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energy comparable to that of an entire
galaxy might well be coming out of a
source no greater than a light vyear
across. Here then was the very example
of the kind of objects conjectured by
Hoyle and Fowler.

This discovery opened up a new field in
astrophysics, called relativistic astrophys-
ics, which dealt with the astrophysical
pbenomena in strohg gravitational fields,
tn situations where Newtonian gravity
must be replaced by Einstein’s general
theory of relativity. So great was the ex-
citement amongst the astronomical com-
munity that an international symposium
was held in December 1963 in Dallas to
discuss the implications of theories and
observations in this emerging field. Both
Hoyle and Fowler were the lead speakers
in this meeting on the theoretical side.
These meetings now continue to be held
bienntally under the titie ‘Texas Sympo-
sia’. Much of the present black hole band-
wagon in astrophysics has its origin in the
Hoyle-Fowler work of 1963

Another of Willy’s seminal contribu-
tions came in the big bang cosmology
when in 1967 he along with Fred Hoyle
and Robert V. Wagoner carried out a
revised and updated

version  of

Gamow’s primordial nucleosynthesis
The Wagoner—Fowler—Hoyle paper in
the Astrophysical Journal (148, p. 3)
again turned out to be a trendsetter for
future work in big bang nucleosynthesis.
It is interesting to recall that this work
was carried out in a shed in the Cam-
bridge Observatories while Hoyle's new
institute building was under construc-
non.

It was during the first six years of the
Institute of Theoretical Astronomy at
Cambridge that Willy was a frequent
visitor during the summer months. He
and Fred would sometimes take off to
the Scottish Highlands for hiking, a
practice that Willy continued till late in
his life.

For his work in nuclear astrophysics
Willy Fowler shared the 1983 Nobel
Prize with S. Chandrasekar. It was the
second time that a Nobel award was
given for theoretical astrophysics, the
previous occasion being in 1967 when
Hans Bethe was honoured for his work
on stellar structure models with nuclear
energy generation. The 1983 award,
however, brought both surprise and
disappointment at the omission of Fred
Hoyle from the list.

Who should look at stars*®

Ashok §S. Ganguly

In January 1994, 1 met Jayant Narlikar
on a flight from Calcutta to Bombay. He
then reminded me of an carlier occaston
when (In a weak moment), 1 had agreed
to deliver a Foundation Day lecture at
his Institute in Pune. I tried to wriggle
mysclf out of the commitment, {irstly,
by reminding Jayant that I would have
nothing meaningful to say to what was
likely to be a distinguished pathering of
scholars, and secondly, because my
daughters were discouraging me {rom
being typecast as a loundation Day
tixture. Both attempts failed, as you will
notice from my presence here today,

-y .
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*This way the subject of the Foundation Day
Lecture delivered at tnter-Uniiveosity Centre
for Astropomy and Astrophysics, Pune, In-
dia, on 29 December 1994

Having made the commitment to
speak, I spent many agonizing evenings
trying to focus on a suttable topic. Fi-
nally, 1 drew inspiration from my asso-
ciation with Narlikar as a member of the
Science Advisory Council to the Prime
Minister (1986-89) and settled on a
"blue  sky’ approach. Morc of that
shority.

A few recent events spurred me to put
down some indial thoughts on paper
before 1 lost track of them. A very close
fricod and hig wile wete visiting as ig
London. While we were driving (o
Glyndcbhourne 10 atiend a performance
of the Opera, Don (iovant, 1 shared
with them my dilemma about the 1Foun-
dation Day lecture, My friend’s wile, 2
well-known physician from Bombay in
her own right, asked me, "Why should a

CURRUENT SCIENCE, VOL 69, NQ 2, 28 JULY 1993

Wi)ly was known for his thorough-
ness in all the work he did, a fact which
was belied by his informality and jolly
demeanour. He would be the life and
soul of a party discussing (over a mar-
tini) either the world series, or the
Scottish terrain, or one of his long train
journeys (he was a train buff), or nu-
clear cross-sections all with equal ease.
Amongst his many honours, his Indian
connection was with [UCAA as one of
its Honorary Fellows, and several of us
recall his jokes and anecdotes as he
talked about his latest work in cosmol-
ogy in March 1990. As a personality he
will be greatly missed but his work wilf
continue to guide the succeeding gen-
erations of astrophysicists.

Willy Fowler is survived by his wife
Mary Dutcher Fowler and two daughters
by his first wife Ardienne (deceased).

JAYANT NARLIKAR

Inter-University Centre for Astronomy
and Astrophysics,

Post Bag 4, Ganeshkhind,

Pune 411 007, India
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poor country like India, with its impov-
erished mithons, fund research to watch
stars?” For the best part of the two-hour
car ride, we had a scries of disagree-
ments on the subject. These disagree-
ments ranged from the concept of
curiosity, through the nature of the in-
dian mind and the neced to be part of the
international  commumity 1n leading-
edge scicnce, to the origing of the unt-
verse and lite on Earth, 1 could not
convince her that curtosity-diiven ¢x-
olosation was 8t the beart of human
civilezation, starving or otherwise, -
nally, the arguments ended ingonciu-
stvely  whea o vaised  a thetoniead
question, *What was the level of poverty
and deprivation in Haly m the days of
Gulileo Gabiter?™, T ashed, feching that
would end the debate anacably, Newther
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i, iller-milinily,

of us knew for sure, but she promptly
shot back that it really did not matter,
stnce (ralifco’™s star gdazing was not
funded by the State.

(zalileo - the star gazer

Her reply had me stumped, until just a
few days later when 1 came across a
revicw by AL C. Grayling of GALILEO:
A LIYE. a new book by James Reston
Jr If any one man acted as a doorman to
the modern world, Galileo Galilei has
an excelient claim to the title. The pub-
lication of his latest biography is timely
because Reston has hooked his tale
firmly to cvents in the contemporary
worlds (he {light of the spacecralt Gali-
leo to Jupiter, stidl taking place as |
speak to you, and the decision of the
Vatican in 1992 1o acknowledge its fault
in ill-treating Galileo three-and-a half
cepturies ago by dragging him before
the fnquisition. humiliating and impri-
soning him.

[ndeed. Galleo’s story is a micro-
cosm of the epic struggle between sci-
ence. religion and society. Galileo was
tnquisitive, inventive and mathemati-
cally adept. He was fascinated by the
view above him in the clear Ytalian night
shy. He perfected the telescope, and
terrifted the Church by revealing more
stars than had been guessed before,
hitherto unseen satellites orbiting other
planets, valleys and mountains on the
surface of the moon.

Because Christian scriptures taught
that the Earth sits immovably in the
centre of the Universe, whose celestial
spheres are driven around by angels, the
Church could not tolerate this new cos-
mology.

By threats and intimidation, Pope Ur-
ban VIII forced Galilco to recant his
espousal of the Copernican system. That
the Church should come to its own re-
cantation in 1992 speaks volumes for
the conflict between faith and reason.
Therefore, I cannot consider my friend’s
wife’s question of whether astronomy
rescarch 1s really needed in a poor
country like India unusual.

(altleo not only made discoverics of
prime importance in astronomy and
physics — especially in the laws of mo-
tion, thus breaking the stranglehold of
Aristotelian ideas — he was also an in-
ventive genius. fle devised, amongst
other things, pendulums for clocks,
ways of improving telescopes and in-
struments for measuring pulse rates and
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temperatures. Despite disgrace by the
Inquisition, his telescopic discoverics
made hun a star all over Europe.

While 1 have not been able to locate
evidence of State support for his ex-
perimental pursuits. 1 am reliably in-
formed that there were many poor
people in Italy at the time Galileo gazed
at the stars

From star-gazing Galileo
to the man behind the comet,
Edmund Halley

Soon after the book on Galileo, [ came
across an excellent piece by Allan
Chapman of Wadham College, Oxford,
on a remarkable man.

Chapman avers that scientific re-
secarch has always been expensive, but
in the past, the real cost was not so
much the hardware, as paying for the
scientists’ time. This 1s why so many
discovertes between the 17th and the
19th centuries have been made by cler-
gymen, semi-retired professionals and
businessmen, and people of private
means — individuals who were in com-
mand of their own time. But while the
cash was not entirely certain, if one had
the ability to wear many hats and culti-
vate friends across the whole spectrum
of potential influence, then one might
enjoy a career similar to that of Edmund
Halley (1656-1742). This tmmediately
brought to my mind some eminent Indi-
ans who fit parts of this description, like
Ramanujam, C. V. Raman and Homi
Bhabha, to name just three.

Edmund Halley’s work was funded
by, to begin with, family money. When
that ran out, he worked as a clerk at the

Royal Society, then took a job with the _

Royal mint, and later joined the Royal
Navy. At the age of 48, he became a
professor at Oxford and at 64 the As-
fronomer Royal. Edmund Halley was
clearly capable of living with uncer-
tainty.,

Though primarily an astronomer,
what 1s most impressive about Halley’s
approach to science is his awareness of
how the great ‘systems’ of nature are
interconnected. Geomagnetism was such
a system. Halley published major papers
in 1683 and 1692 in which he collected
and analyscd a growing body of data on
the subject. He created the geomagnetic
chart and then in 1716 he was the first
to recognize the inferconnection be-
tween the Earth’s magnetic field and the
aurora borealis,

Halley was a man of vast interests,
ranging from pure science 10 a whole
series of practical applications in marine
engineering.

I imagine in modern parlance one
would find comparable trarts in the
venture entreprencurship of many fa-
mous American academics and Nobel
Laureates. But where are the young
Bhabhas and Ramans, | wonder

Fred Hoyle — the astrobiologist

No address n an institute headed by
Jayant Narlikar would be complete
without reference to his Guru, Fred
Hoyle, the astrobiologist.

Being somewhat of an amateur bio-
logist myself, Hoyle’s ‘origin of life"
hypothesis intrigues me. In his autobio-
graphy, Home Is Where The Wind
Blows, Hoyle 1s sanguine about the
chances of acceptance of his idea that
life began in the vast expanses of space.
‘Finding glycine is about 5% of the way
to proving the idea’, says Hoyle. “It’s
the right way, but it’s only 5%’.

The glycine discovery certainly bol-
sters Hoyle’s thesis that the first organic
matter rained down on Earth from
space. According to Hoyle, it was such a
comet which struck Earth about four
billion years ago, depositing its cargo of
primitive cells —the forerunners of all
life today.

It 1s a rather controversial view, al-
though the idea that organic material —
the ‘feedstock of life’ ~came from
space is gaining widcr acceptance. One
1s, however, faced with the moral and
philosophical dilemma about the true
origin of the living form Hoyle ac-
knowledges that the riddle will not be
solved 1n his hfetime. Ilowever, he has
been proved right before. In 1940 he
had suggested that molecular hydrogen
was widespread in space and was
grected with wide disbelief He subse-
quently published his views’in a science
fiction book, The Black Cloud. Since
the publication of the book, more than
100 molecules have been detected 1n
space, including molecular hvdrogen,
which is now known to be the most
abundant molecule in the Universe

Marcus Chown {New Screntist, 10
September 1994) writes. ‘Hoyle be-
lieves that, if a problem has an orthodox
solutton, the scientific  community
would already have found it, so he looks
for the unorthodox solution’.
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This unorthodox approach has proved
Hoyle right on a number of predictions
and wrong in just as many, such as the
making of the sun or the explanation of
binary stars,

But as the saying goes, ‘If you have
not made mistakes, you have really not
tried’. 1 hope the adage applies to this
Institute also.

] was pleased to learn that since 1988
Hoyle has developed the ‘quasi-steady-

state theory’ jointly with Burbridge and
Jayant Narlikar. The three of them be-

heve that the creation tap opened in one
part of the Universe 15 billion years
ago, unleashing a flood of matter and
causing the expansion of galaxies we
observe all about us. Who knows they
may be right!

Finally, 1 feel much comforted by
Hoyle’s view that ‘a little bit of god
operates in all of us. We are his observ-
ing instruments. He observes the Uni-
verse through us’. No matter where you
are, whether in Cambridge or California
or Pune, it all happened together.

Has science lost its way?

While I was warming up to the theme of
science for curiosity’s sake, 1 was
crestfallen to read Bernard Levin’s es-
say titled ‘Has science lost its way?’
(Even if I were to ignore Levin’s levity,
in the UK, observations on science such
as his fall under the classification of
"Have you beaten your wife today?’.)
Like it or not, some of this reflects
contemporary lay thinking,

Bernard Levin’s motto seems to be
"‘Beware of scientists claiming break-
throughs’. He then goes on to observe
that "If the boffins do have a fault, it is
their conviction that any amount of
money required for their work should be
immediately provided’. In this essay,
L.evin chose the quarks as his centre-
piece to criticize the nature of scientific

enguiry and quotes a neal example of
his odd but touching belief from a re-

cent breakthrough in science. The last
quark had been spotted (or rather not
spotted. The thing is invisible). Aric
Bodcek from Chicago said that his dis-
covery had saved scientists from an
intcHectual crisis ‘since failure to dis-
cover the top quark would have shat-
tcred decades of rescarch worth billions
of pounds'. Levin asks, if the quark
cannot even be seen, ‘What is in 1t for
us?’. The moot question is, what can
discovery of quarks do for the common

ool — P——
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man? To Levin’s queries, the only re-
sponse he was able to elicit is that there
are sIX quarks named Up, Down,
CHARM, STRANGE, Tor and BOTTOM,
and that 493 scientists were enlisted to
find the last quark, going about the
search ‘smashing protons and antipro-
tons in a four-mile circular accelerator’

and on top of that ‘the two particles
annthilate each other as they collide’.

Bernard Levin then moves on to com-
pound his confusion by relating the
discovery of a new planet 7000 trillion
miles away. Hitherto “in every case, the
putative planets had either proved
ympossible to confirm, turned out to
be something else, or shown to be a
product of error’. Now, however,
Wolszczan’s team ‘has bolstered its
original findings with three more years
of even more finely nuanced data de-
signed to climinate any explanation
other than planets’. And this statement
is backed by Kulkarni, a pulsar expert at
the Cahfornia Institute of Technology,
who says, ‘It should convince even die-
hard sceptics that planects exist outside
the solar system’.

Amongst other things, Levin con-
ciludes by noting that, whereas the
common man may not very much be-
grudge the scientists the millions and
millions of pounds needed to peep be-
yond the solar system ‘where God re-
sides!” while millions and millions may
starve and suffer from malnourishment
around the world, surely the tax-payers
have a right to understand better where
all these discoveries are leading.

Well, there we go! In quick Succes-
sion, the wife of one of my best friends
from India and the well-known colum-
nist Bernard Levin, two persons from
two totally different societies, asking
very similar questions. Then interesting
cvents started happening in July.

Shoemaker Levy 9

My interest perked up on reading the
nhews that the comet Shoemaker Levy 9
was moving as a funcral procession of
21 fragments of ice and rock after its
break up two years ago. Their eventual
collision with Jupiter was being de-
scribed by astronomers as a ‘once in a
millennium opportunity’, The subse-
quent pictures and descriptions of the
collision were widely reported around
the world by the media, 1 am told that it
will take years before the eaplanation of
the events leading {o this collision are
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well understood. But the pictures and
descriptions of the events started mak-
ing sense to the common man as to why
we stare at the night sky. This has been
further encouraged by the fact that, un-
like the Shoemaker couple who are
professional astronomers, Levy is an
amateur.

Suddenly Big Bang is back on the
agenda and the question on every one’s
lips is, ‘If it could happen to Jupiter,
can it not happen to Earth?’.

Comets are celestial bodies, believed
to be the relics of the birth of the solar
system. A thousand or so of them have
had their orbits well plotted. But for
every comet which is confirmed to exist,
there are thought to be at least ten oth-
ers that have eluded detection. And bil-
lions more may reside in a halo beyond
Pluto. Comets have collided with Earth
before, and scientists insist that more
collisions are probable, making it vita
to overcome complacency about the
threat to Earth from cosmic debris.

If a comet, streaming along at 50,000
miles per hour, were to crash into Carth
In the wrong place at the wrong time —
London, Bombay or New York at rush
hour — it could cause a disaster of mon-
strous proportions. These thoughts were
expressed in the editorials of the serious
London Times. There is a school of se-
rious astronomers, aptly known as
“catastrophists’, which is convinced that
within the celestial procession of comets
lie the seeds of Armageddon. They at-
tribute the death of the dinosaurs, 65
million years ago, to a comet which
ploughed into the planct triggering ei-
ther a nuclear-style winter or uncontrol-
lable fires. The scrious question is: If
the comet could wipe out the mighty
Tyrannosaurus rex, what chance do
puny Homo sapiens have?

Thus, contemplating the impact of the
21 fragments of Shoemaker Levy 9 on
collision with Jupiter tn our lifetime has
raised modern astronomy from the pre-
occupation of the specialists to a con-
cern for  all hiving and  thinking
mankind, starving or not.

Such an extraordinary astral eveat
then starts stretching the mind  and
arouses the interest of the layman in
astronomy, as indced 11 did mine, 1 then
began to think that although man has
the technology needed to detect and
track threalening celestial objects, there
1S yet no global chain  of telescopes.
And rescarch has sull to be auncd at
defending the Farth from “asteroid at-
tack’y including the possible redeploys
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ment of nuclecar warhecads to shatter
mcomung projectiles and the use of pro-
pulsion units to divert or stecr them away.
None of these, however, will protect us
from every conceivable threat, nor can

they whet our awe at the immensity of

space. The ‘black that remains beyond our
blue™ scems destined to remain a mystery
to all but our telescopes

The social relevance

No matier how awestruck 1 am, 1 cannot
avord relating all of this to develop-
ments in India. | hope T have provided a
reasonable. layman’s support to the
need for the pursuit of the planets even
(i Pune. The statistical probability is
that, next to China, India should have
the largest number of curious people.
This does not necessarily mean that we
should hdave the second largest popula-
twon of astronomers peeping through a
chain of telescopes across the Indian
subcontinent. However, 1n astronomy
we have a history of interest as recorded
in the Puranas. through the Middle
Ages, and now this world-class centre in
Pune. There s, thus, a tradition in
mathematics and physics which links the
ancient with the leading edge in India.

This, unfortunately, is not the case in
most other areas of modern science and
technology. Although we talk of mod-
ernizing and globalizing India, in lay
terms what we really mean is a growth
In production and consumption in our
hfetime rather than a change in the fun-
damentals of looking and doing for a
better future. [ am, thercfore, proud that
India 1s considered to be a world player in
astronomy and astrophysics, 1f not in any
other sphere of science and technology.

Following our independence after
over a thousand years of enslavement,
Nehru, Bhabha, Bhatnagar, Meghnad
Saha and many others inspired my gen-
eration to belicve that science and tech-
nology held the key to traverse the path
from backwardness to modernity and
provide social justice for all. History
will record that for the first three dec-
ades this promise at least seemed to
begin to materialize. The role of science
and technology in India achieving self-
reliance was indeed significant. India
thus achieved a critical mass as a de-
mocracy with a viable economy, al-
though the problems of social inequity
remained.

At a time when we are ready to inte-
grate India’s economic developments
with the rest of the world, the same sci-
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ence and technology institutions which
helped in achicving self-rehiance may now
turn out to be the major source of com-
petitive disadvantage. Any attempt to re-
vive them may be futile, as many of them
may have outlived their utility. What is
necessary 1S to take drastic steps to restruce-
ture and modernize the old and, in addi-
tion, create new institutions for the future.

Who should be concerned about this
vital problem? The Government, Indian
Industry. the non-Government Organi-
zation (NGOs), the media. the intellec-
tuals, or whoever? Since 1990 even the
interest and vibrancy in the science and
technology community that one felt and
saw 1n the 1980s seems to have danger-
ously waned. Unusual and dangerous
priorities have overtaken the nation,
such as disputes regarding places of
worship, the revival of the caste con-
flict, the drive for instant gratification
and enrichment, multinational baiting,
the ‘back to primitive roots movement’,
etc. There is not even lip service paid to
the social and economic imperative to
modernize our institutes of higher edu-
cation and those institutions dedicated
to advanced research in different arcas
of S&T. Every country other than India
seems to be deeply engaged in address-
ing these vital issues. China is set to
revamp its total research base, from one
which had remained isolated and totally
dependent on the State, towards one
which is more autonomous, modern and
globally relevant. There 1s a simmlar
reassessment of the science base in the
USA and Japan. In the UK, the 1993
White Paper on the need to choose areas
of science in which to lead and its rele-
vance to that country’s global competi-
tiveness was articulated. The key was
that not every country could afford to be
outstanding in every discipline of sci-
ence. What a nation needs is a solid
foundation in basic and higher educa-
tion and then the ability to choose areas
of science to excel in, by the combined
efforts of the Government, Academia
and the Industry.

As an Indian it frightens me today
that, as we enter the most complex and
competitive period in human history, we
in India seem to adopt a policy of be-
nign neglect of higher education and
leading-edge S&T. Probably, the only
other tragedy that this policy can be com-
pared with s the disarray in the once pow-
erful S&T culture of the former Soviet
Union with its devastating consequences.

India does not have a choice. All of
Us must raise our voices against this

e -

benign neglect, in which [ie the seeds of
economic tmpoverishment and social
disarray. Just talking about lLiberafliza-
tion, economic development and pov-
erty aileviation will not do. There are
l'imits to foreign Investment and export
growth. Without overhauling our S&T
base India faces a finite economic hori-
zon.

I, therefore, disagree with my friend’s
wife and with people like Bernard
Levin. Just because we are unable to
comprehend science-speak or because
many mediocre practitioners may have
given science a poor image, it does not
mean that there are better alternatives to
achieving excelience in science. For
there are none. More people will die of
starvation and malnourishment without
scientific advances and more nations
will face decline and catastrophe with-
out the pursuit of scientific knowledge.
[ am, therefore, thrilled that Narlikar
and his dedicated colleagues have bult
this world-class facility in Pune. Could
this be the faint ghmmer of light at the
end of the tunnel? We need a few more
of these, and soon. 1 am encouraged by
developments in masstve parallel com-
puting, also in Pune, advances in com-
plex materials in the Institute of Science
in Bangalore, the modernization of NCL
and a few other such developments.
They cost very little money. What they
need is a few great minds. As an Indian,
I am grateful that we have a fair number
of excellent minds. Let us create the
environment in which they can flourish
to prepare India for the next century.

Jayant and I had the privilege of be-
ing members of Rajiv Gandhi’s Science
Advisory Council. In every mecting we
had with him, we enjoyed inspirational
debates on the choice of blue-sky pri-
orities, Truc, even then, everyonce was
aware of India’s day-to-day problems,
but it was not a question of either/or.
Such debates have now waned. [ hope
Narlikar and his dedicaled group will
help revive the debates, even beyond
blue skies. [ sometimes wonder, if only
we could divert a fraction of the energy
of our people away from breaking down
places of worship or participating in
caste tiots, towards the pursuit of sci-
entific enquiry, could we transform our
nation and start realizing our potential?

I am now pleased about the brief en-

counter Jayant and 1 had in Januan
1994,

——

Ashok § Ganguly works in the Research &
Engmeering Division, Unilever PLC,
London, UK.
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