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Kodai l<anal 0 bservatory ( 1  90 1 - 1950 ) 
I ,  Introduction 

The Solar Physics Ol>scrvatory a t  
Kodaikanal is located on the crest of the 
Upper Pali~i Hills at  an elevation of 7700 
ft above sea level. This institution which 
is the only one of its kind in India has just 
completed fifty yeas.  A IxieS account or 
the nature of the rvork carried on a t  this 
observatory and a rapid survey of its 
achievements d ~ u  ing tlie half century of 
its existence is attempted in ihis article. 

2. Historical 

The establishment of the Solar Physics 
Observatory at Koclailra~lal is closely 
associated with the Madras Observatory 
which was startcd in 1792 by the East 
India Company. Mr. Pogson tvho was 
the last astronorncr of tlie Madras obscr- 
vatory conceived the idea of establishing 
a branch of that ol~servatory a t  a suitable 
site in the Palni or Ni1gir.i Hills '' for certain 
classes of astronomical .cvork, more especially 
photographic and spectroscopic observa- 
tions of the Sun and the Stars ". Although. 
no action was taken to implement this idea 
during Mr. Pogson's life time, it was given 
effect to during the tin3.e of his successor 
Prof. C. Micllie Smith. Icodaikanal in 
the Upper Palni Hills was chosen for the 
location of the proposed higlz-level observa- 
tory, and the constructional worlrs were 
commenced in 1898 under the supervision 
of Prof. filichie Smith, ~ u h o  became the 
first Director of the Kodailtanal Observatory. 
The  completion of the Observatory buildings 
and organisation of regular observational 
work took about two years. Systematic 
solar observations commenced a t  Kodaikanal 

fiom early 1901. A phot,ographic view of 
the Observatory is shown in Fig. 1. 

3 .  Present Instrumental Equipment and Obser- 
vational Work 

Apart ft-om the study of the Sun to which 
the Observatory is primarily devoted, 
magnetic, meteorological and seismological 
observations have been in progress a t  
Kodaikanal from the very beginning. T h e  
magnetic observatory which was originally 
under the Survey of India was closed down 
in 1923, but after the second world war, 
it has been restarted with the old instruments. 
An ionospheric lalsoratory is under con- 
struction and very soon regular ionospheric 
soundings will be started with the automatic 
ionosphere recorder which has been acquired 
for the observatory. A 20-inch Grubl) 
reflector is being installed, and in the ncar 
future stellar work will form a regular 
fiature of the activities of the Iiodaikanal 
Observatory. 

'The present equipment of the Observatory 
consists of the following principal instru- 
ments - 

1. T h e  Lerebours and S~~crcfa?z Equatorial 
(Photoheliograph) 

2. T h e  six-inch Cooke Eq~laiorial cind 
Grali~zg S&ectroscope (Protrzi?~~71ce 
ASpectrosco&e) 

3. 18-i~zch Foucaul~ Siderosiat 

4, Tile X and H-a&iza ,S])ecli.olteliogra~~i~s 
(Fig. 2) 

6. Six-inch Cooke Telescope 
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7 .  Siv-inril fiatxi1 Telescoje 

8. l "itzcl~ Coo:oni;c S'iiIcl.osla1 

9. 12-incll Coelostlrt 

10. 1 0-inch Polar Sidcrosiat 

11. 20-inch Rijleclillg Telescope by Grubb 
(Fig. 3 )  

1 2. LYpccti.og~.aj~lzs - 
( a )  143ot  Liit? ozw PI ism Sptcti ograj~h 

( 6 )  IO-fool Concave Ciatiizg S#cctrog?a]11~ 
212 Rowlo?zd -bfounf. 

( c )  20:foot Combi~lcd Pln?lc Grating ancl 
Pf iri?z !?j)t.cirog?apl~ in Lilt? oze, 
nfoltlzt 

(d )  2 1 +ot Corzcarle Glniirzg ,S;ilcrtmgtafdi 
i n  Eagle Mount 

(e) 14$oot Angulal Plane Gat ing Sjec- 
rr.og~a)h 

13. C n v ~ b f  idge Recor dzwg Mic~o])holometer 

14. Magtzeiic 06ser v(zlo7-v I?~sltuwlc~zfs- 
( a )  T l  hison H-l;, V-F ntld D il/ignclo- 

glflpils 
( 6 )  Ihru Magnelomc/n 
(c)  Ear fh  Itiductor (Tli'lrl Pn t / c~  71)  

( d )  Dl@ Circle 
15. ilu[oma/ic ~b f~~ l t i - j rqurn!~r  Ti)t7o~/)iirti 

I<cco~dci (Fig.  5 )  

1 6. Ad~l~zc-,Yl~aro Hor $n~ztni ,Yein?lo,gr apli 
17. Cnrr$l~~c sr i ? f  T7isislial and Ihrn1(1i11g 

Mc/eoralngicol Inrltun~nll\. 

The daily solar c~bsrrvations colnrnencc 
soon artrr sunrise. 'Irisual ancl photographic 
observatioi~s oC the Sun arc made wit11 thc: 
prominence spectroscope, tlle photollelio- 
graph, the spcctrohclioscope and thc spcctro- 
heliographs. Spectmhcliogrn~i+~q 01. t11c disc 
and limb arc taken in the 3F; and 11-alpha 
lilies [Figs. 4 (a), (I>) ant1 (c)]. The positions 
of sunspots and f:~culac arc skctchctl on 
special chartr, on wliich tlic prominences and 
14-alpha dark marliings ar rccordccl olz the 
spectrolleliograms are subsequently skctchecl. 
These chart9 are used fir  the compihttion 
of statistical data relating to prominencrs 
ancl H-alpha clark markings which arc 
pul>lishcd in ilie Bulletins oSthe Ol)ser~~atory. 

4. Brief survey of the work of rhc 0l)scxratory 
during the past 50 years 

(1) E a r h  &?.I - During the first few 
years, the work of the Director was naturally 

concerned mostly with In)--o~lt, l ) l a n ~ ~ i n g  
and organisation. Prot: C:. 1TicIlic: Sinitli, 
the first Director of the ol)sc.rc:itory cliil t1111c.11 

pioneering .rrork in this tlirc.c.tic tu. ' I l i t *  

constructio~ial xvorl;s \\.(:re cleric: ~irltlc~r lkis 
personal supervisiorl. 'I'hc grou~lcls of t l i t .  

Observatory 1vcl.e cluitc: lxu-rcn ;I!. t l i i *  I ) c ' ; . : i r~ -  
~ ~ i n g ;  Michie Srnitll hncl :I 1;1r,q: riiiitrlic~r 
of trees ancl shrubs pl:u~ltc.cl s o  :is t o  si.r.\~: 
as ~rindbraa1;crs ant1 also c i ~ s  t l : c b  

definition oS the sc-~lar inl:lgc, liy rc.tli~i.irl;; 
ground heating. He i~~stnllctl the: iilstsil- 
ments for souline o1)scrvntir~n;tl tt~11.1; ; i ~ i c i  

Ibrmulatccl a scl~cmc f i~r  clail!- cll)sc.r,,.:~ti~~rl:;. 
During a sliort pcriocl xvl1cl.1 1 1  i c , l ~ i c .  S~i!iiii 

absent on lcavr, tilt: OI,sc*~.\.;l tc rr! ivq i : i  
under tllc direction of X1.r.. (1. 1'. l%iitlc*~~. 

111 1907 31s. -1. ISvci-sllrel jitiiic~il t l i ~  

Obscrvntosy as Assist:i~it I)irchc,tc ~ r .  !\'it11 
the retircrrlcnt of Xlicllic: SrnitEl i r l  I!) 1 1 , 
h(1r. Evcrshctl 1,ccnnic tlrc. I )ii.t.c.it ~ r  01' i l i t b  

Observatory nncl l l r .  'I ' .  lio!tis , j i t i r ~ t . i i  ; i s  
Assistant Disccic,r. 'I'Iic. lwt.i( ) ( I  ( b i '  1 1 i > IYII .S  

that Evcrslleti sl~cnl: at. I<rttl:iii;;!~~;il 12";~s 
markccl by great activity ; t i ~ t i  liis ; i t i t l  I t c l !  t i > '  
rescasclics clul-ir~g this pcr.ir ) t i  1)l.l , r i t :I i  ! r l i c .  

Kodaiknnal O s r i  try tc I t 1 1 r .  ii.8 t i i t  

rank among i\~t~.c>pli>.~i(~~\i t I !  I S ~ Y . , ~ I ~ I  ) I , ~ I ; S .  

Eversllccl w:ls rlt.ctc:cl n lit*llt 11r it!' t l ! c .  X<r t\ , r I  
Society o f  I,ollclo~l i l l  ]!\I 5 ; i r i t i  L \ . . r i  ; i l \ i t  

axvarclctl thr: ( ;o l r l  hlt~1;tI t r i '  t l i t *  It., 8 ; .  , t l  

Astrnnomic.;ll Socit.[)., I,o~~tlc 1i1, t i t ! .  Iiic 
origi11;il co~~tr i l ) i~t io~ls  t o  : IS(  I., $!)!I? ,,it  :.. 

( 2 )  l>l,\~/?il(*t 11 (! f l<t~i/ i ( i /  I I ~ , I / ~ { J ? I  itz .$>/jt -/J I / \  

Evcrshecl 11;1tl 11;1tl c ~ i ) ~ ~ \ i t i c ~ : . t i ) l r ~  c.\l)r i i r ' l i ,  c b  
of n.;tronornic,,~l u~11 .k  1 ~ . i 1  , I ( .  I r e .  i t  t i i l c . i l  

l<ocl:iik:~~~:iI C IIISI rb , I~OI .? .  S i c  ? I \  - i [ ~ t * t  11i\ 
arrival h(.rct Ilr took "1) ,! 5>\t'~u,itfic \ t t r a l i  
of the spcctr,i 01' S L I I I \ ~ ) ( ~ ~ ~  ~ i h i f ~ g  t l i t r  Iiiqli- 
riispcrsiorl I 1 I I .  ( ) t i  

7 <Jani~:iry I C J O o  111% ui.i(lt* , \ t i  i z i i t ~ ~ ~ ~ ~ ~ t i i ~ x q  
r1i~cnvcr.y r ( ' I ,~ t i~~q t i )  X ~ I Z I \ ~ I ~ , I ~ + ,  111111 i\llc,'r\li 

as " Er'ers/~c.ii i '$j i ; ! .~ ". ,i i i ~ v  1 1 ~ r t ~ t  i t \  { . ' i ~  livr 
I'rof. G. K. if:dc> 01' h f t ,  lV i l5 t ) i 1  li4i<! (Ik- 
rovcrc*d tllc, ~ ~ r c s ~ ~ ~ c c ~  III' rrl,tgric-i i e .  f i r . 1 ~  I, i t r  
SI~IISPQ~S.  ' 1  I i ~ ~ l l > l i i - c i  ,L 

circtiliis nrotion 01' ~nattc.~. :!I*< ~ i 1 i i c 1  . t t i  ' t k i i  

niorc or 1 ~ ~ s  j ) ( ~ r ~ ) t * ~ ~ < l i t ~ ~ l ~ i r  t t i  t l t g t  h~ii i ' \  

suritirc in tIlch \r~tispc~t ,irc>,r. 1 ,i c ~ . , l k ~ ( ! ' <  
~~~~~~~~~~~y, c t r l  !11(. c l t  i1c.r 11.~1111, I I*L v . i I r ~ 1  r t  
rsnclii~I 111otion 01' l ~ ~ , i t t r ~ r  i r l  ~ I I V  I I I ~ I I I ~ I I , I ~  

rt-gio11 ofsunalx"i.l---;i r'c,s~tlt \t Jtic I r  \ t  . x i  tc ~ t , ~ l l )  
~~ncspcctctl. illso I~I(.I.(. Tiz+..; l i t  t l c v  (*\, i c l c ~ r i t  t. 

oi' circular rnz)ticm, ;inti Ilicsrsl~c~rl c t r l k t  l i l i l c 4  

that even if such a xnotion is prc2,~111 i t  is 



Fig. 1 General View of the Xodiikin4 OSer?rto;y 
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Fig. 2 K and H-alpha Spectroheliographs 

Fig, 3 20-inch Grubb Reflector 
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Fig. 4 (a) H-alpha Disc Spec troheliogram (1 0-3-1947) 

Fig 4 (b) K- Disc Spectroheliogram (1-4-1941) 
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Fig. 4(c) K Limb Spectroheliogram (1-6-1931) 
... , - 

* - 
Fig. 5 Multi-frequency Automatic Ionosphere Baccirder 
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ill' a 111i1c!l snlallcr ortlcr oi' niagr l i t~~de 
c ~ o m p : ~ t ' ~ l  Ivitli tlie radial  nori ion. Dctailecl 
stuclics oS t l ~ c  " I:z!rl:r/ied I>J,hi '' Tvcre soon 
iaE:cri u p  St. < J o l ~ n  a t  tllc &'It. 'il'ilsnn 
Ol)scrsator>.. 'l'lie investigations of' E ~ ~ e r s h e d  
nncl St. .John rcvealcd a consistent picture 
oC ihc cisc~~lation oi' matter in a sunspot ; 
1,11t it \\.:is not the pic:tl~sc of' :i circular vortex 
\\.ill1 n \-crtic.;ll asis. I t  was fount1 that 
o\.cr tlic s~urs i~ot  zone inalter in tlic loxj~cr 
levels near the pliotospherc moves out~vards 
ii,orri the  c,e~ilrc of the spot ; 1he velocity 
of illis rndia! ~notioll clc'cscascs \vith heigllt 
~ui t l  reac!les zrro \ d u e  a t  a certain I c \ ~ l  
al,ovc xvhicll tlic tlirectiou of  notion is 
rcvcrscxcl ; ~ n d  is clircctcil horn t l ~ c  periphery 
to;vnrtis tile ccnt.rc of the spot. ~ I l s o  it was 
lir111lic1 111at in tlic lolvcr levels the radial 
mot io~i  incre:ises 1i.orn the centre outwards, 
but cornixs to an al~r i ip t  stop near the pcri- 
phcry 01' tlic sunspot. 'J'hus the HOW 01' 
rr1;ittcr ill the si~pi~apl~olosl)lleric regions of a 
sunspot is tlre reverse ol' illat in a common 
sniokc-s~:ick, so thar tlie flow in the sulj- 
plrotos1,licric levels of the spot is presumal~ly 
sirliilas to 1vi3;it is oi)scr\.cc-l in orclinary 
chimncb- sti~clis. 

(3) 3ft'tilui,:r 012 S'u~lsf~ai S'i,r.rirn and I'm- 
~rlitiriiu'.s--;lr~ in~port:~il t  inemoir on  " 'She 
Sp(:ctruln oS Sunspois " lvas pul)lishccl I)y 
E\-essllccl in 19009 in ~vhicli several aspects 
01' s i lr~sl~ot s~)cctr;l 1vc1.c ~ ~ S C L I S S C ~  a t  great 
1cngtli i)asciI on thc rcsults ol'his o1)servations 
a t  Koclai1can:il. 2 1  iL\v )cars lntcr, another 
nlcrnoir  or^ " licsi~its ol' I'roiiiii~er~cc 0l)serv;l- 
t ic~tis" \\.;is 1xil)lis1ictl I)y Air. a n d  A Irs. 
1lvc.rsllccl \sI~ich c~n11)otlii.cl the rcsrllts of liis 
ol)scrv;itioris 11l;idc ;it I<enlc:y, England, 
sr~l)l)l~.itic~~ltcti 11). ihosc rn;idc a t  I<oclaikarial. 
111 tllis I I I ~ . I I I I ) ~ I ~  tllc. tlist.ril,ution :~ntl  ii-ccjuency 
( ,I' ps( I I I I ~ I ~ ~ Y I ~ ~ . ~  in t iilkrent ycxrs iltid in  
cliIli:r(*nt ~(11;;s ~ c g i o ~ i s ,  tile gases oi' \vliich 
tlic)- asc corilposecl, their n-tovenlctlts in the 
liilc: of sight, their i i > r ~ ~ i  arid changes and  
tkicir conricction xvitl~ su~ispols nncl other 
pl~enolncna arc set 6rtl1 in detail. 

(,-I.) ,Srin-.lrr a'isf)lnccnlrrtl.i'-IJi'ePc~ui'c in f/ic 

?'c.z!cl:\i!ig ir! ivrr. - - -~no thc r  line of work to 
~ v l i i c ~ l i  1':vc.rsl)cd and. also Royds tlcvotrcl 
trorisiclcrnblc trine an& ;ittcritiorl \vas the 
acc:iir:ite Incas~u.cnlcnt of the rni~lutc: dis- 
plnccrnc~~ts o!' tlic so1:ur :ll)sorptiotl i hcs  
:ind tlic corrcypondirig lincs i n  the 1al)oratory 
a r c  spcctsa . I r.~i.crl)rc~irig thesc displace- 
Inents as tluc to a prcssssurc clyect, Je\vell, 
Humphreys, ?Johler and  Mm. Fabry 6t 

Buisson hacl cleducccl a value oC about 5 
atrilospl~eres Sor the  pressure in the revelsing 
layer. fivershed attncl;ed tile prol~lem ill a 
novel \say. Instead of considering tile 
clisplacemerlts o r  indiviclual lines \vhich can 
arise from a variety ol'causcs such ns lxotion 
in the lint of sight ctc., he corlsiderccl the 
relative clisplaccrnerits oi' thc clilkl,cnt lines 
of a n  element, tllus climinnti~lg an): cause 
which gives an eclunl displaccrncnt to all 
the lines. I-Ie tl-~us clcduced that  the 
pressure in  the revel~sing In),cr of the sun 
ca~ltlot be more than 0.13 atniosphcrc and  
is prol~ably ~nuclz less than this. It is of 
interest to note that recent cstinlatcs bnscd 
on theory and  experinlent gi\:c a value of 
10-1 to 1 0 - ~ i t i n o s p l ~ e r c  Sor the prcssure 
in the reversing layer. 

(5) Vttlus ,Sfiec[rn--Elaviiig disproved the 
notion prevalent at the t i n x  that  the obscrvecl 
sun-arc displacements xvere due to pressure, 
Evcrshcd first explained tllesc as duc  to 
motion in the line of sight, perhaps due  to 
a repulsion of solar gases by the earth. H e  
also ci)nsidered the alternative hypothesis 
that the sun's gra\ritational Geld infl~iellced 
the wavelength< of the solar lines in accor- 
dance with Einstein's theory of Relativity. 
I n  order to drcicle l ~ e t ~ v c c n  thcsc i ~ v o  altcrna- 
tive hypotlicses lie conccivccl thc ingenious 
idea of o1,serving the spectrum of sunliglit 
i k r n  a S~zce oS the  sun ~urnct l  90" or  Inore 
Gom the earth. For this purposc 11e made 
n systematic study of tlie 'spec:trurn of \'crlus 
over ;a period oS G )-cars. Spectrograms c d  
\'enus \\.ere take11 f o ~  \;aric.~us 1-allrcs ol' t ! ~ e  
angle Vcnus-Sun-Eartli r ;~nging I'soni 4.5' 
ti) 135'. Alihoug? from tile earlier spectra 
t;il;en \zit11 a grating spcrtrograpli El-crshecl 
IVRS lccl to c011~l~idc in Jll\,our of' an '' earth- 
e1Tcct " on  the solar gases, liis mcasurcnlcrits 
,in 192'2 ~ v i t h  a psism spectrograpl~ rcvealcd ;i 

systematic error in his cariictr obscrva~ions. 
His final conclusion ~ 7 a s  that  " thc lincs a rc  
shiliecl to~val.ds red in light frorn all parts 
of'the Sun, there being no dill'ercnce bet~vecn 
tlie visible and  thc iuvisil)le helnispllerc. 
'I'hc general sliili oS the i~ .on lirlcs increasing 
firom the cci~ti.c to\varcis tlic li11111 cannot, 
therclhre, 11c csplained 1)). ii1otio11 alone 
and  our rcse;ii-chcs on thc \,\~liolc sccm to 
support the Einstein (;ravitational I$Kect 
combined xvitl* r:itlial outilo.iv oi' tllc iron 
va130111' varying ;~ccording to Icvcl a n d  
possibly v;~rying :.vith sunspot period ". 
I t  xnay be mcntioncd here that  no  satis- 
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hctory explanation of the observed red 
shift of the solar lines has yet been found. 

For measuring the minute shirts of the 
spectral lines in the above researches, 
Evershed devised his so-called " positive 
on negative" method of spectrum plate 
measurement and constructed a special 
measuring microscope for the purpose. 

(6) Other inaestigatioas-Among other 
investigations carried out at Kodaikanal 
Observatory, may be mentioned Evershed's 
observation of a large temporary increase 
in the magnetic field of the sunspot of 28 
September 1909 in association with an 
intense solar flare, the field strength attaining 
about 3 times its normal value. Evershed's 
observations on Halley's Conzet (1910) and his 
studies of the spectrum of J\rova Aquilae (1918) 
during its different phases are also note- 
worthy. 

Mr. Evershed retired in 1922 and 
Dr. T. Royds became the Director of the 
Observatory. Dr. A. L. Narayan joined as 
Assistant Director in 1928. 

(7) Spectrosco$ic Studies-The earlier 
~zrork of Royds related mainly to laboratory 
studies of the arc spectra of certain elements 
under different conditions with a view to 
investigating the cause of the observed 
displacements of solar lines with reference 
to lines in the spectra of terrestrial sources. 
Working with an  iron-arc he f o ~ ~ n d  that 
while lines which were symmetrical in the 
arc spectrum showed normal displacements 
to the red in the sun, unsymmetrical lines 
behaved abnormally. Lines widened 
unsymmetrically towards red in the arc 
were found to be displaced to thc violet 
(of the arc line) in the sun, while lincs 
unsymmetrically widened to violet in the 
arc were displaced to red in the sun. E-Ie 
also found that when the spcctrum of the 
region of the iron and calcium arcs near 
the negative poles was compared with that 
of the centre of the arcs, the unsymmetrical 
lines were displaced in the direction of their 
greater widening, i.e., lines widened more 
towards red were displaced to the red at 
the negative pole and those more widened 
to the violet were displaced to the violet. 
Symmetrical lines showed only negligible 
displacement. He attributed the cause of' 
these displacements to the increase of vapour 

density of' the matcr.ial ~>l.otiucing the 
spectrum near :lie 1301t's :111(1 ~ O r l ~ l l l d ~ ~ l  
that the vapour dcr1sii.y in t11c sun's rcr-ersina 
layer was lo~ver than lhat ;lt thc centre of 
the arc under tlic contlitio~~s oi' l~ i s  csxpcri- 
mcnt. I-Ie sl~~rlic.tl tllc clisl)l,~c~c~irlc.rlts oS Ni 
and Ti  lincs in thc S I I ! ~  ; i ! ~ t i  :\rc ant1 fi)~incl 
that tlic results tvr1.c g('11~1.;111y consislent 
wit11 the conclusions C~I.:I\~.II fioln tllc. inr-csri- 
gations of iron lincs. Fit: ;ilsci csalni~lctl the 
effect of introducing ~.:ll.io~is SI I I )S~:LII~~(~S into 
the arc on the u.ar-clci~gtll of' spectral lines. 

(8 )  S ' L U ~ ~ C Y  O I L  , S ~ ~ I ~ . Y / I O I . S  (71~i ~ ' ~ I I I ~ I ; ? I ~ ~ ~ ~ c ~ . Y  - 
Roycls made ;; st;~tisric;tl stuti>. oi '~~i~on~inc.ncc 
and su~ispot pcriotlic.i~ics rising tlic petiotlo- 
gram mcthocl S(:lr tlst(.l.. ' i'lic ;lpp;r st.!~t 
effect of plancis c-)n l i l t :  clisirii)rltion of' pro- 
minences Tvas ;tlstr csariii:~c~l 1)). Iiin~. 

( 9 )  ,Sll1((11 lf l f - [ l l / l h ~ ~  ~ ~ 0 1 ~ ~  t/l(l~/;ill,q,\.--- ;I 
special sluciy oS v;lrio~~s ~~sl)c.c.ts of tilt: t1;tl.k 
markings seen ill l-i-:~ll)l~;t sp<:ct~.o!i(*Iio- 
grams was maclc 1)). Ko).tls ;ind Iiis (*o- 
worlrcrs and a n111trl)i.r ( I S  Ixiprrs tvc're 
pul)lishecl 011 tliis sul tjcct. 11 1t.a~ fi)u~id 
that the ar-cragc inclii~iitic>r~ ol'cl;xrl< nlarliinqs 
changes fi0111 ;L clircc. tion alorl!; t11c ~nvsi- 
dian in ihc ~([~liit<~t!.i:il 1.cyio11 until in 
latitudes higlici t l i ; ~ i l  a11111tt :;5 tlit. ~~inrkirizs 
lie neatly along :1 1):ir;~lI~~l ( 11' Iii~itiitic-. '1'1~~: 
d l  I S  1 I 1 I ; i l : > l ~ ~ t  
invari;xbly a 1)sight ~n;i~'giil on 111r sitlt: 
nearest to thch sl~n's i.ch~itl.tb. S~;LI. thr. so1;ir 
equator, t11c siclc~xxl sot;itio11 l)t*sioc! or t11e 
markings is 11c;l1.1>. tl;c. s;l1ncb ;is lilr S I . ) ~ ~ S ,  

but the po1:xr rt:t:~r(Iatioi~, ; \ l ! f ~ i  111g1i c*vicI(~it, 
is less t.11nn Iilr st)ots. 'l'ilc. i11clin;ttioir of 
the markings to tlw sol;~r 11lt.iitii;ins irir:,c:t.scs 
during stlcccssisc: toi:~tirix\s, ti l t :  in;\gnitude 
of tlic incrcasc: ( ~ o ~ . r t s s ~ ) o ~ i ~ l i r ~ j ~  roil";.ily ~ v i t h  
the ainount to 1 ) ~  t -sl)c~.tc.cl  ii.o~ri tiit: polar 
rct:ircl:~lion ofthc silrl's t t~t;i t io~).  'I'llc ;trcLas 
oS lon~it~~cl i r~:~l  (1i11.k n~:uki!igs :ire 1v:lst ~1c~a1- 
the ccntral xncritli;lr~ : L I I ~ ~  1)sogrcssi~c.ly 
increase ioiv:irds tht: li~l-il>. '1'Iit: riltio of 
the Ilcight r o  tile I)rc.;itltti of thc lil;u.kings 
is ~ I I O L I ~  1.8 (:)XI i!lc ;~vt.r:ig(~. 

(10) Pro~~ i r i t~ i r t~s  O Y I ~  A'otii~lti~jrl l ' r r .>~t i rc - 
lioyds n~ndc a c$o~rrp,~t,iti\ 1. xtitcl). oI' pro- 
xnincnccs titkc11 iii IX-,II~)II~I. ,mtl li iirles 
during tlic pcriotl 1!)21i-1!1:11 :inti c.;zll~c t o  
the conclusiot~ t11,1f. I)rl ~~iiirl(.rl(*('s ;ire c)f 
essentially the salne hc*igIit , l i l r l  iiisrn ill Ix , t l~  
thesc lincs. ETc pcrintcci out that this 
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result is opposed to Milne's theory of selective 
radiation pressure as the force supporting 
the prominences, since this pressure is 
considerable in the case of calcium atoms 
only. 

(1 1) Oxj~gen in tile Chro??zosphcre -Royds 
succeeded in photographing outside an 
eclipse, the infra-red triplet of oxygen 
X X 7771, 7774 and 7775 as emission lines in 
the chromosphere. These lines are normally 
observed as absorption lines in the 
Fraunhofer spectrum. 

(12) Contours of Fraunhofer LLines-The 
contours of several strong lines in the solar 
spectrum at various points of the sun's 
disc were studied by Royds and Narayan by 
phorographic photometry. I t  was found 
that the residual intensities of all the lines 
increase from the centre towards the limb. 
The concentration of atoms a t  different 
levels in the sun's reversing layer was 
calculated from the measures of the line- 
contours. 

I n  1937 Dr. Royds retired and was suc- 
ceeded by Dr. A. L. Narayan as Director. 
Dr. A. K. Das joined as Assistant Director. 

(1 3) Studies in Atoniic Speclru-Xarayan's 
earlier work at Icodaikanal was in the field 
of atomic spectra and a number or papers 
on this sul~ject were published by him and 
his co-workers. Among these are the 
spectra of doubly and trebly ionised Lead, 
the hyperfine structure of Indium and 
'I'hallium, arc spectrum of Arsenic, the 
first spark spectrum of Bromine, the resonance 
lines of Thallium and their probable absence 
in the sun etc. 

(1 4) Di~ect R~ading PF~otoelectric Pilotometer- 
A photoelectric recording photometer for 
the direct mcnsurement of the intensities 
of Fraunhofer lines was constructed by 
Narayan and the profiles of a few Fraunhofer 
lines near the centre and the limb of th:, sun 
were studied by him and his co-workers. 

(1 5) Band Sfiec~ra-~4mong other investi- 
gations carried out under the direction of 
Narayan may be mentioned the studies on 
the band spectrum of phosphorus which 
led to the conclusion that the P2 molecule 
exists in the sun. From a study of A3883 
band of CN at the centre and the limb of 

the sun, temperatures oC5000° K and 4500' K 
were computed for the disc and the limb of 
the sun. 

I n  1946 Dr. A. L. Narayan retired and 
Dr. A. I<. Das became the Director. 
Dr. R. Ananthakrishnan joined as Assistant 
Director. 

(16) The iblotion of Gases in tize Sun's 
Atrnosplzere-During the period 1937 to 
1942 Das made detailed studies of the 
motion of gases in the sun's atmosphere and 
published a series of papers. He was able 
to explain a large number of observed 
features relating to H-alpha dark markings, 
prominences, the reversing layer, the 
chromosphere and the corona on the basis 
of his theory. Some of these were the 
tendency of dark marlcings to orient them- 
selves parallel to the meridians near the solar 
equator and in a perpendicular direction 
at higher latitudes, the westward tilt of 
prominences, the heights of reversing layer, 
the chromosphere and quiescent promi- 
nences, the increase of rotation speed with 
altitude in prominences, the occurrence of 
highly stripped atoms in the solar corona 
etc. 

Among other studies made by Das and his 
co-workers may be mentioned the follow- 
ing- 

(1 7) Ea~~h-t?ffect on P~ominences-The 
apparent influence or the earth on solar 
prominences was examined by making a 
statistical study of Kodaikanal observations 
of solar prominences during the period 
1913-1937. Evideilce was found of the 
existence of a terrestrial influence on solar 
prominences, perhaps associated with a 
tide-raising force varying inversely as the 
cubc of the distance between the earth and 
the sun. 

(18) Cosmic ray studies-The iesults of 
cosmic ray intensity measurements at Agra 
(June-July 1936) and Icodaikanal (February 
1938) with a Kolhoerster apparatus were 
analysed and the absolute intensity of cosmic 
rays ibr these two places was worked out. 
No relationship was found to exist between 
mean daily cosmic ray intensity and solar 
activity represented by sunspot numbers and 
Rocculi figures. 

(19) Some observatio?ls of El and IT I' znes- 
More recently, experimental studies of the 
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variation in the width and structure of the 
H and I< lines of calcium at various points 
of the sun's disc have been carried out 
using a high-dispersion spectrograph. The 
lneasurenlellts reveal that the absorbing 
vapour producing the H, and K, lines has 
a descending motion of 1.5 km/sec while 
the vapour responsible for the emissioil lines 
H, and I<, has a very slight ascending 
motion of the order oS0.3 km/sec. Although 
the absolute widths of the H,: K, and H3 
and K, lines increase progressi\-ely Ssorn the 
centre towards the limb, their relative 
width remains constant over the entire disc. 

(20) Relatio?~ betweell b a ~ e  and heiglil of Pro- 
mznences-A statistical study of tlie H-aiphn 
dark markings over a  tih hole solar cycle 
has shown that the length to height ratio 
is most frequently 2 : 1. The same result 
has been obtained lbs arch-type proininenccs 
a t  the limb. These results are in agseement 
with the theory or formation of prominences 
proposed by Das. 

5 .  International Co-operation-Scientific Expedi- 
tions-Post-war Developments 

(1) Inter?za~io~zal Co-ojeratio7~-Almost from 
the very beginning I<odaikanal Obser- 
vatory has been participating in the schen~e 
formulated by the Internatioilal Astronomical 
Union for co-operation in solar re earch. 
Supply of photoheiiograms to the Astronon~cr 
Royal,  Engiand, and eschnnge oS spcctro- 
heliograms .i\,ith the Solar 1"il) sics 
Observatory, Chmbridgc, have bcci~ in \ ogue 
from 1906. I n  accordance with the resolu- 
tion of the International Astronomical 
Union meeting held at Rome in 1922, tlic 
Kodailcanal Observatory was nlacle rcs- 
ponsibie for the work of compilation and 
discussion of statistics derived from photo- 
graphs of prominences and 1-I-alpha 
absorption markings on the sun. 'Tlic 
observatories a t  hlt. JVilson (U.S.A.) ancl 
Meudon (France) co-operate with thc 
Kodaikanal Ol_lservatory by suppl>ing 
copies of their photographs for those clays 
for which Kodaikanal record is impcrii-ct or 
wanting. The statistics are pul~lisi~ccl 
11alS-yearly in the Bulletins of the Obser- 
vatory commencing Siorn 1 Janu'iry 1923. 
Since the installation of the spectrohelioscopc, 
the Kodaikanal Observatory has becn com- 
municating quarterly lists of solar fl'1rc.s 
observed with the instrument to thc Inter- 
national Astronomical Union for inclusio~l 

in tlscir Q~1~istcrly l31illc~in on si)!;ir ; t<.~i\ . i~>..  
Ckiljicgri~nls rcl:~t,i~ng t i )  ~ ~ L ~ > I I S C  si ~! ; i r  l!c~l.ts~ 
are scnc to tl.ic 3lc.11tli)n ( >l~si.t.\.:i [or.!., 

France, \vllicll (~1ll~:cts siic.11 i i i l i ~ ~ ~ t t i i ~ t i ~  111 

from solar c,l)scrvntoi,ics ;111 c i i . i h i .  t I!<. i i . I c l  

and 1,roadcasts tllc sninc 1i1:. ti,(. l ~ i . t ~ i . l i t  . . o i '  
qeopl~ysicists all c,\.cl. tlic \ v c ~ ~ . i c l .  I ;I.::I~ 1111 i 1;: 

fiuin 1 hlzty- l5bI.9 <I;iil!- I ~ro:i~It~:~sts i 11' ( , I  , i l < ~ \  

messages (L~l tSSC~I<. l , \L . \ I I~  2i\.i11!; i t ! -  

h rn~at ion allout si1l;ir :~c.li\.il!. 1 ) . I S C ~ ~  1 111 

ol>servations macic ;it I c I r i l 1 ; 1 1  . ; i i . iL  . 
t 1 l ~ I i l 1 i ~ 1 l l ~ '  being nladc fi.oin tiic '1 '1 , " i -  

Station of thc Intli;~ lIctc.c~~.oii )qic.;il l )i.j>,:r.t- 
ment at Nelv Dcllli t i ~ s  t i ic .  11~~nrlii c~i'::(.o!~ii!- 

sicists ancl raclio spcci;ilists :i l l  I)\:I.I. 1211.  
world. 

(2) E l i  ntid o\/i, /. l;,~bt t / ' t ' / i c / ~ ) . t  . i l i e 6  

ICodaikarial C)l)srr\-;t:oi~>- 11;is ) ; i r . t i i . i i ~ ; i t t . i i  

in tllrcc eclipsc: rsl)ctiiiir 111s. 1 i i  l!)22. 
Evershed undertook : L I ~  c.sl)c.c!itit  I I I  tc ) \\"I 11,11, 

LlVcstcrn hustr;~li;~, 11, c~l)st.s\~t. ill(. i~ 11 :11 

solar. cclilxc of' Sc.ptr11~11ci 2 1. 1 1 1  I !  l2!), 
Roydnvcnt  on c.iupui;itic,n to I ' , ~ t t , ~ ! l i  i t 1  

Siam to ol~serve t h c  tcit.;~! soI:~i c.i.lii)sl. 01' 
May 9. llgnin in i!):;ii. K o y t l s  \ \ . i .~i t ,  t o  
Japan in ol.c!or t o  ol)si.r\.~. t i l r .  tiit,tl sci1:11. 
eclipse of June 19. 

T7c.r); rt~c.ctill!. i i r  c ~ ~ J ~ I I I I ~ ~ . ~ ~ ~ ~ ~ ~  ~jiili ;L 
scllrrnc: sp!)l~~ol'c~t\ 1)). {tic. i i l t i i . 1  . \ I181rh r  ~ i . i l i r i -  

.gic:il I l~~~) :~r t~n( : r i i  I i ) l s  1111. ( * ~ 1 ~ 1 1 ~ 1 i ~ ~ I ~ i ~ ~ t ~ i i ~  ( , I '  
a ~ I I I I I ~ ~ - ~ ) L I I ~ ~ > ~ I ~ ~ ~  l~i;;11 ill!  i t  t i r l ( b  i.tas(-:ix I I L  +;i t i t i t i  

in the l-Iirn:ii:~>.:is I ~ I I .  t l u s  s t ~ i t l y  ( i i '  )\111it. 

~ : L Y S ,  :wti.onoir:>,, ~ l ~ t * t ( ' ( v i . ~ ~ I t t i ! ~ ?  , !?I*(  ~ 1 ~ ! 1 ~ , s i t ~ ~  
(:t~.,  ;L l):>~ly of s c ~ i c u ~ i s ~ ~  I t,!11'(. , t . l i ~ i ~ i * ,  v,it i i  $ t i \  

l~r;inclit*s 01' s~*it:i~t~t* I isi:ty! I I I ~ : ~ I ! I Z ~ ~  i l l '  

1 :  1 1 I I i i .  I r r  ; t i ]  
tllcsc: cs~wciiti~!iis, i: 1iii.i: t t ~ i ~ l . ,  l > l . ~ i ~ .  i r l  t i t ! *  
slirnmrr r~ion(ll:i I 1 '  I t i  i i l  ! ! I ,  

111.. It. . l r ~ : l ~ ~ t l l : l l < r i ~ i ~ ~ ~ ~ ~ ~ ~  , t t '  l<i ,, i*\ikiribi I 
Obser~atory iook 1x!s1 :IS a I . { . I . ~ " . I . . . ~ ~ . I I ~ . ~  i i \  1 %  iiir 
~StrOIlOnl). 2% kn. si1c.s fi;kzr: ljrtmxl lil.t,i'i.i- 
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sionnllv chosen, but ol~servations of sky 
and  secinq conditiolls ]lave to be undcr- 
takcrl in orclc~* to cxairiinc the suitability of 
these sites fiom t11c nstronornical standpoint. 

3 )  1 Dc;eZoj~n~~t1t~-~2ltl10~1gl1 out- 
standing contril~utions 0 x 1  the tl~eoretical 
sidc of astronomy and astrophysics have 
been made by Inclinrl \\-orkcrs the corres- 
pontling contril)utions in practical and 
ol~sesvational work Ilnve not been so 
signi(icanti, largely due to in a d e~1~d1.c 
instrumc.nta1 cqiiipment avaiiablc in Indian 
Ol,servai.ories. During the last few years 
a numbcr of instruments of basic value 
in solar rescarc'il havc lxen built a t  Kodai- 
kana1 Inrgely througii improvisation and 
local ingenuity at n negligible financial cost. 
'I'hcse can Ijc and are l~cing utilised for 
clcali~ig xvitll a variety of problcins within 
their reach. But improvisation, however 
ingenious, cannot produce the very complex 
and expensive apparatus of nlodcrrl astrophy- 
sic;11 research xvhich the enormous strides in 
technological development in the western 
lvorlcl 11;ivc rilnde possi1)lc. 'To mention 
only tlic I I I O S ~  im~nediatc needs, Iiodaikanal 
Qi,servatory rerpires a really large solar 
spccirograpll lvitll an aclcciualely powerful 
coelostat and otllcr :~ccessories and n Lyot 
Coronn.gr:xph for ~noclci.nising its activities 
in solar physics. 'I'hcse recjrlirements can 
I)c inet only il' nc1eciuat.c ftlncls become 
a[-nilable. 

h Coinmiticc for the planning of post- 
v n r  dcvclopnient or Astsonoiny and Astro- 
physics in India Fvas appointed by the 
(;ovcrnmcnt in 19.15 ~vitli Prof. Jf. N. Saha, 

F.R.S. as Chairman. The Committee in 
their report made several recommendations 
towards the expansion of the activities of 
the Kodaikanal Observatory. Thcy made 
a forceful plea for modernising the instru- 
mental ecluipment at Kodaikanal for solar 
strork so that the Olxervatory can be on a 
par with thc best equipped solar observa- 
tories in other parts of thc world. 'They 
also recommended that steps sl~ould he 
talien for starting Planetary and Stellar 
Spectroscopic work as well as Magnetic nncl 
Ionospheric work at Kodaikanal. 

Some progress has been lnacle towards 
implementing the recommendations of the 
Committee, but much more remains to be 
done, the chief impediment in the way being, 
of course, finance. As already mentioned, 
the magnetic observatory has been restarted 
and ionospheric work is expected to begin 
before long. Preliminary work in the held 
of stellar and planetary spectra is also 
expected to bcgin within the nest few 
months. 

I n  1940 the Government of India appoint- 
ed a Standing Advisory Board for Astronotny 
and Astrophysics. The first meeting of the 
Board was held at Kodaikanal in April 
1949, whcn matters rclating to thc develop- 
ment of astronomy and astrophysics in India 
with special reference to the expansion 
of work a t  Iqodaikanal were discussed and 
several recommendations made to Govern- 
ment ; their implementation, however, will 
depend up011 the availability of the nece- 
ssary large f u ~ ~ d s .  

NOTE:-The a l ~ o v c  article ~ 1 ~ ~ s  contributed. by the officers of thc Kodaikanal obseivatory 
-EDITOR. 
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