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Subrahmanyan Chandrasekhar
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Subrahmanyan Chandrasekhar, the as-
trophysicist, died on 21 August 1995 at
Chicago, where he had worked at the
University for the last fifty-cight years.
iie would have turned eighty-five on the
19 of October thas year. His last book,
\ewton's Princypua for the Common
Reader, had just been published by the
Oxford University Press. the product of
his dedicated studies over the last sev-
eral years. He was in the process of
preparing for a lecture and thus died as
he always hved — working.

His career can be summanzed simply
cnough — an Honours degree in physics
at the Presidency College, Madras
(1926-1929), a doctorate (1930-1933)
follonwed by a fellowship (1933-1937)
at Cambridge University in England,
then a move across the Atlantic-to the
Astronomy Department at the University
of Chicago. which was located at that
time at Yerkes Observatory, about a
hundred miles from the city. He married
his college classmate Lalitha, who sur-
vives him, in 1936. His positions at the
University started with a research asso-
ciateship and culminated in the Morton
D. Hull Distinguished Service Profes-
sorship, which he held from 1952 till he
relinquished it in 1986 because ‘it is
better to leave when everybody asks
“Why are you leaving?” than to stay
while everybody wonders “When is this
guy thinking of retiring?"’.

The lhist of his scientific contributions
makes clear why Chandrasekhar was a
legend in his own time. In 1930, fresh
from his undergraduate degree, he
combined the principles of quantum
mechanics and special relalivity to cal-
culate the pressure of the electrons in
white dwarf stars. The result was dra-
matic — there was a maximum mass,
roughly on¢-and-a-half tuimes that of the
sun, above which a sphere of cold mat-
ter sustained only by electron pressure
would continuously shrink under grav-
ity, never finding any equilibrium con-
figuration. There were indeed earlier
papers which had noticed that these
principles imply a maximum mass. A
year later, Landau wrot¢ a characteristi-
cally brief paper which pointed out the
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caistence of the himit, and went on to
speculate, presciently about stars with
the density of atom:c nucles, and incor-

rectly about new physics — energy
nonconservation — coming into play.
Chandrasekhar’s work was distin-

guished both by mathematical thor-
oughness and a conviction that the re-
sult was of fundamental importance.
Strong conviction was badly neceded,
because Arthur Eddington, the Plumian
Professor of Astronomy at the Univer-
sity of Cambridge, ridiculed the final
result as an absurdity, claiming that one
of the starting assumptions was in error.
Since Eddington could not pinpoint the
error in a manner acceptable to physi-
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cists (‘I think there should be a law of
nature to prevent the star from behaving
in this absurd way’), an impass¢ re-
sulted which is hard to understand so
many years later. The personal relation-
ship between Chandrasekhar and Ed-
dington seems to have continued in
spite of these events, and he did spend
some years in Cambridge after his doc-
toral degree, though they could scarcely
have been comfortable ones. The as-
tronomy community, at least in the
United States, seems to have reacted by
accepting Chandrasckhar into its midst,

without taking any stand on his remark-
able result. His own reaction was
probably the most remarkable and ulti-
mately fruitful. He wrote his first book
on stellar structure, an exposition of
both existing knowledge and his new
ideas. The style 1s so lofty and detached
that the reader senses no hint of the
skepticism and confuston then prevalent
amongst astronomers. With this he bid
goodbye to the controversy. The stand
he had taken on the existence of a
maximum mass — known to everyone
else as the ‘Chandrasekhar limit’ — was
ultimately vindicated by subsequent
theory and observation. The award of
the Nobel Prize of Physics in 1983 was
primanly for this work.

Around the year 1938, he commenced
research in a new area, the dynamics of
stars moving in clusters and galaxies
under their mutual gravitational attrac-
tion. The greatest strength of his work
on stellar dynamics was the systematic
calculation of the effects of ‘encounters’
between stars in a cluster — not physical
collisions but random gravitational
scattering by neighbours. He developed
a parallel with the theory describing the
Brownian motion of a colloidal particle
in a fluid. En passant, he wrote the
standard survey article on the latter
subject as well, in the Reviews of Mod-
ern Physics of 1943. Generations of
theoretical physicists, not necessartly
interested in stars, have learnt the basics
of Brownian motion from this reference.
The deepest consequence of this parallel
was that, in spite of the apparent ran-
domness of the scatterings, a star must
experience a systematic effect tending to
bias its velocity to the mean of its
neighbours. His name for this effect —
dynamical friction —1s as much a part
of the vocabulary of astrophysics as
the Chandrasckhar lirmt. Such a pro-
cess is now known to operate not only
in clusters of stars but in much larger
scale systems as well, e.g. In merging
galaxies.

The work on stellar dynamics ended
around 1945 —in this one instance he
appears to have written his book, which
appeared in 1942, before the picture was

CURRENT SCIENCE, VOL. 69, NO 6, 25 SEPTEMBER 1995



complete. His grand strategy was now
established. Five years of deep study
and calculation and a book now fol-
lowed, devoted to radiative transfer —
the mathematics underlying the emis-
sion, absorption, and scattering of pho-
tons 1n the atmospheres of stars and the
pattern of intensity and polarization
which emerges to enter the telescopes of
astronomers. Today, the problem in its
most general and realistic form 1s at-
tacked by massive computation. Even
Chandrasekhar’s book begins with a
discussion of numerical integration. But
after this prosaic start comes a four de
force — the nonlinear integrodifferential
equations of the theory admit an exact
solution in special cases, at least after
persuasion by the master craftsman.
This calculation gave him the greatest
personal satisfaction, stemming not so
much from impact as from its elegance.
A fruitful physical tdea underlies this
achievement, While the outcome of the
totality of the scattering process In a
finite slab of material is usually compli-
cated, the change in the outcome caused
by adding one more thin layer can be
expressed in a simpler form. This
‘tnvariant embedding’ principle also
carries with it the ‘principle of invari-
ance’. When the slab is semi-infinite,
addition of one more layer must reshuf-
fle the individual photons in direction
and polarization but leave the overall
pattern of the radiation the same.

A systematic study and exposition of
hydrodynamic and hydromagnetic in-
stability followed in the next decade,
and his book on the subject (which has
grown greatly since then) is still valued
as a clear and readable ntroduction,
especially to certain topics often used in
astrophysics. He made incursions into
plasma physics as well. But the next
topic to which he turned his attention
must have surprised everyone. It was
the study of self-gravitating rotating
masses of a fluid of uniform density.
For one thing, the subject was very old,
oniginating 1in Newton’s ‘magisterial’

(Chandrasekhar’s phase) derivation of

the figure of the earth. It had already
attracted the attention of mathematicians
hke Jacobi, Riemann, Dedekind and
Poincare, 1o name but a few. Chandra-
sckhar could see that all was not well
here, and in exfensive work with
Lebowistz, umficed and clcared up many
aspects, simphiying the mathematscs
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and deriving new results on the way.
The achievement was distilled as usual
into a book, Ellipsoidal Figures of
Equilibrium. This severely classical area
acquired unexpected relevance with the
discovery in 1967 of radio pulsars,
which were soon confirmed to be rap-
idly rotating neutron stars. Since dissi-
pation has a subtle effect on the insta-
bilities of these objects, he was led to
include in his studies a form of dissipa-
tion caused entirely by an effect of gen-
eral relativity — the emission of gravita-
tional waves. The electrodynamic ana-
logue is the extra resistance encountered
when a charge is accelerated, originat-
ing in the loss of energy by radiation.
This effect was known from the time of
Lorentz, but the gravitational analogue,
in spite of work by many people —
Einstein, Eddington, Landau and Lif-
shitz - was riddled with conceptual and
mathematical difficulties. A series of
papers by Chandrasekhar and his stu-
dents showed the way by developing the
so-called ‘Post-Newtonian theory’ and
deriving, systematically, the gravita-
tional analogue of the Lorentz formula
for radiation rcaction. In the same pe-
riod, he also discovered an instability of
stars against radial pulsation, again a
problem where general relativity made a
guahtative change. A well-known astro-
physicist has remarked that the work of
this period could well have become the
content of another classic book., But
such a book was never written because
by this time the author had now come
fully under the spell of Linstein’s theory
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of gravitation, and, in particular the
bilack holes, which are an inescapable
consequence of that theory (and also his
own work on the limiting mass). Unlike
on carlier occasions, he was a compara-
tively late entrant into the area. A whole
band of ‘relativistic astrophysicists’,
most of them half his age, were already
using pencil, paper, and computer to
perturb black holes, scatter all kinds of
waves off them, immerse them 1n exter-
nal fields, and investigate their proper-
ties and stability. The year 1974 brought
a heart attack and ultimately major sur-
gery was recommended. He consciously
put this off till the fall of 1977 so that
he could finish a set of papers on the
Kerr solution describing rotating black
holes. One of his students has remarked
that every gomplication envisaged by
medical textbooks occurred after the
operation! It is a measure of his inner
strength that he recovered to commence
writing The Mathematcal Theory of
Black Holes. This book appeared in
1983 and has a rather difterent character
from its predccessors. It represents his
personal efforts to present results in the
area (including, of course, many of his
own) in a framework which appealed to
his own sense of scienuific style. Lven
after all his efforts to find rational and
simple ways of doing things, hterally
hundreds of pages of calculations had to
be deposited into archives for scholars
of the futute. The stability of the herr
solution could not be fully pinned
down. Many things can and have been
said of hiy writings starting from thes

o
i
ok



PERSONAL NEWS

e
g

period  Understandably, he no longer
found the ume and encrgy to go through
all the voluminous literature, and per-
haps even the proofreading was not as
meticulous as before, The problems
myestigated could border on the ex-
otic — e.g. two black holes connected by
a cosmic string! Fle himself cheerfully
described this apparent retreat from the
astrophysically relevant as ‘downhill, all
the way down’., But to focus on these
aspects alone would be to miss the basic
point — he had done more ‘relevant’
work than all the critics combined. and
was now following where his mathe-
matical and aesthetic instincts led him.
What was truly remarkable was the
spirit in which all this work was done,
which can only be described as youthful
exuberance. Consider his paper on the
complicated wave equations describing
the motion of a spinning electron in the
gravitational field of a rotating black
hole. From the time of Euler, the mark
of a mathematical physicist has been the
ability to ‘separate’ such multidimen-
sional problems by reducing them to
one-dimensional components. This 1s
because there is no standard route or
guarantee of success. Many people in
the field would have been happy to
separate the Dirac equation in the Kerr
spacetime, but Chandrasekhar started
and finished the calculation on the same
evening! In this phase, he would fly to
Houston for a day or stop over at Crete
or Rome for a week to discuss his latest
ideas with his friends and coliaborators.
A vyoung postdoctoral fellow arrived
unexpectedly in the same week as when
his Nobel Prize was announced. Who
else could have got down to work never-
theless and had the first manuscript on
colliding gravitational waves almost
ready in two weeks? His last book, In
which he undertook to read Newton’s
Principia from the point of view of a
mathematical physicist rather than a
[.atin scholar, again bears the strong
stamp of being guided by personal taste
and satisfaction. His lectures on this
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subject conveyed vividly the sense of
wonder and awe that reading Newton in
the original gave him.

There is so much that can be said of
his scientific achievements (many have
been omitted above!) and style that
there is a real danger of missing other
contributions. During his watchful and
uncompromising  editorship, lasting
nearly two decades, the Astrophysical
Journal grew from near-provincial to
international stature. His teaching and
his supervision of research students
were legendary. Even though he had
collaborated with the likes of von Neu-
mann (on stellar dynamics)} and Ferm
(on galactic magnetic fields), he always
said his deepest satisfaction came from
interactions with students and younger
colleagues. Many of these matters, in-
cluding his austere lifestyle and deep
literary and musical interests, have been
extensively docurnented by Kameshwar
Wali in a biography entitled Chandra (the
name by which Chandrasekhar was widely
known but which this Indian pen finds too
familiar to use comfortably).

A topic of special interest would be
his relationship with two countries —
India, where he was born and spent his
formative years, and the USA, where he
grew to world stature. It is often feit
that here is a clear case of a person not
finding proper conditions and recogni-

tion in his own country. His anguish

when he felt that a good person in India
was not given his due, or with the
growth of hierarchy and bureaucracy in
the Indian scientific establishment, has
been well documented, for example in
Wali’s book. Yet his relationship with
India does not end there. He was a
founding Fellow of the Indian Academy
of Sciences at the age of 24, and had an
offer to work at the Indian Institute of
Science after his stay in England. A
serious effort was made to bring him to
India as the Director of the (then) Ko-
daikanal Observatory, and he seems to
have treated it with equal seriousness
before declining. He retained his Indian

citizenship till 1953, On visits to Banga-
lore in the seventies and eighties, he not
only willingly and enthusiastically de-
livered lectures but also spent time
talking to students and young research-
ers, offering comments and reactions 1n
his inimitable style. In these encounters,
one could detect no trace of the alicnation,
cynicism or bitterness that some would
ascribe to him. Culturally, he had deep
affinities with India, as he has recorded in
a tittle known essay ‘on being a foreigner’,

Coming to the American side of the
coin, the current wave of adulation
launched by the Nobel Prize is not typi-
cal of the reactions to him in earlier
years, when recognition was slow in
coming and hard-won. An authoritative
collection of classi¢ and influential pa-
pers in astrophysics edited in 1979
managed not to include a single one by
him. Perhaps this atmosphere which he
encountered in his early years might
even have spurred him to new heights of
labour and achievement. This is not the
place to draw any firm conclusion about
the complex feelings that he must have
had for both nations, but one can cer-
tainly discount the more simplistic view
of the matter that is usually propagated
In any case, when one looks at the totality
of the work, the manner in which 1t was
carried out, and the impact on colleagues,
students, and even people who encoun-
tered him just a few times, questions of
nationality seem to fade into insignifi-
cance. What will remain is the memory
and the legacy of a man who never stopped
learning, thinking and working throughout
a long life, and was driven both by his
sense of what was right and what was
beautiful to heights that very few will ever

attain.
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