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,\.NNUAL REPORT* OF THE KODAIKANAL OBSERVATORY 
FOR THE YEAR, 1960 

Introduction 

The Solar Telescope. & Spectrograph" the Coronagl'aph and H-alpha 
HeIiogTaph were formally maugurated by Dr. P. Subbarayan, Union Minister 
for Transport and Oommunications on the 14th September, 1960. 

Solar Physics 

After a period of tests and preliminary adjustments the 18 metre spectro­
graph employing a Bausch & Lomb grating has been brought into use in 
conjunction with the 36 metre solar telescope. Some plates have been taken 
of a few spots for the study of the Evershed Effect. The instrument has also 
been used for the investigation of the structure of the H & K lines in the 
vicinity of sunspots. A fifty year old series of spectra covering half a solar 
cycle obtained by Evershed at Kodaikanal, provides additional material 
for the investigation. 

Regular observations with the Lyot monochromatic Heliograph were 
commenced and filtergrams ,,\'ere obtained of the disk and prominences on 
127 days. Exposures in rapid sequence are taken during the progress of a 
solar flare. 

First observations with the 2ocm. coronagraph of prominences have 
been made towards the end of the year. An interference filter having a width 
at half intensity of 120 A isolates the region around H-alpha for obtaining 
prominence photograph! on 35mrp.. film. 

Observations with the older instruments have been continued. Photo 
heliograms were taken on 286 days, compared to 260 days in 1959. H-alpha 
disc, K-disc and K-prominence spectroheliograms were secured on 232, 
251 & 234 days as against 244, 235 & 224 days during 1959. The total number 
of exposures of each kind was as follows .--

I. DilPcl photo,;rnphs • 2~6 

2. }I-alpha sp,'clroheliognlll1S of Flare r{'gions 

3. li~alpha spC'clroheliogl'ams of entin' diec 

4. 1:,-232 speClrl)hdiogl'am. 

5. K·I'romin{'nccs 

Observations with the spectrohelioscope were made on 270 days covering a 
total duration of 462 hours. Nineteen solar flares were observed during the 
year, three onntensity 3, nine of in ten sit)' 2 and seven ofintellsity r. 

*Thi~ tcport deals <chkfiy with t11'" a&tronon~ical and ,,:1l ied 7eop}lYlic~1 \\(?rk of the Koc!llhi 
kanal Observatory. The 1lleteorological data will be p;lbh;ilt'd 1/\ the In~la "~ather .R~\'lr"-, 
the Fieif.mological data in the Seismological Bullettn ul1d the adtnll1lstl'at 1\'(' ,d~t:llls III tl.C" 
.-\dministrati'l1e Report pf the Indiil Mc;tf'oro!l)gical Departm('nt, 
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ObseJ'11ing conditions 

Observing conditions were about average during the year. The total 
rainfall recorded was 1861 . 3mm. which is slightly less than the annual normal 
The total number of hours of bright sunshine was 1852 ' 7· . 

The averaO'e definition of the sun's image was 3 on a scale of 5. There 
were seventee~ days of seeing 4 or better and one hundred and sixty three 
days of seeing 3. 

Sunspot activity 

Sunspot activity continued to be on the decline throughout the year. 
The mean latitude of all the observed spotgroups in the northern and southern 
hemispheres was 14.5° and 12.t as against 15'4° and 13'3° in 1959. De. 
tails of sunspot observations are given in the following table:-

Months Jan. Feb. Mar. Apr. May June July 'Aug. SI"P Oct. Nov Dec. Total 

No. of New ') N 27 7 21 17 18 19 13 13 I4 20 12 18 199 
Spot Groups J S 

R 6 8 
"1 

15 9 13 9 13 17 IO 7 15 130 

Mean daily No. S'6 6.~ 6'0 5'7 6'9 6'0 5'1 4'4 7'6 6'2 3'7 5'5 6'0 
of· Spot Groups. 

Kodaikanal dai- 145.3 101.3 114'2115'5113'4106', 94'9 122'2 121'3 106'6 63'S 93'4108'1 
1)/ relative sun-
spot number. 

Prominences 

During 1960 prominence activity continued to be high. The mean daily 
areas and n~bers of cal?iu;rn prominences at the limb as derived from photo, 
graphs obtamed at Kodalkanal were as follows :-

I 
Area in square minutt s of arc, Kumberg 

1960 
N S E W Tutal ~ S E W 1\llal 

. -------------------
January-June ~, 17 1.55 1.75 1.97 3·7~ 4. 06 3. 00 3·47 3·59 7. 06 

July-December 3,26 2.67 2.89 3·0.~ 5,93 5'58 5,14 4·76 5.96 10·7! 

Whole year 2.62 2.01 2.~1 2·42 4·63 4. 68 3,87 8·55 (weightrd 4. 00 4,55 

mean). 

Comp~r~d to 1959 there has been no appreciable chano'e in promi. 
nence actlVlnl from the st d' f ' <:> h r h ",. an pomt 0 areas ' even thouah the numbers 
s O\V a s 19 t'decrease amounting' to 2'3 per dent, 1:1 

The distribution of are s' th h . . 
ranges of latitude sho d b lnd e nort er:n. he~msphere, 10 five"de~ee 
a second"",t maXIm' we ~ rhoa peak of actIvlty 10 the zone 20°-30"0, WJth 

- 1 u;rn In t e zone 35°"400 I th h h' h e there was a well mark d " ,n e sout ern emlsp er 
in the southern -hexru e h maxlll1U,m 10 the latitude belt 5°10°, The activity 

sp ere contmued to be less than in the northern. 



Six instances of sudden disappearances of dark absorption markings 
and limb prominences were observed during the year. 

The mean daily areas and numbers of hydrogen abS01"ption markings 
on the disk as obtained from Kodaikanal records are given in the folIo'\\ring 
table:-

1960 

-----~--

Jantla ry.Junp 

July-D 

'·Vhole 

"'ccmLel' 

year 
veighted \ 

mea 11) • 

H-a:ph.a darkmar king Area (in mil.i-
onth~ of sun's vi!ib1c hemi~pherc 
:mc('r,'ected for fore-shortenbg) 

N S E \\" Total 

-- --------
3548 2110 2747 291I 5658 

:)175 2074- 2373 2876 52.j.9 

3395 20 9-1: 2594- 2895 5489 

Numbers 

N S E W Total 

----------
(9·,1 13·14· 16.66 16.19 32 .95 

19,10 12·47 16.30 15·27 31.57 

!9 46 12.87 16,51 15.82 32·33 

Oompared to the previous year the activity, as judged by areas showed 
an increase of 13'2 per cent and the numbers increased by 7,6 per cent. 
The peak of activity in the northern hemisphere, both in areas and num~rs. 
was in the belt 20°-25° whereas in the southern hemisphere the maximum 
activity was con£:ined to the zone IOo-15°. The western preponderance in 
area shown by li~nb prominences is also evident from the area of absorption 
markings. 

The exchange of spectroheliograms with the' foreign observatories 
was. continued. For the period July 1959 to July I960, 95 ff; .. alpha disc, I I f 
K-dlSC and I I I K-prominence spectroheliograms from the _Meudon Ob­
servatory and 73 H-alpha disc, 98 K·disc ?lnd 99 K·limb spectro,heIiograms 
from the lIdount Wilson Observatory were received. 73 H-alpha, disc and 
11K-disc spectroheliograms for certain days fl?r the period I959"1960 were 
sent to Meudon Observatory on request. Copies of daily spectroheliograms 
(disc in H-alpha and K and limb in K) were supplied in fortnightly batches 
to the Fraunhofer Institute, Germany, for the preparation of daily solar 
map. Quarterly statements relating to solar flares were sent, as in' previous 
year, to the Meudon Observatory and to the Royal Greenwich Observatory .. 
Central meridian passages of important sunspots were communicated to 
interested institutions in India. 

Radio Astronomy 

The 100 Mcjs Solar Noise Receiver has been modified to yield an im­
proved performance and regular recording of ~olar noise flux at th.i~ fre­
quency has been continued. Interferometers operating at 60 Mc/s and 200 
Mc/s' are being set up to facilitate cqntinuous recording of solar noise at 
two more frequencies. Scintillation recordings of Cygnus.A at !<>.o Mc/s 
were made for a coordinated study of spread-F, geomagnetIC act!v!ty and 
radio-star scintillation. A scheme is under preparation for the startmg of a 
small field station to the south of Kodaikanal for radio-star scintilla,tion 
re€Ording at two wavelell'gth in the metre-wavelength region. The project 
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aims at the stud~ of that region o~ the ~onospheric ~-layer br radio-ast:'or:0lnY 
methods "irhich IS observed over Kodalkanal, by h f techmque. Preltmmarv 
designs have been completed of a 50 feet diamete~ paraboloid for .us~ as ~ 
transit instrument. The smallest wavelength w111ch the parabolOId IS ,de­
signed to receive is 10 em. 

Stellar PII)!sics 

Reductions of H-g~:l).mna observations carried out at Naini Tal in 1958 
and 1959 have been completed. Wavelengths and line intensities in the 
yellow and red region of the spectrum of the nucleus of Campbell's hydrogen 
em-clopestar are being measured using a spectrum taken recently at Mount 
Wilson on the 100" reflector by Dr. O. C. Wilson. 

Geomagnetism and Ionosf;heric Physics 

Continuous photographic recording of H, Z & D elements with the 
aid of Watson and La Cour magnetographs and visible recording of Hand Z 
with Askania Field Balances were continued. Absolute values of H, D and 
Z were determined every week with a set of QH!\f and B~rz instruments. 
Absolute measurements of H with a Kew magnetometer and of inclination 
with a Schulze earth Inductor ,vere also made once every month, Scale 
value determination of these magnetographs were done twice a month. 
During the year thirty-three magnetic stOlms including twenty-six of the 
sudden commencement type were recorded with ranges in H.F. between 
170': and 649Y. Quarterly magnetic stoun data were sent to Prof. John A. 
Simpson of the University of Chicago. 

The C 3 Ionosphere Recorder functioned continuously on all days of 
the year and only about 70 hours of observations 'were lost due to power 
failure. The daily programme was confined to records every fifteen minutes 
Some rapidly changing characteristics at sunrise were followed with the 
aid of soundings made at 5 minute intervals. Shortwave field intensity values 
\\'ct'c recorded during the day-light hours on all days of the year. Shortwave 
radio fade-outs (of Dellinger type) were recorded on 56 occasions. The 
Observatory continued to supply monthly median values of foF2 and 
(M30oo)F2 to the Radio Research Committee of India and the Central 
Radio Propagation Laboratory, U.S.A. 

Quarterly statements of monthly median values of all ionospheric para­
meters were sent to both the Radio Research Station SlouO'h and Central 
Radio Propagation Laboratory at Boulder. 'b 

Periodical statements of observational data concerniuO' ionospheric 
i · b l~al'amc ers, geomagnetIC storms and sudden ionospheric disturbances and 

10recasts of expected magnetic and ionospheric disturbances were supplied 
to several intere~ted institutions. 

(i) .1 s/ucb' of the jJre-sunrise F lOJlcl' stratification at Kodaika/lal 

. Bha.rgava and Sub~'ahl1l:anyan have investigated the phenomenon of 
I~~c-sunr;se F layer stratl.ficatlOn at Kodaikanal by obtaining (N,h)t profiles 
from h f ~ata of KO~alkanal. for many days. This phenom,enon, found to 
occ,!!' pr~;r1Unently dUl'lll,g p~nods of low PI' moderate .solar activity and 
durmg wmter months, IS dIscussed by these authors in terms of distortioJl 
of the overhead Sq cuneut intensity and vertical drift of ionization. 
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(ii) Geonll!lgnetic Disturbance f;ffects in Equatorial Es 

Bhargava and Subrahmanyan have examined the effects of geomagnetic 
storm~ on the Equatorial type Sporadic E layer (E~q), the Oct.urrence of 
which is a com;mon feature during day-time at Kodaikanal under normal 
conditions. They find that the disappearance of ESq is sim::lltaneous with the 
sudden decrease in the horizontal ana vertical components of the earth's 
magnetic field during the main phase of geomagnetic sto£ms. In their dis­
cussion these authors suggest that while the occurrence of the ESq is asso­
ciated with the intense overhead Sq cunent system responsible for the quiet­
day variation of t~e e~rth's magnetic field, its disappearance can be attri­
buted to the opposmg mfluence of the currents responsible for the main phase 
variations of the earth's field dtu'ing magnetic storms. 

(iii) Geomagnetic and Sq Cwrent Control on the Diumal Behe.viour tif 
Equatorial P-region 

Bhargava and Subrahmanyan have examined the diurnal behaviour 
of ionospheric P-region over magnetic equator, using the 24~hourlv iono~ 
spheric and geomagnetic data obtained at equatorial station of Kodaikanal 
(Geomagnetic latitude o06N; Dip 3°5N). Their study reveals that the ob­
served diurnal variation in the electron density and in the height of the 
equatorial F-region can be identified with the diurnal variation of electro­
dynamic vertical tide associate:d with geomagnetic and Sq Current intensity 
variations, 'when due account is also given to the effect of nearly horizontal 
diffusion of ionization along the geomagnetic field lines from the near "dip" 
equator to the neighboudng moderately h,\' latitudes. 

M iscella/leous 0 bscl vatiol1S 

(Ozone, 1\feteorology, Cosmic-ray, Seismolo1,'1' & Earth~hine) 

Observations of atmospheric OZone haye been continued with the aid 
of the Dobson Ozone Spectl'Ophotometer. Continuous recordilig of Cos­
mic-ray intensity with a Kolhorster Cosmic-ray recorder was continued 
till November 1960. Earthshine measurements with Danjon's Gat's Eye 
Photometer were made on 10 days. Routine meteorological Observations 
were carried out as usual. The Milnesha\\" Seismograph recorded 59 earth­
quakes. 

/mtrwnelltal DClie/ojlment 

The 8-inch refractor belonging to the fonner Madras Observatory. has 
been erected in the "South Dome" on the mounting that carried the pro­
minence spectroscope' and 6-inch refractor. Observations with the promi­
nence spectroscope have been discontinued. The 8-inch telescope has been 
overhauled and renovated for use as a photoelectric telescope. Designs 
for a photoelectric photometer for use on the 8-inch refractor and of one-prism 
and two-prism spectrographs for the :w-inch Bhavnagar telescope ha\Te been 
completed. 

The Lyot monochromatic hel~ograph which was. originally mounted 
along with the 1.yot cOl'(lnagl'aph tn the same equatorlal has been removed 
and installed in a separate dome. 



Several a.ccessories for use' with the new solar hlstallations have been 
designed during the year. Much progress has been made in the construction 
of these instruments in the Observatory workshop. These include (I) a 
spectroheUoscope for selection and guiding of ' special features, visible in 
H-alpha radiation on the slit of the 18-metre spectrograph; (2) an image 
rotator capable of~elding uniform il.1untination over a 2-inch slit and (3) 
a low.despersion monoclioromator to act as pre-disperser for the large 
spectrograph. A mounting is currently being made in the workshop for a 
concave grating of rac1iils 10 metres to be used in a stigmatic double pass 
arrangement. A 120 em. Littrow Grating spectrograph for use on the coro. 
nagraph' was completed during the year. 

International Geopl'f>'sical rear 

The intensive solar observations undertaken during the I.G.Y./I.G.C. 
were continued during the year and the data were sent to the World Data 
Centres. Daily messages relating to solar, magnetic and ionospheric obser. 
vations at Kodaikanal in the I.G.Y. code were sent to New Delhi for in. 
clusion in the broadcasts. 

Publications 

AbhyaTlkar, K. D. 

Bhargava, B. N. & Jayarajan, A. P. 

Bharga\'a, n. N. & Subrahlllanyan, R. V. 

Das, A. K. &. Narayana, J. V. . 

Ja~arajan, A. P. 

Narayana, J. V .. 

Srinh-a'am\U'thy, B. 

Subrahmanyan, R. V .. 

\"enugopal, V. R. 

A note 011 j he l'volutioll of cl05e bira l' 
5}"Stem-The Obserl'atory Vol. 80, 
No. 914 (1960). 

Des!~ and per~orma11ce of V. H. F. Re­
ceiving Eqllpment for reception of 
ex~r~me!y weak signals of solar and galactic 
orlg1n In the metre-wavelength region­
Journal of the Institution of Telecom. 
muni:ation Engineer~, Vol. 6, No. 5. 
(196. ). 

Movements in the F-region of the Ionosphere 
during solar eclipses-Indian Journal of 
M':teorology and G~ophy~ics. Vol. II 
NO.4- (1961). ' 

Momentary bursts of Cosmie radhtiun­
The Indian Journal of Meteorology &; 
G~ophY6ics, Vol. II, No. I (1960). 

See Bha:rgava, B. N. 

See Das, A. K. 

The diur11al '-ariatioll of sizes of sudden 
com~encem~hts and impulses in the 
Kodaikanal magnetogralnS- The Indian 
Journal of Meteorology and Geophysia. 
Vol. II, No. I (1960). 

&, Bhargava, B. N. 

Temperature. of 1.111:: F -region of the iono­
sphere over Ko:laikanal.- The Indian 
Jourl~l' ofT Meteorology and G !'Ophysics 
Vol. Xl, No. 2 (1960). 
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Quat-tel'Ly synopses of results of solar, magnetic, ionospheric and 
ozone observations made at Koduikanal appeared in the Indian Journal 
of Meteorology and Geophysics. The monthly Notices of the Royal Astro~ 
nOJIlical Society published a report of the work done at Kodaikanal O~ 
servatory during 1959 as well as on the prominence ac~ivity during the same 
year. 

Visitors 

Dr. A. G. Wilson of the Rand Corporation, U.S.A., visited the Ob. 
servatory during the year. 

KODAlKANAL OBSER.VATOR.Y; 

Dlcl11lber, 1961 • 

M. K. VAINU BAPPU, 
Director. 

GI~-S4-5 D. D. G. Ob,. Kodaikanal/61-5-7-62-4,OOO. 
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