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.Prof. M.K.V. Bappu (1927-1982) 

l'It i.s oette'P to 1-*l.ve for' a moment in the 
b~~tti.ant 8unt~ght of v~cto~y 01' die in 
the daza'k midnight of defeat than to Zive 
foZ' et1e:r in the dim t1Hiti,ght 7Uh~c'h 'kno7JJs 
ne~ theza victoZ'y no%' any defeat". 

(excerpt from a public lecture 
given oy M.K.V. Bappu at 3a1-
sankar Sundar! Hall, Ahmedabad, 
on 8tb January, 1982) 

In resonance with his words, Prof. Bappu made an enormous contribution 
to the astronomy and astrophysics within such a short span of life. Be 
passed away at Munich, at the peak of his glory, 8S the President of 
the InternatiQnal Astronomical Union I at a time when he was to preside 
over the ~ighteenth IAU General Assembly held at Patras, Greece. 



Foreword 

The Physical Research Laboratory was fortunate to have Professor 

M. K. Vainu Bappu, Director, Indian Institute of A strophysics and President

of the International Astronomical Union (1979 -82), as Vikram Sarabhai Pro

fessor from December 1981 to February 1982. Besides holding numerous 

discussions with the Faculty, he gave a course of lectures on A stronomy and 

A strophysics, in which he elucidated the interplay between stellar and solar 

astronomy. brilliantly showing how each ga ins from the other. He expounded 

the subject in a masterly erudite fashion. Those who were privileged to hear 

them were charmed by the brilliance of the manner in which they were deli

vered as well as by their scientific content and research outlook. Those 

lectures are reproduced here. It is hoped that they would convey even in 

cold print some of the charm and inspiration received by those who heard 

those lectures. 

These lectures practically represent the last series of public scie

ntific discourses that Professor Vainu Bappu delivered 'With his usual dignity 

and authority. He passed away on 19 August 1982 at Munich a few days before 

he could deliver the Pres ide nt ial A ddress at the 18th General A ssembly of the 

International Astronomical Union at Patras, Greece. 

In a short span of life of 55 years. Dr. Vainu Bappu made enormous 

contributions to the furtherance of Astrophysics not only in India but inter

nat ionally as well. 

Manali Kalath Vainu Bappu was born on lOA ugust 1927. He graduated 

from the Nizamia College, Hyderabad in 1946, and obtained his Master's 

degree in Physics in 1949 from the University of Madras through his work at 

Hyderabad. Thus he bloomed into an active young scientist around the same 



time as India gained her independence. Aftnr a brilliant post graduate career. 

1949 -1952 at Harvard and Caltech in the United States. where he also obtained 

his Ph. D. degree in record time. his deep· sense of patriotism made him return 

to India in 1952. As he himself r.emarked : "I \<Vas returning to a country with 

facilities which were primitive compared with those in the United States ...•. 

My principal encouragement was some advice from Plaskett on how it was 

possible to do good work even with limited resources if the topics were chosen 

carefully" . 

In July 194~, while at Harvard, he discovered a comet and worked out 

its orbit sooner than more experienced people could do. It is now known as 

comet Bappu - Bok - Newkirk. In 1957. he published a paper which established 

a relation between the line 'W idth of ionised calcium lines emitted by a star and 

the absolute visual magnitude of the star over a very wide range of magnituc:les. 

This is known as 'Wil~on-Bappu effect' . It has triggered developments of a 

number of areas in astrophysics all over the world. 

Dr. Bappu' s scientific act ivity covered a wide variety of topics: solar 

and stellar chromospheres. comets, planetary rings. Wolf-Rayet stars. gala

ctic structure, red-stars in the MageUanic Clouds. ultra low dispersion spec

trr scopy of stars and galaxies. instrumentation and techniques and above all, 

solar eclipses. He was a great builder of astronomical observatories. He 

built and equipped the Nainital Observatory in its fQrmative period; he made 

cons iderable improvements in the Kodaikanal Observatory. He built ·and 

equipped the Kavalur Observatory into one of the best in the world. The build

ings and the scientific work at the Institute of Astrophysics~ Bangalore. are 

the result of his imaginat ion and drive. His dream of equipping the Kavalur 

Observatory with a 2. 3 metre telescope was nearing its realisation when he 

passed away. Dr. Vainu Bappu demonstrated how much a dedicated individual 
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can accomplish in twenty five years, even when conditions in a developing 

country are not quite favourable. 

It, is India I s tragedy that Bhabha, Sarabhai and Bappu were all sna

tched away by a cruel fate, when a further' lease of a decade or two of life 

would have made a tremendous difference to the advancement of science in 

this country. 

It is felt that these printed lectures of Professor M. K. Vainu Bappu 

would contribute to the continuation of his inspiring spirit among us. 

Only erudite and chiselled speech can properly adorn a person. 

- P. R. P isharoty 



A Word from the Editors 
A fter Prof. Bappu had delivered these lectures at PRL in December 

1981, they were edited and the edited version was taken by one of us to Prof. 

Bappu for the necessary corrections to be made by him. When asked as to 

when we could expect to get the final version of the lecture notes, Prof. Bappu 

said, with authority and confidence. which were so typical of him, "You give 

me the tapes, the notes and everything and I am going to do a lot of changes 

in these notes. PRL will be lucky if it gets the final version by June 1982". 

Definitely, he meant to complete this work before June 1982 but because of 

the pressing involvements at hand$ as the President of International A stro

nomical Union, it was impossible for him to complete the job before the IA U 

Gene r a lAs s em b 1 Y held in August 1982 and the rest of the unfortunate 

story, we all know. 

So the task of making the final version of the "lecture notes" had 

to be undertaken by us and here we had a little difficulty. 

A n excellent and a very coherent speaker Prof. Bappu was; however. 

he had often to depart from the main text in response tb the many questions 

and interruptions from the audience. As a result, there were a few links 

missing at some places of the series and. now that Prof. Bappu is physically 

no more with us, we had to make up for this deficiency. Hence. in the course 

of this venture of ours. though we have most probably not missed any import

ant point, we have certainly added many things at many places. This was done 

essentially to maintain the coherence and continuity of the series and we have 

tried our best to do it in the way Prof. Bappu would have done it. 

We trust Prof. Bappu w ill forgive us for the liberty we are taking. 

but the best we can do is to write, in the way we imagine what he had in his 

mind. 

K. C. SAHU 
J. N. DE SA I 
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LECTURE-/ 

1.1. INTRODUCTION 

1.1.1. Recent Improvements in Solar' Seeing' 

Due to the recent technological advancements, the world has seen a 

lot of improvements in all astronomical observat ions in the last few years. 

and this has been more dramatic in case of solar observations. so far as 

accuracy of in for mat ion is concerned. 

One of the serious handicaps that an observer located on earth suffers 

from is that his 'seeing' is limited by the restrictions imposed by the earth's 

atmosphere. In case of solar observations, the handicap is more serious 

because here the 'seeing' is not only affected by the layers of atmosphere high 

above, that contribute to the success or failure of the day, but the conditions 

within the dome, and the telescope playa very significant role. So, one of the 

prime requirements in solar observations is to avoid this poor 'seeing' and 

increase the spatial resolution as much as possible. A stronomers have tried 

to achieve this by going to exotic places like the middle of a large expanse of 

w..a.ter etc. where the disturbance in the local 'seeing' is controlled to a good 

extent. Also, one can control this .local 'seeing' effect by flying a telescope 

up in the air where a good bit of the atmosphere is below it and indeed strato

scopic balloons have produced very fine pictures which confirm this poss ibility. 

The idea of simulat ing such a situation on the ground has led to the concept of a 

vacuum telescope where the whole telescope is enclosed in a low press ure of 

one to two millimeters of Hg which is sufficient to eliminate the major factor 

that contributes to poor local 'seeing'. So it is possible to minimlse some of 

these harmful effects that upset the spatial resolution by proper choice of a 

telescope. 
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The proper choice of a telescope is rather a serious requirement for 

many kinds of works. We recognised this problem in Kodaikanal a l0ng time 

ago. Kodaikana l is a place where there is a very fine definition of the Sun 

within an hour of the sunrise. And as soon as the mountain slopes start get

ting heated up, the convection currents rise, and the simmering of the Sun 

starts, and that is the end of our work if our work calls for an extremely good 

definition of one to two seconds of arc. The:ref0re, there have been days, nay, 
, 

there have been months, when we have failed on continuous occasions to have 

spells of good 'seeing' that w')uld permit long time sequence photographs - the 

kind that the present day solar physics calls for, to be taken with any degree 

of success. 

1. 1. 2. The Sun Does Not Have Enough Flux ~ 

If we want to make any advancement in solar physics .. then it is essen

tial that we think in terms of a large telescope that has not only the aspect of 

good definition but also the aspect of good light collection. Goo d light -collection 

is a necessity because even the Sun does n')t have enough flux for the present 

day solar physics. This looks to be a rather difficult statement to accept but 

the fact remains that it is very much true because of the following reason. 

Present day solar physics calls for an extremely good definition and 

you can achieve this in two ways: (i) by actually having a very good definition 

or (ii) by having it for very limited spells of time during which a comp lete 

sequence of exposures has to be taken. Now. since the former is restricted 

by the constraints imposed by earth's atmosphere. we have to resort to the 

second alternative. Here.. since the exposure time has to be very small. it 

is necessary to have a large aperture telescope so that enough number of photons 

go through the s'it of the spectrograph during that brief spell of time to give a 

good picture. HenL':~, a large aperture vacuum telescope becomes a necessity. 
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1. 1. 3. Recent Major Discoveries 

Granules: Granules are know n since the middle of nineteenth 

century, as these are rath~r gross features on the 

surface of the Sun. These are small sca le (one to three arc seconds) inten

sity patterns and if you have a good 'seeing', it is possible, by using a solar 

eyepiece. to observe these beautiful fine structures in fleeting glimpses. 

Size Uun. 
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Fig.i.i Power spectrum of granular intensity fluctu
ations. Curve 'a' is the average of many observations. 
Curve 'b ' is the power spectrum of limited sample, 
which accentuates poss ible fine structures. 

A n objective way of describing solar granulation is the intens ity power 

spectrum shown in fig.1.!. The mean size of a granule is about 1000 kilometers 

and the mean spacing between the granules is about 1500 kilometers. The life 

~ime of a granule is typically 6 minutes, but sometimes they last for as long as 

one hour. 
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Supergranules: Supergranulation is essent ially a discovery made from 

ve loc ity p iet ures. 

For spectral studies, when we place the slit of the spectrograph 

along the granules, it also covers some intergranular space. This is the 

problem one faces in studying some of these features. As a step to over-

c orne this problem. the technique of photographic subtract ion was intro

duced. Here, one picture is taken in the light of the shortward component 

of the line. another picture is taken in the longward cbmponent of the line 

and a photographic subtract ion is appli ed. So this. essent ially. is a ve 10-

city picture and when a two dimensional picture of this kind was taken and a 

spatial autocorrelation was made (Hart 1954, 1956), the existence of syste

matichorizontal velocity patterns were discovered which lasted for longer 

than an hour and had a size of about 26.000 kilometers. Leighton et al. 

(1962) later showed that these consist of cells which they called "super

granUles". In the supergranules the flow of matter in any cell is along the 

surface from the centre towards the perIPhery. The life time of a cell is 

typically one day but longer life times (two to three days) have also been 

found. 

Five-minute Oscillations: 

A nother important step in solar physics was the discovery of five

minute osc illations. Now, if the slit of the spectrograph is placed on any 

part of the Sun and a Doppler Signal is taken (for this, the shortward com

ponent of the absorption line is fed to one photomultiplier, the longward 

component is fed to another photomultiplier and a difference signal is taken) 

then, if there is a velocity, we get a signal. If such a signal is monitored 

on any part of the Sun, particularly at the centre, then we get a form which 

has a periodicity of 300 seconds. This is called the five-minute oscillations. 
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The above three major discoveries marked a very active era in 

solar physics starting from mid 1960's. Now let us look into some,details. 

1. 1. 4. I The Sun Is a Star' vs. 'The Sun as a Star': 

A s is the title of the series~ when we say that 'The Sun is a Star'. 

it is essentially an exploration from the observatory and there is, of course, 

no ambiguity about it. But the question is. why don't we enumerate' The 

Sun as a Star' rather than say, 'The Sun Is a Star' ? 

We know that the Sun is the only star which not only allows for 

spatial resolution but gives enough flux for detailed analyses of such spatial 

studies. Now, if we were to describe the Sun as a Star, then we would try 

to dilute the findings that we make on the solar surface to the standards of 

meagre data that we are accustomed to see from the stars by virtue of the 

fact that we have neither spatial resolution nor enough photons from the 

stellar sources. 

It has always been a statement which every astrophysics teacher 

imparts to his students that the Sun is a typical star and, therefore. it is 

essential to use the Sun as a testing ground for all kinds of theories. Unfortu

nate ly this is bas ically a theoret ically induced statement which apparently 

seldom holds in practice because in these days of specialisation. we have 

reached a stage where there are so many things that we have been able to see 

only in the Sun which we would like to see in the stars; and there are so 

many things in the stars which we would like to see and verify in the Sun. 

Hence, at this moment. establishing the close interplay between the Sun and' 

the stars is the task that we set upon and this interplay between the Sun and 

the stars is really what I hope I would be able to demonstrate in the course 

of this series of lectures. 

" I S II we call The Sun s a tar 

Hence, instead of describing "the Sun as a Star" 

as the title of this series of lectures. 
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1.2. THE SOLAR·STELLAR CONNECTIONS 

1. 2. 1. Other Stars too H.ave Granules: 

In this task of our establishing a correlation between the Sun and 

other stars let us start out with finding out the possibility of observing 

granules in other stars. We know that granules are one of the smallest 

features that are seen on the surface of the Sun. Of course. the smallest 

feature seen on the Sun is the filigrees ( a discovery from the vacuum tele

scope) which are extremely small in size (about 200 to 300 kilometers) and 

are seen .scrambled in clumps around the granules. Nevertheless. the 

discovery of granules. though they are much bigger compared to filigrees. 

was not an easy one and was possible because of rather larger contrast 

(about 1.25) between granules and intergranular spaces. So, when it is 

so difficult to see granules even in the SU1'lj' and the granules are not possible 

to be seen unless you have very good 'seeing', is' it not too much of a fantasy 

to hope to d"etect them in stars? Let us see. 

We know that (i) about 500/0 of the solar surface is covered by granules. 

(ii) in granules there is an upflow of matter with a velocity of about 1. 5 kilo

meters per second and in intel'granular space there is a downward flow of 

matter with a velocity of about 3 kilometers per second and (iii) the granules 

are brighter than intergranular spaces. Net effect is that if a line profile 

is obtained for a region covering many granules and intergranular spaces, 

there is more of a shift towards violet by virtue of the g~anules than the 

shift towards red by virtue of the intergranular spaces. 

Now. we know that since the temperature increases as we go from 

the surface towards the centre and there is radiation at the surface which 

is an efficient means of cooling. there is a convection zone near the surface 
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and it is the manifestation of this convection zone that shows up in the nature 

of granules. Since the high excitation lines are favoured by higher temper

atures, these lines are formed deeper down, and since these lines pa'Ss 

through a greater optical depth, they are weak. Hence a weak line, in con

trast to a strong line .. is an effective means of probing deeper. So. if we 

observe a weak line .. we find the convection neatly demonstrated in the profile 

and these lines have. principally, a tendency to have a blue shift for the above 

mentioned reasons. To be able to observe the blue shifts, we must choose 

suitable good lines like the iron-lines. It is worthwhile noting here that good 

laboratory wavelengths just do not exist within the precision required for this 

purpose. Laboratory wavelengths are good enough for precision of the order 

of 500 meters per second where as what we are now talking of is of the order 

of 200 meters per second and what we would like to observe are very subtle 

differences of velocity of the order of 100 meters per second. Now, with the 

precision required, if you take spectra at different portions of the solar disc, 

D5 

D4 

D.3 

D.2 

01 

OD ~t -+-.--+---

Fig 1.2 Solar limb shift as measured by Adam (1959). 
The velocities are relative to the line position 
at the disk center. Zero velocity on an absolute 
scale occurs at A(e) '::: 0.4 kilometers per sec. 
Increasing.l\ (e ) is increasing velocity away 
from the observer. 
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you get a velocity curve as shown in figure 1. 2 where the velocities are 

plotted with reference to the line position at the disc centre which actually 

is blue shifted by about 400 meters per second compar-ed to the laboratory 

wavelength. (Note that the observed line centre has a red shift of about 

200 meters per second but when we consider the red shift of 636 meters 

per second dictated by the theory of relat ivity at the centre of the so lar 

disc. we get a blue shift of about 400 meters per second as the effect of 

granulation). We see here that, as we go towards the limb. the blue shift 

decreases which is just what we would expect since what we are seeing is 

just the line of sight component. When we take a spectrum of the integrated 

Sun this effect can not be escaped and hence what we find is a blue shift of 

abol.1t 400 meters per second at the centre diluted by the limb effect. Net 

rosult would be a blue shift of probably about 200 meters per second ( I say 

'proba.bly' because this has not confirmatively been observed. but it can be 

observed because when one has the precision required it is possible to observe 

this blue shift with respect to the intrinsic velocity of the star; the method of 

finding the intrinsic velocity will be discussed shortly). 

Now. we can extend this argument to other stars. We know that the 

shdlar spectrum would be equivalent to that of the integrated Sun and hence 

in the spectrum of the star if we find a blue shift of the order of about 200 

meters per second for the high-excitation lines with respect to the peak posi-

t ion for the low excitation lines then we can say, with some degree of certainty. 

that there is some evidence of granulation. It is useful to recall here that one 

can consider some molecular lines like that of carbon monoxide which are 

formed at the top of the atmosphere where there is no convection effect, to 

find out the intrinsic velocity of the star. The shift of the other lines with 

respect to this line may be cons idered a's the effect of the granulat ion. 
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Another Approach (the Bisector Technique): 

There is another approach to this problem which is a little more 

refined though it is also a little more empirical. Since an absorption line is 

formed over a certain depth and since the convection properties would range 

over the depth, there is likely to be an asymmetry in the line. If you draw the 

locus of the mid points, you. would find a certain distinct asymmetry in the 

line. You can describe this asymmetry mathematically by taking a Fourier 

Transform of the spectrum and describe the skewness of the line mathemati-

cally. However, a very convenient way of handling this is to draw a bisector 

of the profile which, if there is granulation, has the tendency to have the shape 

of a 'C'. The 'e' shape is more pronounced for the weaker lines and become 

less pronounced as you consider the stronger lines as expected (see fig. 1. 3). 

The bise ctor changes its shape as one comes towards the limb. 
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Fig.l.3 The bisectors for three Fraunhofer lines 
showing the 'C' shaped characteristics. The re' 
shape becomes more pronounced for weaker lines 
(Adam et ale 1976). 
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So, here is a diagnostic approach which C(ln quite effectively be uti

lised to detect the degree of asymmetry that one finds in the spectrum and 

thereby draw the inference of the presence of a granular component, and 

indeed this is a method which has been successfully used by Dravins, a 

young scientist from Sweden, in re cent times (Dravins et ale 1981). Emplo

ying this technique he has shown (Dravins, 1982) that stars like Aldebaran 

(alpha-Tau) show granulation phenomena. 

From the above arguments it is clear that it is quite possible to 

see the effects of granulation in stars if you have the follow ing requirements 

satisfied: 

(i) A few hundred good laboratory lines; the exact wavelengths 

of which are known to a'precision of less than 200 meters 

per second. 

(ii) Selected Lines of different excitation, essentially coming 

from different depths of the stella'ratmosphere. 

(iii) Line spectra with a resolution comparable to what we have 

in present day solar observations. 

The demand of these requirements in general and the third one in 

part icular, seems to be quit e exorbitant. But let us remember that today 

our standards of stellar spectroscopy are just what the solar spectroscopy 

had twenty years ago and so it is rDt unlikely that the stellar spectroscopy 
I 

will soon achieve the standards .Df present day solar spectroscopy and if it 
-

is so, \ye will be able to learn much more about the granulation phenomena 

in other stars. 
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1.2.2. Possibility of Finding Supergranules in Other Stars~ 

Unfortunately. the presence of s upergranules is not as striking as 

the granules and the supergranules are difficult t a observe even in the Sun 

l:;lnless you have a different way of looking at them. Supergranules can be 

detected only in an indirect. way with the aid of velocity pictures where you 

have to go through the tedius task of photographic or electronic subtraction 

to have the whole picture in front of you. 

Fortunately however, supergranules can be outlined quite easily, 

because of their association with the network that is seen in a calcium,spectro

heliogram. Here, it is quite suggestive that there is a flow from above the 

centre towards the periphery and the velocity flow is parallel to the s u,rface 

all over. There is also a large down flow of matter at some of the Joca.lised 

points at the boundary which outline the supergranular cells. Now, precisely 

at these regions, there is a weak calcium intensity seen and this calcium 

intensity must have been formed by virtue of the magnetic field which had 

been pushed along with the flow and brought to the boundary. T here is a 

piling up of the magnetic field at the boundary which gives rise to enhanced 

calcium intensity. So it is possible to lo~ate the supergranular cells by 

virtue of the calcium picture. However, it is not quite like being able to 

locate the supergranule itself; it is still a very indirect means. So recogni

zing a s upergranule by this method is a difficult task and it is going to remain 

difficult to recognise a supergranule in the star-light, until it is possible for 

us to get a two dimensional picture of the disc of a ,star. Probably that is 

not too far off. In the near future one may see a space telescope of 20 to 

25 meters diameter t- no~ting around in space and then it w ill certainly be 

easy to have 'two dimensional pictures of th~ stars and then supergranules 

in other stars can eas~ly be picked up. 
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1. 2. 3. Spots: Magnetic Field Is Not the Way 

One of the most striking features that one sees in case of the Sun 

is the pres ence of sunspots. Now, do we have- any evidence of having 

spots in stars ? 

The answer certainly would be 'yes'. Recently we have seen 

several such cases and one of the 'much talked of' kind is the case of RS CVn 

stars. In these stars, an integTated brightnes s variation in white light has 

been observed and one invokes the spottiness of the surface to explain this 

light change. We know that, if we were to examine the Sun as a variable 

star, the total contribution to the blocking of white tight radiation caused by 

the sunspots is trivial and we would need very fanciful means of measuring 

brightness to detect these subtle changes. But in case of RS CVn stars the 

spottiness is extremely significant and hence it is possible to detect them 

in white light. 

Now, let us examine the pos sibility of detecting the spots by virtue 

'of their magnetic fields. If we can have a two dimensional picture, it is 

possible to pick out the spots by their high magnetic fields. Otherwise, 

since the spots are generally found in bipo lar forms, the balance field in 

the integrated case is less than one Gauss even though the magnetic field 

in individual spots is 3000 to 4000 Gauss. So, in the integrated case, 

using the magnetic fields of the spots as the criterion does not seem to be 

a very useful means of identification of spots in the stars. 

There are other means of inferring the presence of sunspots, and 

one of the most efficient means is to use the spectral aspe cts. We know that 

the spots are comparatively cooler regions on the surface of the Sun and 

hence favour molecular absorption features like that of titanium oxide. So 



13 

the presence of such types of absorpt ion features in other stars may bdicate 

the presence of spots. Now. if we cons ider RS CVn stars. the observations 

taken at two different phases show strikingly different features. In t"1e first 

phase there is an enhanced spottiness and i'n the second phase there i::l none. 

Also it is found that, in the first phase. there is enhanced titanium o~.:ide 

absorption feature and in the second phase there is no titanium oxide absor

ption. This is an illustration where different features are consistent in 

indicating the spots and go to show the authenticity in assuming that there is 

a certain degree of spottiness on the surface of other stars. 

1. 2.4. Five Minute Oscillations: Possibility of Solar like Stellar 
Oscillations 

Five -minute osc.illations is one of the few experimental findings that 

have very satisfactory theoretical explanations; the explanation for the five 

minute oscillations being that it is the manifestation of the trapped acoustic 

waves in the convection zone. The various diagnoses of this in the various 

diagnostic diagrams uniquely confirm that it is indeed an acoustic wave pheno

m'enon which occurs in the solar atmosphere. Now, if it is so, it is certainly 

of interest to be able to detect this in other stars. 

Very recently. by using techniques which are extremely sophisticated 

(like the method of potassium resonance cell of Blamont; Blamont, 19t>1 & 1977) 

and by making very refined measurements. it has been possible to determine 
---the total overall oscillations seen in the integrated light. Sure enough. the 

Sun has these oscillations with a periodicity of about 300 seconds. This is a 

very important aspect because it is a powerful means of probing various depths 

of the atmosphere. Also, it provides a means of studying certain features 

which, at present, are confirmed only by the photospheric observations where 

we find the absorption lines. If one is interested in studjing how the velocity 
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of rotation at different depths increases below the photosphere. the on1.v 

means of doing this is to study on a diagnostic diagram these osclllatory 

modes and then couple this infonnation to find the rotational. velocity. 

Employing this method. indeed it has been shown in recent times that 

·at a depth of about 20.000 kilometers the Sun rotates faster by approxi-

mately 80 meters per second. 

1.2.5. One Sixty Minute Oscillations: Detection of Stellar like 
Solar Oscillations 

Now, we come to an example where we have a feedback in the 

reverse sense. For a long time we have recognised that stars have pul

sation phenomena well demonstrated in case of cepheids etc. which are 

very useful in determining various factors, the most important of them 

being, perhaps, the distance scale. The question is, can we expect a 

pulsation feature to manifest itself in case of the Sun and if so, is it 

possible to-measure this? ·-Theory has. shown-that this· can _be_done ... lndee.d 

there are certain modes of oscillations which permit the Sun to show up a 

slight degree of pulsation and recently a pulsation with a period of one 

hundred sixty minutes has been measured. The amplitude of oscillation 

is surprisingly low, of the order Qf a few meters per second. To be able 

to unscramble this little message from the noise is in itself a feat of the 

present -day technology. Nevertheless. this has been done. This has been 

confirmed by several groups working over three to four years, continuously 

monitoring these oscillations; the groups have been spaced two cont inents 

apart and they have been able to find an appropriate phase ~ifference'- -So, 

definitely this is not a terrestrial phenomena that is superposed on this 

aspect of study. A IA U colloqulum- on this aspect (sixty-sixth colloquium 
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of International Astronomical Union on "Problems of Solar and Stellar 

OscUlations") was held at Cremean Astrophysical Observatory. 1-5 

September 1981. where even higher modes of solar oscillations might 

* have been reported. While there are no serious disbelievers on this 

one hu.ndred sixty minute osc illations. a good theoretical explanation of 

this phenomenqn is still lacking. 

* Proceedings of the sixty-sixth IA U colloquium on "Problems of Solar and 

Stellar OscUlations" have been publlsbed. as a special issu.e. in Solar.Physics 

Vol.82. 1983. Though there was DO report of any solar oscillations with 

periodicity larger than 160 minutes in this colLoquil1m, higher mode ~lar 

oscillations of about 13 day periodicity have re~ently been reported by 

A.Claverle and his collaborators. For details, the reader is referred to 

the ari;icles by Claverle et a1. (1982)" Dicke (1983) aDd Duval • Jones (1983). 



LECTURE-II 

2.1 THE SOLAR/STELLAR ATMOSPHERE 

Before proceeding further with our solar-stellar connections it is 

now necessary to look, in some detail, into the atmosphere of the Sunl star. 

2.1.1. What Const~tutes the Atmosphere: 

In the interior of the Sun, we have a reservoir of energy where the 

energy is predominantly flowing towards the outer surface and the material 

in this volume is completely opaque. Then, as we go outwards from the 

interior, the temperature decreases and at the photospheric values, not 

only do electrons and hydrogen ions recombine to form neutral hydrogen 

but electrons also attach themselves to neutral hydrogen atoms through 

1.2 
1.1 

1.0 .0 

•• o 

.3 

.2~~~~~~~~~~~~~~~ 

Fig.2.1 Monochromatic continuous absorption coeffi
cient of H- relative to the mean absorption coefficient 
calculated for 57·1:0 K (Chandrasekhar, 1960). 
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relatively weak bonding to form negative hydrogen ions. H. Since this ion 

has a relat ive ly large interaction probability with photons (see fig. 2.1. 

where R is the monochromatic opacity averaged over flux). this is one of 

the principal sources of opacity in the solar atmosphere. The other prin

c ipal source of opac ity. of course, is t,he Bremsstrahlung absorption in the 

far infrared. A s shown in fig. 2. I, the min imum of opacity due to the H 

source falls in the near infrared region at about 1. 6 micrometers. So. 

this is perhaps the region where you would be able to first see the atmo

sphere as a transparent window to the opaque ,reservoir of energy deep 

inside. And then, as you go higher up from the boundary of this reservoir, 

you gradually begin to have increasing transparencies into the atmosphere 

and hence you have more and more radiant energy flowing out into the inter

stellar medium. 

The region that lies between the lower boundary of the interstellar 

medium and the boundary where the radial optical depth becomes one at 

1. 6 micrometers, is what we call the atmo,sphere and this is the region 

which is now of considerable interest to us. However. if the star happens 

to be a hot star, our above definition needs a little modification because it 

is not at the minimum of the H- curve that we will have the maximum trans

parency but at the Lyman cont inuum o~ the star and hence we have to consider 

the optical depth at Lyman continuum instead of at 1. 6 micrometers. 

2.1. 2. TE, LTE and NLTE: 

We know that thermodynamic equilibrium is a situation where the 

distributions of the gas particles and photons over the various energy states 

available to them are statistically the most probable ones. In such a case. 
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once the total gas composition and the total energy are specified, the state 

is uniquely defined. Close to the stellar boundary the radiation is predo

minantly flowing in an isotropic way and here the matter is in a state of 

thermal equilibrium (TE). 

As we go into the atmosphere, since there is a temperature gra

dient, a little deviation from TE occurs, but we try to retain the TE assum

ption on a local scale. So we have the distribution of the various atoms in 

different stages of excitation and ionization as a characteristic of a region 

and at the same time the kirretic temperature is defined by the electrons. 

Also, flow of radiation is predominantly in one direction which is anisotropic 

but still we can say that the atmosphere in this portion is roughly in radi

ative equilibrium. This is what we call th~ condition of local thermodynamic 

equilibrium (LTE). A nd as we go further up, we come across a situation 

where a deviation from thermal equilibrium exists. One of the main feature; 

here is that we cannot define the population of the various atomic levels in 

accordance with the Planckian temperature of the vol ume element. This is 

the nonlocal thermodynamic equilibrium (NLTE) situation which is dominant 

in the outer layers of the atmosphere i. e. in the upper photosphere, chro

mosphere and the corona. This NLTE situation manifests itself in abnormal 

popuLation characateristics of the atomic levels and this is one of the principal 

problems that we have in studying any stellar atmosphere. in detail. 

2.1. 3 Different Lines Act as Probes for Different Layers of the 
Atmosphere: 

High excitation lines like those of neutral carbon (C 1) etc. are 

formed deep dow n in the atmosphere and hence by studying these line confi

gurations one can essenti~lly study the lower levels of the atmosphere where 
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the situation is closer to the assumptions of LTE. On the other hand. some 

of the resonance lines are formed in the regi?ns where we have the NLTE 

situation and hence by studying these resonance lines we can study the 

higher levels of the atmosphere. Again. in the core of the line there may 

be some contribution coming from the chromosphere as. for instance. in 

N a -lines. Thes e lines are bas icaHy found in absorption but we do find a 

chromospheric emission component right in the very core. ~ence by 

studying these emission cores of the absorption lines' we can study the 

chromospheres of the stars. 

2.2 THE SOlAR CHROMOSPHERE 

2.2.1. General Observations: 

It is interesting to note that the existence of the chromosphere 

was known from the observations of the total solar eclipses 'and the term 

'chromosphere' owes its origin to the same. At the ti,me of a total solar 
, " 

eclipse, when the moon'just covers the Sun's disc. one observes a thin 

fringe of ruddy colour around the moon which comes by virtue of the fact 

that the radiation from the Sun is essentially in H-alpha which is red. It 

is essentially because of its ruddy colour that this region is named chrom

osphere (chroma = colour; Greek). 

Now. let us look at this region in high magnifications (fig. 2.2). 

What we find here is the chromospheric background with fine spike-like 

features known as spicules at the very top of a general background. Note 

that. as' we come to the centre of the H -alpha line profile'spicules in the 

line-of-sight become so abundant that there is the appearance of a diffuse 

chronlospheric limb above the inner sharp photospheric limb. Typica~ 
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Fig. 2.2 Spicules at the limb observed in H -alpha. This is 
a series of photograpHs taken from Sacramento Peak Vac uum 
Telescope where the effects on seeing of turbulence in the 
earth's atmosphere is very less thereby allowing for a rela
tively high spatial resolution. Individual spicules are easily 
resolved. 

height of the spicules is about 5,000 kilomete,rs and some go to heights as 

1. arge as 10.., 000 kilometers .. It is this layer whichconta.ins the spicules, 

that gives rise to the 'flash spectrum' that is seen at the time of total solar 

eclipse. The term 'flash spectrum' derives its name from the follow ing 

fact. 



21 

At the time of a total solar eclipse, as the moon keeps covering 

the bright photospheric radiation. in the last few seconds before totality. 

the chromospheric component comes about in the form of bright emission 

lines which is characteristic of the chromosphere and it is this sudden tran -

sition from absorption to emission phase that gives rise to a flash like 

appearance and hence the name 'flash spectrum. 

This flash spectrum lasts for a fe w seconds; the exact time that 

it lasts depends on the element that is examined. H -alpha, for instance, 

since it is visible out to about 5000 kilometers and the moon covers at a rate 

of about 300 kilometers per second on the face of the solar surface, would 

persist for about fifteen to twenty seconds. At the same time, some meta

llic lines like those of iron or titanium which originate from regions which 

are quite low down in the chromosphere would be visible for just about 

four to five seconds. 

Consequently, the very small duration that one gets for making 

these observations is the principal reason why it is so difficult to get good 

observations of the flash spectrum of the chromosphere and it is a process 

which is accumulated from eclipse to eclipse and that is why chromospheric 

analysis" by and large, is a rather slow process. 

2.2.2. Temperature Profile in the Chromosphere: 

The characteristics of the variation of temperature with height 

are shown in fig. 2: 3. The low chromosphere has a temperature of about 

6000 K and the temperature decreases as we go higher up because H , 

which is a predominant species here. acts as a very good absorber and 

emitter of continuum radiation. But as we go higher up the density of H-
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Fig. 2. 3 A hypthetical temperature profile of the solar 
atmosphere. Because of the large uncertainties that 
presently exist in our knowledge of this profile and the 
invalid assumption of a spherically symmetric outer 
atmosphere .. the location of the transition region and 
the shape of the profile above the temperature minimum 
are approximations only (Gibson. 1972). 

reduces greatly and hence we reach a temperature minimum of about 4100 K. 

after which the temperature rises up steeply until the emission from excited 

and ionized states of H I is sufficient to balance the energy input. That is 

how we get the first plateau and Similarly the second and the third plateaus 

as shown in the figure. Then there is a sudden transition in temperature 

from 105 K to 106 K with the trans'ition region being confined to a very 

limited region in the atmosphere - only a few hundred kilometers. Beyond 

the transition zone, one finds the coronal characteristics. 
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In the lower levels of the chromosphere, where we find a compa

rati vely lower value of the temperature which is, of course, higher than 

the temperature minimum of about 4100 K, we find many of the molecular 

species appearing in e-miss ion. So, this is a very nice region to examine 

the fundamental vibrat ional-rotationa 1 band of carbon monoxide which ar ises 

from this lower region e>f the chromosphere. Also, cyanogen bands are 

found in emission in this region - an observation which has been recorded 

in the first few seconds of the flash spectrum. 

2.2.3. Line Emissions from the Chromosphere: 

One of the strongest lines that is seen in the solar spectrum is the 

calcium K line at 3934 l. and if one can go to ultraviolet, one finds another 

strong'line due to magnesium which comes around 2800 A. The absorption 

feature is more or less like that shown in fig. 2.4. The notations KIV, K2V 

K3. K2R and KIR are as shown in the figure. When we isolate the emission 
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F'ig. 2.4 Self reversed emission cores of Ca K. The notations 
1 V, 1 R etc. are alternatively written as subscripts also. Note 
the very low cegtral intensities, 0.02 to O. 04 and the emission 
peaks at !. O. 2 A from the line center. 
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feature by the slit of the 'spectrograph and get a distribution of this weak 

~mission'feature over the sola~ surface we get what is called a spectro

heliowam. With the help of a high dispersion it:lstrument, one can keep 

the ·slit right in the middle of the line i. e. in K3 which looks like a reversa 

of an emission line. This is known as the K3 spectroheliogram. Note 

that. according to our current theories. the emission can be formed any

where between 200 kilometers above the temperature minimum pos ition 

to l.3.QO kilometers above it but since K3 is formed at larger heights, by 

studying K3 line it is possible to study the upper levels of the atmosphere. 

On the other hand, if we are taking a picture in Kl then, since this comes 

from the temperature minimum region, we are essentially studying the 

temperature minimum characteristics in a two-dimensional way over the 

solar surface. And the centre of the line tells the story at the greatest 

heights. A similar phenomenon occurs with Lyman-alpha. The centre 

of Lyman-alpha takes us to a height of about 2200 kilometers whereas, 

when we are 5 K away from the centre, we penetrate into the atmosphere 

down to a height of about 1000 kilometers. Some of the lines of iron, 

silicon. carbon etc. are formed deep below and hence tell the story at 

much lower heights. 

2.2.4. Mechanism of Line Formation: 

Now. obviously it would be of considerable help and interest to 

us to look. at a glance, into some theoretical aspects as to how the chromo

sphere comes into existence and how these different features are formed. 

In this connect ion. it is very important to note that 

(i) the chromosphere is not in a state of thermal equilibrium, 

(ii) there is evidence of mass motion and 
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(iii) this mass motion is, to some extent, responsible fOi~ 

the inversion of temperature (i. e. the gradual decrease 

in temperature which would have dropped off to very 

low values at great heights instead experiences a 

sudde n reversal) . 

The ent ire phenomenon is due to the fact that, there is a diss ipation 

of mechanical energy in the solar atmosphere which excites the different 

species in this region. This excitation has many different aspects and the 

manifestat ion of the line profile s is ,one of them. In the eval uation of the 

line profile, it would be of interest to consider the relative role of the 

source function, which is given by" ' 

where j = emission coefficient 

and k = absorption coefficient. 

The contributions for, the line source function SL can be divided 

into four components A, B, C and D. 

where A = population of the levels stimulated by radiation 

B = collis ional de -excitati.on 

C = other processes responsible for fining up the upper level 

D = other processes for increas ing the number in the lower level. 

Here the collisional de -excitation term B reduces the populat ion of 

the upper level. It is the s ens it ivity of the line to these four factors that 

decides the type of the emission feature that we would come across. 
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Therefore when B is greater than C, we will have a high degree of sensi

tivity to the temperature and vice versa when C is greater than B. These 

two procedures ~ould indicate the possibility of collision dominated Unes 

and photoelectrically dominated lines respectively, this of course, being 

also dependent on the parameters of the line. Typical of the first cate

gory are calcium-II resonance line (around 3950 .A ) and magnesium- II 

resonance line (around 2800 1 ) (Linsky and A vrett. 1970). Also the 

resonance lines of some neutral atoms, typical of which are in Balmer 

series,e. g. H-alpha etc., come in the latter category. 

It is very difficult for H-alpha to come up i.n emission not only 

because it is a photoelectrically controlled line and hence less sensitive 

to the temperature but also because it is formed at greater depths of the 

solar atmosphere. Hence, whenever there is a slight enhancement of the 

temperature, the calcium res'onance line shows up the emission featune 

much better and "in a more striking way than the H -alpha line. On the 

other hand H-alpha, while it is photoelectrically dominated in the type of 

gravity and temperature that one encounters in the solar surface, 

begins to behave very much like-a collisionally dominated line in M-dwarfs 

where the temperature and gravity that one encounters are quite different. 

The process of collision-dominance or photoe lectric -dominance is very 

much related to the nature of the physical parameters in the atmosphere 

that one is considering and so one finds a wide range of features that 

typify a chromosphere. 

3.3 THE SOLAR-STELLAR CONNECTIONS (CONTD.) 

2. 3.1. Search forandDetection of Chromospheres inOther Stars 

Now, in our s.ear..ch for chromosphere in the stars. we are ready 

to pick out the typical chrOInospheric indicators and from this point of view 
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we must remember the resonance lines of ionised and neutral atoms and 

subordinate lines which we find in the solar chromosphere. From our 

knowledge of the Sun. we know that, in the ultraviolet or visible region. 

there is a whole range of lines which indicates the presence of the chromo-
e» 

sphere of the Sun. In the visible region, there are CaII-K (around 3950 A) 

and sodium lines (at 5890 A) which are weak emitters. Also, there is the 

calcium triplet at 8498 A which is a very good indicator in the near IR. 
1> 

Then there is the magnesium resonance line around 2800 A which is 

the strongest line in the ultraviolet region. In soma way, magnesium line 

is superior to calcium-line and in some way, the superiority role is reversed. 

For instance, for calcium-line, the maximum of the emission feature in case 

of the Sun is 70/0, whereas in case of magnesium, it is a clean 30% of the 

continuum. In other words, the emission feature is more striking in 

magnesium.. This is, to some extent, because of the fact that the boundary 

temperature of the Sun is in the neighbourhood of 5000 K. and hence it has 
o D 

a higher flux of radiation around 3950 A than around 2800 A, in the continuum. 

On the -oth-er hand, calcium-line has its own advantages: calcium is 

most abundant of the elements in the solar atmosphere which give rise to 

le of these chromospheric features and therefore, obviously. the 

olute intensity of the emission feature is appreciable. 

Some of the other features lie in the ultraviDlet. the principal among 
D 

n being the Lyman series, carbon-II at 1335 A and silicon-II at 

1264 A. Also, one finds oxygen-I line near 1300! and this being 

~sonance feature. is of interest to us. Then, there is the Lyman -alpha 

ch excites the oxygen atom from ground stat~ to a higher excited state 
o 

!r whicr It gives rise to a radiation at wavelength 1027 A and then another 
1t 

.nother wavelength. 84.46 A which are easily seen as chromospheric 



features. However. since this is a case of photoelectric dominance, these 

two lines are not sensitive to temperature. 

These are, in essence. chromospheric indicators which can effec

tively be used in identifying the chromospheres in other stars and we know 

that some of them have been successfully used re'sulting in a positive identi

fication of chromospheres in other stars. 



LECTURE-III . 

3.1 THE SOLAR-STELLAR .CONNECTIONS (CONTO.) 
~:< 

3.1.1. K -Line Width-A bsolute Magnitude Helat ionship : 
A Common Hule for the Sun and the Stars 
Cause and Characteristics: 

Fig. 3.2 shows a part of a high quality spectroheliogram where 

we notice that the solar surface is quite heavily populated by bright po ints 

32000 Km. 

Fig.~. 2 Part of a, high quality K23 ~pectro~eliogra:n obtained at 
Kodalkanal. The lmage shows tlie ~rlght pOlnts or flne mottles. the 
coarse mottles. the network and the dark condensations (Bappu and 
Sivaraman.- 1971). 

~ Sev. f~~ 53 
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and the brightness varies from one bright point to another. So when the 

slit of the spectrograph is placed on the solar surface and a picture is taken. 

what on~ obtains is a streaky pattern as shown in fig. 3. 3 where each streak 

corresponds to a bright point. Let us look at some statistics of these 

features. 

S it 

Q b. 

;Fig. 3. 3 (a) The K-line spectroheUogram taken from. 
Kodaikanal. 
(bLK232erpectr.oheliogram taken within f0 llr minu.tes 
of the spectrogram and enlarged to the scale of fig. 'a' • 
Thesupergranules intersected by the slit can be identi
fied with the help of the spectrobeUogram (Bappuand 
Sivaraman. 1971). 



31 

(1.) If a spectral sequence is taken and the time versus inten

s tty character·istics of several of these bright po ints are 

looked at. then one finds that there is almost no corre-

1ation between these characteristics of different bright 

points. In other words. each bright point p.erforms 

independantly of its own. totally unrelate4 to the 

performance of the other. 

(ti) Another interesting fe;ature to note is that. the intensity 

in the violet core of the emission feature has an oscil

lation of a period of about 200 seconds. We have seen 

this type of osc illation in the photos.phere which has a 

period of about 300 se conds and now it is seen that. by 

the time it comes to the chromosphere it attains a 

periodicity of about 2.00 seconds. This -shows that fluctu

at ion in intens ity in the chromosphere go along in a 

periodic fashion very much like the acoustic featur~s 

that are seen in the photosphere. 

(iii) Fig. 3.4 shows some observations of the location of the 

core between the two emission peaks and the displacement 

of this. core is ~hat is called K3 velocity. In a spectral 

sequence one finds a periodic displacement of the core. 

Fig. 3. 5 shows the ratio of the violet to the red correlated 

against the K3 velocity which indicates that. at least to 

someoextent. Doppler ~hift of an absorbing. core is resp.on

sible for the brightness ratio. 
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Fig. 3. 4 Samples of the K-line profiles at five points 
along the slit of the spectrograph showing tie locations of 
the emission core and different ratios of K and 
IK2R. The numbers P 300 etc. give the pro~ife desig

nation along the slit (Bappu and Sivaraman. 1971). 

(iv) Another parameter which is of interest is the K2 -line 

width where the line width is defined as the peak to 

peak separation as shown in fig. 3. 6. This line width 

shows some kind of a variation which is synchronized 

with the variation in intensity. If a movie is taken 

depicting the evolution of this feature at any particular 



33 

DOPPLER SHIFT OF K3 

+ve +ve 

-ve zero medium large 
to 

small 

A 

IK2R =0 21 2 

~ 

8 

IK2y>IK2R 

o~ ~ 
3 4 II(2V=I K2R 

r 1 0 

c 

~ 
14 II(2V<IK2R 

6 

0 

D 

Fig. 3.5 Relation between D~ppler shifts of K3 and ~he 
four intensity categories of K2R and IK . Numbers 
in the diagram represent th~ numbe r of ins~lnces in each 
category. Note that when LK2R=O the Dc?,ppler shjfts of 
K3 are predominantly redward while for J.K2 < lK2R 
the K3 sh Uts are primarily negative (Bappu antl 
Sivaraman~ 1971). 

location on the solar surface, then one would find that the 

intensity first picks up right at the bottom of the K-line and 

the peaks become brighter and then slowly the peaks fade in 

brightness and then the emission feature vanishes. In other 

words. one finds a feature very much like what one would 

expe ct if there is a piston pushing up the matter right from 

the phot 0 sphe ric levels be low. 
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Fig. 3. 6 K -line emission profile showing definitions 
of K and K -line widths (Bappu and Sivaraman, 1971). 

2 1 . . 

Now, though in the integrated spectrum the width of the lines is 

more or less constant for a partic ular star, the 1 ine widths measured in 

pict.ures taken for very short durations show very small variations of the 

order of 3 to 4 kilo~eters per second. In case of the Sun, the average 

width at any particular location is of the order of 36 kilometers per second

and since the integrated spectrum is an average of the ent ire feature, an 

error of 3 to 4 kilometers per second is not very significant. 

What then are these bright points which .. as we have seen now. 

seem to be the cause of all these features? Let us see. 
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Fig. 3. 7(b) shows a picture of a magnetogram which has a very 

high resolution and shows regions of very small magnetic fields ( one to 

two Gau'ss) - a very difficult picture which represents the limit of the 

technological capability at the present moment. Fig. 3. 7(a) is a spectro

heliogram obtained simultaneously; the similarities between the two 

pictures is very striking. 

(a) 
0' 
I 

2' 
l (b) 

Fig.3.7 Correlation between longitudinal magnetic field and bright,H-alpha 
emission. (a) large act ive region and its surroundings photographed at the 
centre of H -alpha with a Zeiss 1/4! filteri (b) simultaneous magnetogram 
obtained by D. Vravec in 6103 A of Ca I (Bray and Loughhead j 1974). 

One of the very interesting features that one notices is that the 

bright points seen in the spectroheliogram are always found in localised 
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regions of enhanced magnetic field whereas. the regions of high magnetic 

field do not always have bright points. This indicates that the magnetic 

fields favour the formation of the bright points as a res ult of which we find 

that the bright points always come from regions of enhanced magnetic field. 

However, what exactly these bright points are. we are still not sure. 

The possibility that these might be spicules cannot be excluded because it is 

very difficult to see spicules projected on the disk. It is also difficult to 

pick out spicules by tuning an H -alpha filter and going to off-band character

istics because H -alpha emission has a different nature of excitation in the 

chromosphere than the calcium line; the former is a case of photoionisation 

whereas the latter is collisionally dominated. But we know that spicules 

are formed in and around the magnetic knots and the refore. we are now in 

a quandary as to whether these bright points are spicules or whether spi

cules are formed in the same locales as those of the bright points. 

However. a word of caution would be appropriate here. For getting 

the magnetogram, the magnetic field is generally picked up by the displace

ment of the line caused by the Zeeman effect. So, one of the things that is 

done in getting a magnetogram is to average out the Doppler effect and for 

this purpose. there is generally a Doppler compensator in the instrument. 

Hence. if a Doppler signal is incorrectly cancelled - and it is very 

difficult to exactly know and correctly cancel a Doppler signal - you can 

have similar black and white appearances as seen in fig. 3. 7(a)" giving 

incorrect informations about the magnetic fields. So while drawing a con

clusion from such pictures one has to be careful and at the present moment 

such experiments need to be repeated with more care and attention to esta

blish this connection. 
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Canopus Puzzle: Apparant Violation of the Width-Magnitude Relationship 

Now let us move on to the stars and carry out our analysis in a 

similar vein as we did for the Sun. We saw that the bright points are tied 

up with the acoustic waves (due to convection) and magnetic fields. A Iso we 

saw that .. K2 -line width - absolute magnitude relationship comes mainly 

because of the K2 emissions from the bright points. 

Now we consider the case of Canopus, which is a supergiant of 

spectral type FOlb. A Ca II-K line profile for Canopus. with its charact

eristic emission bumps, was obtained by a group in South Africa in 1965. 

It was interesting to see that the absolute magnitude of Canopus calculated 

in accordance with the width-magnitude relationship using the K2 -line width 

of the above mentioned profile, was totally inconsistent with the actual value. 

This led people to think that here was an example which demonstrated the 

violation of the width - magnitude relationship in a nice manner. And this 

should indeed violate 0 ur previous explanat ion because in a FOIb star one 

would not expect such bright points and hence such emissions found in this 

star should violate our previous explanation. But we must remember that 

in a star of spectral type FOrb like Canopus, there can be some kind of 

plage activity on the stellar surface which can give rise to the calcium 

emission. The intense magnetic field in the plage areas will tend to narrow 

down the K2 -line width as a result of which the line width would be much 

smaller than what the luminos ity of the star calls for and hence you would 

have what you have in Canopus. 

That this is actually the case with Canopus is supported by the 

fact that right from 1975 onwards we have looked in vain for a repetition 

of this phenomenon and have not been able to detect any emission even 
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though we have used three times the dispersion that had been used to get 

the picture of 1955. 

This indicate's that Canopus has a 'patchy' surface and sometimes 

the 'patchiness' is more and it was at such an opportune occasion that the 

spectrum of Canopus in 1965 was obtained. This. however, gives us enough 

hint to look for feat ures by means of which we could detect cycles in other 

stars equivalent to the solar cycles and this we shall see now. 

3.1. 2. Cycle Characteristics of Calcium-em iss ion: a Potentia-l 
Means of Detect ing Star Cycles 

Now we come to some properties of the integrated Sun which are 

characteristics of the solar cycle and may be useful in detect ing similar 

cycles in other stars. 

Fig. 3. 8(a) shows the spectrum near the Ca II-K line taken for the 

integrated Sun near sunspot maximum (1979) and sunspot minimum (1976) 

where we find that the intensity of the spectrum at the sunspot maximum 

has an enhancement compared to that taken at the sunspot min imum. As 

eXplained below this enhancement can come about by virtue of three com

ponents: (i) the bright points, (ii) the network and (iii) the plages. 

As it is seen in fig. 3. 8(b). since we find calcium in emission in 

the plages, the contribution of the plages is to enhance the intensity level 

of the calcium emission. Now. we know that the plages are first born 

and then they evolve and die and when they die. they intensify the network 

in the neighbourhood. Hence the network contribution also goes up. A Iso, 
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Fig. 3.8 The variability of Ca II-K line 'profiles 
(a) Full disk K line profiles at sunspot minimum and 
sunspot maximum, and (b) average profiles for an 
active region and a nearly quiet region at the same 
distance from the center of the solar disc (White and 
Livingston, 1981). 

since we have high magnetic fields in these regions, there is a possibility 

that the brightness of the bright points, which may be correlated with the 

magnetic field intensity, would also increase. Apart from this, there may 

be a modulation of the intensity which one would expect by virtue of the 

rotation of the Sun. 



A nother interest ing feature is shown in fig. 3.9 where we find that 

at sunspot minimum the violet component was brighter and it gradually 
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Fig. 3.9 The cycle var Ut 1. of the K2 /K3 intens ity 
ratio as determined fron~ I'all disk meC¥surements 
(White and Livingston, 1981). 

decreased in intensity towards sunspot maximum meaning thereby that there 

is a shift of the K3 feature towards violet as you go from ,s unspot minimum 

to sunspot maximum. This is a very good confirmation of the fact that it 

is thE:: location and subtle variation of K3 that causes some of the asymmetries 

in the ratio of the violet to redward component of the Kline ( K V /R) shown 

in fig. 3. 10. 

These features show that the cycle characteristics 0-£ calcium 

emission can be used for detecting cycles similar to stellar cycles and 

this, alongwith our previous finding of Canopus. leads us to think that. 

these stars that prvvide K-line widths larger t:~ "\ what is consistent with 
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Fig.3.10 The cycle variation of the V (R asymmetry 
parameter as determined from full disk measurements 
(White and Livingston. 1981). 

their visual magnitude inferred otherwise may prove more suitable for 

detection of star CYCles, than would be the case if only enhanced intensity 

of K emission were the criterion of selection. 

3.2 AGE CHARACTERISTICS OF CALCIUM EMISSION· 

3.2.1. In the Main Sequence: 

Let us look ipto some family characteristics of this emission. We 

consider some families which are formed at different times, stars of each 

family being of the same age. Then we find that the members of a parti

cular family have more or less similar degree of emission intensity which 

differs from that of other fa mil ies. The younger the family. t~,e ?:r:ighter 

is the emission intensity. This leads to the possibility of emission inten

sity being an index of the age of the star. 
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Lithium abundance is also a very efficient age indicator. It appears 

that lithium depletion has a similar behaviour as that of calcium-II emission 
o 

intensity with the age until times of the order of Hyades age (about 6 x 10~ 

years). 

A study of this has shown that after the correction for spectral type 

effects, the calcium-II emission intensity varies roughly as inverse square 

root of the age.' Also it has been found that the onset of calcium emission 

has a correlation with the rapid decay O:f the rotational velocity. Then the 

t',otational veloc ity also seems to b~ ;1~rsely p:r9portional to the square 

root of the age. 

Also. we know that the calcium-II emission intensity has a linear 

relatiotfship with the magnetic field strength. The above findings go to show 

that the average surface (dynamo) field is proportional to rotational velocity 
, 

which has an inverse correlation with the age of the star in the main sequence. 

3.2.2. Beyond the Main Sequence: 

Now the questions w.hich arise are; Are only the main sequence 

stars privileged with these characteristics? What can we expect to see, as 

the star in its evolution moves away from the main sequence? 

We know that as one goes to an earlier spectral type the emission 

intensity tends to decrease. But at the same time. as can be seen from 

fig. 3. 11 we find that in NGC 188 which is a very old cluster. the calcium 

intensity is quite str,iking and we find a similar feature in M67 which too is 

a very old cluster. 
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Fig. 3. 11 Colour-magnitude diagram constructed from 
the M (K). Open circles indicate stars with weak Ca II 
emiss~on and filled circles with strong emission 
(Wilson~ 1976). 

'An interesting conclusion which stems from this is that, if the 

dependance of age on calcium intensity is an established parameter for the 

main sequence, then the stars that had calcium emission at an earlier 

phase would loose all this emission at a later phase and at the giant phase 

again, by some process of rejuvenation, the calcium intensity becomes 

higher. Also this indicates that there is a replenishment of the magnetic 

fields as the star evolves to the red giant phase. 

However, the above picture is not a very correct representation 

of the fact, in the sense that if there is a lower intensity of calcium emi

ssion in an F-star background. it would be higher if the same energy were 
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at the bottom of the line emission in a K -star. So a different and a more 

correct approach would be to consider the emission intensity normalised 

to the total intensity of the star. The disadvantage of this approach is 

that one gets fewer number of points and there is more scatter in the 

diagram. However. one obtains the following hint which is of considerable 

importance. 

It is found that the supergiants are at the top of such a diagram 

which indicates that it is possible to draw a locus of emission intensity 

at the top and then make the following assumption. This locus of inten-

sity represents the upper limit of the intensity that a star can have either 

at a very early stage when there is high ohromospheric activity or at a 

subsequent time at the giant phase when it again builds up its chromospheric 

activity. The deviation from this locus becomes symbolic of the age and 

the Sun being rather old is far away from this locus which agrees with our 

picture. 

So we found that in trying to draw a more correct picture,. even 

though we followed a different apprqach, it is consistent with our earlier 

conclus ion. 

The magnesium emission also shares the same properties with 

calcium. 

3.2.3. Why D:>es the Calcium-Intensity Increase as the Star Gets off 
the Main Sequence 

Now. how do we interpret this replenishment of calc ium intens ity 

as the star becomes older and gets off. the main sequence? Uchida and 



myself (1982) have a mechanis.m for this in terms of stellar evolution which 

is as follows. 

A ~ter the star burns out its core hydrogen and reaches the 

Chandrasekhar-Schonberg limit~ sooner or later the star gets off the main 

sequence and reaches the giant phase and at this stage the star has the 

following configurat ion: 

(i) a contract ing core which we assume as rotating and 

(ii) an outer envelope which is expanding to the red giant 
stage. 

As the core keeps contracting, it spins faster and faster to con

serve the angular momentum and the outer envelope keeps expanding. Now, 

there is a narrow transition region which is standstill in between the contra

cting core and the expanding envelope. We assume that the fields at the 

surface are already exhausted or relatively insignificant and so there is no 

more calcium emission coming from the surface. 

In the expanding shell, as the surface cools down by means of 

radiation, a convection starts at the top and this convection slowly trickles 

down and down, and then we have all the ideal conditions for the start of 

a new dynamo action and an enhanced magnetic field. And slowly, as the 

convect ion layer comes down, it picks up the magnetic field and transports 

it to the surface and enhances the fields available at the surface. Once 

there is an enhanced magnet ic field at the surface. there is enhanced 

calcium emission. 

This is the picture that we have in mind which explains why there 

is a rejuvenation of the magnetic field and hence the calcium intensitYJ as the 

star evolves from the main sequence to the red giant phase. 
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The above picture of ours is consistent with Then's calculations on 

stellar evolution which also tells about the time scales involved in this 

process. Ihen's calculations show that the time taken for the convection 

to work its way down from ,the surface to the region where it can pick up 

the magnetic field and come to the top is large. Since it is a slow process 

and takes time to build up. we find that there is no calcium emission just 

before the turn off point from the main sequence. int~nsity is low at the 

subsequent phase and the intensity slowly picks up as it goes towards the 

peak of the giant phase. In this picture, after the sudden contraction of the 

core, at the bottom of the rising branch of the giant phase, the convection 

comes deepest and then onwards one should find calcium intensity in plenty. 

However, this is still at the level of an interesting speculation because this 

has not been fully confirmed. 

If this mechanism really works then one should see this mechanism in 

action in objects like M67 or NGC 188 where one should find enhanced calcium 

emission in those particular locations in the colour-magnitude array as dict

ated by the above theory. But even in M67, the brighter of the two. the stars 

vary in brightness from tenth to about thirteenth magnitude and the Hand K 

technique is rather demanding for photons here. 'and it is difficult to make a 

verification by this technique. So we have asked for time in International 

Ultraviol'et Explorer where we hope to examine the magnesium intensity in 

very low dispersion (since the low brightness does not allow for high disper

sion work), and the fact that magnesium lines are a litt Ie more sensitive may 

enable us to get this feature even at low dispersion and hence a confirmation 

of the above speCUlation. 
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3.3 THE SDLAR-STELLAR CONNECTIONS (CONTO.) 

3.3.1. Coronae: Detection in Stars of almost All Spectral Types 

Fig. 3.12 shows an X-ray picture of the Sun with a coronal hole. 

Fig. 3.13 is a set of pictures which are taken in different lines which show 

different levels from chromosphere to corona around a coronal hole. In 
o 

Lyman-alpha (1216 A) the corona is hardly noticeable but as one goes to 

higher and higher'excitations one begins to have a suggestion of the corona. 

In magnesium X (625 !), which comes from the transition region having a 

temperature of 50, 000 to 100,000 K, the coronal hole is clearly visible. 

The difficulty with using ground based techniques is that the emi

ssion lines like H -alpha, Ca-K etc., which one uses for chromospheric 

studies, are not capable of detecting the corona. The best indicator for 
- 0 

ground based observations, therefore, would be the Helium-I line at 10, 830A 

and even with this indicator, the possibility of detecting the corona is just 

marginal due to the fact that there is only a slight enhancement in intensity 

as one goes from the interior to the corona of the Sun. So the only way to 

st udy the corona unt il radio astronomy came along was to observe the corona 

during total so lar eclipses and at a later time to simulate an artific ial eclips, 

by means of a coronagraph. ~ven during eclipses we could observe the 

corona only at the limb but radio astronomy changed tha}: pict ure to some 

extent. Now, by means of the space observatory we are able to study corona' 

features without eclipses and thus we have also an idea of the high temperatur 

trans ition region. 

From a typical spectrum thus obtained from an object like Capella 

we find coronal features similar to what the Sun would show at 



Fig. 3. 12 A photograph of thE:: 
X-ray corona taken from Skylab; 
bandpass incl udes 2 to 32 A. Note 
the coronal loops, the coronal 
ho Ie and bright active regions. 

Mg x 625 A Ne VIII 780 A Ne VII 465 A 

o VI 1032 A o IV 554 A C III 977 A 

He I 584 A H I 1216 b. 

Fig. 3. 13 The coarse network, taken in different 
spectrum lines showing different levels from chromo
sphere to corona as recorded from Skylab. 
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a distance of one parsec. Coronal high excitation lines like NV or CN 

are quite low in intens ity in the Sun as compared to RSCVn objects like 

alpha -A ur which go to show that coronae in those objects are much more 

striking than that of the Sun. 

A gain, from observat ions from the space observatory we know that 

there are two different kinds of objects so far as coronal features are 

concerned. In the first kind we find objects which have large number of high 

excitation lines like NV, eIV, HeII etc. and in the second kind we find 

objects which do not show such an abundance of high excitation lines. 

The above findings are of conside rable inte rest to us beca use they 

show that there may be some kind of threshold in the Hertzsprung -Russel 

diagram to the left of which we find objects like th,e Sun and the dwarfs and 

some of the giants which show up coronae and to the right of which we find 

objects like alpha-Orionis, alpha-Bootis and other super giants which do 

not show the high temperature characteristics of the corona. 

It is found that the objects which lack coronal features show circum

stellar abs orption feat ures and these c ircumste llar absorption feat ures 

indicate tremendous winds that are responsible for a large amount of mass 

outflow. Here, the mass outflow is quite large - so large that the solar 

wind is a mild breeze compared to the magnitude of the phenomena operating 
-7 

here! The mass loss here would be of the order of 10 M0 /year in con-
-13 . 

trast with a mass loss of 10 M0 /year for the Sun; and for the Wolf-Rayet 
-4 

stars the mass outflow is still larger being of the order of 10 M0 /year. 

It is obvious that, if there is a large mass outflow, the temperature does 

not get a chance to build up at the region where there would have otherwise 

been a corona and so the corona is available only when there is no such 

large outflow of matter. 



'After sfJeiag that stars baving a very large outflow of matter do not 

show cOronal features, let us reexamine the 'question as to which stars in 

the HR diagram have coronae. Are coronae available only for stars where 

there is a convection zone and which show chromospheric features? Or are 

coronae available only for stars which belong to early spectral classes like 

o and B which have very high temperatures? Or are they associated only 

with peculiar stars lIke RS CVQ. stars? The Einstein observatory provided 

an answer to these questions and fig. 3.14 is a kind of HR diagram of Hyades 

cluster drawn with the help of the observations from the Einstein observatory • 
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Fig. 3.14 HR diagram of Hyades in survey 
fields. indicating those for which coronal 
soft X-ray characteristics (0.2-4.0 KeV) 
are detected (Stern et a1. 1981). 

Though there are laIge variations in the X -ray characteristics of different 

kinds of objects. we notice that the main sequence stars of almost all spectral 
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types as well as the giants, sub giants, dwarfs etc. show coronal features 

of one kin4 or the other. 

3.4 SUMMARY 

We started this sequence of examinations on the Sun and the stars 

with the idea of looking for features in the stars which, we know. exist on 

the solar surface. Then. reversing the argument and using our knowledge 

of certain features which we observe in the stars, we tried to reflect them 

back on the solar behaviour. 

In this connection several things have become obvious. We saw 

that it is essenttally because of the newer and finer techniques that we have 

been able to see solar-like granulations in other stars and we explored the 

possibility of finding supergranulations in other stars which needs still finer 

techniques. We applied a different approach in our search for spots in 

other stars and saw that several other stars certainly do show spots similar 

to sunspots which are so very striking on the solar surface. Then we looked 

for short per iod oscillations in other stars like the five minute oscillations 

which have been so wen studied, both theoretically and observationally in 

case of the Sun and then. as a feed back to the solar physics. we looked for 

long period oscillat ions - the type we come across so often in our studies 

of stellar variability - on the solar surface; and definitely succeeded in 

detecting one such mode. namely the one sixty minute oscillations. Then 

after having a glance at the solar and stellar atmospheres in general. and 
, \ 

different mechanisms operating in the soLar chromosphere in particular, 

we looked at a sequence of chromospheric phenomena which we had learnt 

from the stars and came back to the Sun as a reference source for inter

pretation. Then we went back to the stars and saw how the evolution 
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characteristics can modify some of these features and we were in a position 

to postulate a mode 1 which could explain this. 

Then. as we are always interested in lalking at some features 

which we find in the Sun and would like to see in the stars. we carried out 

a se'arch to find out whether stellar coronae-exist or not. In this respect, 

the life was found to have been considerably changed by tremendous techno

logical advancements made in the last one decade. 

3.5 FUTU HE PROSPECTS 

There are many other aspects that can be studied and need to be 

studied in our examinations on the Sun and the stars and to name just one 

such aspect, it would be extremely interesting to look at the magnetic 

fields in the corona. Of course, it is a difficult task because the coronal 

magnetic fields are of the order of a few Gauss, and we have some very 

difficult techniques whereby we cho?se certaiJ.1 lines, measure the linear 

polarisations of these lines, and by some complicated theory make an evalu

ation of the magnetic field. Then we can extend our search to pick out 

magnetic fields in the normal stars (not in stars like A -peculiar or white 

dwarfs where we find the magnetic fields tremendously large) by using a 

te C'hnique where one can look for a differential widening for certa in magne

ticaUy selected lines as compared to certain lines which are insensitive to 

magnetic fields. 

Thus, in general, there is a tremendous opportunity for newer 

techniques to be introduced for a better understanding of the solar and 

~teUar pbenomena; there is a tremendous opportunity for understanding 
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the stars by means of a further detailed study of the Sun and there is a 

tremendous opportunity for newer results in our observations of the Sun 

in studying several phenomena that. we know. take place in other stars. 

* The K -line width - absolute magnitude relation. more commonly known 

as Wilson-Bappu effect (named after the discoverers (Wilson and Bappu. 

1957»is given by 

dM 
v 

d (log W2) 
= Constant 

where W 2 is the K2 - I ine width and Mv is the absolute visual magnitude 

of the star. 

Fig. 3.1 illustrates the above relation where the points in the 

figure represent the stars whose trigonometric parallaxes. and hence 

absolute magnitudes are known. Wilson-Bappu effect provides a powerful 

means of determining the distances of the stars since the intrinsic lumi

nosity is found by a mere inspection of the spectrum. This also serves 

as a useful cross -check in our other methods of determining the distances 

of the stars. 
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Fig.3.1 Plot of W2' the K2 -line width 01 
ionized calcium ( Ca II) against absolute 
magnitude derived from trigonometric para
llaxes, The insert at the left hand top of the 
figure explains the line widths W1, W2 and W3 ' 
This illustrates how Wilson-Bappu efrect 
allows us to determine absolute magnitudes 
of late type stars by merely measuring W2 
(Wilson and Bappu, 1951), 
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