111 t,) I>? grv:tter t11a11 il rrnlly \Va*. 



INTENSITY. 

1. HORIZONTAL INTENSITY. 
A. Vibration. 

1855, January 20, 8" A.M. local time. 

Blngnets ribrated 
L 1 with small riug. 

Temp.: 26'. 7 C., 80'. 0 Fa11r. 

Chron. H, losing 0% 3. 

Wilh 
srnill ring. 

5".262 
0.00020 
0~00017 
5".268 

Wit l~out  
ring. 

KO. of vibrations . . . . . . . 400 

I beginning . . . . . 178.5 
Semiarc 

ending . . . . . . . 41 
Torsion (90°) . . . . . . . . . 4' 

H. Deflection. 

1855, January 30, ah 30" A.M. local time. 

log K, = 00.3293 log K = 0.43821 
log m X  = 0.64719 

With 
81nall ring. 

180 
228 
163.5 

4' 

Magnets: Deflecting L 1, deflected 3 5 .  

Witl~out 
ring. 

Time of 1 vibration . . . . 2'. 465 
q = 0.00020 
y = 0~00017 

Time of 1 vibration corr. 2c470 

DeHection bar: H 1. Distances: 1 foot, 1 . 3  foot. Temp.: 30O.0 C., 86O.0 Fahr. 

log 2 - 8.77407 
X - 

I I I  = 0.5136 X = Horizontal Intensity = 8.641 

1855, January 30, 6" 30" P.M. local time. 

1 foot. 

I ( , ,  = Go 54' 55" 

=0 .00017  

Dip needle: No. 2. Temp.: 29O.0 C., 84'. 2 Fallr. 

1 foot. 

Temp. of maglet  300.0 C. 
8G . O  Fshr. 

q = 0.00020 

1 . 3  foot. 

3O 7' 23" 

0.00017 

End A. 

1 .3  foot. 

300.0 C. 
86 .0  F d l r .  
0.00020 

0 I 

Fnce to instrument 12 18 .8  

Fnce reversed . . . 12 5 .5  

End El. 
0 I 

Face to instrument 11 35.5 
Moan = 11 4 6 . 5  

1:nce reversed . . . 1 1 57.5 
a + B Mcan of the dip = - -: 1 1 5!, .RH 

2 
L) ip  correctetl for crror of i~eedlr  . . . . I I 5!,.64 



CHOUP V.  CENTRAL AND BOUTHEBN INDIA. 

3. VERTICAL INTENBITY . . . . . . . . . . . . . . . . . .  1 .838  

NO. 41. U T A K A ~ I ~ N D .  IN TKR N ~ G L R I B .  

Latitude North. Ijongitude E m t  Green. Height. 

11' 23' 40" i F O  43' 10" 7,278 feet. 

O n  a level slope of decomposed granite. See 1). 185. 

Observer: Adolphe. 

DECLINATION. 

1856, Marc11 14, 911 45111 Y,BI,  local time. Collimator 1 ;  Theodolite 2, Jones; Chron. 1. 
0 I 

1Iagnet.i~ meridian . . . . . . . . . . . . . . . . . . . . . . . . . .  113 5 4 . 0  

True meridian (see p. 195) . . . . . . . . . . . . . . . . . . . . .  112 6 7 . 0  
. 

Declination East  . . . .  0 5 7 . 0  ' 

INTENSITY. 

l85(i, 3Iarch 13, 3" 45"' r.nr. local time. 

Magnet \il)mted : U 7. Temp.: 21° .4  C., 70'. 5 1;allr. 

Chron. A, losing 4 h 4 .  

Without 
ring. 

ho. of vibrations . . . . . . . .  240 

. . . . . .  I beginning 143 
Senli;~rc 

. . . . . . .  ending 91 

Torsion (90°) . . . . . . . . . .  9' 

log K = 0.2GI)Y I 

\Vltllollt 
ring. 

. . . . .  Tirue of 1 vibration P . 9 6 3  

y = 0.00021 
p = 0.00017 

. .  Time of 1 vibration corr. 28.971) 

log J J ~ X  = 0.31537 



JIAGNETIC OBSERVATIONS. 

1856, March 13, ah 9ln P.M. local time. 

Rl.zgnets : Deflecting B 7, deflected 11 2. 

1)rtlrcticrn bar: A. Distances: 1 hot ,  1 . 3  foot. xemp.: 24". 2  C., 75O.5 1"allr. 

I I I  = 0.2340 X = Horizontal Intensity = 8.835 

1 foot. 

1 1 ,  = 3' 1' 6" 

p. = 0.00017 

1856, Blarch 14, Series I., 2" 25" P.M. ; Series II., 3h 50 P.N. local tirue. 

) Series I., No. 3. I Series I., 26.7 C., 80.0 Fahr. 
L)ip needles Temp. 

( , LI., No. 4. ,, IL, 26.1 C., 79.0 Fahr. 

1 . 3  foot. 

lo 22' 45" 

0.00017 

End A. 

No. 3. No. 4. 
s o .  3. KO. 4. 

0 I 0 I 
0 I 0 I Fare to instruluellt 5 21.9 4 1 2 . 1  - 17 ,  

1 foot. ' 1 . 3  foot. 

End B. 

Temp. of magnet 2 i .  2 C. 
75.5 Fahr. 

'1 = 0.00020 

0 I 0 I 

Face to inst,rument 3 44.2 4 30 .8  
Mean8 = 3 47.2 4 3 7 . 4  

Far? reversed . . .  3 50.2 4 44.0 

Mean of the dip = *!? = 4 3 2 . 1 5  4 2.5.80 
2  

Dip corrected for error of needle . . . .  4 29. 69 4 24.92 

Dill, general mean . . . . . .  4' 27'.:32 

2;. 2 C. 
75 .5  Fahr. 
0.00020 

NO. 42. U T A T ~ R ,  I N  THE: KARN~'[K. 

1,atitude Kortlr. Longitode East Green. I-Ieigl~t. 
1 l o  4' 40" 78' 51' 40'' 280 feet. 

111 ~111 ol1e11, cultii-atecl p l a c e .  Sce  1). 185. 

Observer: Adoll)l~e. 



GIlOUP V. CENTRAL AND BOUTHERN INDIA. 

DIP. 

A. 1856, March 5, 2" 30" P.M. local time. 

Dip needle: No. 3. Temp.: 22O.5 C., 72O.5 Falir. 

End A. 
0 I 

Face to instrument 3 40.0 o I 

Mean a = 3 32.65 
Face reversed . . . 3 25.3 

Face to instrument 2 12.9 
Meanp  = 2 7 .6  

Face reversed . . 2 2 . 3  
a + B Mean of the dip = -- = 2 50.13 

2 

Dip corrected for error of needle . . . . 2 52.79 

B. 1856, March 5, 4h Om P.M. local time. 

Dip needle: No. 4. Temp.: 24". 1 C., 75O.4 Fahr. 

End A. 
0 I 

Face to instrument 2 42.0 D I 

Mean a = 2 41 .5  
Face reversed . . . 2 41.0 

End B. 
0 I 

Face to instrunlent 2 46.0 
Meanp = 2 55.0 

Face reversed . . . 3 4 . 0  

Mean of the dip = = 2 48825 
2 

Dip corrected for error of needle . . . . 2 47.37 

General mean of A and B . . . . . . . . 2 50.08 

L,;~titude North. Longitude East Green. Height. 
ti0 2' 30" 80° 10' 45" L. a L. S. 

On sea sand. See 1). 186. 

Ohserver: Hermann. 

I. 



M.IAGNETIC: OBSERVATIONS. 

DECLINATION. 

1857, >lay 2, 1'' 20" p.nr. local tirne. Collimator 1 ;  Theodolite 2, Jones; Chron. 3. 

0 1 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . .  3.1- 6 . 5  

True meridian (see p. l8G) . . . . . . . . . . . . . . . . .  33 25.5 
-- 

Declination East  . . . .  O 41.0 

INTENSITY. 

1. HORIZONTAL INTENSITY. 

A. Vibration. 
1057, May 2, Gh  35In A.M. local time. 

Magnet vibrated 
L 1 with ring. 

Temp.: 26". 4 C., 79'. 5 Falir. 

Chron. II, losing 0'. 5. 

Without 
ring. 

No. of vibrations . . . . . . .  250 

heginning . . . . .  129 
Semiarc I 

endiug . . . . . . .  21 .. 1 o r s i o ~ ~  (90') . . . . . . . . .  9' 

I). Dejlectiotz. 
1857, )lay 3, 12h 30m P.M. local time. 

Magnets: Deflecting L 1, deflected H21 .  

Without 
ring. 

. . . .  Time of 1 vibration 28.  815 

(1 = 0~00020 

p. = 0.00017 
. .  Time of 1 vibration corr. 2c821 

With 
ring. 

136 

152.5 

123.5 

0' 

0 0 

I 2'3.9 C., 84.6 Fahr. 
Deflectior~ bar: H 3. Distances: 1 foot, 1 . 3  foot. Temp. 

30. 1 G., 8 6 . 2  Fahr. 

With 
~ i u g .  

7". 560 

0.00020 
0.00017 

. 7% 577 
log K, = 0.44230 

log mX 
log K = 0.43021 

= 0.53169 

WA 
log = 8.72518 

1 foot. 

1 1 ,  =. 6 O  2' 18" 

p. = 0.00017 

1 . 3  foot,. 

2' 45' 19" 

0.00017 

,tr = 0,4250 X = Horizontnl Intensity = 8.003 

1 foot. 

Temp. of magnet 3 t . 0  C. 
8 6 . 0  Vnl~l.. 

q = 0.00090 

1 . 3  foot. 

300.0 C. 
86.0 Vahr. 
0.00020 



G R O U P  Y. CENTRAL AND BOU'PHERK INDIA. 

2. DIP. 

1857, May 2, 3" 6" P.M. local time. 

Dip needle: No. 2. Temp.: 31°.0 C., 8 7 O . 8  Fahr. 

This st:ttion is south of the magnetic equator. 

End A. 
0 I 

Face to iustrument 7 3 7 . 0  o I 
Mean a = 7 34.0 

Face reversed . . . 7 3 1 . 0  

End B. 
0 I 

Face to iustrument 7 3 9 . 0  
Mean i3 = 7 48.5 

Face reversed . . . 7 58.0 

Mean of the &p = 3 = 7 44125 
2 

Dip corrected for error of needle . . . . 7 40 .90  



B. HIGH ASIA. 

GROUP VI. 

B H U T ~  TO NEPAL. 

Narig611.-Darjiling.-ROngft bridge.-T6nglo.-Furit..-I<athmrindu. 

No. 44. NARIG~N, IN BHUTAN. 

Latitude North. Longitude East Green. Height. 
26' 53' 50" 920 6, 01, 3.615 feet. 

On large gravel of fine granite, circumstances preventing us from selecting a spot 

of ungranitic soil, or clay. See p. 187. 

Observer: Hermann. 

DECLINATION. 

1856, January 12, loh 15"' P.M. local time. Collimator 1 ;  Theodolite 2;  Cl~rol~.  3. 

0 I 

hlaguetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . .  142 5 3 . 0  

Tnie meridian (see p. 187) . . . . . . . . . . . . . . . . . . . . .  138 1 0 . 0  
. .- 

. . .  Declination East J 4 3 . 0  ' 

1 Compare the general results (Section VI.) in reference to  the cnuae nf this grent tlrclia:~tion; it is p~o l~nhlc  thnl 

the cause is the rilnle rnr the smaller declination in Alabm. 



INTENSITY. 

1856, January 10, 4b 45m P.M. local time. 

0 

L 1 11.0 C., 51 .8  1:ahr. 
Magnet vibrated Temp. I L 1 with ring. I 9 . 6  O C., 49.2 Fahr. 

Chron. H, losing 0% 5 .  

Without 
ring. 

No. ot' vibrations . . . . . . . . 220 

I beginning . . 
Sen~inrc 

ending . . . 
Torsion (90') . . . . . . . . . . O' 1 

With 
ring. 
100 

233 

213 
0' 

1 Without 
ring. 

Time of 1 vibration . . . . . 2".817 
q = 0.00020 
p. = 0.0001i 

'lime of 1 vibration corr. . . 2qA29 

log K, = 0.44465 log K = 0.43821 

log 9,~x = 0.52911 

1>2. 
log - = 8.80654 X 

1866, January 10, Sh P.nr. local time. 

Magnets: Deflecting L 1, deflected H 2  1. 

L)rflection bar: H 2 .  Distances: 1 foot, 1 .33  foot. Temp.: 11O.0 C., 51O.8 Y:~hr. 

= 0.4654 X = Horizontal Intensky = 7.266 

185G, January 9, 25" P.M. local time. 

L)ip needle: No. 2. Temp.: 12O.3 C., 54'. 2 Yahr. 

I .Y3 foot. 

1 t . 7  C. 
51 . :7 Fahr 

. . . 

End A. 

1 foot. 

Temp. of magnet 18.7 C. 
51 . 3  Fahr. 

q = 0.00020 

1 foot. 

I ( , ,  = 6' 4' 48" 

p = 0.00017 

Face to instrument 37 0 . 2 5  0 8  

Mean a -- 37 0 . 8 8  
Face reversed . . . 37 1 ..5 

1.33 foot. 

3O 13' 25" 

0.00017 



BIAGNETIC OBBERVATIONS. 

End B. 
0 I 

Face to instrument 37 16 .0  0 ,  

Mean fJ = 37 14.63 
Face reversed . . .  35 13.25 

a + B Mean of the dip = - = 37 7.76 
2 

Dip corrected for error of needle . . . .  35 8 .11  

3. VERTIOAL INTENSITY . . . . . . . . . . . . .  5.502 

4. TOTAL INTENSITY . . . . . . . . . . . . . . .  9.114 

Latitude Nortl~. - Longitude East  Green. Height. 
27' 3' 0" 88' 15' 15" 7,168 feet. 

On thick vegetable ea,rth, resting on a subsoil of gneiss. See 13. 188. 

Observer: Hermann. 

DECLINATION. 

13)35, .luly 23, 10" 0" P.ar. local time. Collimator 1 ;  Theodolite 2, Jones; Chron. 3. 
0 I 

1\I:gnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 14 26.10 

True meridian (see p. 180) . . . . . . . . . . . . . . . . . . . . . .  31 1 38.10 
-- 

. . . .  Declination East 2 48.0 " 

FIRST SERIES. . 

INTENSITY. 

A. Vibration. 
1855, April 20, l lh 46" A.M. local time. 

0 

12 .1  C., 53.9 Fahr. 
Magnet ribrated Temp. 

L 1 with ring. 11 .1  C., 52.0 Fahr.  

Chron. H, losing 0c7 .  

. . . . . .  ) beginning 72 
Semiarc 

. . . . . . .  / ending 3 . 5  24 1 73  

Without 
ring. 

So.  of \-il~mtions . . . . . . . .  800 

Without 
ring. 

. . . . .  Time of 1 vibration 2".713 
q -= 0.00020 

p = 0.00017 

Time of 1 vibrat,ion corr. . .  2".526 

With 
ring. 

300 

Wit11 
ring. 

7'.492 

0.00020 

0.00017 

5" 525 

log K, = 0.41201 log K = 0.43821 

log IIC.Y = 0.56155 



U. Dejection. 

1855, April 20, 11" Om A.M. local time. 

Magnets: Deflecting L 1, deflected H 21. 

0 0 

I 1 0 . 1  C., 5 0 . 2  Iiallr. 
Deflection bar: H 2 .  Distances: 1  foot, 1 . 3 3  foot. Temp. 

1 0 . 3  C., 5 0 . 5  Fahr. 

log - 8.91611 
X - 

911 = 0.5481 X = Horizontal Intensity = t i ,  648 

I 1  foot. 1 1 . 3 3  fi~ot. 
0 

1 foot. 

tt, = Go 33' 50" 

p = 0 ~ 0 0 0 1 7  

1855, April 19, 9)' 35'" A.N. local time, 

Dip needle: No. 1. Temp.: 10". 1  C., 50O.2 Fahr. 

1 . 3 3  foot. 

3" 16' 43" 

0.00017 

End A. 
0 ,  

E'ace to instrument 36 45 .75  0 r 

Mean a  = 36 4 0 . 8 8  
Pace reversed . . . 36 3 6 . 0  

End B. 

Face to instrument 36 1 7 . 5  
Mean = 36 16.1iP 

Face rercrsed . . . 36 16 .75  
a + a  Mcan of the dip = 7 = 36 28 .75  

2 

Dip corrected for error of 11rec1le . . . . 3(; 3 1 . 7 4  



3CAQNETIC OBSERVATIONS. 

SECOND SERIES. 

INTENSITY. 

1855, August 1, 9" 20" A.M. local time. 

0 

18 .3  C., 65.0 Fahr. 
Magnet vibrated Temp. 

L 1 with ring. 1 L1 I 19.4 O C., 67.0 Fahr. 

Chron. H, losing 08. 7. 

Without 
ring. 

No. of vibrations . . . . . . . . 400 

I beginning . . . . . . 170 
Semiarc 

ending . . . . . . . .  25 
r 3 lorsion (90') . . . . . . . . . . 16' 

With 
riug. 

300 

100 

61.5 

16' 

Without 
ring. 

Time of 1 vibration . . . 2'. 819 

q = 0~0002a 

p ' =  0~00017 

Time of 1 vibration corr. 2'.831 

With 
ring. 

7'.496 

0.00020 

0.00017 

7'. 527 

log h?, = 0.45022 log K = 0.43821 
log nzx = 0.52843 

B. Deject ion.  

1855, July 31, 8" 15" A.M. local time. 

Magnets: Deflecting L 1, deflected 8 2 1 .  

Deflection bar:  H 2. Distance: 1 .33  foot. Temp.: 16O.7 C., 62O.0 Fahr. 

1 foot. 
tf, = 3O 13' 20" 

p = 0~00017  

1 foot. 
Temp. of magnet . . . 17O.2 C., 63O.0 Fahr. 

q = 0.00020 

r ~ r  = 0.5236 X = Horizontal Intensity = 6.448 

1855, July 30, 4" P.M. local time. 

Dip needle: No. 1. Temp.: 21°.3 C., 70°.4 Falir. 

End A. 
" ,  

Face to instrument 30 45 25 o I 

Mean a = 96 44.36 
I'nce reversed . . . 36 39 5 



End 11. 
- .  

I'nce to ir~strumcnt 36 23 .81  o I 

Mean 6 = 36 20.0:: 
1:nce reversed . . .  36 16 .25  

a -1- P 
Meall of the dip = -;-- = 36 31 .21  

2 
Dip corrected for error of needle . . . .  36 3 4 . 2 0  

VARIATIONS AT DARJ~LING. 

The apparatus of deflection was observed July 31 and August 1, from 4" A . M .  

to 10" P.M. every two hours. The units of the readings are tenths of minutes, and 

the zero of the scale arbitrary. The value of 1 minute of deflection, reduced to 

absolute values in English units, gave, for magnet L 1 a t  the distance employed, 

1 unit of the scale (or '/,, of a minute in deflection) = 0.000164 English units. The 

increasing scale numbers denote a decrease of the resulting intensity. 

The scale readings are contained in the following tabfe, where the hours inter- 

polated for completing the daily variation are enclosed in parentheses. For those 

interpolations 4" P.M. was considered the minimum (as in Bombay), since the direct 

observation showed that i t  very nearly coincided 4 t h  this period. The hour of the 

maximum also appeared to differ very little from that of Bombay. 

H o r i t o ~ ~ t n l  Inte~tsi ty ,  Scale Rendings. 

1855. Mean of July 31 and August 1.  

P .M.  

1Iuurs. 

(2 6 4) 12 303 

(264) 2 293 
263 4 275 
264 G 271 

273 8 268 

283 10 267 

If we reduce the differences of scale readings from the mean (274) to differences 

in English units, by iuultiplyi~ig then) with 0.000164, we obt,ain t,he following rlaily 



402 JIAGNETIC OBSERVATIONS. 

Darjilirrg: Vnr.icction o/ Horizo~ttnl Irltensity, irc Et/gl ish Uaits .  

1855. Men11 of .luly 31 and August 1 

A. N. 

Hours. 

12 - 0.0016 

9 - 0.0016 

4 - 0.0018 

6 - 0.0016 

8 - 0.0002 

10 -1- 0,0014 

P, nr. 
IIours. 

12 

2 .  
4 

6 
8 

10 

We add for co~nparison the observations of Bombay. 

Hours. 

Midnight + 
1 
J 

:3 

-1 

2 

6 - 
I 

n 

9 

10 

11 

Noon 

1 

2 

3 

4 

) 

(i 

8 

8 

9 
10 
11 

1855, July 31. 

Horizontal Force. 
Al)solute values. 

8.0266 

8.0280 

8.0279 

8.0284 

8.0283 

8.0296 

8.0290 

8.0334 
8,0322 

8.0374 

8.0372 

8.0362 

8.0340 

8.0341 

8.0327 

8.0306 

8.0314 

8.0286 

8.0260 

8.0256 
8.0241 

8.0244 
8.0229 
8.0237 

1'11riati011 
z DiE. from the 
Mean of tlie Day. 

- 0031 

- 0017 

- 0018 

- 0013 

- 0014 

- 0001 

- 0007 

+ 0037 

-1 0025 

-1 0077 
1- 0076 

-1 ops5 

-1 0043 

-1 0044 
4- 0030 

-1 0009 

4- 0017. 
-- 00ll 

- 0037 

- 0041 
- 0056 
- 005H 

-- 0068 

- 0060 



1,atitude Nortlt. Longitude East Green. II~igh t. 
c -0 2 1  4' 50" 88' 10' 15" 3,130 feet. 

Observer: Hermar~n. See p. 189. 

INTENSITY. 

1855, June 15, 12".90'" P.M. local time. 

JIagnet vibl.ated: L 1. Temp.: 30O.8 C.. 87O.5 F'altr 

Chron. H, losing 0'. 5. 

log K = 0.43821 log nt X = 0,54470 

No. of vibrations . . . . . . . . . .  580 

. . . . . . . .  I beginning 165 
Senlinrc 

ending . . . . . . . . .  175 
r \ . . . . . . . . . . . .  

1855, June 15, 12)' 10" P.M. local time. 

Time of I vibration . . . . .  2y776  

g = 0.00030 
y = 0.0001'7 
. .  

i\I.agnets: Deflecting L 1, deflected H2 I .  

lorsion (90') 6' Time of 1 vibration corr. 2O.779 

I I I  = 0.5295 X = Horizontal Intensity = 6.632 

1)etlcction bar: HS. Distances: 1 foot. Temp.: 30°.6 C., 87'. 1 Fahr.  

No. 47. T~NOLO,  IN S ~ K I M .  

1 foot. 

/ I , ,  = 6' 23' 36" 
p. = 0.0001i  

1,ntitade Nortlr. Longitude Enst Green. Height. 
270 1, 50" 88' 3' 55" 10.080 feet. 

. 1  foot. 

Temp. of magnet. . 30". 8 C., 87'. 4 Fahr. 
q = 0,00020 

On am tine level stratum resting on rocks of gneiss. (See p. 190.) 



404 MAGNETIC OBBERVATIONS. 

DECLINATION. 

1S3:), I l ~ y  12, 9" On' A.M. local time. Collimator 1; Theodolite 3, T~.ougl~ton; Clrron. 3. 

0 , 11 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . .  113 41 40 

'True meridinn (sce 11. 100) . . . . . . . . . . . . . . .  111 11 10 -- 
Declination East . . . .  2 30 30 = 2' 30l.6 

INTENSITY. 

A. Vibration. 

1855, May 12, 2h 30" P.M. local time. 

0 

13.2 C., 55 .8  Falrr. 
Alagnet vibrated Temp. 

L 1 with ring. I I 13.4 C., 56 .1  F a l ~ r  

Chron. H, losing 0". 5. 

Without 
ring. 

No. OF vibrations . . . . . . . .  500 

. . . . . .  I beginning 148 
Se~niarc 

ending . . . . . . . .  45.5  

With 
ring. 

300 

45 
20 

2' 

log K, = 0.46400 log K = 0.43821 

log ? t h  X = 0.51407 

Without 
ring. 

Time of 1 vibration . . 2$.867 

2 = 0~00020 

p.= 0.00017 

Time of 1 vibration corr. 2% 879 

1%. Deflection. 

With 
ring. 

7" 519 
0.00020 

0.00017 

7% 550 

1855, May 12, 3h 30" P.M. local time. 

AIngnets: Deflecting L 1, deflected 1121. 
0 0 

I l a .  0 C., 55.4 F : h .  
1)cHection 1):u : 11 2. Distances: 1 foot, 1.33 foot. Temp. 

12 .2  C., 54.0 Fnl~r .  

1 foot. 

tr, - = 7' 8' 5" 
p. z: 0.00017 

111 log x- = 8.83997 

1 foot. 

Ten~p. of magnet. . 1 :. 2 C. 
55.7 Fahr. 

= 0.00020 

1 .33  foot. 

3 O  12' 3" 

0.00017 

111 = 0.47.r) .I  S -- Horizontal Illtensity .; 6.852 

1 .33 foot. 

1;. 4 C. 
5G. 1 lcahr. 

0~00020 



2. DIP. 

1855, May 12, l lh Om A.M. local time. 

Dip needle: No. 1. Temp.: 10'. 6 C., 51'. 1 Fahr. 

End A. 
0 I 

1:ace to inst~vment 36 9 .0  D I 

Mean a = 36 28.28 
Face reversed . . .  36 47.56 

End B. 
0 I 

Face to instrument 36 16.0 
Mean p = 36 15.82 

Face reversed . . .  36 15.63 

Mean of the clip = * = 36 22205 
2 

. .  Dip corrected for error of needle. 36 25.04 

No. 48. FKL~T, IN S~KKIM. 

Latitude North. Longitude East Green. Height. 
27' 6' 20" 87' 59' 0" 12,042 feet 

011 I-ocks of gneiss. See p. 190. 

Observer: Hermann. 

DECLINATION. 

1855, May 22, 10" 15" P.M. local time. Colli~nator 1; Theodolite 3, Trougl~tori; Cl~ron. 3. 

0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  916 38.8 

True meridian (see 11. 191) . . . . . . . . . . . . . . . . . . . . . .  214 14.0 
Declination East . . . .  2 24.8 

INTENSITY. 

1. Honrzo~~aL INTENSITY. 

A. Vibrntio~t. 

1855, June 10, 2'J Om I].M. local time. 

Magnet ~ibratet l  
L l with ring. I L 1  

Temp.: 12O.0 C., 53O.6 Fallr 

Cl~ron. IT, losing 0" 3. 



406 nlhGNET1C OBSERVATIONS. 

LI'it11 
ring. 

7'. 484 

0.00020 

0.00017 

i8.517 

Witl~out 
riug. 

So. c~f  vibrations . . . . . . 400 

I beginning . . . . 181 
Srmiarc 

ending . . . . . . 53 

Torsion (90') . . . . . . . . 2' 

1855, Juue 10, 5' Om P.M. local time. 

log K, = 0.44540 log K = 0.43821 

log 9nX = 0.53757 

With 
ring. 

150 

15 .5  

2 . 5  

2' 

r r r  - 0 .  5185 X = Horizontal Intensity = 6.648 

Witl~oot 
riug. 

Time of 1 vibration. . . 2'.790 

q = 0.00020 

p. = 0.00017 
Time of 1 vibration corr. 2'. 802 

Magnets: Deflecting L 1, deflected EX 21. 

Deflection bar: H 2. Distances: 1 foot, 1.33 foot. Temp.: 8". 3 C., 47O.0 Fahr. 

2. DIP. 
1855, June I), 4'1 55"' P.M. ,  needle 1, 5 9 0 "  P . B ~ . ,  needle 2, local time. 

Dip needles: Nos. 1 and 2. Temp.: 7O.9 C., 46O.2 Fahr. 

End A. 

1 foot. 1 .33 foot. 

0 1 '  

Face to instrument 37 3 .0  o I 

Needle I .  I Mean a = 36 59.0 
Fnce reversed . . . 36 55.0 

? ) I  
log = 8.89202 

rr , ,  = 7' 3' 35" 

p. L- 0.00017 

1 foot. 1 .33  foot. 

I Fnce to instrument 36 54.0 
Swdle 2. Meana = 37 0 . 4  

Fnce reversed . . . 37 6 . 8  

3' 20' 8" 

0.00017 

Temp. of magnet . . $0  C. 
48 .2Fa l i r .  

y = 0.00020 

End 13. 
0 I 

I 

0 

8 . 4  C. 
47.1Fal1r. 

0.00020 

Face to instrument 36 45.25 
F e d l r  I .  1 Mean ? = 36 46.0 

Face reversed . . . 36 46.75 

Face to instrument 36 55.38 
Seedle 2. Mean ? = 36 47.75 

( Face reversed . . . 36 40.12 
a -t B Needle I. alean of the dip -,- = 36 52.50 

L 

a + $  - Seedle 2. Menu of the dip - - 36 54.08 2 

Dip corrected for error of needle 1 . . . . :3(; %..I!) 
.. 2 . . . . :+ti 54.49 

(ienernl blenn . . . . R6 51 .  DG 



Latitude North. 1,ongitude East  Green. Height. 
27' 42' 5" 85' 12' 9" 4,350 feet. 

0 1 1  lacust,l*ine  deposit,^ of large extent.. See p. 192. 

Ol~seirer :  Hermann. 

DECLINATION. 

1857, March 4, 2'1 30" P.M.  local time. Collimator 1 ; Theodolite 2, Jones; Chron. 3. 

Magnetic m e r i i  . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 2 2 . 5  
True meridiui (see p. 197) .  . . . . . . . . . . . . . . . . . . . . . .  72 46.7 

-- 
Declination E a s t .  . . .  9 35.8 

i857, February 27, 3" 0" P.nr. local time. 

2 i . g  c., i i . 4  I:aIir. 
Jlngnet vibrated Temp. 

L 1 with ring. I L 1  

\\'ithout 
ring. 

. . . .  No. of vibri~tions 300 

. . .  beginning 145 
Srluialr / . . . . .  ending 27 .5  

\\'itliont 
ring. 

T i n ~ e  of 1 vibration . . 2'.879 

'1 = 0 ~ 0 0 0 2 0  

+ = 0.0001i  

'Time of 1 vibration corr. 2"885 

log K, = 0.43854 log K = 0.43821 

log I I I X  = 0,51219 

Wit11 
ring. 

7" 742 

0.00020 

I,.00017 
7". 7hH 

' Wit11 referencr to thc longitude ndol~led,  ser Ll~e ren~nrk st p. 197. 



MAGNETIC OBSERVATIONS. 

nt : 0.4698 X = Horizontal Intensity = 6.922.  

1857, February 27, 4" Om P.M. local time. 

Magnets: Deflecting L l3 deflected H 21. 

Deflection bar: H 3 .  Distance: 1 foot. Temp.: 20°'.2 C., 68O.4 Fshr. 

2. DLP. 

1857, February 23, l h  1 P  P.M. local time. 

Dip needle: No. 2. Temp.: 18O.4 C., 65'. 1 Fahr. 

1 foot. 
14,  = 7' 42' 0" 
y = 0.00017 

End A. 

1 foot. 
Temp. of magnet . . 19'. 9 C., 6 7 '  8 F i ~ l ~ r .  

p = 0.00020 

Face to instrument 37 39.44 o I 
Mean a = 37 39 .93  

1:are reversed . . . 37 40.43 ' 

End U .  
0 I 

Face to instrument 37 23 .38  
Mean = 37 27 .86  

Face reversed . . . 37 32 31 

a + = 37 33.89 Mean of the clip - 
2 

Dip corrected for error of needle . . . . 37 34 .24  



GHOUP VII. 

KAMAON AND OARHVAL. 

Nainita1.-Milurn.-MLna.-U~~illa.-MB~slri. 

No. 50. NAINITAL, IN K ~ A o N .  

1,atitude North. Longitude East Green. Height of the lakv 
2S0 23' 34" 79O 30' 55" 6.400 feet. 

011 d e t r i t u s  along t h e  s o u t h e r n  end of t h e  lalre. See  p. 197. 

Observer: Adolphe. 

DECLINATION. 

1855, April 98, 6Qn' r.nr. local time. Collimator 2 ;  'I'heodolite 9, Jones; Cllron. 1. 

0 I 

Mqnet ic  meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  140 2 9 . 4  

True ~neridian (see p. 198) . . . . . . . . . . . . . . . . . . . . .  138 1 . 2  
-. .- - 

. . . .  Declination East 3 2 8 . 2  

INTENSITY. 

185.5, I ~ J '  3, 9" 40"' A.M. local time. 

Magnet \ibr:lted: B 7. Tcn~p.: 93O.0 C.. 73'. 4 Fahr. 

Chron. A, losing 4"4. 

. . . . . . . . . . . .  . . . . . . . . .  S o .  (IT \.ilj~.ntion. 604 Time of 1  ribr ratio^^ 3".02!l 
I 

I)rgi~tnin:: . . . . . . . . . .  203 I/ = 0 .00021  
Sl~n~iarc  1 

v11~1ing. 90 
i 

p = 0.00017 . . . . . . . . . . .  
. . . . .  . . . . . . . . . . . . . .  'J'ol.?;io~~ (!)oO) 12' 1 'I'ime of 1 v ihrat io~~ rnrr. 3k.078 

log K == 0.26891 log 111 X = 0.28665 



MAGNETIC OBSERVATIONS. 

B. Dejlectiorb. 

1855, May 1, 4" Om P . M .  local time. 

Magnets: Deflecting H 7, deflected B 2. 
0 0 

\ 24.0  C., 75.2 Fahr. 
1)eflertion bar,: A. Distances: 1 foot, 1 . 3  fdot. Temp. 1 22.1  C., 71 .8  Fallr. 

111 
log =. 8.51293 

,n = 0.2511 X = Horizontal Intensity = 7 .  i07  

2. DIP. 

1855, May 2, 12h Noon local time. 

Dip needle: No. 4. Temp.: 26O.2 C., 79O. 2 Fahr. 

End A. 

1 . 3  foot. 
0 

21.9 C. 
71.4 E'ahr. 

0.00021 

1 foot. 

t ~ ,  = 3' 27' 11" 

p = 0.00017 

0 I 

Face to instrnment 38 35.0 D I 

Mean a = 38 32.1 
. . .  Face reversed 38 29.2 

End B. 
0 I 

1 . 3  foot. 

lo 37' 24" 

0~00017  

Face to instrument 38 44.20 
Mean i3 = 38 37 ,Of3 

. . .  Face reversed 38 29.95 

1 foot. 

Temp. of magnet . . 230.9 C .  
75.0 Fahr. 

= 0.00021 

a +' = 38 34.59 Mean of the dip = --- 
2 

Dip corrected for error of needle . . . .  38 33.71 

Latitude North. Longitude East Green. Height. 
30° 34' 35" 79O 54' 49" 11,640 fect. 

0 1 1  det r i tn~ resting on rocks. See p. 198. 

Ohserver: Adolphr. 



GROUP VII. K ~ M L O N  AND QHRHVXI,. 

DECLINATION. 

1855, duly 24, 3" 10"' P.M. local time. Collimator 2 ;  Theodolite 2, .Jones; Chron. 1. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  349 53. 2 

True meridian (see p. 200) .  . . . . . . . . . . . . . . . . . . . . .  347 12.9 
- - . - .- - 

Declination E a ~ t  . . . .  2 40 .3  

INTENSITY. 

1855, July 2, gh 20" A.M.  local time. 

Magnet vibrated: B 7. Temp:: 19O.0 C., 66'. 2 Fahr .  

Chron. .-1, losing 4q6.  

Y. Deflection. 

1855, June 25, gh Om A.N.  local time. 

Magnets: Deflecting U 7, deflected U 2 .  

ho.  of r ibrat io~ls .  . . . . . . . . . . . .  260 

1 beginning . . . . . . . . . .  263 
Semiarc 

( ending . . . . . . . . . . . .  171 

Torsion (90°). . . . . . . . . . . . . . .  9' 

0 0 

I 17 .6  C., 63.7 Fahr. 
I)etlr~ction bar:  A .  Distances: 1 foot, 1 . 3  foot. Temp. 

18.2 C., 6 4 . 8  I''ahr. 

. . . . . . . .  'rime of 1 vibration 3'.058 

(1 = 0.00021 

p - 0.00017 

. . . . .  Time of 1 vibration corr. 3' .0i3 

1 foot. 1 1 . 3  foot. 1 foot. 1 . 3  foot.. 

rc,, = 3' 27' 28" 

p. = 0.00017 63.7 Fahr. 64.8 Fahr. 
q = 0.00021 0.00021 

log K = 0.26891 log 91r X = 0,28798 

111 
log - = 8.48484 X 

III = 0.2434 X = Horizontal Intensity = 7,972 

1855. .1u11e 26, 6'' 15" P.M. local time. 

Dip needle: No. 3. Temp.: 1G0.4 C., G1°.5 Fahr .  

End A. 
0 I 

I."we to instrument 42 0 .65  o I 

h l r a ~ ~  a = 41 49.33 
. . .  Face reversed 41 38 .0  



NAGNETIC OBSERVATIONS. 

0 I 

r a c e  to instrument 39 20 .4  o I 

Mean p = 39 1 9 . 4  
. . .  Face reverser1 39 18 .4  

a -1 B Mean of the dip = -- = 40 34.37 
2 

Dip corrected for error of needle . . . .  40 31.01 

N o .  52. MANA, IN (+ARHVAI,. 

1,atitude North. Longitude East Green. Height. 

30' 47' Of' 79' 20' 50" 10,670 feet. 

On detl~itus of' the "VishnugAngan river. See p. 200. 

Observer: Adolphe. 

1855, Septen~l~er  1, 9'' 45'" P.nr. local t,ime. Collimator 2; Theodolite 2 ,  doncu; ('hron. 1. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 4 . 4  

'Tror n ~ e r i d i n ~ ~  (see p. 201) . . . . . . . . . . . . . . . . . . . . .  48 1 9 . 5  
- .  - 

Declination East  . . . .  9 4 4 . 9  

INTENSITY. 

1. HORIZONTAL INTENSITY. 

A. Vi%'brntio/r. 

1855, September 1, 4h 15" P.M. local time. 

Magnet vibmtecl: B7.  Temp.: 17O.6 C., 63O.6 17ahr. 

Chron. A, losing 5".0. 

S o .  oi' \.ibratious . . . . . . . . . . . .  320 1 'rime of 1 vil~ration . . . . . . . .  Ys.0G5 

. . . . . . . . . .  I beginning 235 I '1 ' 0.00021 
Seminrr 

ending . . . . . . . . . . . .  138 p. = 0 ~ 0 0 0 1 7  

l'orclio~l (!)OO) . . . . . . . . . . . . . .  i' Time of 1 vibration corr..  . . . .  :3"081 

log K = 0 ~ 2 6 8 0 1  log /v X = 0.285n:i 



1855, Snptrn~bcr 1,  8" .70m A . M .  local time. 

Magnet: DcHecting B 7, deflected U 2. 
0 0 

) 13 .0  C., 5 5 . 4  Fahr. 
.I)rtlcc~tiol~ I ~ n r :  A. Distances: 1 foot, 1 . 3  foot. Temp. 

( 13 .3  C.. 56.1) FRIII.. 

11, = 0 ,94413 X = IIorizontal Intensity = 7.8!)4 

t 1 foot. 

I , , ,  - :I0 22' 50" 

y =- 0.00017 

2. DIP. 

1855, September 1, 5" 4Sn1 P.M. local time. 

Dip needle: No. 3. Temp.: l G O .  4 C,., 61°.4 1';~Iir. 

1 . :3 foot. 
0 

End A. 

111 
log = 8.4911'3 

U I 

Face to instroment 42 2 7 . 8  0 I 

Meall a = 42 1'7 .9  
Face reversed . . .  42 8.0 

End I'. 
n ,  

Facc to instrunieut 46  4 1 . 5  
hlea~r p = 40 37 . 5  

Fare reversed . . .  40 33 .5  
a + ?  >lea11 of t l ~ c  dip = - = 41 27. 7 

2 

Dip corrected for error of 11eec1le . . . .  41 35.34 

No. 54. USS~LLA, IN GXRHVAL.' 

1,:ltitude Nortlr. Longitnde East Green. Height. 
31" 7' 40" i Y O  18' 10" 8,940 feet. 

300 yards south from the village; near a cultivated field. See p. 203. 

Observer : Ailolplie. 

' lcov Cncilitnting refereace f r o ~ ~ r  tlrr magnetic observelions to the ustrono~rrical detornii~~aliu~ra of  latitt~#l(.?i ;rut1 

Iongibndes, \rc Irere ornil Htose statio~rs wlrere aslro~rorrricnl observntiouv nloire have been mnde, in ordel. tlrnl Ihr 
~~urnl~rrs  III:I)- 11c nnifor.~n willr Lhune i l l  l'nlrl 11. o f  this volu~ue. Conrpore p. 127. 



BIACINETIO OBRERVATIOXS. 

INTENSITY. 

A. Vibration. 
1856, October 8, 10" 30" A.M. local time. 

hIagnet vibrated: B 7. .Temp.: 13O.2 C., 55O.8 Fahr.  t 

Chron. A, losing 5% 2. 

B. Bejlectiotz. 
1855, October 8, 9" 'im A.M. local time. 

Magnets: Deflecting B 7, deflected B 2. 

Ko. of ~ ibra t ions  . . . . . . . . . . . .  220 

. . . . . . . . . . .  I beginning 120 
Senlinrr 

ending . . . . . . . . . . . .  72 
Torsion (!loo) . . . . . . ' . . . . . . . . .  0' 

0 0 * I 1 0 . 5  C., 50.9 Fahr. 
I)atlertion bar: A. Distances: 1 foot, 1 . 3  foot. Temp. 

1 1 . 0  C., 51 .8  Falir. 

Time of 1 vibration . . . . . . . .  3@.084 
fj = 0.00021 

= 0.00017 

Time of 1 vil~ration rorr. . . . . .  3'. 100 

1855, October 8, 11" 30" A.M. local time. 

Dip needle: No. 3. Temp.: 27O.2 C., 81O.0 Fahr. 

1 foot. 

u,, L 3O 27' 35" 

End A. 
0 I 

Face to instrument 43 0.80 0 , 
M e a n a  = 43 4.59 

Fare reversed . . .  43 8 .38  

y = 0 ~ 0 0 0 1 7  0.00017 52 .7  Fabr: 153 6 Fahr.  
q = 0.00021 0.00021 

Wl 
log - - 8.46170 X - 

tti = 0.2350 X = Horizontal Intensity = 8.116 

1 .3  foot. 1 foot. 1 . 3  foot. 

End B. 
- .  

Face to instrument 41 24.0 
Mean fl = 41 26.8 

Face reversed . . .  41 29 .6  

1;. 0 C. lo 33' 3" 

Mean of the dip = a + = 42 15.70 
2 

Temp. of magnet . . 1 r. 5 C. 

Dip corrected for error of needle . . . .  42 13.24 



No. 55. M i s s i r ~ ~ ,  IN GXn~vkr,. 

Lat i t~~r le  North. Longitude E m t  (ireen. Height. 
30' 28' 30" 7i0 59' 58" 7,549 feet. 

On i L  sma.11 open place on the southern flanks of the lulls. The co-ol.cli~~ates nrr 

referred to Ban6g Hill. See p. 203. 

Observer: Adolphe. 

INTENSITY. 

A. Vibration. 

1855, November 7, 89"' A.M. local time. 

Magnet vibrated: U 7. Temp.: l lO.O C., 51°.8 Vahr 

Chron. A, losing 5'. 2. 

log K = 0.26891 log m X = 0.28306 

KO. of vibrations. . . . . . .  280 

. . . . .  I beginning 176.5 
Semiarc 

ending . . . . . .  106.5 
r 1 

. . .  Time of I vibration :3"07:3 

q -= 0.00021 

I* = 0.00017 

. .  

S = Horizontal Intensity = 8.125 

1 orsior~ (90') . . . . . . . . .  1' Time of 1 vibration corr. 3 t .091  

1855, November 6, 4" 15" P.M. local time. 

Magnets: Deflecting B 7, deflected U 2. 

1)~Hection bar: A. Distances: 1 foot, 1 . 3  foot. Temp. : 1PO.O C. ,  57'. 2 l"ahr. 

1 . 3  foot. 
0 

14 .0  0. 
57.2 F a l ~ r .  

0.00021 

1 foot. 
0 

Temp. of magnet . . 14.0 0. 
57.2 Falrr. 

q = 0.00021 

1 foot. 

t , ,  = 3O 26' 54" 

I.L = 0.00017 

1 .3  foot. ( 
lo 32'58" 

0~00017 



2. DIP. 
1855, November 6, Sh 45" A.M. local time. 

Dip needle: No. 3. Temp. l l O .  8 C., 53O. 2 Fa11r. 

End A. 
" 1 .  

0 I Face to instrument 42 3 . 9  Mean a = 42 4 . 3 5  

Face reversed . . .  42 4 . 8  

End B. 

Face to instrument 40 4 0 . 8  

Face reversed . . .  40 20 .8  
Mean $ = 40 3 0 . 8  

Mean of the dip = "3 = 41 17.58 a 
Dip corrected for error of needle . . . .  41 15.12 

GROUP VIII. 

sinm TO H A Z ~ A .  

NO. 56. VANGTU, IN THE PROVINCE OF S~MLA.  

Latitude North. Longitude East  Green. Height. 
31' 37' 0" 77U 54' 0" 4,200 feet. 

On detritus accumulated by the SBtlej, 50 feet above the level of the river I 
See p. 203. 

Observer: Hermann. 

DLP. 
185G, June 4, 7h 45" P.M. local time. 

Dip needle: No. 2. Temp. 17O.6 C., 63O.7 Fahr. 

End A. 

Face to instrument 43 1 9 . 5  
. . .  Face reversed 43 1 8 . 5  

0 I 

Mean a = 43 1 9 . 0  



End R. 

0 I 

Meau ,3 -- 43 2 6 . 1  

Mean of the dip = a+ = 43 22 .55  
2 

I)ip corrected for error of needle . . . . 43 22 .80  

No. 57.  BABIPUR, IN THE PROVINCE OF S ~ L A .  

L>ktituclc North. Longitude East Green. Height. 
:ilo 31' 0" 77' 37' 0" 3,215 fcc~t. 

Near the village; on alluvial soil deposited by tlie SBtlej. See 11. 203. 

Observer : Hermantl. 

1866, June 2, Gh 38"' '.>I. local time. . 

1)ip nccdlc: No. 2. Temp.: 16". 7 C., 62". 1 Fahr. 

End  A. 
" ,  

Face to instrument 42 3 7 . 8  o I 
i\Iearr a = 42 46 .15  

Face reverscd . . . 42 54.5 

End II.  
0 I 

Face to instrument 42  3 8 . 0  
JIean @ = 42 46.0  

Face reversed . . . 4 2  5 4 . 0  

hleai~ of the dip = %a = 42 4 6 - 0 8  

Dip corrected for error of needle . . . . 42 4 6 . 4 3  

I M L A .  NO, 58. SfntL~, IN THE PROV~NCE OF 9' 

Latitudc Korth. Longitude East  Green. Height. 
:31° 6' 6" 77' 7' 36" 7.091 feet 

0 1 1  a ~no~ulti~.in ridge t,hinly covered with decolllposed roc,ks. See 1). 204. 

Obserrrr: Adolphr. 

I .  .5.3 



418 YAGNETIC OBSERVATIONS. 

DECLINATION. 

185(i, Nay 15, 30"' P.nr. local time. Collimator 2; Theodolite 3, Troi~ghtoli; Chron. 3. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Magnetic meridian 1:; 1 . 0  
. . . . . . . . . . . . . . . . . . . . . . . .  True rneridinu (see p. 205) 10 6 . 5  

Declinnt.ion Enst . . . .  2 5 5 . 5  

INTENSITY. 

1856, May 17, 11" 30" ,\.at. local time. 

Jlagnet vibrated: L 1. Temp. : 20". 4 C., 68'. 7 Fahr. 

Chron. 11, losing 3 c 0 .  

l85G, Bray 17, 3h 2 i m  p.ar. local time. 

IIagnets: Deflecting L 1, deflected ff 21. 

So. of vibrations . . . . . . .  400 

. . . . .  I beginning 150.6 
Semiarc 

ending . . . . . . .  9 2 . 5  

. . . . . . . . .  l'orsiolr (90') 3' 

. . . . .  I Time of I vibndio~i 2.-890 

I 
y = 0 ~ 0 0 0 2 0  

p. = 0.00017 

/ Time of 1  vibri~tion corr. . .  28.  898 

log li -= 0.43821 log t t c  X = 0.508:36 

DrHectio~l I~a r :  HH. Dista~ices: 1 foot, 1 . 3  foot. Temp.: 22O.2 C., 72O.O lcallr. 

1 foot. 

r r  t) -- - 7' 5' 17" 

y = 0.00017 

Ill 
log , - n.79877 

1 . 3  foot. 

:jO 14' 53" 
0.00017 

. . .  
7 1 . 8  Fallr. 

y = 0.00020 
71 . 1 Fahr 
0.00020 



GROUP VI11. S ~ L A  TO HAZARA 

Dip Needles. Dip. 
0 I 

NO. 1 42 26.10 

,, 2 42 28.38 

,, 4 42 3i.i2 
Resnlting Dip (mean of the four determinations) 42 30.0 

The det,ail of the observations see in connection with the co~nparisoll of the 

needles, 1). 296. 

No. 59. SULT~NPUR,  IN K ~ L u .  

l.:~titnde North. Ijongitode East Grecn. Height. 
:11° B i '  50" iiO 5' 50" 3.830 feet 

On a high I~ank  of diluvium, 011 the Bias river. See 13. 205. 

Observer: Adolphe. 

DECLINATION. 

1656, .Inne 5. 11" 40" A.M. local tirnc. Theotlr~lite :3. and Needlc, T~.oughton; C h r n ~ ~ .  1 .  

0 I 

Alngnrtic ~neridinn . . . . . . . . . . . . . . . . . . . . . . . . . . . .  229 8 . 6  

T r ~ w  mrritlian (see p. 206j . . . . . . . . . . . . . . . . . . . . . . .  226 6.0 
-- - 

1)eclination East  . . . .  3 2.6 

D I ~  necdlr: Kn. 3. 'I'emp.: 20O.0 C., C 8 O . O  Fal~r .  



End 3. 

Face to instrument 43 17 .3  o I 

Mean p = 43 13.  ti 
Ia'ace reversed . . .  43 10 .3  -- 

a + : 43 54.65 Alean of the dip = - 
2 

Dip corrected for error of needle . . . .  4.3 52 .19  

Latitude Nortli. Longitude East  Green. I-leigl~t. 
32' 33' 50" 770 01 3 j ,~ 10,233 feet. 

0 1 1  detrit,us deposited ljy the river LLC%inab". See p. 206. 

Observer: Adolphe. 

DECLINATION. 

lt13(;, June 14, 3)' o"' .$.>I. 1oc:ll time. Collimator 9 ;  'rlieodolitc 3, ' r r o ~ ~ g l ~ t o n ;  C l ~ r o l ~ .  1. 
0 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Magnetic n ~ c r i d i a ~ ~  140 4 9 . 1  

. . . . . . . . . . . . . . .  135 2 6 . 8  

. . . .  Declination East  3 2 3 . 3  

INTENSITY. 

18515, June 14, l'Lh 30'" p.31. local time. 

Xlagnet vibrated: U 7. Temp. : l!JO. 2 C., 66'. 5 I:al~r. 

Chrou. A, losing 4"s. 

So. of vibratiol~s . . . . . . . .  300 

{ b e g i n ~ ~ i l ~ g  . . . . . .  208 
Semiarc 

( ending . . . . . . . .  55 
, . 

'rime of 1 vil~r: l t lo~~ . . . . .  :iR.21(; 

q = 0.00011 

IJ. -; 0.00017 

I onion  (!)oO) . . . . . . . . . .  3' Tinie of l vibration rorr. . .  3'. 24 1 

log K = 0.26891 log I)? x = 0.24179 



13. Dejection. 

1856, June 14, 4h 0'" P.M. local time. 

M.vnets: Deflecting 3 7 ,  deflected U 2. 
0 

14.4 C.. 58 .0  E'al~r. 
DrHectio~~ bar: A. Distances: 1 foot, 1  .:j foot. Temp. 

1 3 . 8  C., 56.n Yahr. 1 O 

1 foot. 

I 
1 . 3  foot. 1  foot. 1 . 3  foot. 

,I,, = 3' 19' 41" l o  30' 22" Temp. of n~agne t .  . 1:.4 ('. 1:P.o ('. 

p = 0.0001i '62 .5  Yahr. 55.4  Fal~r .  
y = 0.00021 , 0.00021 

111 = 0.2231 X =-. Horizontal Intensity = 7 . 8 2 1  

1856, June 12, 4'' 40" i l .nr.  local t~nlt,. 

Dip needle: Ko. 3. Temp.: II~'.II C'.. (ioO.s F a l ~ r  

End A. 

Yace to instru~nent 4 6  0 . 4  o I 

Xlenn a = 45 l ( i .4  
Face reversed . . . 45 32 .4  

End U .  

a -l- = 44 3".!)" Mean of thc dip = -- a 
Dip corrected for error of needle . . . . 44 28.44 

1,;ztitude Xortl~. 1,ongitode East (h-ee~l .  Height. 
.44O ~ 4 '  86" 74' 48' 30" 5,144 feet. 

O n  vcJry frr t , i le  l i l c r ~ s t . r i ~ ~ e  del)osits, ill a g t r d e l ~ .  See 11. 206. 

ol)s[~r\r(!rs: . \ ~ l 0 l I ~ l l ~ ~  >tll(l 1~0O~~l'L. 



422 3ItiGNETIC OBSERVATIONS. 

DECLINATION. 

Id5li, 0ctol)sr 25, 4" 50"' r . n r .  local time. Colliniator 2 ;  Tlleodolite 3, 'Troagl~ton; Cliron. 3. 
0 I 

alagnetir, meridim~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  239 10.4 

'l'rl~e meridian (see p. 209) . . . . . . . . . . . . . . . . . . . . .  236 10.5 -- .- 

Declination East  . . . .  2 59.0 

INTENSITY. 

185G, October 21, 3h 20'" P.M. local time. 

Magnet vibrated: U 7. Temp.: 19O.4 C., G7O.0 Falir. 

Chron. 3, gaining 1c.01. 

log K = 0.26891 log / / A X '  = 0.21676 

Ho. of vibrations . . . . . . . . . . .  100 

. . . . . . . . .  I beginning 167 
Semiarc 

ending . . . . . . . . . . .  56 

Torsion (90°) . . . . . . . . . . . .  8' 

1856, October 22, 3" 30" P.M. local time. 

RIagncts: Deflecting B 7, deflected B 2. 

. . . . . . .  'rime of 1 vibration .3s. 3'20 

I/ = 0.00021 

= 0.000i7 

. . . .  Time of 1 vibration rorr. :3"336 

0 0 

I 19. 1 C., 66.3 1:aIir. 
Deflection bar:  A. Distances: 1 . 3  foot, 1 . 5  foot. Temp. 

18 .4  C., 65.2 Falir. 

112 
log - = 8.55001 X 

r / r  = 0.2418 S = Horizontal Intensity = 6 .BIS 

1 . 3  foot. 1 1 .5  foot. 
0 

Temp. of n ~ y n e t  . . I!). 2 C. 18.3 C. 

'I " 0.00021 0.00021 

1 . 3  foot. 

r r ,  = lo 42' 42" 

p. = 0.00017 

1 . 5  foot. 

O0 58' 49" 

0.00017 



1856, Octobcl. 23, 2'' 0" to 3" 50m P.M. local time. 

Dip Needles. Dip. 
0 I 

NO. 1 46 48.80 

2 46 61.02 

3 16 57 .2 i  

4 46 44.01 

Resulting Dip (mean of the h t u  determinntio~rs) 46 58.28 

The detail of' the observations see in connection with the comparison of the 

needles, p. 297. 

From October 27 to October 31 observntious on the daily variation of' the decli- 

nation were made, the units of the scale readings being tenths of a minnte. The 

time of the observation includefi maximum and minimum, m ~ d  consequently the curves 

could easily be completed for the few remaining hours of the night. 

Increasing irumbers correspond to an easterly motion of the declinat,ion. 

S U I N ~ G G E ~ .  1856, October 

1856, ~ " A . I I .  (ill ! Noon 2 ' '~ .nr .  ah 6" 7" 9 '  ! I ~ ~ ' Y . M .  

Oct.27 286 285 292 300 303 301 299 298 298 297 296 

,, 28 285 286 293 298 300 299 294 292 293 298 292 

., 29 2 2  293 293 29G 299 293 292 291 291 290 2s:) 

., 30 293 293 292 29G 2!1i 299 299 295 296 29 i  2 9 i  

,, 31 250 250 2iG 252 268 267 268 2 268 267 267 
-- 

i\lean . . . 285.0 285.4 289.2 292.4 2:J3.4 291.8 290.4 289.0 289.2 288.8 288.2 

If, after com1)leting the curves, we take the mean of the 24 110tir~1, we obtailr i ~ s  

clifferancos tlic follo\\i~lg rnlucs for thc daily rariatio~l corresponcling to each I~onr :  



424 nIAGNETIC OBSERVATIONS. 

I ) R ~ ~ . I X I . I ' I O X  at SRIN.~GGEI~;  Daily Variation: 1856, Ortobel. 25 to 31, local tinw. 

A . M .  

hlidr~ight - 0.25 

1 - 0.21 

2 - 0 .2s  

3 - 0.33 

4 - 0 . 3 8  

I - 0 .38  

(i - 0.34 

5 - 0.19. 

8 - 0 .03  

9 - t 0 . 0 3  

10 + 0.13 

11 + 0.11 

In Fig. 3, Plate 2 (p. 386), the curves of these differences, with the corresponcling 

observnt,ions a t  Bombay, are drawn. The hours and the general form coincide very 

\\,ell for Koven~ber, but the amplitude is considerably sma,ller a t  SrinSgger. 

The tleflection by L 1 was observed from October 25 to 31, from 6h A.M.  to  6'' P . M .  

Tlle scale readings are tenths of the minute, and their differences, multiplied by 

0.00322, give the absolute values of variations of horizontal intensity in English units. 

Increasing numbers correspond to afi increase of intensity. 

~ E F L E C ~ I O X  a t  SRIN~GGER, 1856, October, local time. 

6h A.M. 'JIB Noon 2h P.M. 4" 6" 

October 27 280 280 271 280 280 281 

. 28 280 280 280 280 267 268 

.. 3 1 300 300 298 298 300 300 -- -- 
Aleall . . . . . . . . . . 282.0 283.0 279.4 278.8 276.t; 277.0 -- -- Zh_ -- 0- 

1)ifferences (rarin- ( i n s c a l e r e n d i n g s  f l . 0  - 3 . 6  -0 .6  - 2 . 2  + 0 . 4  
tions of Horizontal ) i n  nl~.;olute ralucs 4- 0.00329 - 0.01159 - 0.00103 - 0.00708 + 0.00129 

Intensity) 



6'' I 2'" A. M. 911 12'" 1 211 12" I). sr. LLh 12"' 4" 12" tih 12" 

Dif iere~~rcs (variations of I I__ .a- -- A- 
Ilorizontal Intensity + 0.00055 + 0.00305 - 0.005625 - 0.006135 - 0.00330 

No. 62. DAvm, IN I~ASHBI~R.  

1,atitudc North. Longitude East  Green. Hcight. 
34' 34' 6" 74' 46' 0" 7,718 fect. 

Near the fbrt,; on alluvial soil. See p. 209. 

Observer: Adolphe. 

18j6. October 4, 7" 45" A.N. local time. 

Dip ~rcedlr: Ko. 4. Temp.: lo0. 6 C., 51". 1 Fallr. 

End A. 
0 I 

Face to instrument 47 39.5 o I 

Rlean a = 47 H i . 5 5  
Face reversed . . . 47 35.6 

End B. 
0 I 

Face t,o instrument 47 48.6 
Mean fl = 47 47 .5  

Face reversed . . . 47 46 .4  -- 

Mean of the dip = * = 47 42.53 
2 

nip corrected for error of ~ ~ e e d l e  . . . . 47 41 .65  

No. 63. M o z X ~ ~ n a ~ d n ,  IN ~ C A S H J I ~ R .  

I,ntitnde Xortlr. Longitude East G r e e ~ ~ .  lletgl~t. 
:WO 22' 95" 73' 31' 10" 2.220 feet. 

On a level l~lace, covered with grass. See 1). 210. 

Ob~erver  : Robert. 

I 54 



IIIAGNkX"U OYSERVATIONS. 

DECLINATION. 

1856, Novembcr 10, 6)' 30"' ]>.*I. local tune. Collimator 1 I; Theodolite 9, ,Jones; Cllron. 5. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 titi 5 0 . 5  

'I'rur meridian (see p. 212) . . . . . . . . . . . . . . . . . . . . . . . . I63 96.G 
1)eclinntion East . . . . 3 23.!J 

INTENSITY. 

l85G, November 10, 1" 30"' ~ . s r .  local time 

hlitgnet vibratetl 1 with ring. 

0 0 

1 9 . 8  C., 67.  G Fallr. 
l.el"p. / 

20 .O  C., 68 . O  Ill:~111.. 

Cllron. 5, Gmnt, gaining 1 4 k 0  

Without 
ring. 

No. of vibrations . . . . . . 550 

\ I ~ e g i ~ ~ n i n g  . . . . 218.5 
Srlniarr j ending . . . . . . 7 ! ~ . 5  

T o r s i o ~ ~  (90°) . . . . . . . . 2' 

With 
ring. 
YO0 

165 
1Y9.5 

2' 

\\'ithout 
r111g. 

'l'imc~ of 1 \-il,rn.t,io~~ . . . . 38,017 

I/ = 0 .  00020 
1.'. = 0.00017 

'l'irne of 1 vibration corl.. . 3s.025 

10:: I<, = 0.43868 log K = 0.43821 

log m X  = 0.470!)7 

1Y5(i, Novemhcr 10, 4" 0"' P.M. loc:~l time. 

Magnets: Deflecting L 1 ,  dcflertcvl If 21 
0 0 

I 19.8 C., 6 7 . 3  1:allr. 
1)rllection I ~ n r :  113. Distances: 1 hot, I . Y  foot. 'I'emp. 

19.2 C., 61;. 6 Fallr. 

1 foot. 

= T O  10' n" 
p. = 0.00017 

I I I  
log = 8.82402 

1 foot. 

Temp. of ni:tgnet . lG.6 C. 
(;7 . 3 Fahr. 

q = -  0.00020 

1 . 3  foot. 

30 20' 54" 

0.00017 

1 .:3 foot. 

I!;.? C .  
ti6 . (; IJnhr. 

0 ~ 0 0 0 2 0  



2. DIP. 

1856, Kovember 11, 8" 5" A.M. local time. 

Dill needle: No. 2. 'l'e~np.: HO.!l C., 48'. 0  l"al~r. 

E I I ~  A.  
0 I 

Face to instrument 47 14.G o r 

>lean n -- 47 14.05 
Fare reversed . . .  47 13.5  

End B. 
0 I 

Fncr to instrunlent 47 57 .c) 
Mean fl = 47 25.25 

Face reversed . . .  46 5 3 . 5  -- 

hfean of the dip = "f = 47 19.65 
2 

. . . .  Dip corrected for error of necdle 4 i  20.00 

1,ntitude North. Longitude Eust Green. Iicigl~t. 
33' 51' 0" 73' 22' 40" 7,260 feet. 

In one of t,he gardens of t,he station. See p. 213. 

Observers: Hermann and Adolplle. 

DECLINATION. 

1866, No\.entber 13, tit1 20"' p.ar. local time. Collimator 2; Theodolite 3. 'rroughton: C h o n  1. 

0 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  hlajil~etic ~neridinn 53 6 . 7  
, . I rue ~neridinl~ (see 11. 214) . . . . . . . . . . . . . . . . . . . . . . . . . .  49 4 4 . 6  

. . . .  Declination Enst 3 2 1 . 1  



3 ldGNETIC OUSERVATIONS. 

INTENSITY. 

1856, November 15, 5"7In P.M. local time. 

&I,agnet vibrated: B 7. Temp.: 10'. 1 C., 50°.2 l 'ihr. 

Chron. A, losing 3'. 0. 

U. Deflection. 

1856, So~~rmbel.  13, 3" 17" p . x .  local titnc. 

Ko. of vibratious. . . . . . . . 380 Time of 1 vibration . . . . . Ye.189 

I beginning . . . . . 131 .:, 
Semiarc 

ending. . . . . . . 80 

111 = 0.2503 X = Horizontal Intensity = (i. (i8li 

q = 0.00021 

p. = 0.00017 

Nagnets: deHccting B 7, deHectecl U 1. 

Detlcctio~~ bar: A. Distances: 1 foot, 1 .3  foot. Temp.: 11". 1 C. ,  52O.O 1J;~llr. 

A. 1856, Noven~her 13, dh 30"' u.nr. local tittle. 

Dip needlc: So. :J. Temp.: 27O. 7 C., H1° .S  li:~11r. 

Torsion (!lO") . . . . . . . . . . 3' Tinre of 1 vibratiol~ cow. . . SR.  3 10 

log K = 0.26891 log 111 x = 0.22355 

1 foot. 

I , ,  = 3' 22' 9" 

p. = 0~00017 

End 
0 I 

Face to i ~ ~ s t r r ~ m e ~ l t  46 46.2 o I 

&lean cx = -If 49.3 
Fnre reversed . . . 46 51.4 

'1 = 0.00021 0~00021  

1 . 3  foot. 

lo 41' 3" 

0.00017 

End U .  
0 I 

Face to i~~s t rume~l t  -15 30.3 
&lea11 p = '45 HO . 5  

]:ace reversed . . . 45 30. i -- - . 

I hot.  I I 0 I . . I I, I (.. 
52.0 Yal~r. 

1 . :3 foot. 
0 

1 1 . 1  c. 
52.0 IJahr. 



1). 1856, November 15, 12" 30" IJ.nr. local tinie. 

Dil, needle: No. 3. Temp.: 22O.8 ( I . .  i3O. 1 Y:thr. 

End 11. 
0 I 

Yace to instr~linent 46 47.0  o I hIe:ln a -- 4G 42.9 
. . .  l7ace revrrsed 46 38.8 

Face to instrumeut 45 1 1 . 5  Meall fl = 43  1 8 . 5  
. . .  Face reversed 45 25.5 

hlem of the clip = = 46 W i O  

. . . .  1)ip corrected for error of ~~ecdle 43 a X . 2 4  

. . . .  (+rlrernl hlran 46 2 . S 4  

1). TIBET. 
CiROUI' IX. 

G N ~ R ~  ICH~HSUM. 

In c.alc111ating ollr ol~servations take11 in this province, me found t,I~;rt t,he readings 

ware gelierally insufficient o r  inaccurnte. This arises chiefly from the  tlif'fic~~lt~ies 11uder 

whicll me had ,to ma.ke thei~l.  When t~*:1.ilvelling ill disguise, as we (lid ill this case. 

we were uhligetl t o  l ~ a c k  1111 hurriedly, 01, to  csonceal our   instrument.^, \c-henever we 

r:tv l ) eo l~ l (~  not b(?longing to us apl3roi~ching our  camp. Snhseq~lently, however, we 

lr:~i-nt 1 ) ~  expe14encr to talte precnutiona aga,inst (li~turl)ance, 1)y stat,ioni~rg ontpoats 

in ntlvance of' 11s. 



B I A G H E T I C  OBSERVATIONS. 

GROUP X. 

No. 74. MDD, IN SP~TI. 

Latitude Kortl~. Longitude East  Green. Height. 
31° 55' 35" 78' 1' 20" 12,421 feet. 

011 a. high bank of detritus of sedimentary rocks. See p. 228. 

Observer : Hermann. 

DECLINATION. 

1856, .Illlie 13, 211 30m P.M. local time. Collimator 1; Theodolite 2, Jones; Chrnn. 3. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . .  62 1 9 . 1  

True ~neridinn (see p. 229) . . . . . . . . . . . . . . . . . . . . .  58 35.9 

Declination East . . . .  3 1 3 . 5  

DIP. 
1856, June 13, 6h On' P.M.  local time. 

Dip needle: No. 2. Temp.: 10°.6 C., 51°. 1 Falir. 

End A. 
0 I 

Face to instrument 44 22.0 o I 

Mean a = 44 1 6 . 9  
Face reversed . . .  44 11 . 8  

End B. 
0 I 

Face to instrument 44 1 8 . 3  . 
Face reversed . . .  44 17.8  M e n n P = 4 4 1 8 . 0 5  . 

Alemi of the dip = as = 44 17 .48  
2 

Dip c o ~ ~ e c t e d  for error of needle . . . .  44 1 7 . 8 3  

No. 75. T s o ~ o ~ f ~ r  SALT LAKE, IN QP~TI.  

Lntitude Korth. Lnng~turlr East Green. Height. 
32' 45' 25" 78' 16' 36" 15,130 feet. 

On. t,llr right ul~ore of the lake. 111 a place formerly untler water, and at prruent 

covsrerl with +aline deposits. See p. 229. 



DECLINATION. 

1856, June 21, 413 50" P.M. local time. Colli~nator 1 ; Tl~codolite 2, Joncs ; Chron. 3. 
0 I 

. . . . . . . . . . . . . . . . . . . . . . . . . .  hlagl~etic lneridian 1 15 2 1 . 3  

. . . . . . . . . . . . . . . . . . . . . .  True meridian (see 1). 231) 11 2 1 1 . 4  
.- 

1)eclination East . . . .  3 9 . 9 . 

1866, June 22, 4" 30" I>.M. local time. 

Dip needle: No. 2 .  Temp.: 8O.4 C., 47". 1 Fahr. 

End A 
0 I 

Face to instruu~ent 46 3 7 . 2  0 I 

hleari a =- 45 2 2 . 0  
. . .  Face reversed 45 6 . 8  

End B. 
0 I 

Face to instrulne~~t 46 16 .8  alean ,3 = 45 1 7 . 9  
race  reversed . . .  45 1 9 . 0  -- 

Mean of the dip = EL!~ = 45 19 .95  
2 

Dip corrected for error of needle . . . .  46 PO. :+I) 

NO. ' i f i .  Tsonroo~~~ani ,  THE GHEAT SALT LAKE, 1N THE L)IBTI~ICT O F  P A N G K ~ N G .  

1,atitude North. Lnngitude East Green. Height. 
:33" 39' 50" 7A0 38' 30" 14.010 feet 

011  a t.errace of' gravel,  011 tlle left  sho re  of t h e  lake.  See p. 231. 

Observer: Hermalln. 

DECLINATION. 

1856, .111ly 2 ,  !)I' 10"' A.M.  local time. Collimator 1;  Tlleotlolite 2. Jo~res; Clrron. :j. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (i(; 8 .  :3 
t 1 l rue  meridian (see 11. 2:32) . . . . . . . . . . . . . . . . . . . . . .  (i9 4 6 . 5  

--- 

Ikclination East . . . .  :( 21 .8 
# 



31AGNETIC OBSERVATIONX. 

INTENSITY. 

A. Vibrntio~r. 

IHX, July 2, ,2h 30" P.M. local time. 

lI:~gnet vihrated 
L 1 with ring. I L 1  

0 

15 ..Y C., 60 . 4  Fnllt.. 
Temp. 

1 c., 61 . 0  1;;111r. 

Chron. 3, gaining 1\01. 

1856, July 2, 9" 30"' A.M. local time. 

Magnets: Deflecting L 1, deflected H 21. 

With 
ring. 

7s.948 

0~00020 

0.00015 

0 0 

14.4 C., 57.9 F ~ I Y .  
Deflection bar: H 3 .  Distances: 1 foot, 1 . 3  foot. Temp. 

15.0 C., 59 .0  Fahr. 

Without 
riug. 

Time of I vibration . . . . 2 V 7 7  

q = 0.00020 

y = 0.00017 

Without IT'itl~ 

Torsi011 (!lo0) . . . . . . . . . 0' , 0' 

rirrg. 

Xo. of vibratioris . . . . . . : 200 

I beginning . . . . . 140 
Senliarc 

ending . . . . . . 70 

log - 8,80370 X - 

ring. 

31 

80 

70 

1 foot. 

u ,  = 7' 27' 48" 
p .=0 .00017  

J J ~  = 0 ..4363 X = Horizontal Intensity = G 

log If, = 0.44591 log If = 0.43821 

log ?)OX = 0.47591 

Time of 1 vibration con.. 3c008 

2.  DIP. 

1856, July 3, 12"oon local time. 

Dip needle: No. 2. Temp.: 14'. 1 C., 57O.4 I'ahr. 

End A.  
0 I 

P .975  

1 .3  foot. 

3' 21' 5'3" 
0.00017 

Face to instrument 46 30.8 o I 

Mean a -- 40 34.25 
17xce reversed . . . 4(i z37.7 

1 foot. 

Temp. of magnet . . 1;. 9 C. . 
57.0 Fallr. 

y = 0.00020 

1 . 3  foot. 

1;. 8 C. 
58.6 Fahi.. 
0.00020 



n i p  rorrcctrd for error of needle . . . .  46 :31.05 

No. 79. LEU, IN LADAK. 

1,atitude Noi.tll. Longitude East  Green. Ileight. 
34' 8' 21" 7'i0 14' 36" 11,527 fc2c.t. 

l n  a large oilen plaw at the lower elid of the to\\r11.' See 11. 294. 

Ol~server: Ilermnnn and Robert. . 

FIRST SERIES 

DECLINATION. 

1H5G, .luly 18. :311 35"' l..nr. local time. Collin~ator 1 ;  Theodolite 2, .Jones; Cl~ron.  :3. 

, ?  1rne ~ l ip r i r l i :~~~.  (see 11. 241) . . . . . . . . . . . . . . . . . . . . . . .  1.3.; 3 f i . 2  

. . . .  1)eclination East A 2 1 .  1 

INTENSITY. 

I .  HORIZONTAL INTEKSITY. 

A. Vibr(rtiot~. 

18.-16, .July IG, 11" 5fm A . M .  local t in~e .  
0 0 

I 2 9 . 3  C., ~ 4 . 8  Iinl~r. 
3I:lgnct \ il>ratetl Temp. 

1 2 1  witli r ~ n g ,  3 0 . 0  C., 86.0 7":111r. 

(:lr~on. 11, losing 0":.'(. 

' C~IIII~N".,' plnl,. 8 01' tllr .\tl;ls of I'nnorn~~rns, \'ie\r,s, S-c., giving ;t y , ~ ~ r r ~ ~ n l  r s i ~ , \ \ -  of the tt,\rn, n111l sho\r. i~~g also 

lllr yrtsi l io~~ IIT 1 1 1 1  ~ I * I I ~  iri(h lhr nlnplrrtir i ~ ~ s l r u n ~ r ~ ~ l n .  
- - 

1 .  : I . )  



434 3lAONETlC OBSERVATIONS. 

l \ ' i t l i ~ ~ u t .  i 1VitI1 
r111g. , I'111g. 

No. of \ibr:~tions . . . . . . 400 Time of 1 vibrn t io~~ . . . . . 2'.!)73 HU.071 

'l'orsion (90') . . . . . . . . . 6' ( 6' )I 'rime of 1 vibration corr. . . P ,977 / 8" 080 

log K, = 0.42926 1 0 g K  = 0.43821 

log 918 x '= 0.48495 ' 

Magnets : Deflecting L 1, deflected H 21. 
0 

25.8  C., 78.4 I'.:L~I~. 
Dellert in~~ 1 , :~ :  Ii 3. Distances: 1 foot, 1 . 3  foot. Tcmp. 

26.2 C., 79.2 Fahr. 

111 -= 0 4:1!):3 X = Horizont;~l Intensity = 6 . 9 5 3  

1866, July I (i, 4" YO'" ~ . n l .  local time. 

1 ) i l~  neetlle: So.  2. 'l'cn~l).: 27O.8 C.; 82'. 5 Fnhr. 

I foot. 1 . :3 foot. 

Te~np.  of ~nngnet  . . 2 i . 0  C. 9 t . 6  (1. 

77.0  lcnhr. i!) . !) F a l ~ r .  

1 foot. 

I ( , ,  = i0 9' 29" 

- y. =0.000!7 

End A. 

', = 0.00020 1 0.00020 
111 

log - = 8,S005,5 

1 . 3  foot. 

3' 16' 9" 

0.00017 

Fncr to i ~ l s t r ~ ~ ~ n e n t  47 0 . 0  o I 

Mean a = 46 55 86 
1::trt. revrrsed . . 46 51.79 

Face to iuhtrulnent Jfi 48.77 
>lean fl = 48.72 

Face reversed . 4(; 4 8 . W  

l)ip corrected for error of needle . . . . 46 59 .ti4 



SECOND SERIES. ' 

1)ECLINATION. 

1356, September 80, .i1' 50" I ~ . > I .  l o r d  tinil,. Colli~nator 1 ;  'rl~rodolitc~ 1, Joncs;  Cllron. :3. 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22K 3 & .  7 

T r u ~  ~ n r r i t l i n ~ ~  (sec 1,. 241) . . . . . . . . . . . . . . . . . . . . . . . .  225 16 .6  
~ -- -. 

. . . .  1)eclination East  3 21. I 

INTENSITY. 

1866, September 28, 5'' 0"' i , . ~ .  local ti1111,. 

Magnets: Deflecting L 1, deflected H a l .  

1856, Septe~uber  i!), 4""' P.nr. local t i m ~ .  

h1:~gnet vibmtcd: L 1 .  Temp.: 10°.H C., 51°.5 1;:llrr. 

Cl~ron.  II, losing On. 5. 

No. of vibrations . . . . . . . . . .  100 'rime of I vibration . . . . . . .  in. 992 

0 

1 3 . 0  C., 5 5 . 3  Fahr.  
Deflection Imr: H.3. 1)istances: 1 foot, 1 . Y  foot. Temp. 

1 2 . 0  C., 5 3 . 6  F a l ~ r .  I O 

. . . . . . . .  1 beginning 138.  5 
Seniinrc 

ending . . . . . . . . . .  1 0 9 . 5  

(1 = 0 -  00020 

p = 0.00017 

111 = 0 . 4 3 5 5  X - Horizont;~l Intensity = (i.tii:+ 

. . . . . . . . . . . .  Torsion (90') 0' Time of 1 vibration corr. . . . .  3"OOi 

10:: K = 0.43821 log tttX = 0 ,47626  

I h ro~~~l , i l~a l i ,~n  of ohservations, not quite so colnplcte, J l l l y  17  11nd 18, gave: 

log K, . . . . . . . .  0,43382 

1 foot. 

tf,, = 7' 9' 17" 

= 0.00017 

Dip . . . . . . . . . .  46" 5'?'.64 1 
Horizontnl Intensity (;. 922 

Co~nparc Miinc1111~v gcl~hrte Anzeigen, 

Total Intensity 10. L2G 
\ 1859, No. 3 7 .  . . .  

1 . 3  foot. 

3 O  16' 17" 

0.00015 

1 foot. 

'Ten~p. of magnet . . 1:.0 C. 

T ~ I U I I U ~ I  t l~ r  rlitT>vr~lce is 1,111 very sn~nll, wv tl~oughl it prcfernhlr not t o  lnkr Ihr meon of all three. 

55 * 

1 . 3  foot. 

120.0 C. 

55 - 4  Fahr. I 53.6 Fahr .  

p = n.00020 0.00020 



1856, September 28, lo1' On' A.N. local time. 

llip needle: No. 2. Temp.: 14'. 2 C., 57'. 6 Vnhr. 

j End A. 

End h'. 
0 I 

Face to iustrument 46 55.67 
Met~ii p = 46 56.51 

. . .  Face rewrsed 46 57.34 -- 

Mean of the dip = 5'- ' = 46 50.77 
2 

Dip corrected for error of needle . . . .  46 51.12 

AIenn of the two series . . . . . . . . . .  46 51.88 

'l'he rlailv vi~riat,ions of' the dec.linatio11 were regularly ol)servetl a t  keh, t lur i i~g ollr 

:tbsellrr in  l'11rkistki1 in  the nlonths of August aiid Septeull~er. 

\.Ve 11nt 111) the iuagi~et  B2 i n  a box similar to  the vibratiu~i i ~ l ) l ~ i ~ l ' i l t ~ ~ ;  i~ sca.le, 

wlric.11 w:~s rrtlertecl i n  the mirror attached t o  the rungnet, s l~owcd its a'ngu1a.r motion. 

Tlir srirle rrstrtl on n 1)ortiorl ot' n circle, the radius of which was its (1ist:lnce 

horn tlrc: centre of t,lie 111ag11et.; the units reat1 oil the scale werr I/,,, ir~iiiute, a.nc1 it,s 

11r11t.ral point ~ t , h e  original posit,ion of' the 0 point) wari a.rbitrary. 

The reg111nr ol)scrv;~tions were made (luring our i~l~seilce f r u n ~  (i" A. Jr. t,o 8'' 1.. $ I . ,  

:~nrl thr. Iioi~rs were clliniged peiiotlically, the better to define the daily ~ l l o t i o ~ ~ .  Oh- 

servations t;lkt:u by o~~r? ;e l \~es .  hefore oar  departuru allcl after our r e t u r l ~  from TurkistAn, 

d~owet l  the tiuw of greatest n~asiinnnl to  Ile ti" 30m A . M . ,  ant1 tklc t , i ~ r ~ e  of g r r ;~ t~ lx t  

rrlini~uuli~ 8'' 30"' P.M.. \~hic11 \verlS d;~tir very v:~l~lal)le for t,he c o n s h ~ ~ c t i c ~ ~ l  of tllA c o ~ n -  

l)lt4r dilily rltrvtb. 



011 the 6th of Atiguat,' HSrkishen observed a tlecidetl vertical oscillation of' t(11e 

~ n a g i l ~ t s ,  which lastetl fbr nea,rly 14 hours. Though not. : ~ t  a11 aWilrp of' the I)OSH~- 

1)ilitp of such all oscill;it,ion occ~irring, yet lie noted i t  tiown as ;i very remarkable 

l~henomcnon. A t  Bombay, the day is not marked as a tlaiy of tlist~irb:~nces. Only 

t.hree similar instances of LLconstant vertical motioll" have t,ill now Iwen recortlrtl in 

Va,n Uiemen's Island." 

The following tables cont,ain thc (Itlily observatious fbr August and September. The 

increasing ntunbers indicat,e a more easterly lnobioil of the north end of t,he ~leerlle. 

I Gel~eral Sabille's observ;~tiol~s h a w  showl~,  that the l11011th 01' Septeunber, ill 110th helnisl)ll~,rcn, ill partirulnrly 

rich in disturbancrs. 

' ('olnlnrc EIumboldt's Cosll~os. Vol. IT., 13. 128. 



D.ULT OBSERVATIONS OF THE DECLINATION AT LEH. 

Unit = '/,, Minute in Arc. 

A. August, 1856. 

. A . M .  A Noon. P. N. P . M .  P . M .  

6 1  71, 1 1 0  1 2 1  1  2  3  I 0 1) 

I I 



CROUP X. L ~ A K .  

B. September, 1856. 

For  taking the means, the different hours of observntioii wcre combined ;IS 

fbllows : 

(G + 7) = 6" 30"'; '1% (9 + 10) = 9" 30m; % (10 + 12) = l l l ' ;  (12 + 1) = 12'' 30"'; 

I/% (12 + 2) + 1 = 11,, -- % ( I  + 3) + 2 - - 2". % ( a  + 4 )  + 3 = gl,; % (3 + 5) + 4 - - 4". 
2 2 2  2 

The means so obtained are given in the following tables; but we have divided 

the i*esults by 40 in order to  show the differences in decimals of real minutes. 

I 

1856,  

S ~ p t e ~ n l ~ e r .  

1 
2 
:3 
4 
C) 

6 
i 
S 

9 
10 
11 
12 

1856, August 1 to 31. 

+ 1.288 

0.992 

0.871 

0.594 

0.968 

0.526 

0. 5.47 

0.534 

0 .471 

0.402 
o. : ;hl  

September 1 to 12. 

+ 0.870 ' 

0.625 

0.582 

0.454. 

0.418 

0.385 

0.399 

0.437 

0.470 

0.450 

0,418 

- 

I 
A ,  M .  A.M.  Noon. P . M .  r. 1. 1'. 7.1. Is. N. P . M .  

6 1 1 9 1 0  1 2 1  1 1  I 1 1 5. 1 6 7 1  811 

+ 44 
+ 80 
-k 4 + 40 
-1- 72 

-t 44 

+ Y O  
+ 32 
+ 1s  
- 4 

0 -  
0 

-(- 44 
--I- 20 
- 8 
- 1  32 
-1- 32 

-1- 20 
4- 40 

+ 4 
+ 4 
- 6 
- 8 

0 

-(- 44 
-/- 48 

0 

1 -10 
-k 56 

+ 40 
+ $0 
+ 4 
-/- 8 
+ 4 
-24 

0 

-b 52 
-t 20 
- S 
- j  12 

+ 40 
-1- 32 

+ 72 + 8 

+ 4 
- 8 
- 8 
- 8 

-1 44 

+ 28 
0 

+ 40 
-( 32 

+ 20 
4- 40 
-t 20 

+ 4 
- 3 

I 

- 1 ~  52 
- 1  16 

O 
-1- 40 
-1-  If  

+ 40 4 -10 

+ 3 2  + 2 4  
+ 2 0  ! + I 6  

0 0 

- 8 I/: - 16 
I - 8  

, - t i '  0 1 0 
I 
I 



Tll' al~solntt~ ralucs \\-err found: 
0 I 

I)ccliniltio~l j J u l y 3 1 . .  . .  . .  3 2 4 . 1  

East September 30 . . . 3 21 .1  

I 1  1llesp two values, as well as the comparison of the variation in August and Se1)- 

tember, slio\\. that the declination during this period became a l ~ t t l e  Inore wes te r l~ ;  

hut the quantity is so small, that its numerical value remains unimportant. 

lllie tlaily change of the magnetic declination is represented in curves (fig. 4, 

~tlatca 2, 1'. 3861, in which the data above communicated are introduced; the co-ordinates 

are the liours and %e of the minutes of arc, the latter co-ordinates being a t  the samo 

time refen-etl to the true mean of' the variation. 

September 1  to 12 

- 0 . 7  
- 0 . 0 6  
- 1  0 . 0 5  
-t 0.1.3 
-t 0 . 2 2  
-1 0 . 3 1  
-1 0 . 3 3  
-t 0 . 3 1  
-t 0 . 2 2  
-1- 0 . 12 
-t 0 . 0 8  
-1 0  .04  
- 0 . 0 4  
- 0 . 1 1  
- 0 . 1 7  
- 0 . 1 4  
- 0 . 1 0  
- 0.01; 

- 0.08 

- 0 . 1 2  

- 0 . 1 7  
- 0 . 2 1  

- 0 .  2 0  

- 0 .  1'1 

An:~logo~~s  t u  tlie vari:~tions of the rleclination in Lnclia, the curves sllow t,n-o 

masim;~, orir in the inonling and one in tlie afternoon, but t,lle i ~ l a , x i n ~ u ~ ~ i  in the  

111tv-ning is by tiur the g-mlt4.r onr. 



Al\o the tliKerence I~etween maxiinm~m and mi~lirrluin is conaider:~l)ly smaller than 

might bc expected for these latitudes, iinlebs, perhaps, we tnlce into consideration t,hc 

great nhsohlte height of Lrl~. 

The variations of' the llorizontal intensity were determined by ol>serviiig the 

ohanges in the deflection. The deflecting apparatus used was that of Herinanti, the 

m;rgiiet suspended being H 2 1, the magnet deflecting, L 1. 
r 1 .[he scale was an arbitrary one, and could be read off in te~iths of i~ minute. I n -  

creasing numbers show a decrease of deflection and an increase of horizont,al intensity. 

Tlie value of' 1 minute of deflection, rerlnce~l to absolutc values in English units, 

gave for magnet L1, a t  t,he distance employed, 1 unit of tlie scale (or I/,, of a minute 

in deflection) = 0.00 170 English mlnits. 

The two following tables coiltai~l the detail of the regular daily observations. 

Some isolated observations (10 days) were, besides, madc in July and in September 

(before nncl after our journey to Turkistin) in order to fix t,he time and value of 

the ~norning minimum, which was f o ~ u ~ d  to take place between 4" a,nd 5" A.M., and 

to amount, (wit.11 rlifi(+rent signs) to about I/, of the rise 1)ctween 6'1, and 9%. 



blAi3NETIC OBSERVATIONS. 

I 

1856, 

August. 

1 
2 
3 
4 
7 

G 
I 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
23 
23 
24 
2 5 
26 

. 27 
28 
29 
30 
3 1 

DAILY OBSERVATIONS OF THE HORIZONTAL LNTENSlTY AT LEH. 

Exprresrd in ~cnle  \ralucs. Inrrensing nun~bers show nn increase of the Intensity. 

A. August, 1856. 

A. Y. A.N. Noon. P.M. p.31. P.M. 

jl r I 9 101 1 1 1  11) ( 2 31. 1 (11 5 1  

P . N .  I . .  
I 
I 

6 71, I 

310 
307 
306 
307 
304 
308 
304 

303 
300 
302 
303 
306 
306 
317 

:310 
:314 
314 
317 
306 
315 
326 
315 

320 
320 
3 20 
315 
3 18 
216 
310 

305 
308 

-. 

306 
304 
304 
304 
308 
323 
302 

30 1 

300 
300 
303 
306 
304 
316 

316 
315 
313 
316 
318 
316 
320 
311 

:31Y 
318 
31.1 
312 
317 
3 1 R 
310 

3 10 
303 

61 
\ 

62 

I 
I 
1 
' 
I 

300 
298 I 

300 I 

300 I 
310 
30 1 I 

1 

. 

I 

3 1 3 
318 

306 

310 
316 
318 
307 
312 
313 
305 

316 
304 
305 
308 
308 
318 
304 

326 
320 
324 
327 
330 
328 
325 
325 

326 
330 
331 
315 
327 

311 
313 
315 
303 
316 
309 
310 

314 
316 
308 
308 
310 
318 
30G 

318 
318 
318 
318 
322 
321 
320 
324 

323 
325 
320 
310 
327 

3 0 7 1  
311 
309 
308 
314 
306 
306 

304 
308 
305 
302 
306 
310 
314 

314 
3 14 

313 
315 
318 
318 
318 
318 

320 
320 
318 
310 
321 
318 
310 

308 

324 1 3 2 0  
302 313 

31.1 1 

317 
311 
307 
310 
309 
306 
305 

304 
306 
30.1 
303 
304 
809 
318 

313 
314 
310 
316 
318 
318 
318 
318 

320 
320 
320 
315 
320 
316 
307 

306 
312 I 1 :jlO 300 



D I U R N A L  O S C I L L A T I O N S .  O F  H O A I Z O N T A L  INTENSITY,, 
b 

rn in English Unltg 
LEH AND BOMBAY CO.MPARED -. 1856, Aupuet and September 





B. September, 1856. 

The daily variations of the horizontal intensity, expressed in parts of the English 

unit, are given in the following tables, where, for Leh, the maximilm and minimum 

being introduced. the hours of no observation were deduced by graphic interpol n t '  1011. 

We :~dd tlie corresponding values a t  Bombay' for comparison. 

1 .:, ;: 1 1 , , . P M , .  

P.M. .. ,It F- =7 
I 

321 

310 

29 6 

317 

323 

314 

299 

315 

313 

323 

304 

316 

i 

li !I 

)I 

313 

313 : I 
312 i 1  
312 i 
312 

325 

318 

322 

310 

311 

313 

310 

311 

311 1 318 318 

,, 320 

30 1 

316 

316 316 

314 3 1 2  

318 317 

310 ! 312 

315 ' 3 1 3  

320 320 

300 
300 I 315 316 

320 

320 

322 

310 

312 

314 

311 

306 

3 10 

310 

310 

310 

310 

310 

315 315 

318 / 314 

I 
I 

320 

310 

311 

310 

312 

316 

312 

313 

308 

308 1 308 . 



441 I\IAONETTC ODYERVATIONS. 

. I Midnight 
1 A.Y.  

'2 3 ,  

3 3 ,  

. 4 ., 
I 

1 a t -  

6 .. 
7 ,, 

10 ,, 

I Noo11 

j! 
liJ.al 

1 2 ,, 

I : i t ,  

5 ,, 
I (i ,* I - 
I ' -. ' '  n ., 
1 

!J .. 
10 :, 

The values of the preceding table are represented in curves, plate 3. Botll the 

seiies a t  Leh show a great unil'ormity ~ I I  their general character, September being 

Ilere, as ill refvrence to the cleclillation, the nlo~itll of the sillaller variation. 

The Iioul* of the maxima and minima are nearly ti hours later t11a.n in Bombay, 

but notwithsta~~ding t,lliv clitference in time, the form of the curve, even irlcluding the 

uscillntions preceding the n ~ a x i i ~ l r u ~ ~ ,  remains very ne:~rly thc s:une. 



No. 7'3. PAuuar, IN TSLNSKAR. 

Latitude North. Longitude East Green. Height. 
33' 28' 0" 7G0 54' 15" 11.590 feet. 

On rocks much decomposed. See p. 241. 

Observcr : Adolphe. 

DECLINATION. 

lti5(;, .l1111e 25, lo1' I?"' A . M .  local time. Collimator 2 ;  Theodolite 3, Trouglrto~~; C:hror~. 1. 

0 I 

JIag~~ct ic  meridian . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 5 1 . 0  

T I , I I ~ ~  meridian ( ~ e e  11. 241) . . . . . . . . . . . . . . . . . . . . . . 27 1 0 . 2  
Declination East . . . . 3 4 0 . 8  

1856, June 25, 7)' 0'" A.M.  local time. 

])ill needle: No. 3. Temp.: 9'. 6 C., 49O.3 1;ahr. 

Elld A. 
0 1 

End 3. 
0 I 

Face to instrument 45 2 6 . 3  
IvIea~ifl = 45 2 1 . 4  

Face reversed . . . 45 1 6 . 5  -- 

a + P  Mean of the dip = ---- = 45 5 4 . 4 3  
2 

1)ip corrected fhr error of needle . . . . 45 51 .!Ji 

No. 81. SAS~ER PASS, IN NI'JBRA. 

1,atitude North. Longitude East Green. Height. 
36' 6' 0" 77' 27' 35" 17,753 feet. 

011 the 116~6 of t,he glacier, nea.r tlte to11 of the puss. Tlle legs of t,he st.ands 

rested on broad ~tones, to prevent t,lleln from sinking into t,lle ice. See 11. 243. 



4.1 (i fiIAONETIC OBSERVATIONS. 

DECLINATION. 

1856, August 2. 2' 30'" P.N. local time. Theodolite 2, Jones, and its magnetic needle; ' Chron. 3 

0 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  JI:~gl~etic meridian 278 18.4 
. . . . . . . . . . . . . . . . . . . . . .  True meridian (see p. 245) 274 46.5 

Declination East . . . .  3 31.9 

1856, August 2, 5" 30" P.M. local time. 

Dip needle: No. 2. Temp.: 5O.2 C., 41'. 4 E'ahr. 

End A. 
0 I 

Face to instrument 48 13 .5  D I 

Mean a = 48 13.25 
. . .  Face reversed 48 13 .0  

End B. 
0 ,  

lime to instrument 48 10 .0  
Mean 8 = 48 21.4  

Face reversed . . .  48 32.8 -- 

a t 8  - Mean of the dip = - - 48 17.33  
2 

Dip corrected for error of needle . . . .  48 17.68 

No. 82. KARQLL, IN THE TLBETAN DISTRICT OF DRAB. 

1,atitude North. Longitude East Green. Height. 
3.1' 30' 0" 76' 4' 2" 8,845 feet. 

On all alluvial terrace on the left bank of the Icartse river. See p. 245. 

Observer: Robert. 

DECLINATION. 

ln.16. 0ctol)rr 10, 10" 1.5"' A . X .  local time. Collimator 1 ;  'rheodolite 1 ,  .lorlc.s; Chron. 4. 

0 I 

llagnetic nleridiarl . . . . . . . . . . . . . . . . . . . . . . . . . .  213 25.1  

Tnir meridian (see p. 245) . . . . . . . . . . . . . . . . . . . . .  210 15.0 

. . . .  Declination East 3 10.1  



INTENSI'I'Y. 

I .  HORIZONTAL INTENSITY. 

A. Vibra.t,ion. 

1856, October 10, 1'' 25" p.ar. local time. 
0 0 

I 13 .9  C:., 57 .O k ' d~ r .  

Temp. 13 .8  C.. 56.8 Fahr. 

L 1 with sniall ring. 13.  8 C., 56 .8  I:al~r. 

\\'ithout 
ring. 

KO. of vibrations . . . . 600 

I beginning . . 178 
Semiarc 

ending . . . 110 

Torsion (90') . . . . . . 0' 

log If, = 0.43603 (large ring) log If = 0.43821 

log If, = 0.43970 (small ring) log NIX = 0.47235 

Chron. 5, Grant, gaining 12". 5. 

1856, October 9, 4" Om P.nl. local time. 

With 
largc ring. 

140 

152.5 

128.5 

0' 

AIqnets: Deflecting L 1, deflected H21.  
0 

13.5  C., 56 .3  Fnllr. 
1)eflrction bar: 1-13. Distances: 1 foot, 1 . 3  foot,. l'emp. 

12.1 C., 53.8 l'ahr. 

With 
small ring. 

200 

265.5 

155 

0' 

111 
log - ;: 8.80351 x 

111 =Z 0.4345 X = Horizontal 111tensity = 6,830 

\!'it11 
smnll ring. 

B 8 .  849 

0 ~ 0 0 0 2 0  

0 ~ 0 0 0 1 7  

5".869 

Without 
ring. 

Time of 1 ~ ibmt ion  . . 3c010 

I = 
p. = 0 ~ 0 0 0 1 7 0 ~ 0 0 0 1 7  

Time of 1 vibrat. corr. 3s.0P1 

1 foot. 

11, = i0 24' 42" 

y = 0 ~ 0 0 0 1 7  

\Yith 
Inrgering. 

8" 114 

0 ~ 0 0 0 2 0 0 ~ 0 0 0 2 0  

A" 143 

1 foot. 
0 

Temp. of magnet 12.2 C. 
53.9 Fahr. 

(1 = 0.00020 

1 . 3  foot. 

3O 21' 19" 

0.00015 

1 . : I  foot. 
0 

11.8 C. 
53.2 F'ahr 

0.00020 



BIAQNETIC OBBERVATIONS. 

1856, October 10, 12" 45" P.M. local time. 

Dip ~ieedle: No. 2. Temp.: 15". 2 C., 59O.4 Fahr. 

End A. 
0 I 

Face to instrument 47 9 . 1  o I 
&lean a = 47  3 1 . 2 5  

Face reversed . . .  47 5 3 . 4  

End B. 
0 I 

Face to instrument 48 2 3 . 8  o I 
Mean i3 = 4 8  2 2 . 3 5  

Face reversed . . .  48 2 0 . 9  

Mean of the dip = t(f = 47 5 6 . 8 0  
2 

Dip corrected for error of needle . . . .  47  5 7 . 1 5  

No. 83. DRAS, IN THE TLBETAN DISTRICT OF DRAS.  

Latitude North. Longitude East Green. Height. 
34O 28' 0" is0 43' 5" 9,951 feet. 

Near tlie fort,, on the alluvial plain. See p. 245. 

Observer: Robert. 

INTENSITY. 

1x56. October 12, 3" 50" P.nr. local time. 

\ l : ~ g n ~ t  ril)mted: L 1. Temp.: 12O.0 C. ,  63'. ri Fnhr 

Chron. 5, Grant, gaining 12". 5. 

So. of vibrations . . . . . . . . . .  GOO 'I'ime of 1 vihrntion . . . . . . .  2" 994 
. . . . .  I beginning. 230 

Scni~arc 
ending . . . . . . .  7 3 . 5  . . . 

. . . .  1 orsion ('30°1 . . . . . . . . . . .  I ' I Time of 1 \ril)r:~tioi~ corr. HI.004 



B. Deflection. 

1556, October 13, 7"Om A.M. local time. 

Magnets: Deflecting L1, deflected H21.  
0 0 

4 . 1  C., 39.4 Fahr. 
Deflection bar: H 3 .  Dist,ances: 1 foot, 1 . 3  foot. Temp. I 

2 . 2  C., 36.0 Fahr. 

1856, October 13, 9h Om A.M. local time. 

Dip needle: No. 2. Temp. : 9'. 6 C.. 49'. 3 Icahr. 

End A. 
- .  

Face to instrument 46 54.7 o I 
Mean a = 46 52.4  

Fnce reversed . . . 46 60.1  

1 foot. 

u, = 7' 15' 7" 

p = 0~00017  

End B. 

I ) &  
log - - 8.79656 X - 

~n = 0.4333 X = Horizontal Intensity = 6.922 

1 . 3  foot. 

3' 17' 45" 

0~00017  

1 foot. 
0 

Temp. of magnet. . 4 .0  C. 
39.2 Fahr. 

p = 0.00020 

0 I 

Face to instrument 46 48.7 
Mean fl = 46 49.8 

Face reversed . . . 46 50 9 

1 . 3  foot. 

i . 0  C. 
36.6 Fahr. 
0~00020  

a + B  - Mean of the clip = - - 46 51.10 2 

Dip corrected for error of needle . . . . 46 51.45 



31AGNE'I'IC OBSERVATIONS. 

GROUP XI. 

Chork6nda. - Tso ICa. - Skbrdo. - Tbshi~~g.  

NO. 85. CHORK~NDA GLACLER, ABOVE A DONGD~NQ, IN BALTI. 

Latitude North. Longitude East Green. Height. . 
35O 33' 20" 75' 56' 0" 13,790 feet. 

On a slope of detrit,ns, on the left sicle of the glacier, close to the ice. See p. 248. 

Observer: Adolphe. 

DECLINATION. 

1856, July 24, 4" 40'" P. 31. local tune. Collimator 1 ; Theodolite 3. Trongl~ton. Pocket-watch by Dent 
0 I 

hlagnetic meridiau . . . . . . . . . . . . . . . . . . . . . . . . . .  286 1 3 . 2  

True meridian (see p. 249) . . . . . . . . . . . . . . . . . . . . .  283 1 9 . 8  
Declination East . . . .  2 5 3 . 4  

DIP. 

1856, July 26, 1 0 9 0 m  A.M. local tune. 

b i p  needle: No. 4. Temp. : i O .  6 C., 45'. 7 k'ahr. 

End A. 
0 I 

Face to irlstrunlent 48  5 1 . 3  o I 

>Ienn a ---- 48 42 .65  
Face reversed . . .  48 3 4 . 0  

End U 

Mean of the dip = = 48 4 4 . 3  3 

Dip correctetl for error of 11eec1le . . . .  48 4 3 . 2 6  



No. 87. TUO I<A, IX I ( ~ L T I .  

Latitude North. Longitude East Green. Height. 
35' 58' 0" 7G0 3' 0" 15,724 feet. 

Observer: Adolphe. (See p. 251.) , 

Dm. 

1856, August 21, 4" Om P.M. local time. 

Dip needle: No. 3. Temp.: 6O.2 C., 43'. 2 Fahr. 

End A. 
- .  

Face to instru~uent 50 6 . 5  D I 
Mean a = 50 0 .25  . . .  Face reversed 49 54.0 

End 13. 
0 I 

Face to instrument 49 0 .5  
1\Iean @ = 48 42.5 

. . .  Face reversed 48 24.5 

Mean of the dip = a*P = 49 21.38 
2 

1)ip corrected for error of needle . . . .  49 18.92 

Latitude North. Longitude East Green. Height. 
35O 20' 12" 75O 44' 40" 7,250 feet. 

On det r i tus ,  on t . 1 ~  left bank of t h e  Indus. See  p. 256. 

Observer: Adolphe. 

DECLINATION. 

1856, September 2, 8" 15" A.M.  locd time. Collimator 2; Theodolite 3, Troughton; Chron. 1. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . .  300 28.2  

True meridian (see p. 257) . . . . . . . . . . . . . . . . . . . . . .  296 23.1 
L)ecli~iation East . . . .  4 5 . 1  



MAGNETIC OBYERVATIONS. 

INTENSITY. 

1856, September 2, 5" 30" P.M. local time. 

A. Vibration. 

1856, September 3, 11" 10" P.M. local time. 

blngnet vibrated: B 7. Temp.: 25O.6 C., 78O.0 Fahr. 

Cluaon. A, losing 2% 5. 

Magnets: Deflecting B 7, deflected B 2. 

80 .  of vibrations . . . . . . . 750 

I beginuing . . . . . 260 
Setninrc 

ending . . . . . . .  38 

Torsion (90') . . . . . . . . . 4' 

I 24.3 C., 75.7 Icnhr. 
1)eflection bnr: -4. Distances: 1 foot, 1 .3 foot. Ten~p. 

23.7 C., 74.7 Fnhr. 

Time of 1 vibration . . . . . P.355 

p = 0.00021 
p = 0.00017 

Titile of 1 vibration corr. . . 3" 366 

log K = 0.26891 log m X  = 0.20801 

r r r  = 0.2924 X - Horizontal Intensity == 7.274 

1856, September 2, 10" 45'" A.M. local time. 

Dip needle: So. 4. Temp.: 1G0.6 C., 61°.9 Fahr. 

1 . 3  foot. 

23O.4 C. 
74.1 Fnhr. 

0.00021 

1 foot. 

1," = 3' 27' 14" 

p = 0.00017 

End A. 
0 8 

tjt 
log - - 8.48536 X - 

Fnrc to instrument 47 51 . 1  o I 

Mean a = 48 3.55 
Face reversed . . . 4H 16.0 

1 . 3  foot. 1 foot. 

End B. 

lo 34' -55" 

0.00017 

l'"we to instrument 48 44. 6 
B1ea11 i3 = 48 39.25 

1:nre reversed . . . 48 33 .'J -- 

Temp. of magnet . . c4.0  C. 
75.2 1Jahr. 

~ = 0 . 0 0 0 2 1  

Mean of the dip = b-+ =: 48 21.40 
2 

T)ip corrected fnr error of needle . . . . 48 20.52 



GROUP XI. B ~ T I  AND H A S ~ R A .  

Latitude North. Longitude East Green. Height. 

35' 15' 40" 74' 40' 40" 9,691 feet. 

On metninophic roclis. See p. 258. 

Obscrver : Adolphe. 

DECLINATION. 

1866, September 20, 6" 20"' P . N .  local time. Colliruator 2 ;  Theodolite 3, Troughton; Chron. 1. 
0 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Magnetic nicridia~~ G2 53.7 

'rrne n~cridim~ (see p. 258) . . . . . . . .  . . . . . . . . . . . . . .  5H 36.0 

. . . .  Declination East 4 17.7 

INTENSITY. 

ti. Vibratiorz. 

1$5li, September 2 l?  2" 40'" I,.al. local time. 

Magnet vibrated : B 7. Temp.: 15". 0 C., 62". ri 1:nllr 

Chron. A, losing 28. 5. 

13. Deflectior~. 

1856, September 21, 4" 45"''.nl. local tilne. 

hIsgnets: Deflect~ng H5, deflected 3 2 .  

No. of \,ibra.tions . . . . . .  200 

. . . .  1 beginning 256.5 
Semiarc 

. . . . .  ending 36 
Tors io~~ (90") . . . . . . . .  6' 

I 15 .8  ('., 60.4 Fabr. 
1)eHrction I);ir: .'I. I) ista~~rcs:  1 foot, I . Y  foot. ' I 'PI I~) .  

14 . 9 ('.. 3 .  S Fal~l.. 

T i m  of 1 vibration . . . . .  :ig.328 

q = 0.00021 

p = 0.00017 

Tinlo of 1 ribration cow. . .  3%. 346 

log K = 0.26891 log I I Z X  = 0.21427 



MAGNETIC OBSERVATIONS. 

1816, September 23, 9" Om ax. local time. 

Dip needle: No. 4. Temp.: 1G0.5 C., 61°.7 Fahr. 

End A. 
0 I 

1 . 3  foot. 

140.6 C. 
5 8 . 3  Fahr. 
0 ~ 0 0 0 2 1  

Face t.o instnunent 48 2 0 . 7  D I 

Mean a = 48 2 0 . 4  
Fare rel-ersed . . .  48 20.1 

log 2 - 8.50706 X - 
~1 = 0.2291 X = Horizontal Intensity 7.138  

1  foot. 
0 

Temp. of magnet. . 1 5 . 5  C. 
59.9  Fahr. 

q = O . O 0 0 2 1  

1  foot. 

r c ,  Z= 3' 28' 57" 
p. = 0.00017 

End B. 
0 I 

1 . 3  foot. 

lo 3i '  21" 

0.00017 

]:ace to inst,rument 48 28 .9  
Mean p = 48 2 9 . 0  

Face reversed . . .  48 29.1 

&lean of the dip = a3 = 48 24 .70  
2  
. . . .  Dip corrected for error of needle 48 23 .82  

c. J<ARAI<ORU~I AND K U E N L ~ E N .  

GROUP XII. 

TURKISTAN. 

XO. 93. KAFLAKOR~~M PA88,  BETWEEN L A D ~ K  AND TURKISTAN. 

Latitude Nort11. Lo~~gi tade  1':ast Greer~. Height. 
3.5' 46' 65" T i 0  :30' 21" 18,341 feet. 

Cl~6talhllr rocks.  See 11. 260. 

Ohservc.1.s: lTerrnl~nn and Rol~ert. 



DECLINATION. 

1856, August 9, 2" 50"' P.nr. loc,nl time. Tl~eodolit,e 2, Jones, m ~ d  its needle; Chron. 3. 
0 I 

Magnetic meridian . . . . . . . . . . . . . . . . . . . . . . . . . .  28!) 27 .1  

True meridian (sce p. 260) . . . . . . . . . . . . . . . . . . . . .  285 53.5  . 
Declination East . . . .  3 3 3 . 6  

INTENSITY. 

A. Vib~atiotz. 

1856, August 9, 3"5" y.ar. local time. 

Magnet. vibrated: B 5, recluced to L 1. Temp.: 14'. 2 C., 55'. 5 Fxhr. 

Cllron. H, losing 0" 5. 

log I I Z X  = 0.49452 

or = 0.4374 X = Horizontal Intensity = 7.140  

NO. 6f librations . . . . . . . . . . .  150 

. . . . . . . .  1 beginning 250 
Seminrc 

ending. . . . . . . . . . .  210 
Torsion (90") . . . . . . . . . . . . .  0' 

1856, August 9, 3"5"' P.M. local time. 

Dip ~leedle : No. 2. Temp. : 14'. 2 C:., 57'. 5 Fabr. 

. . . . . . .  Time of 1 vibration 2'.934 

'z = 0.00020 
p = 0.00017 

. . . .  Time of 1 v~bmtion co1.r. 2.. 344 

End A. 
- .  

Face to instru~nent 49 6 . 8  o I 
hienn a = 49 9 . 4  

. . .  Face reversed 49 12.0 

End B. 
0 I 

lcnce to inutrutne~~t 49 24 .4  Mean ij = 49 1 i ,  4 
. . .  Face reversed 40 10 .4  

i\Iean of the dip L a '-.e = 4!) 13.40 
2 
. . . .  Dip corrected for error of rluedle 49 13 .75 

I I)llrilrg unr :lllyencc [rum Lclr, L1 Ijcing r~nod ns dcHe%ctur h r  obsurvi~rg llrc ~111ily viiriutio~l~, \ \ v  vil~l.ntt'J. 
B 5, rrducirIg by direct romynrieone, severnl limcs repented, tlie time of its \riblation to t l ~ r  time of I, I .  'l'lre ar 

c ~ r r e ~ ~ ~ ~ ~ i d i l r g  to I, 1 lrnd bcell dctcrniiric,l, slid \vns h,erid w r y  \\-ell to ngrce, ill JIII! nnd i l l  Srl~trrnl~er. ; ~ t  1~1.lr. 



NAQNETIC OBSERVATIONS. 

No. 95. A S ~ Q E T ,  IN T U R K I S T ~ N .  

Latitude North. Longitude East Green. Height. 
36' 10' 25" 77O 55' 5" 12,960 feet. 

0 1 1  the left side of the ICarakash river. See p. 264. 

Observers: Hermann and Robert. 

DECLINATION. 

1856, September 1, 4h 15" P.N. local time. Theodolite 2, Jones, and its needle; Chron. 8. 
0 I 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Blagnetic meridian 335 1 7 . 3  
. . . . . . . . . . . . . . . . . . . . .  True meridian (see p. 266) 330 5 5 . 8  

Declination East . . . .  4 2 1 . 5  

1856, September 1, 12h Noon local time. 

Dip needle: No. 2. Temp.: 11° .4  C., 52'. 5 Fahr. 

End A. 

Face to instrument 50 7 . 0  o I 

Meana = 50 7 . 5  
Face reversed . . .  5 0  8 . 0  

End B. 
- 0  I 

1::ice to instrument 50 1 3 . 5  Mean p = 50 1 6 . 5  
1:ace reversed . . .  50 1 3 . 5  

a-l-b 1 50 1 2 . 0  Mean of tho dip = - 2 

. . . .  nil, corrected for error of needle 50 1 2 . 3 5  



CtnOUP XII. T U I ~ K I B T ~ N .  

No. 106. A S ~ M O A L ,  IN T U ~ K I R T L N .  

Latitude North. Longitude East Green. Height. 

36' 8' 0" 78" 5' 0" 13,212 feet. 

Observers: Hermann and nobert. (See p. 268.) 

1856, August 29, 4"Om P.M. local time. 

Magnet vibrated: B 5, reduced to L 1.1 Temp.: 12". 1 C., 53O.9 Fabr. 

Chron. 61, losing O"5. 

log K = 0.43821 log nt X = 0.48473 

log m = 0.4374 log X = Horizontal Intensity = 6.980. 

No. of vibrations . . . . . .  150 

. . . .  I beginning 250 
Semiarc 

ending . . . . . .  210 

Torsion (90") . . . . . . . .  0' 

1856, August 29, 8" 50" A.M. local time. 

Dip needle: No. 2. Temp.: OO.O C., 32'. 1 Fahr. 

. . . . .  Time of 1 vibration 2c967 

p = 0.00020 

r. = 0~00017 

Time of 1 vibration corr. . .  2L978 

End A. 

Face to instrument 50 0 .0  o 1 

Mean a = 50 2.75 
Face reversed . . .  50 5 .5  

End B. 
0 I 

Face to instrument 50 20.3 
Mean fi = 50 7.30 

Face reversed . . .  49 54.3 

Mean of the dip = % + 50 5.03 
2 

Dip corrected for error of needle . . . .  50 5.38 

' See Note under Karnkorurn, p. 455. 
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SECTION VI. 

GENERAL CONSIDERATIONS ON THE TERRESTRIAL MAGNETISM OF 
INDIA AND THE SURROUNDING COUNTRIES. 

A. MATERLALS O F  OBSERVriTIONS. 

I. Stntious of our magnetic survey, from 1854-7. II. Survey of the Indian Archipelago, from 1845-9, by Captain 

C. M. Elliot. lU. Determinations of the i:clination, from 1835-49, by the Indinn Navy. 1V. Observations i n  1833 

nlong thk eostern coasts of India, by de ~losseville. V. Declination in Central India and Hindostin, from 1813-28, 

by Major J. A. Hodgson. VI. Average declination in Rajvirn, 1835, by ~ i e u t e n a n t  A. H. E .  Boileau. VII. Dip 

and relative horizontal intensity Corn 1837-9, by F .  G. Taylor and J. Caldecott. VIII. Declination and dip in 
Kashruir a i ~ d  Ladik,  by Nojor A. Cunningham. IX. Historical data for secular change. a. Declination, b. Dip. 

B. CONSTRUCTION AND EXPLANATION O F  THE MiiGNETIC iI5.b~. 

The systems of :  1. the isogonic lines; 2. the isoclinal lines; 3. the isodynanlic linrs. 

C. RESULTS DEDUCEI) FROlU THE ABSOLUTE DEI'ERMLYBTION OF THE MAGNETIC E L E I E N T S .  

I. Decliuation: 1. Line of no dcclinotion; 2.  Local disturbances; 3. Zones of grrater deviations in Assnrn, in thc 

Bhutan Hiulilnyn, in BGrmn, nnd in thr Nilgiris; 4. Zone of most rapid change; 5. Karakbrum and I<uenllien. 

11. Dip: 1. Tropical zone of rnpid increase; 2. Regularity of isoclinnl lines in general; 3. Zones of increase and 
decrease; 4. Influence of height; 5. Local deviations. 

111. Total Intensity. u. bIodifications of thc isodynamic lines in India: 1. Region of great inc~tease in Central 
India; 2. Depressiou along the foot of the Himalayn; 3. Physical condition of the surface of the soil, produced 

by insolation and humidity; 4. Absolute minimum total intensity; 5. Average rate of increase with latitude. 
p. Horizontal Intensity. y. Influence of height. 

A.  M A T E ~ A L S  OF  OBSERVATIONS. 
For facilitating the general considerations on the magnetic conditiol~s of lnclia 

and the surrounrling co~nt~ries,  we present a tabular abstract of our magnetic and 

gergra,phical stations,' together with a compenclious enumeration of the materia.1~ 

I O n  thc overland route we determined the following d~clination and dip, the results of which \\.e adti for the 
colhpletion of the nerirn of 011r ohser~ations:  

Declinat,ion. Dip. 
0 I 0 I 0 I 0 I 

1857, Mny I D ,  Aden, Latitude North 12 46 Longitude Enst Green. 45 10 4 I n  West 5 38.5 Nor111 

,. .. 20 Suez, 29!,!4 ,, ,, 3'2 36 5 23 ,, 41 10.35 ,, 
.. .. 25 Cnirn , ,. no 3 7 8 ,, 41 24.34 ,, 

(In 1836. Cnptnin IIninea round nt Aden: Declinntion Weat. 5" 2'.) 



MhTEI1LALB OF OBSERVATIONB. ' 459 

known to us up to this time, of which, however, by far the greatest part will be 

foupd limited to the coasts only. The works from which me have collected them 

are mentioned in connection with each respective table. 

All observations were made either in a tent, constructed for the purpose, or in 

the open air. 

1 L. a. L. S. Little above the level of t.he sen. 
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No. 

cum. 
Station. 

A. IlNDLA. 

GI~OUP I. A s s h  AND ICH~SSLA HILLS. 

1 

2 

3 

4 

5 

Geograpliicnl Go-ordinates. M:rgnetic Elements. 

~ ~ t i t ~ d ~  N, Longiludc 
East Green. 7 l' :clin. 

Last. 
~ ~ i ~ l , ~ ,  

Gnom Il. DELTA O F  TEE GANGES AND B~AHYBP~?TRA. , 

o , 
0 46.4 

0 22.5 

2 36.3 

2 0 . 1  

2 20.4 

Dibrugdrh . . . . . . 
TBzpur . . . . . . . . 
Udelgliri . . . . . . . .. 
Gohdtti. . . . . . . . 
ChBrra h in j i  . . . . 

Horizoo. 
Intensity. 

o , ,, 
94 57 35 

92 46 45 

91 56 30 

91 43 45 

91 40 30 

o I r ,  

27 32 0 

-26  34 35 

26 45 40 

26 5 50 

25 14 15 

Eogl.FEcf. 
395 

239 

352 
134 

4,164 

32 3.50 

31 1.23 

29 19.85 

28 14.84 

6 

7 

8 

9 

. Dip. 
Nolth. 

Eogl.Unils. 
7.733 

7.758 

7.740 

7.784 

7.869 

24 22 60 

23 42 44 

22 45 55 

22 33 1 

Snr jgbnj  . . . . . . 
Dh6ka . . . . . . . . 
1C6lna . . . . . . . . 
Calcutta . . . . . . . 

Gnour 111. VALLEY OF TEE GANGES A& ITS T~LBUTARLES. 

o , 
38 30.35 

37 14.93 

36 27.65 

35 19.15 

33 37.27 

Engl.Uniis.lEngl.Uoite. 

4.315 

Vertical 
1n.cnsity. 

6.150 

5.898 

5-719 

5.513 

5.231 

89 43 20 

90 20 15 

89 36 55 

88 20 34 9.113 

Total 
Intensity. 

9.882 
9.746 

9.624 

9.641 

9.449 

10 

11 

12 

13 

14 

15 

16 

17 

18 

L.a.L.S.' 
L. a.L.S. 
L. a.L.S. 
L. B.L.S. 

RBmpur B6lea . . . 
ICissengBnj . . . . . . 
Pdtna .  . . . . . . . . 
SigBuli . . . . . . . . 
BenBres. . . . . . . . 
Lilcl~nAu . . . . . . .  
Aligdr11 . . . . . . ; . 
Agra . . . . . . . . . 
Miri t l~  . . . . . . . . 

24 21 46 

26 G 0 

25 37 12 

26 46 41 

25 18 26 

2 6 5 1 1 0  

27 53 50 

27 10 26 

29 0 41 

6.703 

6.690 

7.658 

7.822 

8.176 

32 0.77 

35 11.95 

33 32.96 

35 40.10 

32 41.25 

3518 .55  

36 58.90 

54 

140 

170 

260 

325 

520 

760 

G67 

88 34 20 

87 56 8 

85 7 32 

84 44 26 

82 59 47 

8 0 5 5 3 2  

78 3 55 

78 1 39 

77 41 48 

2 21.2 

2 30.4 

2 25.1 

2 20.2 

1 53.9 

1 50.3 

2 3 7 . 4  

1 37.3 

1 20.0 

8.028 

i I 
1 

4.190 

4.719 

5.094 

5.020 

5.789 

7.904 

8.187 

9.215 

9.294 
10.019 
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Ambila . . . . . . . .  
Lah6r . . . . . . . . .  

. . . . . .  Raulpiudi 
. . . . . . .  Peshiur 
. . . . . . .  Sh6hpw 

D81.a Ismiel Khan . 
. . . . . . . .  hlultin 

. . . . . .  -ShikLrpur 
Sfrau . . . . . . . . .  

. . . . . . .  ILarrichi 
Bhiij . . . . . . . . .  
Rajkdt . . . . . . . .  

Stntion . 

. GI~OUP IV . P h ~ b ,  SINDH. AYD ILXca . 
. . . . . . .  . . .  Engl Feel  E o g l  Unlts 

30 21 25 76 48 49 1. 026 2 26.2 

31 34 5 74 14 37 790 2 2 .3  7.175 

3 3 3 6 3 0  7 2 5 9 4 9  1. 674 3 5 .5  6.889 

34 3 10 71 33 19 1. 250 2 27.9 7.505 

32 14 0 72 32 30 680 1 19.7  

31 39 35 70 56 30 478 0 58.2 7.648 

30 10 10 71 34 34 480 0 54.2 

27 55 10 68 51 50 60 8.000 

26 25 0 67 56 40 . 140 0 35.0 

24 45 30 67 0 51 L .a .L .S .  0 6 .0  

23 17 0 69 40 0 283 0 12 .0  8.012 

2 2 1 3 0  71 7 0  325 0 1 3 . 3  

Eogl . Unit E n g l  . Unite . 

9.856 

I/ 
9.904 

10.889 

10.703 

9.893 

0 .  I09 

Geogrnphicnl Co.ordinntes . 

Shger . . . . . . . . .  
JBblpur . . . . . . . .  
Nhgri . . . . . . . . .  
Rajamdudri . . . . .  
Madras . . . . . . . .  

. . . . . . .  Bombay 
Puna . . . . . . . . .  
hlahabal8shvnr . . .  
KdBdghi . . . . . . .  

. . . . . . . .  Belliri 
UtakamAnd . . . . . .  

. . . . . . . .  Utat6r 
. . . . . . . . .  GClle 

Mnyetic Elements . 

N. 

pp 

Longitude 
Enst Green . 

. Vertical 
Intensity . 

Dip . 
North . 

Declin . 
Enst . 

Total 
Intensity . 

Horizon . 
Intensity . 
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Statioll . 

East Grcen . 

44 NLrigun . . . . . . .  
45 Darjiling . . . . . . .  
46 I{,ingit Bridge . . . .  

. . . . . . . .  47 T6nglo 

48 Fklfit . . . . . . . . .  
49 Icatl~mindu . . . . .  

50 Nainiti l . . . . .  
51 Mflunl . . . . . .  
52 RIina . . . . . . .  
53 I I i na  Pass . . . .  

. . . . . .  54 Ussflla 

55 Rlks6ri . . . . . .  

B . HIGH ASIA . ' II 
.. Engl . Focl . 
0 3. 615 

15 7. 168 

15 3. 130 

88 3 55 10. 080 

87 59 0 12. 042 

85 12 9 4. 360 
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No. 

CIIrr. 

Gnoup rx. G N ~ R I  I{H~RSWM. 

Station 

Geographical Co-ordinates. 

Lntit,ldo ff, Longitude Heigllt, 
East Grecli. _ I  I 

A Laptel . . . . . .  
. . . . .  a Giungul. 

Gunsl~ankAr . . . . .  
. . .  ChBlio La Pass 

. . . . . . . .  Girtok 
A Dirn . . . . . . . .  

fbi Gimin . . . .  
Pliling . . . . . . . .  
Nelong Pass . . . .  

Miid . . . . . . . . . .  
. . . . . . .  Tso~nori~i  

Tsomognalad . . . .  
LBcha Lnng Pass . . 
Leh . . . . . . . . . .  
Pjdurn . . . . . . . .  
Dah . . . . . . . . . .  
disser Pass . . . . .  
IGrgil . . . . . . . .  
Dras . . . . . . . . .  

RIagnctic Elements. 

Engl. Foot. 

14,304 

13,420 

19,980 

17,730 

13,800 

16,910 
14,207 

I 15,090 See p. 429. 

I 
18,475 ] 

Declin. 
East. 

Horizon. 
Intensity. 

Dip. 
North. 

Vertical 
Intensity. 

Total 
Intrnsitjr. 
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Station 

I Geographical Co-ordinates. I Magnetic Elements. 1-1 :/=: Em; Intensity. Intensity. 

c. Kmralco~li~,t nnd Ktrenltic~n. 

11 G n o a  XII. T U ~ K I S T ~ N .  

93 ICarakorlirn I'ass . 
01 Kilik-Ki61 . . . . .  
35 ASl ige t  . . . . . .  
$16 ~ l i l l u  . . . . . .  
97 A Chilginc . . . .  
98 A Kissilkori~m . . .  
09 A Aksie Chin . . .  

100 A I<araltish valley . 
101 I<& L)Bra . . . .  
109 1 Uashmalglin . . .  
103 I<aral<ish valley. 

104 A Siltinder Moltirn. 

105 A ICaralcish valley . 
106 A Shng.1 . . . . . .  
107 A GulbagasllBn . . .  
108 t lch i  Davin Pass . . 
109 Blisl~ia . . . . . . . .  
110 Elchi . . . . . . . .  
111 Yirkand . . . . . . .  
112 ICbhgar . . . . . . .  

o , 1 1  o , ,, End. Feet. 
1.35 1 6  55 77 30 21 18,341 

35 40 0 77 56 0 15,460 

36 10 25 77 50 5 12,960 

35 49 77 31 16,889 

35 58 77 35 16,416 

35 57 77 50 17,762 

35 52 77 51 16,620 

35 49 77 51 14,820 

3 5 5 0  7 8 1 2  14,420 

35 50 78 17 14,214 

35 51 78 22 14,000 

36 3 78 29 13,864 

36 8 78 14 13,613 

36 8 78 5 13,212 

36 9 77 45 12,252 

3 6 1 3  5 8 7  17,379 

36 26 78 19 9,310 
36 50 78 20 

38 10 74 0 

39 15 71 50 

u. SURVEY OF THE INDIAN A~CHIPELAQO, F R O ~  1 f 45 TO 1849, 

,XI+ CAPTAIN C. M. ELLIOT. 

These observations, which are contained in the Philosophical Transactions for 185 1, 

seem not to require as yct a minute reduction to one common period. Parts which 
our maps have in common diff'er very little froin his, and that not always eve11 in 

the same way, and within the last years, the secular changes are scarcely appreciable 

for the southern parts of India.' 

' Scc 1 ' ~ .  280 aud 288. 
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For the values of the periodical changes a.lso no special correction is necessary; 

for Southern India in particular they could not, from their geographical position, be 

expected to be very great. Our observations, as well as Captain Elliot's, generally 

confirm this for the period of the last ten years, though they can only be considered 

as definecl for some few rather isolated localities. 

Some remarks about the probable secular changes since the year 1600 will be 

given below in connection with the observations collected by Hansteen (see p. 474). 

Not being acquainted with the languages spoken in the territories examined by 

Captain Elliot, we have left his transcriptioll unaltered. The heights are determined 

barometrically. S. L. = sea level, or a little above i t ;  U. = height unlmown. 

-. 

Stat io~~.  

I 

Lntituclr 

North and 

South. 

0 I I ,  

1 18 39 N. 

1 27 53 N. 
0 59 22 N. 
0 9 9 N. 
0 11 39 S. 
1 3 3 5 4 s .  

1 2 2  0 N. 
1 10 29 N. 
0 1 19 S. 
1 15 33 8.  
6 9 5 2 5 .  

6 7 5s. 

6 2 47 8. 
6 22 5 S. 

6 31 0 S. 

6 47 0 S. 
6 5.1 0 S. 
6 28 0 S. 

I 

. . 
Singapur . . . . . . . 

Pulo I'eesang . . . . 
C'arimons . . . . . . 
rule BooBya . . . . 
Lingin . . . . . . . . 
Sarswak . . . . . . .  
Sa~nbns . . . . . . . 
Prrmanket . . . . . 

1 l'antilnak . . . . . . 
1 ~uccadana.  . . . . . 

Bata~ia  . . . . . . .  
Ceram . . . . . . . .  

' 1  B~tjecr . . . . . . . . 1: Clleringin . . . . . . 
I;  l'xlaml,angnn . . . . 
1 1  C'llehiliang . . . . . . 
!I C'hela~igknl~ar~ . . . . 

1846 

1847 

1848 

1846, January 

,, 1, 

,, February 

,, ,, 
,, MaytoJuly 

,, J l l l ~  
,, July 
,, kugust 

,, ,, 
,, Sept. 
,, ,, 29 
,, Oct. 1 

,, .. 3 

,, ,. 5 
., ,. 7 

,, . 10 

Longitude 
East Green. 

0 I I ,  

103 56 30 

103 19 15 

103 27 0 

104 21 0 

104 37 0 

11029 0 

109 28 0 

109 4 15 

I00 30 0 

109 67 0 

1 0 6 5 8 0  

10615 0 

106 1 0 

105 46 45 

105 54 45 

105 49 15 

106 6 45 
106 6 0 ,. .. 12 

-. 

Horizon- 
ta l  

Intensity. 

Engl. 

8.095 

8.121 

8.116 

8.114 

8.002 

8.077 

8.062 

8.186 

8.166 

8.182 

Total 

Intensity. 

~ni t s?Engl .Uni la .  

8.306 

8,333 

8.328 

8,326 

8.346 

8.334 

8.384 

Dip. Height. 

8.331 

8.455 

8.870 

8.829 

8.815 

8.895 

8.909 

8.834 

8.838 

8,058 

Dcclinntion 

East. 

S. L. 
S. L. 
S .L .  
S . L .  
S. L. 
S. I.. 

U. 
U. 
U. 
U. 

E n g l  mot. 

S. 1,. 

S. L. 
S. L. 
S. L. 
S. L. 

U. 
U. 

S. L. 
1 31 19 

1 22 39 
0 4 7 7  

0 3 4 2 5  

0 58 11 

0 50 44 

0 59 10 

0 20 36 

0 13 46 

1 
\ 1'364; 1 o , 

!12 51.8 S. 

'12 56.2 S. 

12 56.7 S. 

0 52 57 27 31.7 S. 7.043 

1 31 7 

1 23 5 

1 28 49 

1 19 7 

1 9 4 0  

1 15 50 

1 9 33 

12 45.0 s.1 8.125 

1 1 1 4 . 9 s .  

11 31.0 S. 
12 35.8 S. 

17 2.1 S. 

2 7 5 . 4 S . 7 . 8 9 7  

2 7 1 4 . 2 s .  

26 32.0 S. 
27 34.0 S. 

28 8 .6  S. 
28 41.1 S. 
28 23.0 S. 

8.086 

7.850 

7.887 

7.886 

7.855 
7.753 

7.647 
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, 
/ 

Station. 

, ?  leg11 . . . *. . . . . . 
Pangerango . . . . . 
Chunjur . . . . . . . 
I<%rang Tengga . . . 
Chcbranok. . . . . . 
Wyn Cooper's Bay.  
Cllilotoe . . . :. . . 
l'angangbahan . . . 
I\Iooiro Cl~ikasso . . 
Sidang &%rang . . . 
Pejong Petair .  . . . 
Bw~dong . . . . . . . 
Garoet . . . . . . . . 
Perrnaf~gpek. . . . . 
Chertigufiktok. . . . 
ICUipoocheu . . . . .  
Uanjeer . . . . . . . 
Ch%nee . . . . . . . . 
Samadalig . . . . . .  
(:lleribon. . . . . . . 
Illdramayu. . . . . . 
Tegal . . . . . . . . . 
Samarang . . . . . . 
Jappnra . . . . . . . . 
~ i ~ l ) a ~ ~ ~ v a . .  . . . . . 
Balernbaiig . . . . . 
Solo . . . . . . . . . 
Nyj A\ree . . . . . . . 
Banklm'a, Solo river 
Soorahaya . . . . . . . 

Si~nicnap . . . . . . 
Pulo ILnnecang . . . 
Bezooki . . . . . . .  

Longitude 

Enst Grecn. 

0 I I ,  

106 58 45 

10G 59 0 

107 945 

106 47 45 

106 25 30 

106 36 30 

106 27 0 

106 19 0 

106 38 0 

107 10 0 

107 2 0 

1074030 

107 55 0 

107 45 15 

108 9 45 

1085230 

10842 0 

108 23 0 

108 445 

108 42 o 
108 25 45 

109 15 30 

1103045 

110 38 15 

110 28 45 

110 37 0 

1105330 

1 29 15 

llQ 21 0 

112 44 30 

1135116 

115 16 30 

1134245 
74829s. 

812568. 

7 35 22s. 

Date. 

184G, Nov. 23 

,, ,, 27 
,, Dec. 1 

,, ,, 4 

,, ,, 7 

,, ,, 8 

,, ,. 10 

,, ,, 11 
,, ,. 13 

,, ,, 15 
,, , 16 

,, 21 

,, ,, 24 

,, ,, 29 
1847, Jan. 1 

., ,, G 
,, ,, 8 
,, , ,  10 

,, ,, 12 

,, ,, 14 

,, ,, 18 

,, ,, 26 
,, ,, 30 
,, Fcb. 2 

,, ,, 5 

,, ,I 10 

,, ,, 13 .. .. 15 

,, ,, 22 

,, ,, 25 
,, Marc11 

,, April 
.. ,, 26 

I 
I 

112 0 0  

111 530 

110 4 0 

Lntitndc 

North and 

South. 

0 I I ,  

$ 43 4 S. 
6 51 0 S. 

650 8s. 

6 58 16 S. 
6 57 14 S. 

7 5 0 S. 

7 11 17 S. 

7 30 37 8. 
7 28 o S. 
7 30 0 S. 
71336s. 

655448. 

7 13 54 S. 
i 39 23 S. 
7 38 25 S. 

53'3 2s. 

723 8s. 

7 9 34 S. 
651348. 

(i 43 34 5. 
6 19 35 8. 
6 51 57 6. 
659428. 

6 36 7 S. 

7 1G 8 S. 

7 24 0 S. 

735 0s. 

i 21 52 S. 
7 0 26 S: 

7 16 1 S. 
7 026s. 

6 51 32 S. 
74329s. 

Intensity. 

Engl. Unilm. 

7.8H6 

i.934 

7.916 

7.873 

7.804 

7.907 

7.317 

7.781 

7.924 

7.939 

7.925 

7.826 

7.894 

7.907 

7.953 

7.948 

7.944 

7.950 
7.937 

7.964 

i.963 

i.958 

8.040 

8.025 

8.055 

8.018 

8.OG4 

8.011 
lI(edccri . . . . . . .  ( :, i\ln.y 

Patchitall . . . . . . .. ,, 21 

Munoori . . . . . . . , ,lunr 1 
-- 

- 

-- -1 ' T . 1  

Intensity. 

Engl. Unit.. 

8.967 

9.020 

9.009 

9.033 

9.017 

9.106 

9.039 
9.007 

9.113 

9.040 

9.060 

9.059 

9.132 

9.111 

9.066 

9.002 

8.957 

9.010 

8.915 

8.978 

9.146 

9.118 

9.193 1 
9.072 / 
9.222 

9.096 

9.08(i , I 
!).OuOj, 

7.905 
7.887 

7.960 

Declination n-'o..l- 

9.115)' 

9.1G3 
9.130 

- -- 

Engl. Feel. 

U. 
U. 
U. 
U. 
S. L. 
S. L. 
U. 
U. 
S: L. 

U. 
U. 
U. 
U. 
U. 
U. 

S.L. 
U. 
U. 
U. 
S. L. 
S. L. 
S. L. 
S .L.  
S. L. 

U. 
U. 
U. 
IT. 
U. 
S. L. 
5 . L .  
S. L. 
S.L. 
U. 

S .L .  
li. 

o , , ,  

0 11 32 

13528 

1 13 18 

0'35 9 

0 32 20 

0 27 38 

0 10 5 

0 13 14 

0 5 13 

01693 

02623 

0 25 21 

0 20 20 

0 18 13 

05746 

02759 

0 33 23 

03024 

0 31 41 

0 41 5 

0 37 59 

023 51 

0 24 55 

0 33 17 

03559 

0 29 25 

0 28 38 

0 51 55 

04415 

0 32 7 

02959 

02828 

01932 

0 18 18 

0 ,  

28 45.4 S. 
29 45.7 S. 
2826.15. 

28 24.1 S. 
28 30.8 S. 

29 21.5 S. 

28 54.3 6. 

29 44.4 S. 
30 8.3 S. 
30 15.0 S. 

2936.5s. 

2834.4s. 

29 1.5 S. 
30 14.8 5. 
30 10.9 S. 
2953.9S. 

29 9.9s. 

28 41.9 S. 

28 0.2s. 

27 52.0 S. 
27 30.9 S. 

28 5.1 S. 
27 4.6 S. 

27 29.9 S. 

29 27.7 S. 
29 2.4 S. 
2912.7s. 

28 59.9 S. 

27 47.3 S. 

28 53.0 S. 

2746.8s. 

27 25.6 S. 

27 7.5s. 
2952.2s. 

3036.08. 

29 20.5 S. 
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. . .  KBrang Bolong 1847, June 6 

. . . . . .  , Cllilncbap ., ,, 9 

Aji B&ang I, ,, 12 
. . . . .  ' Iiandang .4ur. ,, 25 

. . . . . .  ' Lampongs ,, August 
I Benmolen . . . . . . . .  September 

. . . . . . . . .  1 Padang October 

1 S o l o k  . . . . . . .  ,, xov. 1 & 2 

Sijongong . . . . . . . . . .  5 
. . . .  1 Bna Pin j ing  ,, ,, 8 

' PSyaconlbo . . . . .  . ,, 10 / Fort Yando Capellen ,, ,, I1 
i Padang Panjang . . ,, . 14 

. . . . . . .  1 Fort de Kock 16 

hlenindjo . . . . . .  ,, ,. 17 

Balembangan . . . .  ,, .. 18 

Peesang . . . . . . .  , ,, 19 

. . . . . . . .  1 Bonjol ,, ,, 20 
Loobisikapping . . .  ,, . 21 

Rntoo Bedindi . . . . . . .  22 

Lender . . . . . . . . . .  ,, 23 
Rau . . . . . . . . .  ,, ,, 24 & 2C 

Pionghay . . . . . . . .  26 

. . . . . . . .  Batong ., ,, 27 
Kotanopan . . . . .  .. ,, 28 
Tnna Bitoo . . . . . . . .  29 
Fort Elout . . . . .  ,. Der. 1 

SingalBngan . . . . . . . . .  3 

Parlang Sidompang ,, , 6 
I Sibogha . . . . . . .  

!I . . . . . . . .  
,, ,, 12 to l (  

Biroe ,, ,, 19 to 2( 

Sinkel . . . . . . . .  ,, ,. 23 to 2! 
I 

Goonong Satoolie, .. . . . . . .  Pu1oni.a I 3 7  31 

. . . . . . . . .  Natal 1848, Jan. 10to 1 
1 hlo~lntOphir,Maliicra, ,, March 28 

Latitude 
Longitude 

North and Height. 
East Green. 

Soutl1. 

Declination Horizon- 

Past. 
Intensity. 
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The originals of these observations are deposited in the Records of the Admiralty 

Office. Though not all of equal .accuracy, they form altogether a very interesting 

series for showing the gradual change of the declination along the Indian coasts. 

A few observations, extracted from varioutr sources, have been added by us. 

Station. 

I'ulo Labooan . . . . 
Sambooanga . . . . 
Iceemah . . . . . . . 
, , londiino . . . . . . . 
a . . 
Cocos . . . . . . . . 
Mdiicca . . . . . . .  
Pulo Dinding . . . . 
Pulo P e ~ ~ a n g  . . . . 
Nicobar . . . . . . . 
Noncowry Harbour 

Bompoko . . . . . . 
Hastings' Island . . 
Moulmdn . . . . . .  
Madras . . . . . . . .  

Declination 
East. 

, ,, 
1 36 27 

1 15 24 

1 3 9 4 7  

1 7 37 

1 2 6 1 6  

1 10 42W. 

1 5 0 2 4  

1 48 34 

1 48 48 

1 5 3  21 

2 13 10 

2 2 0 2 5  

0 5 6  8 

Date. 

1848, May 3 to 5 

,, ,, 25&26 
,, June 21 

,, ,, 27 

,, ,, 29 
,, Aug.& Sept. 

1849, Jan. 2 

,, ,, 10 

,, ,, 20 
,, Feb.5 to 12 

,, ,, 17 

,, ,, 19 
,, March 26 

, , A p r i l  
,, July&Aug.l3 

Horizon- 
tal 

Intensity. 

I 
Engl. Unils. 

8.240 

8.162 

8.253 

7.275 

8.114 

8.117 

8.159 

8.155 

8.177 

8.078 

Dip. 

, 
2 51.6 S. 

1 18.2 N. 

11 1 . 4 s .  

10 54.3 S. 

1 0 4 3 . 6 s .  

39 18.5 S. 

1 1 2 5 . 2 s .  

7 31.2 S. 

4 52.8 S. 

1 14.8 N. 

0 54.4 S. 

0 22.9 S. 

4 19.0 N. 
1 7 4 5 . 6 N . 8 . 1 1 9  

7 3 4 . 2 N .  

Height. 

Engl. Peer. 

S. L. 

S. L. 

S .L .  

2240 

S.L.  

S. L. 

S .L.  

S. L. 

S. L. 
S. L. 

U. 
S. L. 
S. 1,. 
S.L.  

S .L .  

Latitude 
North nnd 

S o ~ ~ t h .  

0 I I t  

5 16 59 N. 

G 54 20 N. 

1 2 1 5 5 N .  

l l i  31 N. 

1 2 9 1 1 N .  

12 5 38 S. 

2 1 1 1 9 N .  

4 12 47 N. 
5 25 36 N. 

9 10 12 N. 

8 1 42 N. 

8 14 5 N. 

10 6 45 N. 

1 6 2 9 4 6 N .  

4 1 1 N .  

- 

Tobnl 
Inleneity. 

Engl. U n l t ~ .  

8.250 

8.1G4 

8.408 

9.400 

8.278 

8.187 

8.189 

8.157 

8.200 

8.525 

8.149 

Longitude 
East Green. 

0 I I ,  

115 18 15 

122 13 45 

125 7 5 9  

124 50 11 

1245111  

96 50 30 

10217 0 

100 32 52 

100 24 38 

92 48 23 

93 39 20 

93 19 20 

98 21 15 

9 7 4 5 3 0  

8 0 1 3 5 6  
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A. Westet.~z Coast oj '  I d i n .  

Obserycru. 

I TV. A. Fenner, Acting 1IInstrr. Com~ni~nder C. I). Canrpbcll. 
Lieutenant Grieve. Licutennnt Montrion. 

' Surveyor Franklin. V. A. Broon, in Journal of tllc ' I ' r iv indru~~ Society, 1855. 

I 

Declination 

17' 
0  30 

0  12 

1 12 

0 24 

0  51 

0  18 

0  29 

0 43 

1 27 

1 0  

0 25 

0  51 

1 58 

0 10 
0 3 

Year. Station. Lntitude N. Long. E. Gr. I 
I<irr;ichil . . . . . 
Min6ras . . . . . . 
Vbri Creek . . . . 23 62 67 49 

Idnlchitta Tomb . 23 47 68 36 

XIoutll of Sir River " 23 38 68 5 

Xem MdmdaPoint 23 3G 68 22 1848-9 

Nerkni Creek . . . 23 23 68 25 

Jhku Swamp . . . 23 7 68 37 

Abdullah Shah2 . 22 55 GI) 0  

Tomb . . . . . . . 22 58, 50 1 

si lrata . . . . . . . 
KalikAt4 . . . . . . 

'I'ennevklli Coast*. 

'rrivhndra~n = .  . . . 
(Dip lo 55' South) 

21 G 

11 15 

8 40 

8  26 

1 8 0  

Y 29 

72 57 

75 45 

78 30 1 78 25 

77 50 

7(; 56 

~- 

1846 



13. Ccylou and Sol~tk n ~ d  East Cbnst of Iv~din. 

Station. I ~ a t i t u d e  W .  I ~ o n ~  B. 

. . . . . . . .  Adrampathm 
1 Pallts' Strait . . . . . . . .  
1 Westernside of PalkslStrnit 

. . . . . . . .  1 Delft Island1 
I'alks' Strait . . . . . . . .  
PLumben,Z Ceylon . . . . .  
I'alks' Strait . . . . . . . .  
IlIanhr, Palks' Strait . . . .  
Juttiltbrin . . . . . . . . . .  
ICoelramnlLi . . . . . . . .  
Trichend6r . . . . . . . . .  
Near Cape IComorinl . . . .  

. . . . . . . .  R.Iutokbbndi I .  

Ceylon, West Coastz . . . .  
I<oringa Bay 4 . . . . . . . .  

Declination. ll 

0 30 E. 
1 40 E. 
0 30 E. 
0 35 IV. 
0 51 E. 
1 4 E. 
0 51 E. 
1 15 E. 
1 58 E. 
1 10 E. 
0 13 E. 
1 15 E. 
0 50 E. 
2 34 E. 
2 41 E. 
2 24 E. 
2 29 E. 

Observers. 

1 I'o~vell nnd Ethersey. Powell. Frnnklin. 
"~cll. J. A. IIodgson (Survcyor General). Fisher. 

1V. OBSERVATIONS IN 1833, ALONG THE EASTERN COASTS OF ~ D [ A .  

BY DE BLOSSE~LLE.  

The ilecliliatioii was not yet cletermined by collimatol- luagnets, but by two 

needles; tlie meridian by a Borcla's circle. The dip circle used was particularly deli- 

cate. See Asiatic liesearclies, Vol..XVIII., part II., p. 4. 



470 MAONETIC OBSERVATIONS. 

V. DECLINATION I N  CENTRAL INDIA AND HINDOSTAN, FROM 1813 TO 1828, 

BY J. A. HODGSON, SURVEYOR, GENERAL. 

This table, taken from the Asiatic Researches, Vol. XVIII., part IL, p. 10, does 

not seem to be of equal accuracy throughout for the declination. The values, how- 

ever, are given as they originally, appeared. 

-- 

Dip. 

0 I I ,  

26 47 3 N. 
26 32 38 N. 

3 46 0 N. 

0 39 45 S. 
2 17 34 S. 
3 34 10 S. 

17 51 47 N. 

Declination Enst. 

0 I I ,  

2 39 52 

2 3 8  5 

1 2 13 

1 14 1 

1 16 0 

1 8 5  

0 49 52 

Lntitude N. Long. E.  Gr. I I 

Station. 

Bhopil . . . . .  
Sir6nj . . . . . .  
NauagiO. . . . .  
Dh6lpur. . . . .  
Agra . . . . . . .  
Shkit . . . . . .  
Kdel . . . . . . .  
Birinli . . . . .  
Kishipur . . . .  
Sukertil. . . . .  
Goverdhanpw . 
Chkndi Pahir  . 
SahLranpur . . .  
DBraDun . . . .  
M6hen . . . . . .  
C h b  Station . . .  

Chandernag6r . . .  
Calcutta . . . . . .  
Pondish6rri ..... 
ICariklll . . . . . . .  
Jafnnpstim . . . .  
Aripo . . . .  : . . .  
Tri~ikomali . . . . .  
IlsngBn . . . . . . .  

0 3 1  8 1 2 5 5 0  I S .  Batavia . . . . . . .  

Year or 
Obsenation. 

1828 

1828 

1323 

1823 

1823 

1813 

1813 

1813 

1817 

1813 

1816 

1813 

1816 

1813 

1816 
1816 

0 I 

22 50 I 8s" 2; 

22 33 

11 58 

11 5 

9 32 

8 27 

8 42 

16 46 

6 10 S. 

Latitude N. 

0 I 

23 16 

24 9 

25 56 

26 45 

27 10 

27 21 

27 53 

28 27 

29 12 

29 20 

29 41 

29 55 

29 57 

30 19 
30 33 

30 51 

88 21 

79 54 

79 56 

80 3 

80 1 

81 9 

96 17 

106 58 

Long. E. Gr. 

0 I 

77 22 

77 39 

79 32 

77 55 

78 2 

78 47 

78 3 

79 23 

78 58 

78 0 

78 0 

' 77 33 

78 1 

77 54 
77 29 

Declination East. 

0 I I ,  

0 39 0 

0 57 0 

1 19 0 

1 25 0 

1 23 o 
0 4 2  0 

0 59 0 

0 4 4  0 

0 47 15 

1 6 0  

0 4 0  0 

0 3 7  0 

0 5 4  0 

0 18 8 

0 30 0 
0 60 50 



Lieutenant Boileau's interesting boolr, "Personal Narrative of a Tour through the 

Western States of Rajvba, in 1834 and 1835, Calcutta, Baptist Nission Press," coli- 

tains, pp. 302 to 328, some declinations determined with the needle of s theodolite. 

The latitudes are directly determined by the writer, the longitudes we have taken 

fi-on1 his map. 

Ye:lr I Dale. I Station. 

Oct. 13 / Camp J a ~ ~ t h  . . 
,, 27 Camp Piragpdra 

No.. 5 1 S i n d ~ i r  . . . . 
1 6 1 ,, 

Jan. S , Singhina . . . . 
Feb. 1 Udepur . . . . . 

I 

May 25 , Plid6d1 . . . . . 
JIIIIC 3 I Shio . . . . . . . 

I Declination 
1,utitnde N. Long. E. Gr. 

Eaut. 

Lieutenant Boileau himself concludes, p. 327, with the following remarks: "As the 

ohervations differ considerably among themselves, owing to the difficulty of acclirately 

:~djusting the needle of so small an instrument as a 3'12 inch theodolite, they are here 

collected into one place that their mean may be taken as the true magnetic declinatioli 

in the upper parts of Rajviira, in about 

Lat,it~ide N. Long. E. Gr. Mean Declination. 
27' 0' i 5 O  0' O0 5" East." 
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These observatiolls are contained in the Madras Journal of Literature and Science. 

183:) . The transcription. with few exceptions. is left unaltered; the longitudes are 

refel~ed to the Madras longitude 

Station . 

Ollgole . . . . . . . . . . . . .  
Ramapatan . . . . . . . . . .  
Alldr . . . . . . . . . . . . . .  
N e l l h  . . . . . . . . . . . . .  
Woogilly . . . . . . . . . . . .  
Sooloorpet . . . . . . . . . . .  
P O O ~ N ~ Y  . . . . . . . . . . .  
JIadrns . . . . . . . . . . . . .  
Sndrns . . . . . . . . . . . . .  
Allurnparva . . . . . . . . . .  
Pondisbkrri . . . . . . . . . .  
Porto Novo . . . . . . . . . .  
Slleally . . . . . . . . . . . . .  
Kalilzit . . . . . . .  . . . . .  
Tmnquebnr . . . . . . . . . .  
Penaney . . . . . . . . . . . .  
Negapatam . . . . . . . . . .  

Jlnnargoody . . . . . . . . . .  

Cbetsnyc . . . . . . . . . . .  
~ut toocots l l  . . . . . . . . . .  
hlun.mlelegoody. . . . . . . .  
Bnlghntty . . . . . . . . . . .  

( Kalehennary . . . . . . . . .  
I Allepee . . . . . . . . . . . . .  

Enmnnd . . . . . . . . . . . .  
F'anmben . . . . . . . . . . .  
C'nrryshnndy . . . . . . . . . .  
Vndinatmm . . . . . . . . . .  1 Quilon . . . . . . . . . . . .  

. . . . . . . . . . . . .  I'oanni 

of 80" 14'. 

Latitude N . 

0 I 

15 30 
15 3 
14 41 
14 28 
15 1 
13 41 
13 21 
13 4 
12 32 
12 14 
11 56 
11 29 
11 16 
11 15 
11 1 
10 47 
10 46 

10 40 

10 33 
i n  27 
10 3 

9 59 
9 40 
9 31 
9 2 2  
9 21 
9 11 
A 57 
3 34 
R 4 1  
A 48 
H 44 
n 29 
H 11 

- -- ---- - 

. . . . . . . . . . .  Tritororin 
. . . . . . . . . .  Fa\n~ncotta\t 

Triv:lnclrnn~ . . . . . . . . . .  
. . . . . . . . . . .  Kagracoil 

-- .- .- .. - . - - .- 

Long . E . Gr . 

0 I 

80 2 
80 3 
80 4 
79 59 
79 55 
80 0 
80 8 
80 14 
80 9 
79 59 
79 49 
79 45 
79 47 
75 45 
79 52 
75 55 
79 48 

79 29 

76 I 
79 20 
53 12 
56 14 
78 67 
76 18 
7 8 5 1  
79 !) 

79 24 
78 7 
76 40 
77 54 
78 11 
77 45 
76 56 
57 25 

-- . - ---- 

Dip . 

0' I I. 

. 11 36 40 N 

. 10 44 14 N 

. 10 18 46 N 
9 41 16 N . 
8 49 20 N . 
8 1 1  1 7 N  . 
7 16 46 N . 
G 5 0  4 N  . 
5 31 23 N . 
4 50 16 N . 
4 27 12 N . 
3 G 15 N . 
2 28 13 N . 
2 42 43 N . 
2 5 17 N . 
1 11 25 N . 
1 42 10 N . 

) 0 39 9 Y . 
I 1 3 38 N . 

1 13 34 N . 
0 55 0 N . 
0 10 34 N . 
0 18 46 N . 
0 G 22 N . 

I 24 42 S: 
1 35 30 S . 
1 51 52 S . 
1 33 57 S . 
2 2 1 3 5 s  . 
2 46 10 S . 
2 37 42 S . 
2 46 1 S . 
.3 15 24 S . 
a au :I S . 
- --- 

Rclstive 
Horizontal 
Intensity . 

0.9868 
0.9834 
0.9804 
0.9886 
0.9903 
0.9830 
0.9913 
1.0000 

.1.0072 
0.9929 
0.9972 
0.9962 
0.9936 
0.9942 
0.9937 
0 .  9956 
0.9958 

0.9773 

O.!)X80 
0.974F 
0 .  9826 
0.9929 
0.9820 
0.9769 
0.9775 
0.9953 
0.9745 
0.9730 
0.9762 
0.9763 
0 .  9955 
O.9Ali9 
0.9863 
~ . O H ! ) X  

-- .- - .- -- 



The l)receding ol)servations along the coast of Southern India were chiefly made 

t.o tlet,ermir~e the position of the nzny)zetic equator and the intensity along this line. 

&Iessrs. Taylor and Caldecott determinetl the follo\rhig three points of the magnetic 

O ~ i r  own observations, referred to January 1, 185(j, thougli ditfering verg Little 

for the position of the magnetic equator, give ,(as also do the lines on Captain Ell iot '~ 

maps, 1848) decidedly greater i~lclinatio~ls for the latitudes a t  some distance north of 

the ~nagnetic equator. 

Taylor and Calclecott thelnsrlves often find iincerhinties of more than 30'. 

The relative horizolltal intensity referred to Mabas  (= 1) will nearly represent 

t l ~ e  absolute values for 185G, if multiplied wit11 S.023. '  

. 
These values, the first cleterlnined in these regions, are contained in llia L'Lat16k". 

Lontlon, 1854. No data in reference to the instruments, or the method of observation, 

;Ire given. For the intensity no results can be deduced, the readings being given of the 

vil)rat.ions only, a,nd being besides unconnected by any observations wit11 India. 

0 I 

Sriniggcr, c:~l~ital of I<ashmir 31 5 

. . . . . . . . .  Lhrn, in Spiti 32 9 

. . . . . . . . . .  32 48 

. . .  in  l iu l~chn  :;:I 14 

. . . . . . . . . .  : I 3  12 



MAGNETIC OBSERVATIONS 

The old observations on declination and dip, made since the beginning of tile 

l ' i t l~  century, nle chiefly collected from the important work of Christopher Hanstreil 

LbUnterhnchungen iiber den Magnetismus der Erde." Christiania, 1819. Thong21 the 

cdltor, wit11 his well known scientific accuracy, points out (p. 141) that observationh 

irladp ill so remote a periotl cannot be directly compared, in respect of' accuracy, \vitll 

tile results obtained by the present improved instruments, yet the materials are of quite 

sud'fici~nt accuracy to deserve, by the importance of the object, our f ~ ~ l l  attention. 

We may avail ourselves of this occasion to remark that  the few, bnt careful, 

observations of the Enst India Company's merchantmen furnished, with few exceptions, 

t,lle first positive materials1 which suggested to Halley's genius, that  the admission of 

four, inst,ead of two, inasima of forces alone allows of' a satisfactory theory of the 

ii~agnet,ic phenomena. These early contributions, due to a body which has nrlded to 

the lustre of its political importance by unremitting attention to the interests of' 

science and literature, fbrmed the basis of Halley's fimdamental work, "Theory ot' t,he 

Variation of tJhe Ma,gnetical Compass". Pl~losopliica~l Tmns;~ctions, Vol. XUT., 1 (i8:3.' 

We have brougllt into a geographical a ~ ~ a n g e m e n t  the old observntionfi, from the 

11eginning of t,l~e lit,ll  111) to the end of the 18th century, which, thoug11 covering a, 

vast extent, a.re - .. limited t,o'points of the sea shore. In  another coluinn will be found 

the values of o n ~ -  own observations, deduced from our maps for the same places. 

Corrections for l~eriodinl  changes, instrumental errors, kc., could not be applied; 

hut the latitudes and longitutles we corrected from the most, rccent cl~arts. We also 

took means, wllen more than one observation was niade within n short distance of 

time. The rliagrams to illustmte these secular cllsnges arc contailred on our magnetic 

)naps, and tlrawil on a bmall scale, which allow.: all the mateiials to he compared at, 

one glance. 

For t h ~ .  dt~clil~ntion 111 1H00, the reference to the more recent in;rter~;~ls ena1)lrh 

11s conbirlcr:~l)ly to Inorlit) H;ulsteen's views of the liiicra tor those regioi~s. 

I Sirniln~ obserrnlions of the enrlier periods may I 1 r 8  still rontained in the oficinl nnval records, ilr.pnsitcil i l l  

lllc 3Inrino Drp;~rtment of t l ~ c  India Elouse. 

? Amnngst his successors \ve mention tllc wcll k n o n ~ ~  ol~srrvxtions and great works oC Ro~nbolrlt, Onuss an(l 
\Yrl~el., S n l ~ i ~ ~ r , ,  Ii~~pHbr, kc.; nnrl as  I~noks of nlorc3 genrl.nl r~ fcrer~re ,  not \\.itlrout ~pri . ial  interest lor many scientifir 

gl,ntlrrnen ill Inrlia: H~lnrboldt's Cosmos, V<,l. IV. ,  1858, IIC~RCIICI'S Arlmirnlty Mnrrl~~I, 1,arnont'n Hnndbucl~ cles 
Jlnpetir~nus,  I$+!), nnrl I3nl,incl.'r 3li.11rclircn clans la I ~ P I ~ I I ~ .  * I P S  I ) P I I S  Jlonilrs, I'ola. 7 rind R (1857). "Dr I ' r t in~;~~~t  

1.1 411 111nzn6lisnlr l~,r~.r*slrr." 
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a.  Decli~tcction 012 the Coasts of India,  ujzd i n  the Indiccn Archipelo.!/o, 
f rom 1600 to 1856. 

Stntion and Observer. 

Declination. 

ScLI~gintweit. 
Decl. \lrcut. 

Latitude 

North. 

Longitude 

East  Orecn. 

Did: Pflyto?~ 

Best 

Silrat : llogzers 
lllntltezvs 
lllatl~clus 

Dandn : 

llfutl~cws 
I3oml)ay: Jfntlte~us 

Jlatkews 

ChBiil : Mathews 

Dibul : Daug~tolz 
Dazcv~ton 

R$jap~~r  : Illathczcs 

Alem'sius 
Not1 

G6a : lllrctkcfvs 
Mnlhefvs 
Matliews 

Agoicla : Matltews 

nl(ltlcws 
l l l a t h e ~ s  
Matl~e~us 

Mangalfir: Dlatl~ezus 
Mathews 

Tellich6rri: Jlntkezvs 

Pviag 

I < d c l ~ i ~ ~  : 
Nod 
nfatltezcs 
illatlte~c~s 

A~!j&r)go: I Mntltc~rs 
Pantops 

1. 
0 I I ,  

20 42 

21 6 

20 24 

18 54 

18 40 

17 32 

16 50 

15 25 

15 29 

15 0 

12 52 

11 45 

9 58  

8 41 

i li 

0 27 

0 22 

0 19 

0 19 

0 17 

0 17 

0 18 

0 19 

0 19 

o 20 

0 21 

0 2 3  

OF INDIA. 

1613; 1{ 4$ 
1611; 16 23 
1612; 16 50 

1612; 16 30 
1676; 12 0 

1610; 15 34 
1611; '16 30 

1609; 16 0 

1614; 15 0 

WEST COAST 
0 1 1 ,  

70 52 

72 57 

72 53 

72 49 

72 52 

73 2 

73 10 

73 46 

73 45 

73 50 

74 49 

75 28 

76 14 

76 46 

1722; 50 56 
1723; 5 40 

1721; 5 14 
1722; 5 7 
1723; 5 10 
1721; 5 27 

1706; 6 40 
1722; 4 57 
1723; 5 8 
1724; 5 41 
1722; 5 49 
1722; 5 22 
1723; 5 8 
1724; 5 41 
1722; 5 30 
1723; 5 5 
1722; 4 12 

1706; 6 2 0  
1722; 3 43 
1724; 3 51 , 



MAGNETIC OHRBRVATIONS. 

L 

Avn: nttclt ntz 

Calcutta : M(rt11eic~s 

Stntiull sud Ol~srrvcr. 

Bnlas6r: MntLe~tis 

Pt. Pnlmyras: dlntltews 

Latitude 
N0rt.h. 

Lougitude 
Enst Grcen. 

Declination. 

lit11 Century. 

Decl. West. 

18th Century. 

Decl' West' 

1851;1 

Schlagintwri t .  

Decl. East. .  



-- - 

Declination. 
Latitudc 

Longit.ude 
Ststion a ~ ~ d  Observer. North 311d 

East G~*ccn. 
i 

1847, Elliot's I South. 17t.11 Ccnt111.y. 18th Century. 

Decl. East. 

Acbin : I 5 12 N. 

Sundn Stmit: ilf,iln)ord I 6 15 S. 

Bantam: Sr19.i~ 6 20 S. 

I'nlambangnn : Dnais 6 :I1 S. 

Bontani, on C'c- 
lebes: (!trrfrcvcf 5 30 S. 

3 OW. 

3 20 IV. 

1767; 

1780; 
1 OW. 
o 54 m. 

BY Some of t l ~ r  l~lost  characteristic 'aturea, we m y  nlention that,  111 the be- 

gilllli~lg of 1600, the Line of 16" to  17" westerly declination hacl :I l~ositioli nearly 

coil~ciding wit11 that  of tlle line of 0" declil~atioll IU 185(i; in 1800 the tlecli~ii~tioli 

11~1d : I I I ' c ; L ~ ~  11~cr~'ilscd to  :IJ to A0 \\.(lht. Tlir ~ ~ o r t l i e r n  pal-ts bhow ohcillationh of tlie 

line\ 1r111t-11 g r c ~ i l t ( ~  t1in11 the s o ~ i t l ~ c ~ ~ ~  OIICS ill IS()() :  tll(' l i n ~  uf 110 d(~clill;~tiol~ I I ~ L S ~ ~  



MAGNETIC ORSEIlVATIONS. 

I 

Statio~r and Observer. 
Latitude 
Nort,h. 

2. BAY OF B E N G ~ L .  

Longit~tdo 
Enst Green. 

Dcclinntion. 

0 I 

!)G 20 

88  21  

88 23  

8 6  55 

87  3 

Ava: l)ttcI,atz 

Calcutta: Mntltezos 

Chanclernag6r: Bozcdicr 

Balas6r : J!!ctfltews 

Pt..I'nlrnyras: JInfltews 

1689; 

17th Century. 

Decl. West. 

0 I 

21 o 

22 33 

22 50  

21 30 

2 0 4 3  

1722; i i 

1" 12 

1 1'2 

0 6!).5 

0 57 

24 

0 41 

~ a s u l i ~ r t l l ~ ~ i :  IIi',pon 

I Hippo~z 
I'etap6lli : 

Mnrlozoe 

I 
. . . 

JIaclras : Mntkcws 
Jfatltclc3s, 

PondichBrri : Richnzcd 

\ 
Dovis 
Bcsf 
Rortnos 

Cape Iiomorin: . . . 1 . . .  
Afitlaews 

FreyePs Hood: Motlrrri,~ 

j Cnstlplon 
CiSlle: 

( ICfrlt11rr1.s 

-- . -- . 

18tli Ceiit,ury. 

Decl. West,. 

i 54 

1680; 8 '20 

1s5ti1 

Schlagintwrit. 
necl.  ~ ~ ~ 1 . .  

1722; 3 33 

3. I < o n o a r , h u ~ ~  COAST 

2 1 

2 O 

0 .  

l l i  10 

1 6 1 1  

1 3  4 

11 5f i  

8 5 

AND CEYIION. 

1610; 1; 22 1 0 I 

8 1  1 0  

8 1  7 

80 14 

7 9 4 9  

7 3 

1611; 12 35 
1613; 13 10 

1680; X 10 

1689; 7 0 

lG0l ;  16 0 
1612; 14 16 
1620; 14 20 
1680; 8 45 

1722;  52 
1723; 3 16 

16.38; 7 3 0  1 
1723; ' 2  54 

1 1722; 2 16 1 
161:l; 13 24 

; 172:I; 2 45 

- -- - - . 

I 
6 3 8 0  11 

. -~ 
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As sollle of tli' most cliamcteristic features, we may nlelltioll that, u i  the be- 

ginning of 1600,  the line of 16" to  17" westerly cleclination had a l~osition nearly 

coiiiciding wit,l~ t,lli~t of the line of 0" declination in 1 8 5 6 :  in 1 8 0 0  tilt. der.lin;~tion 

linil ;tlre;~dy clccrcasecl to 3" to 4" \\rest. The ~~or t l l e rn  parts show oscillations of' the 

lille.: nn1c.l~ grr:~tc,r than thc >outllc~rl~ ones ill I H O O :  tlie line of no clrclin:~tio~i Jusseh 

I 
, 
I 

i 
Nicobnr : Dccois 

l'ulo I(ondor: 1 ::o? 
Acliin : Dcivis 

I Ilfa~lozcc 
l 'riarna~~ : 

Castleton 

~ ~ a r l b o r o u g l ~  Dlncdo9zcild ! Fort: Illrtcclortnld 

Banlta Island: illa~cl~ci~tcl 

Sunda Strait: Illilzc~o~.tl 

Batatvia : 1 lrE;z,t 
Balltam: Srwis 

l'nlambanga.~~: nnzlis 

Mrctllis 
I'rince's Isla~ld : l Cool 

Mnddm. Isl~z~id: Crtr.t(c~ct 

llontaui, on Ce- 
lebes : C'ct9'ftrvct 

Don, R'loh~lclta: Scci.is 

Longitude 
East Orern. 

Station and Obeerver. 

~ -. 

Declination. 

0 I 

9 l o  N. 

8 40 N. 

5 22 N. 

0 46 S. 

3 45 S. 

3 0 S. 

6 15 S. 

6 10 S. 

(; 20 S. 

1 .  

(i 31; S. 

7 7 S. 

6 30 S. 

2 S. 

Lntitude 
North nnd 

South. 17th Century. 

0 I 

92 48 

106 19 

95 34 

01) 13 

101 5 0  

106 2 

10 50 

106 58 

105 21 

1 0 5 5 6  

105 17 

112 4!1 

117 45 

12(i 

18th Century. 
1847, Elliot's 

Survry. 

D ~ C I  l i u t .  

0 I 

1605; 7 5 IT. 

1620; 1 O \V. 

1610; 6 25 IV. 

1612; 4 10 W. 
161.7; 4 50 W. 

1615; 3 30 I\', 

161'3; 3 0 \V. 

1605; : j20W. 

161.7; 3 20 E. 

1780; 00 14 W. 

1794; 1 10 E. 
1795; 1 8 I?,. 

1791; 0 0 

1567; 1 25 W'. 
1758; 0 25 W. 

1767; 1 0\\'. 
1780; 0 54 \\'. 

1768; 0 30 IV. 

1767; 1 16 Mr. 

I 
1 0 1  

' 1 53 

1 47 

1 32 

1 16 

0 38 

o 47 

0 4.3 

0 5:) 

o $2 

0 34 

0 48 



in its northern part through Chanclernagbr, and assumes in its southern part, near 

.Java, E'lores, and Timor, a, position that i t  has kept -with very little alteration for 

the last fifty years. 

b. Dip on the Coasts oj. bldic6, and it, the Itzdic~t~ A ~ c l ~ i ~ e ~ ( ~ ~ o ,  ji-oln 17'68 lo 1793. 

Stntion n ~ ~ d  Obsrrvrr. 

I(6cl1i11: 
b1:tclrns : 
Tri~~komnli : 

Silnd:~ Strait: 
Sorrol)nyn, in Java : 

Pri~ice's Islalid: 
Pulo l'ennng : , Puln Konclor: 

Latitude 
North 

n ~ r d  Sooth. 

The dat,a for this element are still less complete for remote periods, but it is 

evident, nevertheless, as a general result, that within nearly a century the mitgnetic 

equator, and t.he lines to both sides of it, have shifted their position considerably to 

the south. 

Longitude 

~ . ~ ~ t  (;reen. 

13. CONSTRUCTION AND EXPLANATION OF THE 
MAGNETIC MAPS. 

Dip. 

18th Century. Elliot and Sclllagi~~t\\~eit, 

1848 to  1856. 

The maps, which form the basis of the various systems of magnetic declinations, 

are drawn in Mercator's projection, on :L scale of 1 to 8,000,000; for the equator, 

t.lie variation of the scale with latitude is addecl in a special diagram.' The river 

system and the mountain ranges, particularly in the northern parts, presented many 

novel features,' but in consequence of the size of t,he scale employed, we dee~nerl it 

inexpedient to give more than the most predominant orogra~)hical characteristics, 

About t111: Io~lgitude uf Mndras = 80' 13' 5G" East G~CPII . ,  8ee p. 1 2 i .  

' \Vr allude more oepec~allg l o  the I:wl ( , I  Lhr, I < n r n k l , r ~ i ~ ~ ~  l~eing the prirlciyal c l ~ : l i ~ ~ ,  : I I L I ~  its I I O I . ~ ~ I I * ~ I I  ~ I I . ~ L ~ I I ; I ~  

i ~ ~ t r n ~ c t i l ~ g  the Iiuenluen, also r t ,  the tvell defined form of Tillrt, ns n longitudipnl valley, llnd to t l ~ c  routes ; I I I ~  

river rysleln in  1111: norl l l -wr. i l#,r~~ par1 of our r n u t r  ma],. 
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as too niany details would otherwise have interferer1 with the distinctness of' tlle 

river system and the objects of the physical geography represented. The descriptive 

geogm1,hy of the countries visited by us, and more particularly that of the regior~s 

of High Asia, will be given in Vols. 11. and III., and will form the object of variolw 

deta,iled maps. 

The construction of the Lines of equal declinatiqn and dip presented rio particular 

difficnlties; the devia.tions also \\.ere in general neither great nor numerous. Tile 

isodynanlic lilies required a. more detailed calcnla,tion. 

1. Mar OB ISOGONIC LINES. 

The map contains the lines from 10' to lo', and the naines of all our stations, 

together with t l ~ e  valnes obtained; the st,ations, also, for which previous determinatio~~s 

of declination (tliough of variable scientific value) could be collected,' are market1 11y 

red rings. 

Besides, tlie map conta,ins : 

rc. Three dia.grams to illust,mte the secular c:ha~iges for Iutlia and the Indian Arcl~i-  

pelago from 1 GOO to  1800. 

b. A rednction of Captain Elliot's chart of the Indian Archil)elago, 1846 to  1849. 

(:. (ieneral Snbine's chart of the isogonic lines of the globe, reclllced from the 

recent Adniiralty edition, w11ich has been most carefully revised under t l ~ r  

superintentlance of Mr. E\7ans.' Tliis sllows a t  the same time the folu 

general groups formed by tliese lines, ill consequence of their being gatllerrd 

round two poles ill the ~ ~ o r t h e r n ,  and t1370 poles in the south en^ lieinisplirrc~. 

(The lines also of total intensity, difl'ering fioin those of t,hr (lip, show t'o11r 

corresponding ma.xima of tlie fbrces.) 

r 1 l l ic  isoclina.1 lilies are given fbr every degree of' ilil), lroui 10' 8. to 65" N. Tile 

variolls points of the lines a.re deduced chiefly from those neighbouring st,ations w l ~ i c l ~  

i~rc! nearest in v;l.lnc t,o the nui l~ l~er  sougl~t  for. Ilhis we have done in order to grt, 

thc lines as mncli ;IS possible direct,lg defined. 

I 'l'liry ;)re piv~11 1111. 4G7 to 473. 

311.. Evnl~n n<l<lc,l in llin ~qnp ,  ulr ;I snli~llcl. $( ,nl~-:  the prnl~:~blr rr~i f r~tnl  v ~ ~ r i n t i o ~ ~  01' t l ~ c  ~lc<.li~lnti~n~r. I n 1 1 1  tho 

11111111)~rfi Y O  ( , ~ I I . c ~ I I I I ~  F O I I P ( , I P ~  I,? 1l i l i1  :1rv I I I I ~ .  s l~rl i ( . i~*l~I  ns yrt  to ullo\v dislinct genernl I:l\\s. 
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In cnml)iniiig the observations of the dip for deducing the position, mean rlirection, 

and mean relative rlistance of the isocliual lines, we elnployecl the following methotl, 

which is the one now generally in use. ' 
If 4 = the dip a t  the central position, zc = the angle of the isoclinal line with 

th' nleridian, r = :t constant, representing the rate of increase perpendicular to the 

~soclinal line, and if we put: 
1' cos 'lc = 1 

1. sln = y. 

we Inn!- rnal~c. equations of condition of' the form: 

where tr ant1 1) are co-ordinates of' distance in longitude and letitucle of the several 

stations fro111 the mean, expressecl ill miles, 4' the inclination a t  these several stations, 

a n d  3 the meall clip. 

For c~nst~rncting the isoclinal Lines, we have, in acldition to the direct observations, 

l~ased our c:alcnlat,ions upon the following groups: 

Mrnn Lati tnde 
Nortll. 

0 I 0 I 0 I 

I. 0 0 79 4.0 9 50 Rladras, Gillc. 
11. 1 0  79 50 10 10 RIadms, Utathr, Gillc. 

14 0 1 Uellhri, Madras, Utathr, 1LB- 
9 18 78 0 

lidghi. 
I<$liclgl~i, Belldri, Kdgri, Rn- 

11'. 16 3 0  78 30 17 10 
jnm811clri. 

V. 18 50 .76 0 18 30 I<ilidglii, Bombay, NAgri. 

I71 I. 30 20 80 40 24 10 JAblpur, Shger, RenLres. 

W I .  35 30 52 40 '25 30 I 1)Qm Isnl6el I<llmi, Lnh6r, 1lo111- 
bay. 

IX. 38 40 - 84 10 I Ncrigiu~, I ) i~r j f i i~~g,  I< : t t l~~~~ i i~ ld i~ .  
4n 50 

S:iillitbl, Blilum, RlQna. 

I t  will be seen t,hat irregular stations, such as TJtakamBnd, and b1ahabalBshvar1 have 

been excl~itlecl, i11 order that they may not interfere with the general means. In  the 
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Western Himilaya the stat,ions were numerous enough to deduce the lines as imme- 

diate result, without adding means, calculated for general groups. 

The isoclinal map contains, besides our own stat.ions and lines: 

a. A diagram of the zone: surrounding the magnetic equator, as deduced from 

earlier observations, referred to 1700. 

b. A reduction of the Indian' Archipelago, in which we give the valueh obtained 

by Captain Elliot. 

c. A sketch of' the isoclinal lines on the surface of the earth, which have been 

transferred on a chart of snlaller scale from General Sabine's map, contained in 

plate 2 3  of Johnston's Physical Atlas. 

As the space does not allow of the projection of the polar part being separately 

added, i t  should be remembered that there are but two points of 90" inclination, one 

northern and one southern, occasionally ca'lled poles, though in a different sense 

from the ordinary one ';- polcs in the usual signification of the worcl being intended 

to express l'points of grentest ntfvnctio~z" (Halleg) = 'L~naxima of force" (Sabine). 

Our map contains the isodynamic lines of total intensity from 0 . 2 5  to 0 . 2 5  

Rngli~h units, referred to secollcls of time and English measure of length and weight. 

The celculation of the l~oints for the construction of the isodynamic lines has been 

basecl upon the same principle as tlie method above detailed for the isoc1in;~l lines, 

but with this moclification, that the values of such points only were sought for, which 

lay in the same longitude as the original stations. The map shows, moreover, the 

stations which we considered to be the leading ones. The results deduced are connected 

nit11 the stations by dotted lines; the complicated question of the general form and 

clirection of the isodynamic lines being thus rendered, as much as possible, an inde- 

])endent determination. 

Space8 which fall below the average are ma.rked by oblique lines of a blue colour, 

falling from right to left; those spaces, or ~ingle observations, exceeding the respective 

average, are lnarlied by oblique lines of a red colour falling from left to righLa 

1 Scc LcGnuss' Allgcmcine Tl~eorie dcs Erdmngnetismus!' Leipzig, 1839. 

An ~ h o w n  by tlie detail re fcrr i~~g  to the instromcnts, observers, kc., whicll is given for each station in Section V., 
it so hnppens, tlrnt in t l ~ c  fnr cxtendrd spncc, wlrcre we found the rcn~nrknble depression of total intensity, instru- 

mcnts and obscrrcrs nre both so vnricd aird onconnected, as to excludc any [car of n general personal or inetru- 
~nentnl error. 
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Besides our own stations of total intensity the map contains: 

a. A dingram of our observatio~ls of horizontal intensity. This sketch gives the 

~yxnlts of the absolute determinatio~~s a t  the different stations, and some of the 

principal general lines, amongst which we particularly mention the dotted line 

of maximum horizontal intensity (but with variable absolute value), and the 

space of niasilnum horizontal intensity. It will be found, that we have most 

~t reful ly  escluded from the general consideration every station which presented 

a more than usual increase in these regions. A special diagram for the vertical 

intensity appeared unnecessary, as the form of these lines was found to differ 

but very little from the isogonic lines. 

b. A diagram, on a reduced scale, of Captain Elliot's Survey in the Indian Archi- 

pelago, with the isodynamic lines of total and hor izont~l  intensity. 

c. For coml~arison, we have added a reduction of General Sabine's chart of the 

isodynamic lines from plate 23 of Johnston's Physical Atlas. 

C'. RESITLTS DEDUCED FROM THE ABSOLUTE DETERMINATTONS 
O F  THE MAGNETIC ELERIENTS. 

The rcsolts of the astronomical determinations, made in immediate connectior~ with the nlag~ietic 
nbservntions, arc given pp. 270 to 273. In pointing out in this place the principal features of the 
tllngnetic curves, we refer to our magnetic maps. 

1. The line of no declination passes close to the north-western 1nout~11 of the 

Intius, and, in its southerly direction, runs nearly parallel to the western shore of 

India, a t  an average dist,ance of 2%" of longitude. It keeps this direction as fa.r 

south as the Indian Archipelago, where i t  takes a decided easterly turn. 

2.  Local disturbances were compsratively rare, and, with few exceptioiis, cst,re~uelg 

limited i l l  their extent.; on all occasions observed, they were ma1liti.st1-j collilectetl 

wit11 t,hc conrlit,ion of the soil, or the rocks on the sl~rface. When rocks showed 

~ i g n s  of a polar magnetic nature, the poles were generally fofoluncl to coincide wit11 

n:lt,nral points and edges, formed by t,lle int'ersection of  joint^ or slfolrfaceu connected 

with t,lfole mechanical st'rllcturr of the rocks. The t,raps of the DBlihnl~, t,l~e cry~t,allille 
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rocks of the Parisnhth in Beng91, the granites of the IChissia Hdls and of the eastern 

HiinBlaya, and the eruptive masses south of the ICuenluen, presented many instances 

of allcll coincidence. The special researches on the magnctic conditions of these rockh 

(which, with proper care, could be avoided in the selection of our stations for absolute 

determinations) will be given later, in Vol. IT, Geology. 

As examples, we may refer to some small, but not unfrequent disturbances in the 

cnvirons of the magnetic equator, and other greater ones at  the Kulong rock, near 

NanklBu in the IChBssia Hills, amounting to G o  of difference from the otherwise 

probable value. ' 
3. As deviations of a more general cha.racter we mention: 

a. AssBm on both sides of the Urahmnp~tra river; the declination being here 

considerably less to the east than might be expected by the general formof the iso- 

gonic lines. 

b. A zone of attraction of rery little breadth, which seems to coincide with a 

small ridge of granites at  the base of the BhutBn HimBlaya. A t  least, already at 

Nsriglin (Lat. N. 26" 53' SO", Long. E. Gr. 92" 6' 0"), this zone is crossed, and the 

declination is there found to be too much to the east. 

c. The line of 2" 30" also' seems to present some irregolarity, when continued 

to the valley of the IrarBdi. A t  Utakamh~d, in the Nilgiris (Lat. N. 11" 23' 40", 

Long. E. Gr. 7G0 43' lo"), the declination is about 20' too much to the east. 

4. The zone of most rapid increase of declination is found between Lat. N. 29" 

to 34" and Long. E. Gr. 80" to 71". The circnmstancu, that the ce~ztrnl mass of the 

nlountain systems of the HimBlaya, Karakoriim, and Kuenli~en has a position, which 

as such may have an inflnence upon this deviation, seems not ~liiconnected with such 

an irregularity, and this is corroborated by the declination increasing in general 

very little, wlien we approach at  a corresponding distance the eastern end of the 

HimBlnya. 

5. In  the Karnliorilm and I<nenlilcn, for which no ncighhouring places forlnerly 

1 An nppnrvnt d i s t ~ ~ r l ~ n n c r  nt. ChBrm Pi~nji ,  mc-ntionrd in our official Rcport No. 4, Dec. 19, 1855, disappeared 

altogcthrr whrn t l ~ c  truc 111rridinn \\-as re-mlculnt.cd I>y t.l~e strict forl l~ulx.  

T l ~ r  proceedings of the T r i v i ~ l d r i ~ n  31useun1 Socicty, Dcc. 1855, conboin a very interesting paper: "Experimrnts 

on thr filax~ictic Rock of N;~in>:tn Hill, or Muk~~nl~mBll i",  hy hlr. J. A .  Rroun, to u-hich wr shell have occasion 

again lo refer in  Vol. VI., Gcology. 

? W e  ndd, that we are wcll aware that tlir Alpn, so considrrably sninllrr in extent, brendth, and clcrntion, 

than thc vast ~nountain rangcs of High Asin, do not show any well defined influence of a ailnilnr kind. 



;r.llowed of : ~ n  approximate estimation, me find the easterly cleclination soiilewllat 

greater than has hit,herto been laid clown on general magnetic malls. 

11. DIP.' 

1 .  All India Proper is included within tlle zone of rapid increase of clip with 

tlie latitude, which more or less follows the magnetic equator all round the earth. 

Though. in latitudes of about 15" to 26" North we find the dip somewhat smaller than 

had generally bee11 calculated, in higher latitudes our lines seem to reach the values 

tleduced from general calculations. We find the zone of rapid increase rather broader 

than it was foimerly supposed to be. 

The magnetic equator shows a decided, but very small, curvature to the north 

above Ceylon. It seems to have become a little more northerly since Captain Elliot's 

(letel-min a t' 1011s. 

2 .  The isoclinal lines, comparatively speaking, represent in India the most regular 

of' the t,hree elements, in reference to their general form; their mutual distance varies 

but very little, as is shown by the map, and the more so when it is remembered 

that t,he emldoyment of Mercator's projection necessarily makes the distances appear 

a little grea,ter in the higher latitudes. 

3. The 1)eculiar modification, which we sliall hereafter have t,o point out for the 

tjotwl intensity, is not represented by the isoclinal lines in Southern and Centra.1 India; 

l ~ u t  the delmession along the foot of the Himalaya, particularly in its eastern part, also 

occurs on the isoclinal lines, though to a much smaller extent. 

Ch6rra Pilnji and Mahabal6shvilr seem to be 1oca.l irregularities for themselves; 

it. is perhaps wort.hy of note t,hat these two stations are, at  the same time, regions of 

extreme precipitation of rain. 

Thc increase of intensity north of Biuila seems equally to be represented for 

the dip by a few stations, amongst which we chiefly name Su1tlinl)ur and V5ngtu 

Bridge; but t.he difl'erences are much smaller than they will be seen to he for the 

total in tens it.^. Whilst there they exceed values, corresponding to 10" of latitude, 

the following are the deviations from the average values, if' we calculate the dip in 

round nuulbers corresponding to the single stations. We exclude ti-on1 thin tablr 

11itfel.enc.e~ not reaching 10'' as they are comparatively not of' sufficient importance. 

I C:ol~lpnre the renrarks OII the vertical intensily, 11. 488 
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4. An influence of height does not become apparent within 2' or 3", but sucli 

values must be considered as hardly within the limits of absolute determination with 

the instruments now in use, though the direct readings with Dr. Lloyd's excellent dip 

circles, which we had with us, are considerably more minute. 

5. In reference to small local deviations, we found them not unfrequent, parti- 

cularly when the dip circle itself mas put on the ground for the purpose of ascer- 

taining the existence, or amount, of such local influence. But detailed experiments, 

made in the environs of Simla, a t  Donnton, as'n-ell as in several localities in the 

trap districts of the DBkhan, showed that this influence is in general so weak, that 

it disappears altogether if the instrnment is placed upon its regular stand, instead of 

the ground itself.' 

- - - 

Dip deduced, for the 
Aame Latitude and 

Station. to a Difference 

respective Isoclinal in Latitude. 

Curve. 

This element has presented illost ~inexpectecl results, which, we think, may not 

be without interest in theoretical considerations of terrestrial magnetism. 

1. Tqrom t,he Arabian Sea down to the Indian Archipelago, the isodgnan~ic lines 

Xirigfin. . . . . .  
Darjiling . . . . .  
T6nglo . . . . . .  
F516t . . . . . . .  
Nainitil . . . . . .  
Chkrra Pui~ji.  . .  
RIahabalkshmr . . 
Snltiupur. . . . .  
Vingtn Bridge. . 

Such cxperimcnLg are easily mndc in locolities wlricl~ contain rocks in situ, and thick allnvial deposits, nt not 
too v e n t  n distsnrc from each other. 

0 I 

37 8 

36 33  

36 2 5  
36 55 
38 34 

33 35 
16 26 

43  52  

1 3  23  

I - 22 
- 32 
- 37 

- 1.5 
- 16 

- 29 
- 36 

+ 36 

+ 33  

0 I 

37  30 

37 5 
37 2 

37 1 0  
38 50 

3 4  6 

17 2 
4 3  16 

42 50 

I 

11 
16 - 
18 

8 

9 
15 

1.5 
10 
9 i 
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of t.ota1 intensity have a mean easterly course, with a slight divergence to the sout,li. 

.Hut the 'lines, when passing over the interior of the Inrlian peninsul;~, present two 

marked modifications. 

Tho first modification that occurs, is the existence of a region in Central India 

of great relative increase, including, amongst other stations, Jablpur, NLgri, and 

Hellari, down to Utakamhnd. But even if, for the construction of the general isody- 

namic lines, we do not directly include these places (considering them as exceptionally 

anomalons), the lines yet continue to show a most decided inflexion to the south, which, 

;IS far as we know, has never been preceded by a similar phenomenon extending over 

so large a surface, and being at  the same time so well defined in its limits. 

In consequence of the special int,erest taken by our late ,friend Baron Humboldt 

in t,his unexpected result, me communicated i t  soon after our return to the meeting 

of the British Association a t  Dublin, and to tlle French Academy a t  P a r i ~ . ~  We 

are able t,o add now, as another very important fact corroborating onr observations, 

tliat Mr. 6. A. Broun, the director of t,he observatory a t  Travankbr, has since also 

obtained, quite independently of our own observations, iuteiisities a11 along the western 

coast and in the south of India, which perfectly agree n.it.11 the genera.1 form of the 

isodynnluic lines ment,ioned above. 

The second modification is that, for the whole length of the southern border of 

the Hiinilaya, and particularly in its eastern parts, there exists a longitudinal zone 

of variable breadth, where the total intensity is decidedly too low, and to an amount 

which, under ordinary circnmstances, woultl correspond in many cases to a difference 

of latitude4 exceeding 10'. This zone also includes, in its easterly part, n small region 

of Bengal and Hindostin; in its western part it seems to extend into the higher 

regions of the mountains beyond SrinLgger; a similar depression is also inet with in 

the environs of Leh and the lake Tsomognalari. 

2. ~ l i e s e  facts, we feel, are extremely difficult to be explained. If, from the com- 

paratirely few data before 11s-few particularly in so far as they are limited to one 

1 Cvnlior nlso seems to  have the intcnsily cornpnrntircly v e n t e r ;  our ~ h o r t  stay, however, prevented us from 

m k i n p  o detemmiuation of its nbsolutc val~le .  
' See Comptes rer~dus, Tome 45, SGnncc du  l?  Octohrr. 1857. 

Yec Mr. Uroun's conlnrunicatioi~s to  llrr French A c n d ~ w y ,  in L'Inslitut, Frl~rr~nry 2, 1859, and his reports to 

the llritish Aaeoci~tion s t  0xfol.d. June. 1Rf iO.  

The relative amount of disturbnnces cnn hcst he cornpnrerl, if we consider lhe diNerence of Intitude, which, 

wil l~iu the rrgirrns examined, would rt)rrespond to  n si~nilnr effect. 
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tropical coul~try only-we are allowed to offer an explanation, we may direct 

attention principally to the following circumstances. 

The powerful action of a tropical insolation considerably modifies the physical 

and magnetic conditions of the soil, particularly of the clayey strata, which cover, in 

variable thickness, such extensive tracts in Central India. By the influence of the 

insolation, these strata uudergo decided changes, which, though very much less in 

amount, are similar to those which are observable between clay and burnt brick6.l 

The extent of this distilrbing cause, together with its vicinity to the surFa,ce, 

seems sensibly and uniformly to increase the magnetic intensity in these regions.' 

This opinion is perhaps supported by the circumstance, that the sub-tropical region of' 

excessive rain, great humidity of the ground, and much more limited direct insolation, 

presents itself, on the contrary, as a zone of relative decrease of inagnetic intensity. 

Though an increase of temperature would, as such, rather tend to produce a decrease 

of' magnetism," the modification of tlie isodynamic lincs under consideration art? con- 

nected but indirectly with the actiou of the sun, being dependent upon permanent 

alterations gradually produccd in the 1)Lysical nature of the soil. At  the same time, 

there are few exclusively tropical co~ultries which, by tlieir ~ i z e  and configuratiol~, are 

so well adapted to make apparent tlie influence of a large surface of tropical soil in 

contrast to oceans surrounding it. The circumstance, that the forms are not quit,e 

dissimilar to the modifications of the isotllernial lines in India, can in general be 

considered only :IS one of the many instances of apparently accidental coiiicidence in 

nature. 

If, instead of the resulting total intensity, we consider the Aori,zontal ;111cl cer.ticn/ 

intensity separately, we may mention particularly the following details: 

In reference to  the magnetic nclion o l  t l ~ e  clay we often had occnsion to nraltc detailed, delicnte experiments, 

the rcsnlt of \vhicl~ will be g i w n  in Vol. \'I. As ~ n c n t i o ~ ~ e d  shove r~or the dip, the elcvntion of the instrnnlrnt on 

its stand, nnd thc select.iou of n convenient place, generally rendered insensible tlre action even of decicledly mnguctic 

rocks, nnd on nlluvinl claycy soil, always ensily excluded cvrry lbnr of n purrly locnl error, whicl~, benides, c o ~ ~ l d  not 

have kept so uniform n value. 

"1 ~ e c m s  to 11e expected thnf also in I'utnrc periods, wbcn i s t~dy~ln~nic  lines o l  nnolhcr value I.IIU over Iudia. 

t l~cy  will undergn n change, nnnlogous to the prcecnt, cllrves. I'erhnps the nccuracy of tho instru~nents I I I D ~  in Ilsc 

will allow of looking out for similnr lacts, i~nportnnt [or our views, a t  not too distant n time. 

"e@ Gcueml Snbine's internsting iiddrrss to t l ~ e  Bcllr~st Meeting of the Brilisl~ :\ssocintion, 1822, co~lccrniny 

thc &ticrrnrc of thc summary ~nngnetio hbrre lor I ~ o t l ~  I ~ c ~ ~ ~ i s ~ l ~ e r c s ,  compnred for \ v i ~ ~ t c r  rind sunllller, os well us 
the vnrioun lundnu1entul rcsearchea of I'rofcssor 1"uraday on atn~ospheric n~agnelism. Yl~ilosopl~ical 'I'ransnctiou~, 

IR..IO, $9. 2847 t,,) 3060. S1.e ;also E ~ I I I : I I I ' S  ~,l ,~cr\ . :~lione i l l  the rrgions uf extrclue cold of ~ ~ o r t l l r l . ~ ~  .\sia. 
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3. Thc linriror~tnl intensity shows a line of maximum, but of a variable absolute valne, 

which passes t,hrough India from the north of the Delta of the Indus, v i R  NAgri, to 

Hajalnhndri. h the centre of India, we meet with an elliptic space, exceeding 

8 .8  Engl. units. As m3y be easily perceived from the formulce employed in calculat,ing 

the total intensity, t,he existence of this space of maximum horizontal intensity is in 

immediate ~onnect~ion with the remarkable curvature of t,he isodynamic lines of total 

intensity. 

In  t , l~e southern part of India, pnrtic~~la,rly along the western coast south of 

13ornbay, the horizontal intensity seems to vary but very little; and this is, a t  the 

same t,ime, the region which most decidedly shows, that  there may esist a disagreement 

beheen  the modification of horizontal and vertical intensity. Tlle principal features, 

and t.he values obtained by the direct observa,tions are given in a separate diagram 

on the intensity-map. 

4. The verticnl intensity varies, in the regions examined by us, in great analogy 

\\-it11 t,he isoclinal lines. This can be easily seen, tvhen the values of the vertical 

intensity? as given a t  the single stat,ions themselves, a.re compared wit1- those of the 

dip.' We, therefore, give no special diagram for this elenlent,. 

( r .  On im average the vertical intensity varies fi-om Rlaclras up to the I(nenl6en 

about 0.4 Engl. units in the degree of latitude; in the more southern ports this 

value becomes rather greater; by this it differs from t.he type of the isoclinal lines, 

oion north and sonth of the as also particularly by its changing very little in the re, 

~ninimum of vertical intensity (from Madras to (;rille). 

b. The curvature of the isodynamic lines for the total intensity in the central 

and soutllern parts of India is not found to correspond to a sensible curvature of the 

lines of vertical intensity. The apparently loose connection of t,he n~otlifications of 

the vertical intensity with those of the total becomes less unexpected, when we keep 

in mind that. t,he absolute values of the vertical intensity are here stBill very small, 

\yhilst t l ~ e  horjzontal intensity is about a t  its ma,ximum. 

JVe give as example the values of vertical and total intensity for some stations 

of about. lat,itucle, selected from the very regions where the peculiar 'modificati(~11 

of the total intensit,y is the most apparent. 

I See the General Tal~le of thc magnetic elements, pp. 459 to 463. 
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Station. Latitude N. Long. E .  Gr. Vcrtiral Inter~sity. Totnl lnbc~leity. 
0 I 0 I 

Engl. Unila. Eoyl. Ilniln. 

Be]]bri . 15 9 76' 54 observed. . . . . . . . . . . . . . . . .  1.838 8.834 

. .  1 (&. 16 25 73 46 cdculated from B o ~ ~ b a y  and h,Indra~ 1.850 8.824 

Nlgri . .  20 25 . 78 53 observed . . . . . . . . . . . . . . . . .  3.634 9.867 

"' 1 Shrat . . 21 6 , 72 57 ealcalated from Bombay md R h ~ j  . 3.640 9.346 

Bhiij 23 17 69 40 observed. . . . . . . . . . . . . . . . .  4.335 9.109 . . .  
. . . . . . . . . . . . . . . .  23 10 79 56 observed. 4 . 7 1  1 . 9.863 

Calcutta 22 33 88 21 observed. . . . . . . . . . . . . . . . .  4.315 9.113 

c. As we proceed farther to the north, we also find (similar to what may be ob- 

served in Europe) that  the horizorltal and vertical intensity both show more analogous 

regions of relative increase or decrease. For the vertical intensity me particillarise : a de- 

crease in a zone along the outer regions of the eastern Himdaya, as also in a narrow zone 

from Leli to Kashmir; an increase in a nearly vertical region from GRrhval to Lahtl. 

5. The line of minimum total intensity of 7 .5  Engl. units in the regions examincd by 

us, nearly coincides, in form and value, with the line of absolute minimum total intensity, 

and on an average, we found that for Inclia (south of the Himalaya, froin 15" to 30" of 

latitude) an in, jase in latitude of 3G' to 37' corresponds to an increa,se in total in- 

tensity of 0 . 1 0  Engl. units. 

The region of the Himklaya lias a more rapid increase, particularly in the 

direction from Nainithl to ICBrdong. For the irreg~larit~ies east of Leh and south 

of ICArdong, we cannot find either a general or  a local cause. 

6 .  The influence of height on t,he total int,ensity of terrest.ria1 magnetism seems 

to be scarcely appreciable. Our observations agree in this regard with the results 

obtained in other parts of the globe by most of the preceding observers, and also 

especially wit11 those of L a m ~ n t . ~  Besides, even in the Himalaya, i t  is of much rarer 

occurrence than might be supposed, that great differences of heights present them- 

This line is the sdme to which the name of "djnamic eqnntor" llas son~et i~ues  been given. Sir James Ross. 
\vho first. defined i t  in the sotltllern hemisphere, cnlled it "Equntor of less Intensity". See his "Voyage to the 
Southern and Antarctic Regions", Bol. I, p. '22. 

2 Acrording to prcvious observntions made by 1)irector Rreil, the Alps secnl to  hare nn nppreci:~blc influence 
on ~nngnrtic i ~ ~ l r n s i l y .  Ser " Iireil's RIagnelische Ortsbestimmungen i ~ n  Ocsterreichischcl~ 1Gisrrstant." U I I ~  Lomont's 
obscrvnt,ions in the Alps (Nngnclische Ortsbestimmungen iu Hnycrn, Cc.) do not sllo\\- t,he cxistrnrc of any s~lcll  

influcnre; Ilc is of opinion t l~st ,  on ~ o r m c r  orcnsions the torsion probnblv llad not Iwen determined with sufficient 

nvcorncy. Somr rlnto, n-l~ich, ho\vrvcr, leave Illis (11ies.tion undecid~d, will be found collccted in Hnrnholdt's 

Cosnioa, Val. IV., p. 110, and in Urn~nir '  "Sur l'inte~isi(i. du magnetismr trrrestre, en Frnncr, en Suissc, c t  ell Snvoin." 

Aonnli>s de ('hiniic, :hnc Skric, Tonic SBIII., 1856. 

I.  62 
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sel\res \vithout being modifiecl by 11 coilsir1eral)le horizont,al distance intervening.' Thoogll 

our liigllest stat,ions esceed an elevabion of 18,000 feet aboire the sea, a,nd thougli, also 

t,he relat,i~e height (as seen in the table, pp. 459 to 463): bet.\\reell ma,ny of our stations 

is rntlier considemble, we had but very selclonl to observe a wealr, indistinctly clefined 

increase of the total intensitmy in heights from 10,000 to 12,000 feet. \VA quote as 

an example, T611glo and Fnlht,, on the Siughalila ridge, compared with Dnrjiling ant1 

Rangft; and K;irdong ant1 Usilla, conlpared with Simla. 

7. Pinally, ill reference t,o tlie connection of the territories we have exanlined 

with the general distribution of illtensity over the globe, we may mention, as par- 

ticularly important fbr us, that our most northern stations, the Karakoriim pass and 

A Siuli,aal, perfectly agree wit11 t,he average values of total intensity that might have 

been espected for t,liese regions. 

At  the condnsion of this part of our work, i t  is irnpossible for us not tu feel, 

t,hat our researches-notwit'hstalldiug the great extent of the area, over which they 

have been carried on-must be considered as but a very modest contribution to ter- 

restrial magnetism, a science to which have been devoted the successful labours of 

the many eminent natural philosophers, whose names we have repeatedly hall occasion 

to mention. y e t  perhaps me may be allowecl to quote, a t  least with reference to the 

geogral>hical position of the territories examined, the encouraging words of the celebrated 

Gauss: "Every new station will have for the general theory an irnportancc proportionate, 

in g e n t  measure, to it,s distance from those we actualley possess." 

1 Even in the central parts of Rig11 Asin, p:~rtirularly in Tihct, where the average 11eigl1t of the valleys is very 

v e n t ,  a well defined form of platearls is much mrer  than h ; ~ d  orten been expected. The territories butwcel~ the 

Knrnkorilm and the ICuenluen, especially near the weetern end of the Knenluen, arc those, nfhich iu the first linr* 

tnust bc nnmed as well defined plateaux or  extraordinary I~eight, n fo1.111, ~ h i c h  is not the predon~inanl fe:~ture 01' 

the topogrnphical chnracler or these countries in general. The extent of High Asia, the r r ~ i o n  of the gl.entcst 

elevntions, as well in the form of peaks : ~ u d  high vnllrys, :IS occasion:~lly of platenmu, cnn l ~ f .  defincrl in its large 

features, IU being limited: t o  the north by the depression soutl~ of tbe Saynn Shan and its easlcrn c o n t i n n a l i , ~ ~ ~ ~ ;  

to the east by the river systems, discharging then~sclves into the Indo-Cl~incsc prninsula; lo (Ile so11t11 I I ~  th r  ~ ~ o r t l r t > r t ~  
, 11 and l i i l ~ o l .  plnins oC India ; nnd to t,l~e \vest I,y Rnr lab l~~hi  
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111 order to facilitate the use of  tlrc Index, i t  bas becn as inuoh condensed ;is \!,as possible, gcogmpl~ic:~l llalnes 

being excluded when occuri~lg only in  connection with t,he routes or the details of the magnetic observations. 

Accents used for tmmiscription, 70. 
Account, historical, of the authors' mission, 6. 
Adams, Lieutenant, assistant to Hermaun, 15, 20, 21, 30. 
-, continues the observations after Hermaun's drparture, 

3G. 
llllens Iudinn mail, 11 9. 
Alphabet used for transcription, 69. 
Alphabetic regislers, order of, 70. 
Arrowsmith, hlr., map of ICashmir, the Pinjrib, &c., 270. 
Assistants, continue their 'observations till March, 1858, 6. 
- , list of, 36-37. 

Bstronomical determinations of latitudes and longitudes, 
introductory cnlcnlatious, 77-83. 

.- results, 270-273. 

,istronomicnl stations, list of, 459-463. 

Babinct, Mr., on magnetism, 474. 
Barometers, see Inslrunients. 
Bedford, survey of Upper Assiin~, 129. 
Blosseville, de, magnctic observatioun in 1833, 463. 
Boileau, General, his former observatory a t  Simlu, 204, 296. 

, astrononiicnl,meteorological, aud magnetical tables, 77. 
Boilenu, Lieutenant, dcterniinntion of declil~ation in Rajvrira, 

471. 

Uomring, Private Secretary to Lord Canning, 45. 
Hmvais, Mr., sur I'iutensit8 du mngnktisme terrestre, 488. 
Ihennond, Mr., deleminations of latitude a t  Dhnka, 145. 
IO.ortl~, Mr., romnlunicntions to tho French Acnden~!., and 

the British ~\ssorinlion, 486. 
-- , dip a t  Triv~~ndrani,  4GB. 

Brocc, Mr., discovery of ten, growing wild in ~lssiim, 130. 
Uudberg, Baron, R11ssin11 Minister nt Urrlin, 44. 5G, 57. 
Ijoist, LL.  l)., 8. 
Ballock (.mil>, descr ip t io~~ of, 15. 
Ullnsen, Rnron, Prussinn minister at Londot~,  !>. 

Dyng, Honble, Captain, killed, during the Indian rebellion, 

140. 

Cnldecott, inagnctic observations in Southern India,472,473. 
Camels, Bactrian, brought to Europe by tlie authors, 25. 
Campbell, Dr., Political Agent a t  Sikkim, 16, 188 
Canning, Earl of, 6. 

Cnutley, Sir Proby, 8. 
Cetto, Baron, Bavarian Minister at Lolldon, 5. 
Chronometers used by the autl ior~,  95. 

, rates of, 96-108. 
-, table of rates, 109. 
Circum-meridian altitudes, method of calculating them, 91. 
- , example, 92. 

Climate, general re~uarks  upon, for Assam, 20-for Brilti: 
24-for Dengal, 14, 15, 19-for Centrnl India, 22-for 
the DBkl~an, 13-for Gniri  K116rsi1m, 18-for Kirmrion, 
17-for Kashmir, 28--for the Khhssia Hills, 20-for the 

Koenlilen, 25 -for LadBk, 23 -for Lower Sindh, 31 - 
for Nep61, 29-for Sikkim, 16. 

Collections formed by tlre authors, 9-Botanicnl, 9-Eth- 
nogmlihical (articles of native dress, skulls, photograpl~s, 
casts of hands), 9-Geological, 9-Zoological, 9. 

Collimators used, 275. 
Collimator-box, its combination with tlie theodolite, 276. 
Congreve,Lieutenant, accompanying Hermnnn in Sikkim, 16. 
Consonants, pronunciation, 70. 
- , transcriptiu~l, 68. 

Corresponding altitudes, method of calculating them, 83. 
- , example, 90. 

Court of Directors of the Enst India Company, 5 , - u  
Cro~i ln~r l i i~ ,  nInjor, Map of Sikkim, 270. 
Cunninglmm, hlajor, 8. 
- , n~ngnetic observations in Lndak and Ypiti, 473. 

Cynonon~etrr, rotatory, used for physical observulions, 118. 
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cylindrical ncedlc-8 for daily vnrialion, 280. 

carriage, explication of, 14. 

Dalhousi~,  Marquis of, 6. 

Declination, general results, 482. 

-, historical data for s e c ~ ~ l a r  change, 474. 
.- , method of calculntion, 280. 

Declinomrters used, 275. 

Deflecting apparatus, 286-288. 

Deflection, see hor izo~~tn l  intensity. 
Determination of the magnetic elements, method of, 275. 

Dip, exa~nple of 298, 299. 

-, gcnernl results of, 484. 

Dip circles, 293. 

Dip needles, con~parisou of, '395-?OX. 

Diphthongs, pronuncint.ion and t,mnscription, 67. 

Drawings of the authors, 9. 

1)runlmond lights for longitudes, 119. 

Eastwick, Mr., 8. 

East India Company's Merchantman, 474. 

Eclipsc of the moon, used for calculation of the longitude, 
113. 
- , example, 114- 117. 

-, physical remarks upon, 117-119. 

Edwardes, Lieutenant Colonrl, inquiring on Adolphe's f:dr, 
45, 58, 62. 

Elliot, Captain, 5, 289, 298. 
- , survey of the Indian Archipelago, 463. 

Elliot, Honourable, hlndras, 6, 45. 

Elphiustone, Lord, 6, 45. 

Equations of condition, .method of, 119. 

-, example, 123-125. 

Erman, Professor, ningnetic observations, 487. 

Gumpert, Consul for Hamburgh :lad OIdenbwgh nt Bom. 
bay, 45. 

Halley, map of isogonic lines, 280, 481 

IIansteen, 474. 

Harris, Lord, 6. 

Hny, Lord will inn^, 45, 59, 204. 

Ileliotropes, for the determination of longitndc, 119. 

Herbarium collected by the authors, 9. 

Herschel, Mr., 148. 

EIryde, Xev. Mr., Missionary a t  Lah61, 206. 

High Aaia, its geographical definition, 490.' 

Himilnyn, intersected by the drainage of the Karakorlim, 
not of the Kuenl~ien, 271. 

I-Iodgson, late Surve)-or G e n n d ,  8, 126, 469, 470. 

Nodgson, Mr., 29. 

Holmes, Major, killed during the Indiau rebellion, 29, 151. 

Hooker, Dr., 16, 151, 188, 270. 

IIorizontal Intensity, forrnulre for cnlculati~~g. ? S 1  -388. 

-, example, 290-291. 

-, gcueral results, 488. 

Hiigel, Baron, map of ICnahmir, 270. 

Mumboldt, Baron, 5, 45, 269, 271, 474, 489. 

Indian Navy, determinations of declination h o n ~  14:44.49, 

467. 

Indigo, growing in AssCm, 130. 

Inertia rings for the magnets, 245. 

Insolation, tropical, its influence on ~ n a g ~ ~ c t i s ~ n ,  48;. 
- , dangerous during observations, 76. 

Instruments, mode of carrying, 12-mode of packi~~g,  76 

-for determination of magnetic declination, 275-Tl~eo- 
dolites: 1) Jones, 73-2) Jones, 74-3) Troughton. 74- 

4) Pistor, 75 - 5) Ertel, 75 - &Ieteorologicnl, 76 -Baro- 
Establishment of the authors, 36-4?. meters, 76-scre~vs loosened by shaking, 76. 

Etboographiml collections formed hy t h r  authors, 9. Interpolation, method of, for ustro~~omical ~lel,erminations, 

Evane, Mr., 479. 79. 
- , chart of the curves of equal m:~gnetic declination, -, example, 80. 

280, 386. Interpreters employed, list of, 36-40. 

Everest, Colonel, Surveyor General of India, 8, 12G. 
' Isoclinal lines, maps of, their construction, 479. 

Isodynnmic lines, tnapa of, their construction, 481. 

F:rlconer, Dr., 8. Isogonic lines, maps of, their construction, 479. 

Fergusson, Lieutenant, Indian Navy. 183, 3112. -- , Halley's first maps, 280. 

Frederick IVilliam IV., King of Prussia, 5 .  Itinerary, 11 -36. 

Gauss, 474. Jncoh, Colonel, Government Astrono~ner atAli~drus, 183, 391 

Gerard. 8. Jacquemont, map of ICashmir, 271. 

(;ortchakoR, Prince, 45, 5 i .  JLechke, Rev. Mr., Missionary a t  Lal161, inquirin* on 

Great.TrigonometricalSurvcy ol 'I~~din,i~~lpol. l : tnt  opcraLi<,ns, Adolphe's fate, 45, 47, 48, 66, 206. 

126, 127, 270, 271. 

Grifi th,  8. J<arnkortim,the authors proceed a8 the first to the north of it, 

Grote, Mr., 147. 25 -Dr. Thomson first reaches its crest, 25- P~incipal 

(;ubbins, Mr., 153. \~aterehed of High Asia, 2 j .  
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I{i~rakortirn, mcan directions, 259-meaning of, 259. Moha~nmad Amin, the authors' chief guidr, his rol~tes,  33. 

Klaproth, map or Central Asia, 269, 271. Moment of inertia, 284. 
Icnox, Assistant Commissioner, reporta on the fate of Montgomerie, Captain, measurement of the Ninga P.;lrhht. 

Adolphe, 44, 52, 54. 26. 
Kreil, Professor, magnetic observntions, 489. Moon's eclipse, physicnl remarka upon, 117. 
ICuenllien, first crossed by the authors, 25-intersected by Moorcroft, trnvels, 18. 

the drainage of the ICnrakorunr, 271. Nurchison, Sir Roderick J., 5, 45. 
Murmy, Captain, 286. 

Lambton, Surveyor Generxl of India, 126. 
Observers assisting the authors, l i ~ t  of, 36-38 

Lnmont, Professor, universal magnetometer, 278. 
Latlram, Ih . ,  8. 

Oldham, Professor, 8. 

Latitude, methods of calcnlation, from observations of stars, 
83-84. 

-, from obser\ .at io~~s of the sun, 84-94. 
- , determined by equations of condition, 119-122. 

Latitudes and longitudes, general results of, 270-272. 
Lawrence, Mr., reports on the fate of Adolphe, 44, 52. 
Lawrence, Sir John, in the P in j ib ,  6, 39. 
Liebig, Unron George, 147. 
Linguistic experiments, 69. 
Linsser, Mr., 128. 
Lloyd, Dr., 300. 
-, dip circles for determining total intensity, 300. 
Longitudes, nlethods of cnlculntion, by chronometers, 95 

-109. 
- , by celestial phenomena, 110-119. 

--, by terrestrial signals, 119. 
- , determinat.ions by equations of condition, 125. 

Lunar distances used for cnlculatiug longitudes, 110. 
-, example, 11 1 - 11 3. 

Pagel, Rev. Mr., Missionary a t  Lal161, 206. 
Palki travelling, 14. 
Panoramns drawn, 9. 

Parallax, calculation of, 78. 
Penumbra of the earth, ohservrd in lhe crlipse of thv 

nloon, 114. 
Phenomena, celestial, for the calculation of longitude. I 11. 
Phonetic accents, 68. 
Photo,m.aphs made by the authors, 8. 

Plant collectors en~ployed, 41. 
Plateaux, very rare in general, but o l  large extenl Ile- 

tween thc Uarakorurn and ICuenluen, 490. 
Pocket sextants, 75. 
Prinsep, 8. 

Prismatic compnsses for determiuntion of the d e c l i ~ ~ a t i o ~ ~ ,  
279. 

Publications, general prospectus, 7. 
-- , on the Alps, 118. 

BIILeod, Mr., 22. llain, excessive in thc Uhissia HiUs, 140. 

Magnets used, 285. Rnmsay, Major, 45. 

- , determination of the constants, 284-287. Rnmsay, colonel, Political Agent in NepBI, 29, 192. 

Mngnetic equator, determined by Taylor and Caldecolt, 472. Rehactioll~ calculntion 0'1 

- , meridian, its determination, 275. -, example, 78. 

- needle in theodolite 3, Troughton, 275. Reports published during the trnvels, 7. 

- observntions at ~ ~ ~ h ~ ~ ,  general results 302-340, Riddle, Captain, nlagnetical instructions, 276. 

- stntions of tho nuthors, list of, 459. , 
Ritter, Erdkunde van Asien, 37, 269. 

- survey of ~ ~ ~ d i ~  one of the principal objects of Royal Society acct-pts the dedication of the present volume, 

authors' researches in India, 5. 10. 

- elements, methods of detcr~nining them, 275-variation ltootes~ 

of, 3G1, 373-375, 387, 401-402, 423-425, 437-4.14. -- , nrea over which extenrlrd, 9. 
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