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Preface

Biographies of great men are of two types. The fitst deal with men of affairs
like Alexander the Great or Napoleon Bonaparte. The second concern them-
selves with philosophers, creative artists and scientists like Immanuel Kant,
Wolfgang Mozart and Albert Einstein. This portrait of the sage-scientist,
Abdus Salam, is of the latter type. It therefore addresses itself to readers who
already know something about him and his works. To quote what Soren
Kierkegaard wrote about Don Juan: ‘What I can offer has a meaning only for
those who have heard and who keep on hearing. To such I may be able to
give a suggestion here and there for renewed hearing.’

There is a theory of genius according to which the direction taken by
talent is more or less accidental and determined by events and experiences.
Thus, itis believed, that a great poet might become a great statesman, a great
painter a great administrator, or a great philosopher a great politician.
However, I do not believe it. For if Salam had not overcome his civil service
syndrome in 1947, to adopt scientific research as his lifelong metier, he
would have been all but lost to the world. It is rare for a genius to escape
oblivion if he misses his assigned slot like a_poet masquerading as a
statesman, a painter as a philosopher, or a scientist as a civilian administrator.

The only exception I know is Johann Goethe. As is well known, Goethe
came to Weimar under the reigning Duke Charles Augustus. It remained his
home despite Napoleon’s venez a Paris —till his death in 1832. He served
the Duke in innumerable and ever-increasing official ways. As the indispen-
sable minister of the little state, he was inspecting mines, superintending
irrigation schemes, and even organizing the issue of uniforms in its tiny
army. But even if Goethe in his ministerial capacity had more important
affairs to decide than those of the tiny Weimar principality, he could hardly
have influenced the history of Europe more profoundly than he did. He did
s0, because what he says about the state he says as a poet not as an adminis-
trator or minister. There is no reason to believe that Salam, the sage-scientist
that he has become now, could have done what he actually did by becoming
a civil servant in Pakistan, as Goethe, the poet, could do by becoming the
young Duke’s minister in Weimar.

I'wish Salam could give us a self-portrait by reciting reminiscences of his
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life, like the famous actor Anthony Quinn has done in his autobiography
titled The Original Sin. But as he has chosen not to do so, 1 offer a whol!y
inadequate substitute for what it is worth. Lhave made no effort to re-tell in
all its details the story of Salam’s life, for which sources of information are
scarce. What 1 have sought to do is to draw as sharply defined a picture as
I could of his work and character as well as of the personalities and events
that exercised a decisive influence upon it.

Delhi | Jagjit Singh
January 1992
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Prologué *

On Writing a Biography

by

To write the life of a sage-scientist, who thanks 10 his extraordinary
endowments, managed to bridge what C. P. Snow called the gap between
the two cultures of Science and Humanities, thereby advancing not only
physics to its present pinnacle but also taking in his stride the major
problems arising from the impact of science on society, is an arduous and
presumptuous task. Had Abdus Salam chosen to write his autobiography in
conformity with the opinion of an earlier British sage of the eighteenth
century, Samuel Johnson, that every man’s life may be best writien by
himself, the result would have been far more gratifying. Considering his
mastery of the English language is as great as that of physics and mathemat-
ics, his autobiography would have been as perfect a work as he did in physics
that won him the Nobel Prize in 1979.

However, he is reluctant to write the story of his own life because he does
not share the opinion of Samuel Johnson. The reason (I guess) is his horror
of self-appraisal or self-reference. As a mathematician, he is aware of the
crop of logical paradoxes arising in the wake of self-reference like the
famous statement made by Epimenides, the Cretan, that, ‘all Cretans are
liars.” Was he lying or telling the truth? If the truth, he was the exception who
negated that truth. If not, then he himself, a Cretan, was telling a lie. A
similar paradox is that devised by Bertrand Russell of a village barber who
shaved all those who did not shave themselves. Did he shave himself? There
is similar trouble whichever way you answer the question—trouble you can
escape only by avoiding self-reference, that is, the statement must not be
applied to its own subject, Epimenides or the barber.

These relatively minor troubles of self-reference in purely deducive
branches of natural science such as logic and purec mathcmatics are avoided
by linguistic reforms which prohibit certain types of statements involving
sclf-reference. But they are not so easily warded off in experimental
sciences like physics and chemistry. In thesc sciences, the experimental
observations incvitably loop back on the observer making them. But the
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pitfalls of looping back or self-reference are avoided by assuming that the
scientific observer is an entirely neutral external figure who can experiment
on nature without seriously distorting the observed phenomena. This belief
in the non-interference of the observer in his experiments with nature is, of
course, not strictly true. But it is, nevertheless, justified on the ground that
it works so well in natural sciences that we can safely ignore its limitations.
It enables us now to send men to the moon and bring them back again with
a margin of error of a few seconds and a few hundred yards. The “margin of
error” is the small residue left despite our best endeavour to eliminate the
effect of the experimenter’s interaction with his experiment, that is, his self-
reference.

But what the natural scientist can do and does to contain the “errors” due
to self-reference within acceptable limits is impossible for the autobiographer
to do. The reason is the great difference between the materials of their study.
One studies external nature, the other himself and the society wherein he
lives. As we know, the materials of natural scientists’ experiments on nature
have no will of their own. They can’t tell lies nor can they change the rules
of the game in the midst of an experiment. But man himself, the material of
his study; is no such docile, easily manipulatable, inert material. There is,
therefore, no way he can guard against the dangers of self-reference which
climax when his own observations loop back on him. These dangers are
more serious barriers to the solution of the vexed mind-body problem which
has remained insoluble since René Descartes tried to solve it by resorting to
his celebrated cogito ergo sum three centuries ago. For mind is both the
subject of investigation and the means by which it is investigated. As P. B.
Medewar, has suggested, this form of insolubility may be. described as
“incompletability”. It is like painting a portrait of a studio which includes
the painter himself sitting at the easel with a canvas in front of him. It will
remain essentially incomplete. In such problems of self-reference, where
thoughts and concepts appear to loop back on themselves like nested flash-
backs on themselves or plays-within-a-play, the solution escapes through
linguistic crevices like water in a sieve. A minor version of the same
difficulty seems to bedevil autobiographical writing as well.

A subconscious awareness of this basic incompletabilitv of the problem
of autobiographical writing is perhaps the reason why the great Samuel
Johnson did not write his own biography even though he wrote about the
lives of many eminent men. As his friend and biographer, James Boswell,
reported, Johnson did commit, ‘to writing many particulars of the progress
of his mind and fortunes’. But he, ‘consigned to the flames the bulk of what
he wrote a few days before his death.’ 1 dare say a similar inhibition prevents
Salam from writing his autobiography.

Xi
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As I have had a long simmering admiration for the meteoric rise of a
fellow countryman of the Indian sub-continent to the zenith of the firma-
ment of world science, | have undertaken a task he has chosen to foreswear.
My sole qualification is that I had written, over a decade ago, a short piece
popularizing his new theory unifying two of the four fundamental forces of
nature, a feat as seminal now as James Maxwell’s unification of electric and
magnetic forces over a century ago: Since then I have had the honour and
happiness of receiving from him, material for writing his biography.

xii

CHAPTER 1

The Beginning

There is nothing remarkable about Jhang, a small market towr in Punjab.
Nor is there anything special that its neighbouring town of Maghiana can
boast of. Nevertheless, both are famous all over Punjab because of their
association with Heer Ranjha, an epic poem written by the celebrated
Punjabi poet, Waris Shah. His epic is to the Punjabis what Shakespeare’s
Romeo and Juliet is to the British.

The picture Waris Shah depicts of the Jhang of his day is by and large as
true and fascinating in our own time as it was in his. Buffaloes and cowherds,
the ferry by which Ranjha crossed the river Chenab to meet Heer, the
wandering minstrels and the general pattern of life remained the same down
the ages, at any rate until the early decades of this century. The ploughmen
gathered together at the end of their day’s toil in the city dara (circle) under
the trees, to listen to a recitation of Heer even in the late 1930s as in the old
days of Waris Shah two centuries ago. Indeed, such gatherings of city folks
were more frequent and popular in the recent past because of the establish-
ment of “law and order” in Pun_]ab as aresult of its annexation by the British
in 1840. The province was in a state of turmoil in the time of Waris Shah
(17405) because of i mvas:ons like that of Nadir Shah in 1748.

Although British rule brought peace to the region, it did little towards the
town’s development. It had no electricity, piped water supply, roads, radio
ot telephone. Uneven dirt-tracks full of potholes were negotiated by bullock
carts and one-horse contraptions which jolted along precariously.

It was in Jhang city with its romantic aura that Salam’s ancestors settled
many generations ago. Indeed, Salam’s lineage can be traced to an Indian
Rajput princeling named Buddahn who founded Jhang city as the capital of
his kingdom around ap 1160. He was converted to Islam by an itinerant
Muslim divine, Hazrat Ghaus Bahul Haq Zakharia, who came to India to
preach Islam. Obviously the family survived the great upheavals and
turmoils that have afflicted Punjab in the wake of numerous invasions
beginning with that of Mahmud of Ghazni and ending with its conquest by
the British in 1840.
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Choudhary Mohammad Hussain, Salam’s father, had a small teaching
job in the Government High School after which hé held a minor position
as Head Clerk in the Education Office of the District Board. When his
second wife, Hajira Begum, was pregnant he had a vision that his child
would be a boy who would bring glory to God by dint of his intellectual
prowess. He decided to name him Abdus Salam (Servant of Peace) before
he was born.

Due to the fulfilment of his vision, Mohammad Hussain became inordi-
nately fond of the new born baby. He tended him with such care and
solicitude that Salam won his first prize at the age of two, as the healthiest
and most beautiful baby in Jhang town. By the time he was four, he began
to show a real penchant for reading, writing, counting and even calculating.
His mother began teaching him the three R’s and soon discovered that her
son was a Hafiz in the making—able to recite from memory, fairy tales,
adventure stories, episodes of Islamic history, and even verses of the Holy
Quran. He was an infant prodigy.

As Salam was too young for admission in a regular school, it was
postponed till he was six years old. But when he was taken to the M.B.S.
Middle School of Jhang for admission, the Head Master of the School,
Mirza Ghulam Abid, found him too bright for admission to class one. He,
therefore, admitted him directly to class four. Salam vindicated the Head
Master’s judgement by standing first in the fourth class examination held at
the Jhang Centre.

In an address delivered in December 1972 to the students of his Alma
Mater, the Government Intermediate College, where he was admitted at the
age of twelve, Salam -attributed all his later accomplishments to the
affection and diligence of the exceptionally talented as well as hard working
teachers of this institution. In particular, he remembered his English teacher
Sheikh Ijaz Ahmad, who thought that Salam used or, rather, abused certain
words without fully understanding their meaning and nuances. Every new
word he added to his vocabulary became an obsession as if it were a iew toy
to play with. He could not resist the temptation of using it as often as abusing
it without context. Sheikh Ijaz Hussain blunted his obsession one day by
quoting a Persian couplet: ‘I fear O Arab; you’ll never get to the Kaaba. For
the path you are following leads to Turkistan.’

As Salam grew up, his father, who had had great difficulty in passing his
own examinations, began to be increasingly concerned that his son might
encounter a similar problem. Because of the promise shown by Salam in his
infancy, he was not worried so much about his passing examinations as
'passing them without a First or a Scholarship. His other worry was that
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Salam’s supposedly more “brainy” Hindu schoolmates in Jhang and else-
where might outsmart his son in the long run.

He believed the myth that Muslims were intellectually inferior to the
Hindus simply because in the competitive examinations held in his times for
recruitment to the superior civil services the top rankers were almost always
Hindus, with the result that Muslims had to be “nominated” to a few posts
exclusively reserved for them by the British rulers. He did not realize that
it was a natural consequence of what statisticians call the Law of Large
Numbers. An overwhelming majority of the boys in the area happened to be
Hindus. Consequently, they had to be the first few who topped the list of exa-
minees by sheer weight of numbers. Unable to understand this, he believed
the myth of Hindu intellectual superiority.

This perennial worry, that Salam was handicapped in his race with his
Hindu classmates, had prompted him not only to coach him at home himself
but also enlist the aid of other private tutors and teachers. The endless
coaching and vigilance began to give Salam a psychological complex. He
did not resent the stern discipline his father imposed. On the contrary, he
accepted it, without demur, because he never doubted its purpose. But he did
not understand what his father called the “difficulty” in passing examina-
tions with distinction. He mused on the idea of this “difficulty”. What was
difficult, he reasoned, could not be easy. If so, how could he so easily answer
nearly all the questions put to him in the class and in the examination
hall?. That was the riddle that puzzled him for a while. He began to be
apprehensive about his teachers setting him really difficult questions that
could test his mettle. This lurking apprehension might have sapped his self-
confidence had it not been for his spectacular success in his matriculation
examination. This success convinced him that what his father called
“difficulty” was his illusion. Allah, he believed, would ensure that what was
difficult for others would be as facile for him as effortless breathing. Faith
in Allah restored the growing lad’s faltering self-confidence for the rest of
his life. .

Salam vividly recalls the day the matriculation results were announced.
He relates: ‘1 was sitting in my father’s office in the Maghiana part of the
district court office. The examination results were published in newspapers
from Lahore and on that day the newspaper arrived around lunch time at
Jhang Sadar railway station. My father had instructed one of his subordi-
nates to bring the newspaper to him. But before the messenger could return,
telegraphic messages of congratulations began pouring in from Lahore. |
started for home in the afternoon on my bicycle from Maghiana to Jhang
city. The news of my standing first in the examination in the Province had
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already reached Jhang city. I had to pass through Police Gate district of
Jhang city to reach my home in Buland-Darwaza. | distinctly recall that
those Hindu merchants who normally would have closed their shops due to
the afternoon heat, were standing outside their shops to pay their homage to
me. Their respect for me and their patronage of education has left an
indelible impression on my mind.’

His achievement is all the more remarkable when one considers the en-
vironment in which he lived. The large family consisting of seven brothers
and two sisters, besides the parents, lived in a house that is better described
as a one-room tenement. Consisting as it did of a roof supported by wooden
beams, a couple of charpoys on each side of the room, a small table in the
centre and a few stools for eating meals. In such primitive environs and amid
the noise of the squabbling children, Salam somehow learnt to switch his
mind off so completely that he might as well have been in a solitary cell.

The environment at Jhang College where he continued his studies after
matriculation was equally basic. Salam recalled it in 1988 when he deliv-
ered the first of the P. A. M. Dirac Memorial Lectures at Cambridge. He
said, ‘I still remember the school of Jhang in Pakistan (Jhang is my birth
town). Our teacher spoke of gravitational force. Of course, gravity was well
known and Newton’s name had penetrated even to a place like Jhang. Our
teacher then went on to speak of magnetism; he showed us a magnet. Then
he said, “Electricity! Ah, that is a force which does not live in Jhang, it lives
only in the capital city of this province, Lahore 100 miles East.” (And he was
right. Electricity came to Jhang five years later.) And the nuclear force?
“That was a force which lived.only in Europe. It did not live in India (or
Pakistan) and we were not to worry about it.” But I still remember he was
very keen to tell us about one more force—the capiliary force.* I always
wondered why he was so insistent on calling the capillary force “a funda-
mental force of nature”. I think I know now the reason. He was teaching us
the force laws according to Avicenna.** Avicenna was not only a great
physicist of distinction but also a great physician. Surely for a physician
there is no force more important than the one which makes blood rise in
the smaller capillaries. He (and my teacher) regarded it as one of the funda-
mental forces of nature though we do not think so today.’

* This particular lesson has stuck in Salam’s mind because of the extraordinary heaviness of
the Arabic word for capillarity—Kesh-e-shy annabeeb-e-sharri.

** Avicenna was a contemporary of Al-Biruni. He was 4 native of Central Asia, who wrotc
both in Arabic as well as Persian, The Russians claim him as ‘The First Great Soviet Physicist’
because his birth place is now part of erstwhilc Soviet Central Asia. (At the Moscow University,
Avicenna’s statue occupies the leading place of honour.) His Qanun (“Canon of Medical Law”)
was taught in Europe till the seventecnth century.
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Salam had to bestir himself to perform a multitude of tasks in order to
redeem his father’s vision before his birth, namely, “to bring glory to God™.
He therefore accepted that beliefs consisted of a priori assumptions, not
requiring proofs. There was no question that the Holy Quran was the voice
of God, that religious truth was not the product of reason but of faith.
Revelation was a surer diviner than Man’s mind. So strong was his faith in
revealed truth in early life that it has persisted all through his later life as
well. No wonder he has never argued about the existence of God. This
religious turn. of mind served him very well, indeed. For, although he
received repeated evidence of his great ability and talent, this did not make
him in any way proud, arrogant or self-willed. ‘

After passing his intermediate examination—again standing first in the
Punjab University—Salam . left home to join the Government College,
Lahore. The shift from Jhang to Lahore was a quantum leap from a rural
slum to the most civilized city of Punjab. The college and the students
themselves were not-as he had imagined they would be. Most under-
graduates chose in their own minds to belong to one of two categories:
“hearty” or “book worm”. Of these, the overwhelming majority were the
“hearties”, devoting themselves to rowing in the nearby river Ravi, playing
cricket, football or billiards, and a dully dutiful attempt to get through their
syllabus of studies and then take such jobs as came their way. ‘Very few of
these young hearties brought any sense of vocation to their lives. Top class
sportsmen like the famous cricketer Fidda Hussain were rare exceptions.
The hearties despised the book:worms, who studied furtively—in the
College library, in parks or at night in someone else’s room. Apart from
concentrating on his studies, Salam also took to playing chess. It was a
mental exercise that gave him immense pleasure. Unfortunately, it was
shortlived, as one of his father’s friends, who was appointed to watch his
activities in Lahore, wrote to him on the matter and his father lost no time
in asking him to stop.

During his years in Lahore, Salam ventured to study two subjects which
were outside the curriculum of studies prescribed by the university. They
were a branch of pure mathematics cultivated by Srinivasa Ramanujan
and Urdu poetry. He found a way of simplifying Ramanujan’s laborious
technique of solving a set of equations.* He did not delve deeper ‘into
Ramanujan’s pure mathematics. The reason was that pure mathematics of
the type Ramanujan practised with its stress on mathematical rigour rather

* He published his solution of the Ramanujan problem in Maths Student—Vol, X1, Nos 1-2,
March-June 1943. It was his first publishcd mathematical paper written in 1942 when he was still
an undergraduate at Government College and only sixteen years old.
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than its application to solve some real problem of physics, was not his cup
of tea. He was more fascinated by applied, or what Werner Heisenberg
called “dirty mathematics” of the type used to solve the knotty problems of
quantum mechanics in the 1920s. As there was no one on the mathematical
faculty of his college to guide him and suggest topics of research of this kind,
he had to wait till his arrival in Cambridge to do what was to be his forte in
later life.

His extracurricular study of Urdu poetry ;was motivated by his
fascination for dervishes, holy men, priests add mystics who preached
philosophical doctrines of Monism or the Unity and imminence of God.
He was particularly drawn towards Urdu ghazals. In fact, Salam loved Mirza
Ghalib’s poetry so much that he wrote an article on him during his
student days. It was published in an Urdu magazine called Adbi Duniya
(Literary World).

On reading the piece, one of his fellow-students had remarked: ‘Shame
on you for such a vulgar display of learned moonshine,” or words to that
effect.

A dual inclination for mathematics and literature is indeed, rather
unusual. Oscar Wilde, for instance, found even a relatively simple computa-
tion, a puzzle he could hardly solve. On the other hand, the mathematical
prodigy, Ramanujan, failed to pass his examination in English, thus putting
an end to his college studies. Salam is one of the rare prodigies with two
strings (mathematics and literature) to his bow.

In any case, Salam’s pursuit of extracurricular activities did not prevent
him from standing first in the university in the B.A. as well as M.A. exami-
nations, winning the Punjab Government’s scholarship for studies abroad.
The child prodigy had persevered and progressed.

It was around this time that Salam’s father urged him to attempt the Indian
Civil Service (ICS) examination. The ICS was the usual “tide” in the affairs
of young college boys which taken at the opportune moment, led in those
days to fame and fortune but, if omitted, ‘bound their life in shallows and
miseries’. One cannot blame his father for his fixation. The ICS syn-
drome was all-pervasive in his day. Even Motilal Nehru sent his only son,
Jawaharlal Nehru, to Cambridge as a prelude to entering the ICS. But with

the outbreak of the Second World War in 1939 the annual competitive exa- .

mination for recruitment of ICS officers was suspended in 1942 for the
“duration of war”, a euphemism for “indefinitely”. It seemed to Salam’s
young contemporaries as if the “Holy Grail” of their career had all of a
sudden been swept aside. Worse, the world war that had little effect on
their daily lives at its commencement in 1939 shook them no end with the
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pre-emptive Japanese strike on 7 December 1941 that virtually destroyed
the entire American fleet docked in Pearl Harbour, Hawaii.

The Pearl Harbour debacle made the global war, that had hitherto seemed
to Indians remote and phoney, instantly immediate and real. It also showed
that the great colossus—the British Empire Indians had learnt to venerate—
had feet of clay. Within three months of the Pearl Harbour sortie, the
Japanese had driven out the British and their allies from all their erstwhile,
seemingly impregnable, strongholds in South East Asia like Hong Kong,
Singapore, Indo-China, Malaya, Indonesia and Burma (Myanmar). By
March 1942, they had occupied Rangoon and in the next few weeks they had
actually come within shelling distance of Kohima and Lumding in Assam.
What would happen in India? What would the British do? Would they quit
India following a scorched earth trail as they did when they evacuated
Burma and Malaya? Or, would some indigenous political party—Indian
National Congress, Muslim League or Communist—take over, disengaging
the contestants as a powerful but benign onlooker might separate two
gladiators engaged in mortal combat? Or, what else?

The political uncertainty facing Indian youth did not end till the termina-
tion of the Second World War in 1945 when Salam was still a student in
Government College, Lahore. But its end was only the beginning of a new
one. In 1946 when he passed his M.A. he was only twenty and not yet
eligible to appear in the ICS competitive examination. Meanwhile, the
partition of the country seemed to be in the offing, signalled by the outbreak
of large-scale civil/communal war starting with the Great Calcutta Killings
on 16 August 1946. It was already simmering in Salam’s province, Punjab,
too. The reigning Muslim Unionist’s Ministry led by Khizar Hayat Tiwana
was threatened because of the Muslim League’s sweeping victory in the
1946 elections—winning seventy-six out of eighty-six Muslim seats. Under
the prevailing circumstances Salam did not know what to do next. He still
believes he was rescued by Allah, who Himself designed what he calls the
“trilogy of accidents” that steered him on the course he actually followed.

In spite of the Muslim League’s spectacular victory in the Punjab elec-
tions, Khizar Hayat Tiwana’s Ministry managed to survive by an alliance of
his rump party of Muslim Unionists with Congress Hindus and Akali Sikhs.
Dominated as it was by Hindus and Sikhs, it couldn’t have possibly conti-
nued in a Muslim majority province for long when partition of the sub-
continent was round the corner. Butitdid last just long enough to bring grist
to Salam’s mill. The grist was a sum of rupees one hundred-and-fifty
thousand, collected by Khizar Hayat to support the British war effort. But
the war having ended in 1945, he was persuaded by a senior civil servant to
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utilize the collected sum for instituting scholarships for poor farmer’s-sons
for study abroad. This was the first of Salam’s trilogy of “accidents”
mentioned earlier. The second accident was the assignment of a small piece
of land owned by his uncle to his father sometime earlier. This fortuitous
bestowal of land qualified him to compete for the Khizar Hayat Scholarship.
Having become eligible to compete he had no difficulty in winning the
scholarship along with four others. The third “accident” was that he alone
could use the award because he could secure immediate admission to
St. John’s College, Cambridge, where ProfesSor Dirac lived and worked.
All the others were promised admission in subsequent years. But within a
few months of the award of the scholarships, the scheme was scrapped when
Khizar Hayat resigned in March 1947. That Salam happened to adopt
scientific research as his metiér was thus the outcome of a chance that trig-
gered the crucial triad of “accidents” of his early life.

Having secured admission to St. John’s College, Cambridge, and a
scholarship to finance his studies there for three years, he had to overcome
another hurdle — getting passage on a boat sailing from Bombay to the UK.
This was a major problem at the time, for, in 1946, there began an exodus
of British civilian and military officers rushing back home with their
families in anticipation of the British government’s decision to quit India in
1947, after handing power to two new sovereign states: India and Pakistan.
The waiting list of passengers intending to travel to the UK was so long that
one had to wait for several months to secure a passage. But that was precisely
what Salam could not afford to do. He had booked his passage with a
steamship company in September 1946, and had to join his college in
October 1946. The only thing he could do was to proceed to Bombay to wait
on the off-chance of grasping a vacancy that might occur on the next
departing vessel. He came to Bombay a few days earlier and stayed in a
boarding-house in Colaba. Late one night there was a knock on the door. He
woke up, but ignored it until it became too insistent to do so. ‘Who is it?” he
asked. “Military Police,” came the reply. He got out of bed and opened the
door to confront a British sergeant in uniform. ‘Why didn’t you open up
when 1 first knocked?” he asked. ‘I was asleep,” he said, ‘What is the
matter?’ ‘Please come to the office with me and I will tell you,” the sergeant
replied. When in his office Salam found that he was suspected 1o be a
deserter from the Indian Navy. In 1946 a mutiny on a vessel of the Indian
Navy had broken out and some of its naval ratings on board had bolted. The
police were in search of these deserters. But the travel documents Salam
carried. sufficed to prove his innocence. This was lucky. If the police
investigation had proceeded with its usual sloth and suspicion, he might
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have missed the boat. For the next day sailed the P & O Franconia on which
the wait-listed Salam managed to secure a berth. The ship sailed from
Bombay on 8 September 1946, carrying about 600 Italian Prisoners Of War
and some 600 British families.

He landed at Liverpool in October 1946. It was a cold and misty morning.
Unaccustomed to the biting English cold, he began to shiver because of the
inadequate clothing he was wearing. Fortunately, he was rescued from his
distress by the eminent jurist, Sir Mohammad Zafarullah Khan. By a
remarkable coincidence he had come to Liverpool to fetch his nephew
travelling by the same boat. Observing Salam’s distress he gave him one of
his enormously heavy winter overcoats. Salam has treasured it as a family
memento. '

Zafarullah was at that time a judge of the Federal Court of India. In spite
of his eminence and age he personally assisted Salam in handling his
baggage. When Salam disembarked from his boat, he found his many cases
containing his books on mathematics and physics, as well as his clothes,
lying around in the customs shed. There were few porters those days due to
the prevailing post-war conditions. Finally, Zafarullah directed Sa]am to
take hold of each case from one side while he held it from the other and
carried it to the waiting boat-train. Salam has never forgotten the amazing
reception he received on his arrival in the UK as a “humble” student from
so highly placed and eminent a personage as Zafarullah. '

By another coincidence, while Salam first met Zafaruilah in the UK, his
last meeting in the early 1980s with Zafarullah also took place in the same
country. Both were living in London (of which later) as voluntary exiles
from Pakistan. On hearing that Zafarullah was lying ill with a severe -
back-ache in Wandsworth hospital, Salam went to visit him with a book,
Shamail-i-Tirmizi, written by Imam Tirmizi. The book describes the Holy
Prophet’s daily life, His looks, the clothes He wore and the like. Salam told
Zafarullah that he intended to translate it into English sometime in the
future. He left the book with him and left for the International Centre for
Theoretical Physics (ICTP) in Trieste. When he returned to London after a
couple of months and went to see Zafarullah at his residence, he was
astonished to find Zafarullah presenting him a copy of a translation of the
book into English, already completed and printed with a dedication to
Salam. Zafarullah had translated the book as he thought Salam was too busy
otherwise to find time to do it, whereas he had nothing to do confined in
the hospital and found translating the book the most “rewarding use” of his
time there.



CHAPTER 11

Life at Cambridge

o

A

Soaked in history and tradition, replete with chapels, gothic spires, medie-
val arches, carefully tended lawns and flowing through it all, the gentle
Cam—Cambridge fascinated Salam. With its vast machinery of learning, it
provided the ideal ground for his genius. Fortunately, Salam’s finances
totalled £500 per year (he had won two scholarships) which meant that he
could join the clubs, entertain friends and be entertained by them. His love
of learning saved him from falling a ready prey to temptations that often led
the sons of rich Indian parents astray when studying abroad. Besides, at
Cambridge he did not have to hide his book-worm qualities under a bushel
as he did at Lahore for fear of the hearties.

As he himself observed later on, ‘The difference between me and my
contemporaries (who were about two years younger than myself) was that
they belonged to the nation of Newton. They behaved as if they were all
Newtons. After the examination results came out, I went to my supervisor
and asked him why I had a good class while most of my contemporaries had
done so badly. He said this was the whole point of the examination—to try
to 'take the sting out of those who took themselves so devastatingly
seriously.” Encouraged by his performance in the first year, he skipped
preparing for the Mathematics Tripos II and appeared for the Part 111
lectures. These were advanced lectures which led to research both in pure
mathematics as well as theoretical physics like those delivered at the time
by P. A, M. Dirac, N. Kemmer and Herman Bondi on guantum mechanics
and general relativity (Einstein’s Gravity). Listening to lectures on the new
physics by Dirac, Salam was so fascinated that he decided to become a
theoretical physicist instead of a civil servant.

Luckily for Salam, Cambridge was then the Mecca of particle physicists
with its Messiah, the celebrated Dirac, who had won, over a decade ago, the
Nobel Prize for welding together Einstein’s Special Relativity and Quantum
Mechanics of Werner Heisenberg and Erwin Schrodinger. With the end of
the Second World War in 1945, he had begun to atiract a number of brilliant
young mathematicians. One of them was the mathematical prodigy, Harish
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Chandra, a contemporary of Salam sent to Dirac by his professor of
Allahabad University, Sir K. S. Krishnan, FRS. It is related that when
Harish began to show Dirac the mathematical theories he conjured up, Dirac
disappointed him by returning them to him without any comment. Harish,
therefore, left him to work with Wolfgang Pauli in Geneva.

Some time later when Krishnan met Dirac, the first question the latter
asked was which was the Indian University where Harish had learnt the
mathematics he knew. Dirac wanted to send some of his pupils there for
education. ‘If so,” Krishnan countered, ‘why did you then drive him to Pauli
with your studied reticence on his work?” Dirac is said to have replied that
he was too scared to let his critical comments disturb or distort the flow of
ideas of a creative mind. Young Harish would have taken them too seriously
to think on his own independently.

This anecdote shows how conducive to research Cambridge was, when
Salam was studying there. It was the period after the Second World War
when new ideas and experiments were flowering from seeds that had lain
dormant. The scientists who had been mobilized for the great war effort of
the victorious allies came back to the universities, impatient to get started
again on research. As they were in a hurry to make up for the years lost, they
worked with energy and enthusiasm. Pure science began to hum. And right
at the centre of the renaissance was P. A. M. Dirac at Cambridge.

At that time there was a single central unsolved problem that absorbed the
attention of a large number of physicists. It was called the quantum electro-
dynamics problem. The problem arose because there was then no accurate
theory to describe the everyday behaviour of atoms and electrons emitting
and absorbing radiation. Quantum electrodynamics was the name of the
missing theory. It was called quantum because it had to take account of the
quantum nature of light, electro because it had to deal with electrons, and
dynamics as it had to discuss forces and motions. Although theories of the
pre-war generation of physicists, Einstein, Bohr, Heisenberg, Dirac and
others had provided the basic clues to such a theory, they did not suffice to
calculate exactly how an atom would behave. Such an exact theory was then
being worked out at Cambridge. It was the excitement of this creative
endeavour at Cambridge that bound Salam to scientific research for life.

Having decided to embark on research in theoretical physics, he con-
sulted Fred Hoyle, the famous author of Steady State Cosmology, and his
tutor, as to what he should do next. Hoyle advised him to read the advanced
Part 1 of the Physics Tripos for his third year, because, ‘that was the only
way he could look experimental physicists in the eye.” The reason is that the
predictions that a theoretical physicist makes on the basis of his theory have
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to be checked with observations made by the experimental physicists. Such
a collaboration between the two is impossible without at least a nodding
acquaintance of each other’s craft. It was therefore necessary for Salam, the
budding theoretical physicist, to know how physicists perform their experi-
ments. Since Salam had not done physics experimentation for a number of
years, he found it difficult to take Part II of the Physics Tripos. He tried to
solve the problem by consulting his college adviser, Dr J. M. Wordie, a
geologist who later became the Master of St John'’s. Dr Wordie depressed
Salam by revealing gleefully that there was nd ‘solution to his problem.
He cited the instances of two eminent physicists—G. P. Thomson and
N. F. Mott—who had tried to do what Salam was attempting, to obtain a first
in Physics Part II in one year, but failed. They should have taken two years
to do it. Since Salam had only one year’s scholarship left, Dr Wordie put
his name down for physics as an “experiment” to see if he would succeed in
one year.

Undaunted by the forebodings of Dr Wordie, Salam undertook experi-
mental work in the Cavendish Laboratory where there was nothing but old
obsolete equipment such as Ernest Rutherford had used for his experiments
there three decades ago when experimental physics was still in its string-
and-sealing-wax days. In a lecture titled “‘From a Life of Physics’’, at
Trieste in 1989 Salam has recorded the trouble he had to face in performing
his experiments. ‘For example, one had to blow glass and carry it three
flights of steps. It was torture. They wanted it to be torture, and they
admirably succeeded. I remember the first “experiment” which I was given.
The “experiment” was basically rather simple—we had to measure the dif-
ference of two sodium spectral lines—the wavelength difference—by an
interferometer method. It took me three full days to set up the equipment—
to align it properly—and then I took three readings—three readings on the
principle that I wanted to get a straight line—two points to determine a
straight line, and the third to prove it. I took this work-to Sir Denys
Wilkinson, former Vice Chancellor of Sussex University—one of the
brightest experimental physicists in the UK. He was then one of the young
supervisory staff who awarded marks on the write-up. This counted towards
the finals. Denys looked at my effort with a quizzical look on his face. He
said “What’s your background?” I said I came from mathematics. He said,
“Oh, I can see that. You realize that you have to take one thousand readings
before you prove a straight line. This is just not worth grading.” ’

No wonder Salam was fed up with the experimental work he was doing.
Nothing seemed to work right. If he did an experiment to demonstrate, say,
the laminar flow of water in Poiseville’s tubes—inaptly blown by himself
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by the way—he would observe a blockade instead of a flow. In short; the ex-
periment went one way and the experimenter the other. But the experi-
menter was human. He could loopback on the experiment and fudge a
“theory” to account for what actually happened, Ttge upshot was that
although he failed the experimental examination, he did so well in ,fheory
that he did obtain a first class in one year, not two, as Dr Wordie had
gloomily predicted. . .

Having passed Part II of the Physics Tripos, Salam, through an extension
in his scholarship, entered the Cavendish Laboratory to pursue pure re-
search. According to an old Cavendish tradition, first-class gradt.lates were
then preferentially selected for experimentation whereas lesser lights were
herded into theory. Since Salam had done so well, he was “promoted” to
experiment and not to theory which was his forte and real wish. He was put
to work under Samuel Devons, firing hydrogen atoms to deuterons and
measuring the resultant collision. Salam had no aptitude for such wprk. He
lacked the sublime patience of Devons, with the Cavendish experimental
equipment which never functioned, at any rate, in his hands. How was he‘tor }
deal with such a dilemma? Salam relates what he actually did. -

‘Around December 1949, I asked Devons if-1 could leave to join a
theoretical department. Devons graciously agreed, provided I f:ould find a
supervisor. ] approached Nicholas Kemmer. After Yukawa had invented the
theory that a virtual particle—then called the mesotron and now calied the
pion—was responsible for the strong (and weak) interactions, Kem_mer had
described all possible forms of interactions that could be mediated by
mesotrons, including the (¥) 5 theory. After the renormalization of quantur.n
electrodynamics and discovery of the pion, the natural question was if
Yukawa’s meson theory could be renormalized. At our first interview
Kemmer told me that quantum electrodynamics had been solved by Feynmaf],
Schwinger, Tomonaga and Dyson, and that (my subsequen.t best friend in
life and) his star pupil, Paul Matthews (who later became Vlce-Chancel'lor
of Bath and died tragically in an automobile accident in 1987), was going
to solve all problems concerning mesons. This is what I was told, “Go to
Matthews and ask him if he has any crumbs left.” *

Over fifty years after Salam wrote the aforementioned piece on his
induction into research in physics, his supervisor, N. Kemmer, recollected
the “wonderful” years (1946-53) in Cambridge into which Salam entered.
‘Around that time,” Kemmer wrote, ‘I was presented with a difficult
personal problem—some of my colleagues, both theoretical and experi’-’
mental, approached me demanding, “You must accept one more student:
“Impossible! Not many have been as easy to cope with as Paul Matthews.
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He’ll get his Ph.D. and will be off my hands!” “But this one has done better
in his finals, both in Physics and Mathematics, than anyone we sent you
before!” “Who is he, anyway?’ “A Pakistani.” What I answered will remain
a conjecture, but is bound to have expressed great doubts about the man’s
qualifications being good enough. Anyhow, no doubt blaming myself for
weakness in taking on more hard work, 1 accepted, but got myself out of
immediate responsibility for devising a research problem for the new man
by telling him that Matthews was the man who had made himself an expert
in the problems he should study and sent him to consult Matthews.’

In order to understand the nature of Salam’s research, it is necessary to
give a bird’s eye view of physics today. At present we see the world of
physics divided into three principal domains. The first is the domain of the
very large, massive objects, planets and stars and galaxies and the universe
considered as a whole. In this domain, gravitation is the dominant force and
Einstein’s generalized relativity is the single most successful theory. The
second is the domain of the very small, the short-lived particles that are seen
in high energy collisions and inside the nuclei of atoms. In this domain, the
strong nuclear forces are dominant and there is not yet any more or less
satisfactory theory. Fragments of theories come and go, describing more or
less satisfactorily some of the things experimenters observe, but the domain
of the very small is still terra incognita, waiting to be fully explored.
Between these two, the very large and the very small, there is the third
domain, the middle ground of physics. The middle ground carries in its
sweep everything intermediate in size between an atomic nucleus and a
planet. It is the domain of everyday human experience. It includes atoms,
electricity, light and sound, gases, liquids and solids, chairs, tables and
people. The quantum electrodynamics that Salam studied at Cambridge was
the theory of the middle domain. Its aim was to give a complete and accurate
account of all physical processes in the third domain.

However, further exploration of the atomic nucleus—a jumble of protons
and neutrons—raised the question of its stability. How was it that the
mutually repelling, positively charged protons in the nucleus did not fly
asunder? The problem was solved by the introduction of two new short-
range fundamental forces—the so-called “strong” and “weak” nuclear
forces.

By the time Salam began his research in 1949, quantum electrodynamics
had matured into a theory describing many phenomena associated with the
coupling of subatomic elementary particles like electrons, protons and
mesons. This theory, to begin with, attempted to calculate precisely what
would happen to a single electron if it encountered a swarm of virtual
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photons, as field theory envisaged. The task involved adding up the total
number of ways in which an electron could interact with a photon of light
that appears out of nowhere. Because the number of particle interactions is
infinite, the answer proved difficult to compute. In fact, the theory yielded
an infinite answer that made no sense. In other words, the theory was not,
to use modern terminology, “renormalizable”. A “non-renormalizable”
theory is only a euphemism for worthless. Throughout the 1930s, J. Robert
Oppenheimer, Hendrik Kramers, Pauli, Heisenberg and most of the other
luminaries of physics were convinced that the emergence of infinities was
nature’s signal that quantum field theory was a blind alley. Theoretical
physicists searched fruitlessly for alternatives until shortly after the
Second World War, when Willis Lamb, an experimental physicist then at
Columbia, actually measured the effects of virtual photons on the orbits of
electrons, exactly the quantity theoretical physicists like Oppenheimer and
Kramers were unsuccessfully attempting to compute. Spurred in part by
Lamb’s feat, theoretical physicists renewed their search for ways of exorcis-
ing infinities plaguing the field equations.

The probiem of infinity bedevilling physical theory is nothing new. It
erupted right at the outset of atomic theory around the turn of the century
when Raleigh and Sir James Jeans showed on the basis of classical mech-
anics that the energy emitted by a black body radiator tended to infinity as
its frequency of oscillation approached zero in flat contradiction with
experimental observations. The situation was saved by Max Planck who
postulated the revolutionary idea that the energy emitted by an oscillator
was not a continuous variable as classical theory assumed, but a discrete
variable which could only jump in discontinuous steps as on the rungs of a
ladder. Planck’s postulate became the core of quantum mechanics.

The infinities afflicting the equations of field theory in the 1940s were a
different kettle of fish. They were the so-called “infinities of self-energy”.
The self-energy of an electron means the energy of its interaction with its
own electromagnetic field. The energy potential at any point (P) of the
electromagnetic field due to an electron is inversely proportional to the
distancé (r) of P from the point O where the electron is at that moment.
Therefore, the greater the distance, the smaller the energy potential at P.
Conversely the smaller the distance r, the greater the potential energy at P.
In the limiting case when P coincides with O and r becomes zero, the energy
potential at O, the self-energy of the electron, becomes infinite. In order to
make the theory yield a sensible answer, it is necessary to find a way of
subtracting the particle’s own field so as to leave a finite background field
to which the particle can respond (sec Fig. 1, p. 16).
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Electron (e) is at O and its potential energy at a point at distance (r) from O is proportional
to 1/r hence smaller the distance (r) of P from O the greater the potential energy at P. In
the limit when P coincides with O and distance (r) becomes zero, the self-energy of the
electron (e) becomes infinite

(Fig. 1)
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Physicists had struggled with this problem for a long time. As mentioned
earlier, in the 1930s Oppenheimer and Kramers had suggested that what one
really ought to do was to compute the “bare” mass the electron would have,
if it did not interact with fields it generated itself. In other words, it was
necessary to renormalize the mass of the electron, taking into account its
interaction with its own electromagnetic field. Only then would those parts
of the self-energy which were not contained in the mass of the particle, be
observable and amenable to experimentation. But the problem remained. It
was not resolved till 1947 when it engaged the attention of three physicists—
R. P. Feynman, Julian Schwinger and S. Tomonaga, who later won the
Nobel Prize for this work. Feynman, who distrusted mathematics, tried to
solve it by his intuitive vision of the world as a woven texture of world lines
in space and time with everything moving freely, and the various possible
histories all added together at the end to describe what happened. Based on
this version he devised his so-called sum-over-histories theory. It bypassed
the rigid formalism of quantum electrodynamics and prescribed flexible
rules, now known as Feynman’s diagrams, that became the first working
rules of every theorist. ‘

While Feynman’s approach was intuitive, that of Schwinger was strictly
mathematical, which had been anticipated by Tomonaga a few years earlier.
But it was Freeman Dyson who showed that Feynman’s pictures and
Schwinger’s equations were only two sides of the same coin. Putting their
methods together, he evolved a theory of quantum electrodynamics that
combined the mathematical precision of Schwinger with the practical
flexibility of Feynman. It tamed the infinity demon bedevilling the earlier
theory. This practice is called renormalizing the equations of quantum field
theory so that they do not yield absurd solutions. ’

Renormalization of electromagnetic field theories is possible because
equations of motion have now been so broadly generalized that they can
describe, in a unified form, the motion of anything from a cricket ball to an
elementary particle. This is done by elevating the idea that everything takes
the path of least action into a universal principle and giving it a precise
mathematical meaning. A simple exercise in mechanics will clarify the
basic idea, and in particular the physical quantity called ‘‘action’’. If a ball
is thrown vertically upwards, it returns to the ground under the influence of
gravity (see Fig. 2a, p. 18). The ball has kinetic energy due to its motion and
potential energy—a measure of energy stored in the ball by virtue of its
position. As the ball is thrown up it moves quickly, so its kinetic energy is
large. During the flight the ball gains height while losing speed, and kinetic
energy, T, is transformed into potential energy, V, reaching a maximum at
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the ball’s highest point. As the ball comes down, the potential energy is
converted back into kinetic energy, as it gains speed.

_The action is the sum, or integral, over time of the difference in kinetic
and potential energies, T-V. That is, if T-V is measured at every instant
during the ball’s journey and multiplied by the infinitesimal duration
during which that value lasts and all the products are added, the final sum
is the action. For any ball thrown to any height, the numbers somehow
arrange themselves so that the action will be as small as possible. Repeating
the calculation for some other paths (see Fig. 2b, p. 20, which shows some
examples) will yield a higher value. Hence the action assumes the minimal
possible value for the path it actually follows.

Why nature should be lazy in directing every moving particle to take the
path of least action has never been satisfactorily explained. But the true
value of this principle is that it works. It can be taken as a fundamental
postulate of mechanics, consistent with Newton’s laws and conservation of
energy, but in many ways more powerful. The more powerful equations of
motion based on the principle of least action were formulated by Leonhard
Euler and Joseph Lagrange, working towards the end of the eighteenth
century. They are the celebrated Euler-Lagrange equations of motion for a
wide range of mechanical systems. Lagrange’s method was to consider the
possibility that a moving object could take a path that differed slightly from
the true path, although it must begin and end at the same place. In the case
of the ball, Lagrange, in effect, compared the value of the action for paths
of the type shown in Fig. 2b with that of the true path (see Fig. 2a). Lagrange
discovered that he could characterize the true path by an action whose
value was insensitive to small alterations in the path. In other words, the
value of the action remains “stationary” under small changes in the path.
(“Stationary” here includes minimal as well as maximal values.) In the
simple case of a thrown ball considered earlier, the action was the integral
of the difference between the kinetic and the potential energies over the
period of motion, This difference, T-V, is called the “Lagrangian”, after the
French physicist. The great merit of Lagrange’s method is its elegance. The
most general way of formulating the laws of mechanics is to write down the
Lagrangian for the problem and apply the principle of least action. Newton’s
laws do hot have this elegance. With the Lagrangian technique using least
action, a single compact formula can reproduce almost all of mechanics
and, unlike Newton’s formulation, it does not need to refer to specific
co-ordinates.

Nor is the technique limited to mechanics. Faced with a problem in
electromagnetism, one can write down the Lagrangian—in this case, the
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density of the energy in anelectromagnetic field—and Lagrange’s equations
become none other than the familiar Maxwell’s equations of electromagnetic

_waves. A related Lagrangian, including information on the curvature of

space-time, yields Einstein’s field equations of general relativity, from
which we learn that motion in a gravitational field is along geodesics, curves
of minimum length in a warped space-time. In the same way, Feynman used
the Lagrangian technique to renormalize the equations of quantum field
theory. Feynman’s problem was to find a way of calculating how likely it is
that a quantum mechanical system will change from one state to another. His
method, called the path integral, contains the Lagrangian and the principle
of least action in a more complex way than classical mechanics. Feynman
made use of a good analogy to the path integral in classical optics. Suppose
we are interested in the path taken by light travelling from a source to an
object. We know that, in the absence of gravitation, light travels in straight
lines. (In fact, this is a classical example of the principle of least action: light
always travels the shortest path.) But we know that in the classical world,
light is a wave-like phenomenon. So how do we explain the straight line that
the classical waves take?

The answer comes from a simple geometrical construction named after
the Dutchman, Christian Huygens. Huygens represented the waves that a
source of light emits, as themselves, each a source of waves (see Fig. 3,
p- 22). Each secondary wave comes from a different source and so will
travel a different distance to the object. All the waves will arrive with dif-
ferent phases and will interfere, either cancelling each other out or adding
together. The fact that light travels in a straight line thus becomes an
interference effect, since rays travelling by any path other than a straight line
will interfere and cancel.

Quantum mechanics tells us that particles have “probability waves”
associated with them so, in this analogy, we can replace the light waves by
the waves associated with the quantum particle. Each point is then a source
of “particle waves” and the way in which these waves interfere will
determine the path taken by the particle. Just as in the optics example, it is
the phase of the waves that controls how they interfere with each other: two
waves that are exactly out of phase will cancel each other completely; two
waves that are in phase will add up constructively.

In quantum mechanics, the phase of the interfering waves is none other
than the action (divided by Planck’s constant, without which no quantum
mechanical calculation would be complete). Since two different paths from
source to object have different actions, the phases of the associated prob-
ability waves are different as well. Feynman’s path integral sums all the
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amplitudes (taking phase into account) for each of the different paths open
to the quantum particle. Where the phases are different, the amplitudes

.mostly cancel in the path integral and so make almost no contribution. But

for one particular path, all the nearby paths have a similar phase and so yield
the physical path of the particle. These are the paths closest to the classical
path of least action.

The path integral provides a clear and consistent account of the transition
from quantum to classical physics—in which Planck’s constant is zero. In
the classical limit, the path integral singles out the stationary action of
the corresponding classical system. Quantum mechanics has turned the
principle of least action into the path integral.

The path integral is important because it is the only proper way of writing
down quantum theories which are automatically consistent with special
relativity—recall that one of the benefits of the action principle in classical
mechanics was that it did not depend on any one co-ordinate system.

Freeman Dyson’s renormalization scheme was concerned with the
motion of electrons. But the success of the quantum theory of the electro-
magnetic field led to the discovery of other elementary particles besides
the electron and proton. These were the mesons postulated by the Japanese
physicist Hideki Yukawa and discovered shortly after the Second World
War.* It was, therefore, necessary to devise an analogous scheme of re-
normalization to accommodate the newly emerging mesons. It was this
problem on which P. T. Matthews was working when Salam went to consult
him at the instance of Samuel Devons. Matthews told him that he had spent
two-and-a-half years working on the theories but had found that only spin-
zero mesotron theories might be renormalized. In the case of physical pion
with spin-zero, he had done the calculations to one-loop order and shown
that the theory of spin-zero mesons was renormalizable to this order
provided one supplemented this by an extra counter-term. Matthews there-
fore advised Salam to read only Freeman Dyson’s work for clues in tackling
the general problem of renormalization of meson theories.

Following his advice Salam worked out in a few days a general scheme
of renormalizing all meson theories of spin-zero. But Paul Matthews was not
impressed. He said that Salam had dodged the real issue. Al he had done
was dimensional analysis to show that various factors did fit and everything
would be fine if one could show that the infinities really could consistently
be removed one at a time. But that was a big “if” one had to exorcisc. The
question was whether each subinfinity could be removed individually as

* For more details sce chapter “Salam at Imperial College”.
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though the others were not present. Freeman Dyson had claimed to have
shown the legitimacy of individual removal of subinfinities without regard
to others for quantum electrodynamics. But he had not given any proof. In
the absence of such proof the problem remained unresolved particularly
because Paul Matthews had encountered even more virulent snarls of
infinities, many of which overlapped in a vicious manner. The upshot of
these discussions with Matthews was his offer to Salam to take over his
renormalizing problem as he was going off on Macation. The bargain was
that if Salam could not solve it by his return, kié would take it back.

It was some time in April or May 1950 when Salam took over the
renormalizing problem from Matthews. He rang up Dyson at Birmingham,
where he happened to be then, and said, ‘I would like to talk to you. I am a
starting research student. I am busy renormalizing meson theories and there
is this problem of overlapping divergencies which you claim to have
solved.” Dyson replied, ‘I am leaving tomorrow for the USA. If you want to
talk, come tonight to Birmingham.” Salam went to Birmingham that
evening, and stayed for the night with Professor Richard Dalitz, an old
Cambridge man. He arrived early next morning in Rudolf Peierl’s depart-
ment and asked Dyson to show him the solution to the problem of
overlapping infinities. ‘I have no solution,” Dyson replied, ‘I only made a
conjecture.’ Salam was shocked by Dyson’s reply. He could hardly believe
that his demigod, Dyson, had continued to work on the problem merely on
the conjecture that everything would turn out to be all right.

Salam returned to Cambridge and began to work on the problem with his
usual verve. Using some hints from Dyson he first showed that overlapping
infinities indeed could be accounted for, thus proving Dyson’s conjecture.
He then wrote out a long demonstration that showed that electromagnetism
of spin 2 as well as spin-zero mesons (together with their nuclear interac-
tions) could be renormalized to all orders. ‘

Paul Matthews, who had expected to take over the renormalization
problem on his return from vacation, was surprised to find that Salam had
already solved it. Later, when he met Professor Kemmer to bid him fare-
well before his departure to Princeton on a scholarship, he said, ‘I had
worked out a programme of study for Princeton, but this chap Salam has
solved my intended problem!” Commenting on the incident forty years later,
Kemmer observed in his memoir: ‘As early as that (1950), Abdus Salam had
already made a mark among those contributing to the subtleties of the theory
of renormalization—and I had another unexpected problem. Matthews had
started Abdus Salam off to work which he was much more competent in
than I. Princeton, not Cambridge, was where Abdus Salam should be,buthe
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was enrolled for a Cambridge Ph.D. The regulation would not allow him to
go somewhere €lse unless there was a qualified Cambridge man on the spot
to supervise the student. Rather with tongue-in-cheek, I pointed out that
there was such a man there—Dr Paul Matthews! This was the so'mewh‘at
bizarre beginning of what soon became a long-lasting and close friendship
between two wonderful people.’ .
Salam’s renormalization work was, indeed, a veritable coup de maitre
that made him instantly famous among the élite theoretical physicists. The
reason was that in 1950 it was universally believed that Yukawa’s meson
theory, if and when renormalized, would completely solve all the key
problems of particle physics like the nature of strong force that'holds the
repelling protons bound up in the atomic nucleus. And that, prec1§ely, was
what Salam seemed to have done. A master theory to end all theories had at
last emerged! As expected the euphoria was very short-lived. It evaporated
within a year with new discoveries like the excited state of .lhe nuc.leon, the
delta resonance, and the “strange” particles. These new discoveries made
the situation in particle physics even more chaotic than ever before. .
Although his renormalization work, acclaimed as it.w.as at th? time,
brought him an immediate offer of a position at the prestigious lnstltute. of
Advanced Studies at Princeton, he was not permitted by the Cavendish
regulations to submit it as a thesis for his Ph.D. till 1952. He had therefore
to return home on the expiry of his extended scholarship in September 1951,
without a doctorate, the union card of academics!
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CHAPTER 111

The Return of the Native

o

. L]
On his return to Pakistan, Salam joined Government College, Lahore, as
Heaf:l of thc.z Mathematics Department of his college as well a; that of ,the
::,u?il]ab Ull;xversity. As his reputation had preceded him, he was enrolled
fOHO::V i(:; ;f:r.faculty without his Ph.D. degree, which he acquired the
At' L.ahﬁ)re, Salam happened to be the only practising theoretical particle
physicist in the country, without a peer to interact with. As he himself
recalled later, ‘No one cared whether 1 did any research. Worse, I was
expe(fted to look after the college soccer team as my major dut -—l,)eside
tez.ich.mg undergraduates. On the first day after my return, my )(’:hief — th:
principal of the college—called me and said, “Well, I unde,rstand you have
done s’ome research work at Cambridge and Princeton. F orget about it! We
haven’t good college people here. You can be either a warden of the coilcge
hostel, or, you may look after the college finances if you wish to, or you ¢
log{{(hafter the college soccer team.” I chose soccer.’ e
ere was no good library where Salam could work, i in i
touch.w1th research groups abroad. Such isolation, heirigvgr(vj::st (f)artzrln:;lrgg
alarming was the discovery that he could not move freely, ever’l to neighb'ourin
Borpbay where the physicist, Dr Homi J. Bhabha, had established the Tatg
Insnt_ut.e of Fundamental Research (TIFR). It so transpired that the celebrated
phy§1c1st and Nobel Prize winner, Wolfgang Pauli, was visiting the Tata
Institute during his Christmas vacation. Pauli cabled Salam to come to
BomPay and asked Bhabha to send him a pre-paid ticket for his travel
Overhjoyed, Salam flew from Karachi to Bombay. When he knocked or;
szull’s door at the Tata Institute after travelling all night, Paulilet him in and
w1thout‘ a word of greeting snapped, ‘Schwinger is wrong. | can prove it.’
On his return, Salam was taken to task, or, “charge-sheeted” in bureaucratl:c
parlance, by the Principal of his college, Sirajuddin, for unauthorized
absence from duty and departure “abroad” without permission. Although
Salam conceded that Sirajuddin was right, he felt, his offence ;vas not .
great that it could not have been overlooked. ”
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However, according to Salam, the principal took disciplinary action
because of another incident. Seven years earlier, Dr Salam says, Sirajuddin

‘was a professor and was courting one of his students, Urmilla Sondhi, whom

he married later. She was a bright student who had topped the list of B.A.
Honours candidates. As it happened, Salam broke her record the following
year. According to Salam, Sirajuddin never forgave him' for surpassing
Sondhi’s performance. However, the later intervention of the Director of
Education, S. M. Sharif, who greatly admired Salam mitigated the problems
the young student had to contend with. However, this was not the end of the
matter. In the confidential report on his work during the year 1951,
Sirajuddin recorded: ‘Salam is not fit for Government College, Lahore. He
may be excellent for research, butheisnota good college man.’* Asaresult,
Salam was not allowed to occupy the college residence he was entitled to.
He had therefore to live alone in Lahore, away from his family in Muitan,
in a single room as a paying guest of a colleague. This proved to be the
beginning of an escalating process that was to alienate him from his
homeland more and more till he was finally forced to go into voluntary exile
two years later.

These petty annoyances, however, were not as debilitating as the environ-
ment at Lahore. The general social apathy to science not only stifled his
research, but it also turned teaching into a boring chore. The students wanted
him to prepare them for the examination without any appreciation for the
wonderful world of physics. There was only one way he could refresh his
sagging spirits, and that was by visiting some active centre of research in
Europe or the US to' work with his peers for two or three months of his
summer vacation every year. But no one in authority was willing to
provide him with such an opportunity. Under these trying circumstances,
Salam made a start with his research. But writing a first rate paper, which
had come so easily in Cambridge, was now a struggle. The upshot of his
struggle was an excursion into cosmology and an essay on the theory of
superconductivity.

It was a terrible come-down from his earlier work on renormalization
electrodynamics that had made him instantly famous among the top particle
physicists of the world. As a result, after three years of cumulative
frustration in the enervating academic atmosphere of Lahore, he felt that
his capacity for research was faltering and creative fecundity decaying
with disuse. Finally, he began to toy with the idea of going back to

* Salam told the author that when he visited Lahorc in 1979 after winning the Nobel Prize, he
personally calied on Sirajuddin to pay his respects before he called on his other teachers.
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Cambridge in order to flex his cerebral muscles. What finally drove him to
it was the anti-Ahmadiyya agitation in 1953 that led to widespread riots in
Punjab and the concomitant Martial Law, the first in Pakistan after the
partition of the Indian subcontinent.

The Ahmadiyya Jamaat to which Salam belongs differs from orthodox
Islam in two basic beliefs. The orthodox Muslims believe that Mohammad
was the last Prophet, without any successor. They repudiate an old Muslim
tradition, according to which a Mahdi (messianic guide) will appear from
time to time, prior to the last day of judgement, td lead the community of the
faithfuls to salvation. The Ahmadiyyas, on the other hand, affirm that their
founder, Mirza Ghulam Ahmad, who proclaimed himself a Mabhdi, was the
Prophet’s legitimate successor. The Ahmadiyyas also abhor the concept of
Jjihad, the conversion to Islam by sword. :

As aresult, there was always a simmering hostility in Punjab between the
majority of orthodox Muslims and the minority of more intellectually
inclined and urbane Ahmadiyyas. In 1953, this simmering hostility sud-
denly burst into violent riots all over Punjab. But the real intent of those riots
then was to oust Sir Mohammad Zaffrullah Khan, the Foreign Minister who
was an Ahmadiyya. The means adopted was the denunciation of the entire
community. Salam, himself an Ahmadiyya, was deeply hurt. The hurt was
all the more grievous because of his personal attachment to Zaffrullah. As
the riots spread, Salam was warned that he would be the next victim. He
hurriedly got together his father, mother and brother, who were then staying
with him in Lahore, and secretly abandoned his house to seek shelter in that
of his old teacher, Abdul Hamid. His biographer, Dr Abdul Ghani, who was
then in Islamia College, Lahore, recalls that Salam even heard rumours
about himself in the college that he had been murdered by a mob. Dr Ghani
adds in Abdus Salam (Karachi: Ma‘aref Printers Ltd., 1982):

He (Salam) felt a stab of pain on account of this ugly development.
The wounds have healed outwardly since he has never spoken of
them but they must have left a scar on his sensitive mind.

At the height of the anti-Ahmadiyya riots, Sir Rudolf Peierls, professor
of theoretical physics, had written to Salam to ask if he wished to return to
the UK under the circumstances. If so, Peierls suggested that he could
arrange a Fellowship for him. Salam turned down the offer then. He was not
as yet personally threatened by the rioters. The threat came a few months
later. When it did, he had no problem in emigrating abroad. His old
supervisor, Kemmer, had kept in touch with him and when he decided to
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leave Cambridge for Edinburgh to take up the Max Born’s Chair, he got
Salam appointed in his place. Salam left Lahore with his wife and daughter
to return to Cambridge in January 1954.

Such an exit from one’s country is seldom without its psychological
baggage. However, Salam has never talked about it. But it is not too difficult
to guess what he must have felt. Living away from one’s natural environment,
family, friends, social group, language—even if it results from a conscious
decision—usually gives rise to acute internal tensions, because it tends to
make one less sure of oneself and less certain of achievements as well as
more vulnerable and insecure. Leaving the home country was for him, not
tantamount to shedding all habitual attitudes, native mores and values.
Punjabi Muslim intelligentsia are a social strata in which reputation, one’s
evaluation by one’s own milieu, is felt to be very important, even essential
for one’s feeling of self-worth. Denied a place in his own country, he strives
strenuously to find confirmation of his own self-regard and image in the eyes
of others rather than basing it on his own consciousness. It seems to me that
Salam carried such psychological baggage when he left Lahore; this was
both a spur to ambition and a constant stress especially because the idea of
man’s public duties had already been cultivated in his mind.

However, his departure to Cambridge was not an adieu to Pakistan but
only an au revoir. For, unlike many other examples of the brain drain from
the Indian subcontinent, he was (and still is) deeply committed to his
nationality. Reciprocating his sentiments, the Government of Pakistan too
acted with commendable wisdom. It considered the Cambridge invitation to
Salam a great honour to Pakistan. Accordingly, the Governor of the Punjab
Province was, to quote the Punjab Government’s Notification of February
1954, “pleased to place the services of Dr Abdus Salam, M.A. (Pb.) B.A.
(Cantab.) Ph.D. (Cantab.), Professor, Government College, Lahore, at the
disposal of the University of Cambridge (England) for appointment as
Stokes Lecturer in Mathematics for a period of three years or less (if he
should return to Pakistan earlier) with effect from 1.1.1954 etc. etc.” He was
welcome to return to his country and rejoin his college whenever he wished
to do so. ‘
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The Exile Abroad

£

On returning to Cambridge, Abdus Salam became a lecturer at a salary of
£450 per annum. Since he earned another £300 as a Fellow at St. John’s
College and about £200 as allowances, his total emoluments-aggregated to
around £950 per annum. At the prevailing value of the pound sterling his
earnings in 1954 would be worth approximately £20,000 per annum. Having
at last secured a viable income not only to support himself but some of his
relations, too, he realized that financial independence atones for many of
life’s other shortcomings. The price he paid for it was the rather‘onerous
teaching load at Cambridge. It included:

* three hours per week for undergraduates for the first two terms of
the academic year;

* three hours per week lecturing graduate students undertaking Ph.D.
work for the third term; and

* six hours per week supervising the undergraduates working on
selected projects.

In his first year at Cambridge he taught the “Dirac Course” on quantum
mechanics to the graduate class (so called because he substituted for
P. A. M. Dirac who had left Cambridge on leave of absence that year.)
According- to an old tradition at Cambridge, mathematical topics are
taught to undergraduates simultaneously in two separate classrooms by two
lecturers. The students are free to choose which of the two té attend. It is said
that Salam’s lectures on electricity and magnetism became so popular with
students that nearly two-thirds of them flocked to his class. What attracted
them was his ability to share his own problems in the topics he taught.

One of Salam’s pupils in theoretical physics was Walter Gilbert, with
whom he later published a paper on dispersion phenomena. Gilbert was then
a neighbour of J. D. Watson, the celebrated discoverer of the genetic code.
When Gilbert left Cambridge after his Ph.D., both he and Watson went to
Harvard. The next time Salam met his brilliant pupil was in 1961, in the US.
Assuming that he was still working on the same problem of theoretical

30

The Exile Abroad

physics, Salam enquired about his progress. An embarrassed Gilbert replied
apologetically, ‘I am sorry, you will be ashamed of me. I am spending my
time growing bacteria.” Watson had seduced Gilbert into genetics. But
Gilbert’s apology that he had regressed into the trivia of bacteria-breeding
was more an expression of his.innate humility, rather than a true descrip-
tion of the work he was doing. For he soon discovered an elegant technique
for deciphering the genetic code—a feat for which he was awarded the
Nobel Prize for chemistry in 1980. Later, he left Harvard to start a company
which exploited techniques of genetic manipulation for manufacturing,
among other medications, human insulin. Called Biogen, the company is
registered in Switzerland and went public recently. Apparently, Gilbert’s
initial investment in the company, which was only 4,000 US dollars, swelled
to more than fourteen million dollars. It is a prime example of the mutuality
of science and technology—of their symbiotic alliance—one of Salam’s
favourite topics.

To revert to Salam’s life at Cambridge, he stayed there for only three
years, after which he was offered the post of professor at Imperial College,
London. There was some hesitation on Salam’s part to move from a college
of sophisticated surgeons to that of blacksmiths! Indeed, “Blacksmiths
College” was the pejorative name given by Cambridge academics .to
Imperial College, London. In an attempt to make him stay, Professor Mott
even agreed to replace Salam’s duties as supervisor of undergraduates with
those of the deputy-editorship of the Philosophical Magazine, a prestigious
journal of physics which he was attending to himself at the time.

Mott’s counter offer carried certain temptations to keep Salam off the
Blacksmiths’ bait. Apart from offering a stipend of £100 per annum, the
magazine’s publishers—Messrs. Taylor and Francis—offered the editor
any amount of sherry he might like to drink, sherry being one of their side-
lines. But Salam, a teetotaller, was neither unduly attracted by the offer of
free sherry nor overtly repelled by the nickname given by the Cambridge
academics to Imperial College. So he migrated to Imperial College as
Professor of Theoretical Physics on 1 January 1957, at a salary of £3,000 per
annum.

A few months later, a well-known politician of Pakistan, Mian Iftikhar-
ud-din, visited the United Kingdom. He could hardly believe what he
saw—a young countryman of his holding a full chair at a London Univer-
sity. Iftikhar-ud-din owned a daily newspaper with a very wide circulation—
Pakistan Times—and published an article on Salam titled: “Pakistani Physi-
cist makes his outstanding contribution”. The article appeared in print on
25 August 1957. Its publication led to the discovery of Salam by his coun-
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trymen, three years after his exit from Lahore. Two marks of this belated
recognition are noteworthy. One was the award of D.Sc. (Honoris Causa) by
the Punjab University. Another and a more important one was his enrolment
as a member of the Scientific Commission as well as adviser to the
Education Commission of Pakistan by President Ayub Khan. At the first
session of the Scientific Commission on 4 August 1959, Ayub Khan
concluded his inaugural address by saying that he was happy, ‘to see
Professor Abdus Salam in our midst. His attainmpgnts in the field of science
at such a young age are a source of pride and inspiration for us and I am sure
his association with the Commission will help to 1rnpart weight and prestige
to the recommendations.’

Salam’s association with the Government of Pakistan can be divided into
three distinct periods. The first four years (1954-58) were years of oblivion
when Pakistan forgot its most eminent scientist working abroad. The
next seven (1958-65) were years when Pakistan “discovered” Salam and
solicited his services to, boost science and technology in Pakistan. These
were what he called yehi& 'of “innocence and hope”. The next nine years
(1965-74) were years of growing “frustration-and despair”.

Salam began his first period of “innocence and hope” by formulating a
massive programme of economic growth in Pakistan. This was designed to
make the country, within a generation or so, as affluent as those in the
Western world. ‘Since his programme envisaged a technological and
scientific leap forward like the Meiji Restoration in Japan, the October
Revolution in Russia and the Maoist Revolution in China, it demanded
that the ruling elite muster sufficient political will to bring about the trans-
formation. The following arcas were accorded topmost priority:

* Promotion of science in the universities.

* Medicine, public health and hygiene.

* Food and agriculture, including food technology.

¢ Irrigation, hydrology and soil science.

¢ Industry based on indigenous raw materials and self-reliance.
* Defence sciences.

In order to implement this ambitious programme of national reconstruction,
he tried to persuade the Government of Pakistan to increase endowments to
universities for scientific teaching and research on a scale comparable to
Western universities, and to create a Ministry of Sciencg and Technology
and a National Scientific Council to deploy one per cent of the national
income in trained research workers, laboratories and scientific equipment
engaged in promoting national welfare and security. Accordingly, a number
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of laboratories like those of the Pakistan Institute of Nuclear Science and
Technology (PINSTECH), Space and Upper Atmosphere Research Committee
(SUPARCO) of which he himself was the Chairman, Wheat, Rice Research
Institutes etc. were set up. In this broad spectrum of scientific activities he
initiated, he himself was often the guide.

For instance, he wrote a number of papers on the problem of salinity and
water-logging. Inone of these papers he dwelt at length on the scourge of
salinity and water-logging that had begun to affect Pakistani agriculture in
the Fifties. The scourge was a consequence of the canal irrigation system the
British had created in Lyallpur and other districts to increase agricultural
production. The canal system the British set up in the nineteenth century,
was the largest in the world, irrigating some twenty-three million acres. It
was a magnificent legacy they left when they quit the country. But they did
nothing to reform the agricultural practice of the country which remained as
primitive and static as under the Mughal rulers three centuries ago. The
reason was the absence of advanced education in agriculture and engineer-
ing. Though they created something like thirty-one liberal arts colleges—
one in each district—to teach the metaphysics of Aristotle, laws of equity
and principles of jurisprudence, the whole of Pakistan had barely two
colleges, one each for agriculture and engineering, for a population then
approaching fifty million. It was no wonder that when the scourge of salinity
and water-logging spread like a plague in the country, no one knew how to
check its advance.

Salam brought to Pakistan, a team of university scientists, hydrologists
and engineers led by Roger Revelle and assembled by Salam’s friend Jerry
Wiesner, then Science Adviser to President Kennedy of the US. The team
studied the problem and found the answer. As Salam observed at the time:
‘Water-logging and salinity are as old as irrigation itself. It has been known
for loxig that proper drainage is the only answer, but what makes horizontal
drainage impossible in the Indus Plain is the unfortunate circumstance that
the plain slopes no more than a foot per mile. Horizontal drainage in such
conditions would be too prohibitive in cost to be effective. The Revelle team
therefore suggested vertical drainage instead, by mining of fresh water from
an underground reservoir, known to exist, by a network of deep tubewells.
Some of the water would seep back underground, jeaching away salt in the
process. The general lowering of the water table on account of pumping
would cure waterlogging also.’

Unfortunately, the Pakistan Government found the Revelle remedy of
vertical drainage too expensive. It was tried for two decades but on such a
meagre scale as to be virtually ineffective. For vertical drainage to be

33



Abdus Salam

effective it has to be applied on a vast scale. A single well will have little
effect on the water level because water seeps from the surrounding area as
fast as it is removed. The reason is that the surface area increases more
rapidly than its perimeter. As Revelle’s calculations—using extensive
digital and linear programming at Harvard—showed, the minimum size of
the area had to be one million acres (roughly forty square miles) before area
pumping could win against peripheral seepage.

It was the same with most of Salam’s plans fer the economic growth as
well as scientific and technological reconstruct{dn of Pakistan. The finances
provided were too meagre to reach the critical level at which their direct
benefits would begin to flow. He soon realized that his country could not
afford the massive investments required to implement his plans unless it
halted the armaments race between itself and India. An opportunity to abate
this race came his way in 1964 when he participated in the Pugwash
Conference of scientists held at Udaipur. It was hosted by India at the
instance of Dr Homi Bhabha, Chairman of the Indian Atomic Energy Com-
mission. Salam and Bhabha planned to implement the Pugwash appeal for
world disarmament in so far as their countries were concerned, and tried to
arrange ameeting between Ayub Khan and Jawaharlal Nehru in order to find
ways of resolving the long simmering conflict between the two countries.
Salam travelled from Delhi to Lahore, standing in the pilot’s cabin all the
way, as the plane was full to capacity. Although there was no timie to fix a
prior appointment with Ayub Khan, he managed to meet him. Ayub Khan
told him that Nehru would never agree to the meeting proposed by him and
Bhabha as he had no case. Nehru, he said, had forcibly annexed the Muslim
State of Jammu and Kashmir at the time of Partition in 1947 in violation of
the basic principle on which the country was divided. Although Nehru had
undertaken at the time to hold a plebiscite in the state to confirm or annul the
annexation, he had refused to hold it. For these reasons Ayub Khan was
reluctant to meet Nehru. Nevertheless, Salam managed to persuade him.
Unfortunately, Bhabha was unable to persuade Nehru.

Salam’s period of “innocence and hope” came to a close when, at his
initiative, an exclusive scientific conference was convened by the Scientific
and Technological Division in Swat at Sacdu Sharif in August 1965. It was
inaugurated by President Ayub Khan and attended by Pakistan’s top
scientists. But the formal and informal discussions during the two days'had
an ecrie unreality about them. Due to rumours of war with India in the wake
of trouble in the disputed Kashmir valley on the last day of the conference,
Salam was in despair. He whispered to his neighbour in the conference:
‘Nothing meaningful will come out of our deliberations here because of this
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misconceived pending war except that many of our flowering patriotic
youth would perish.’ The “pending” Indo-Pak war broke out on the very day
Salam left for London at the end of this conference. His first impulse was to
return. But he was asked to stay on in London and then proceed to
Washington to use his personal influence with his friends like Jerome
Wiesner, for a favourable settlement, which he did.

The next decade was Salam’s period of “frustration and despair”.
Although the short, hot war had ended, the cold war between Pakistan and
India continued unabated, as before the flare-up. He was frustrated because
he knew that his country’s resources would be dissipated in armaments and
military build-up. His frustration increased with the ouster of Ayub Khan in
1968, in a coup engineered by his successor, Yahya Khan. He had enjoyed
a special rapport with Ayub Khan who shared to some extent his ideology
of carrying out a sort of Meiji Restoration in Pakistan. He was unable to
build a similar rapport with Yahya Khan. Salam’s situation did not improve
after Yahya Khan’s successor, Zulfikar Ali Bhutto, assumed power. It
actually worsened because Bhutto had the National Assembly decree the
expulsion of the Ahmadiyya Jammat. With his cup of sorrow now full to the
brim, Salam resigned in protest his office as Honorary Adviser to the
President of Pakistan. The reason he gave was: ‘The recent decision of the
National Assembly in respect of this (Ahmadiyya) community is contra-
dictory to the spirit of Islam because Islam does not give any segment of
the Islamic community the authority to pronounce on the faith of any other
segment, faith being a matter between man and his Creator.’

There were other subsidiary reasons for the increasing despair that
led him to break his official link with Pakistan. First, he had refused to
work full time as Chief Scientific Adviser to the President of Pakistan.
He could do that only by renouncing scientific research in London. He
was therefore right in remaining an adviser from a distance. However,
that distance finally diluted his authority. Second, as he belonged to the
Ahmadiyya Jammat, he was always a suspect to his more orthodox col-
leagues. Therefore, the bulk of his advice towards building an infrastruc-
ture for advancing science and technology in Pakistan, fell on deaf ears. On
the rare occasions when it was heard, it was ridiculed. For example, when
Salam requested Ayub Khan to establish an International Centre for
Theoretical Physics (ICTP), his Finance Minister rejected the proposal as
an underhand attempt to set up an international five-star hotel for the enter-
tainment of the elite of the world scientific community!

Although Salam’s association with Pakistan neither started the renaissance
in science nor rejuvenated a depressed economy it did manage to achieve
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some notable. results. This was because Salam chanced upon a friend
and collaborator in Dr 1. J. Usmani, a Ph.D. in physics from Cambridge of
1937 vintage, who had left science to become a civil servant in Pakistan.

Usmani’s first acquaintance with Salam was in Karachi when he heard
him lecture on the behaviour of elementary particles, his own ficld of
research. Impressed by his lucid exposition of the subject, he sought an
opportunity to meet him personally. It came a few days later when both
happened to travel together by train from Karachi to Lahore. It was during
the course of this journey that Salam “discovefed” Usmani and persuaded
him to switch back to science from the civil service. On Salam’s advice
President Ayub Khan transferred Usmani to the Pakistan Atomic Energy
Commission (PAEC) of which he ultimately became the Chairman. Thus
began the Salam—Usmani partnership which lasted till Usmani’s forced
retirement in 1972, when Z. A. Bhutto came to power. Bhutto forced
Usmani to resign because he wanted him to take the development of atomic
energy in Pakistan to its “logical conclusion”, namely, the build-up of
nuclear weapons. Both Usmani and Salam disagreed with this policy which
they felt was a flagrant misuse of atomic energy. Salam’s resignation
followed Usmani’s in 1974. .

The upshot of t.eir twelve-year collaboration was the construction of a
SMW research reactor as a central facility in the campus of the Pakistan
JInstitute of Nuclear Science and Technology (PINSTECH) designed by the
celebrated American architect, Edward Durell, and built by the PAEC under
Usmani’s supervision.  PINSTECH, when completed, was, in size and
scope, one of the most beautiful scientific institutes of the world. lts sheer
grandeur and majesty earned it the nickname: “Taj Mahal of Science”. But,
unlike its world-famous namesake, it was no mere ostentatious display. It
played an important role in attracting young people towards science and
high technology and went a long way towards convincing the bureaucrats
and decision makers of a developing country’s crucial contribution to a hi-
tech field like atomic energy.

Since PINSTECH needed a corps of first class scientists and technolo-
gists, Salam, through his world-wide contacts and links with well known
scientists, managed to obtain placements for young Pakistani scientists in
some of the most prestigious institutions of the world in the East and West.
During the thirteen-year-period of Salam’s term as Chief Scientific Adviser
to Pakistan’s President, he left behind a highly trained corps of 400
_scientists/technologists specializing in diverse disciplines connected with
the utilization of atomic energy for peaceful purposes such as nuclear
physics, nuclear engineering, radioscopes, nuclear materials etc. Qut of this
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€lite core of scientists and technologists came heads of important scientific
establishments in Pakistan in the field of agriculture, industry and biology.

During the time when PINSTECH was under construction, Salam and
Usmani planned Pakistan’s first nuclear power reactor called KANUPP, to
be located at Karachi. It is one of the first, though the smallest, commercial
power-producing reactors in the world—137MW (gross)—of the Canadian
design using natural Uranium as fuel and heavy water as moderator. It
is entirely operated, maintained and managed by Pakistanis trained by
the PAEC. Besides building an infrastructure for peaceful uses of atomic
energy, Salam also initiated a modest space programme to be executed by
his collaborator, Usmani. In June 1962, they successfully fired a “Weather
Rocket” from Sommcove Beach near Karachi, which gave birth to what is

now called SUPARCO, an acronym for Space and Upper Atmosphere
Research Commission. :
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CHAPTER V

Salam at Imperial College

The work ‘that Salam did as Chief Scientific Adviser to the President
of Pakistan, and what he did to establish the International ?entre for
Theoretical Physics (ICTP), was a diversion. His main occupation .durmg
this period (1954-70) was his research in quantum theory, th.e sub.Ject he
taught as Professor of Physics at Imperial College, London. This period can
be divided into two parts: one, concerned with the further development of
electrodynamics and the other with the unification of two .fundafnenPaI
forces of nature—electromagnetism and weak interaction. I will begin with
a lay exegesis of the former and revert to the latter in another chz'xpter.

Before embarking on Salam’s research output it mu§t be clarified thz'u

quantum theory is primarily a practical branch of physics agd, as such, is
brilliantly successful. It has given us the laser, the electron microscope, the
transistor, the superconductor, and nuclear power, at a stroke. It explau?ed
chemical bonding, the structure of the atom and the nuclcus,_the condl'lcuon
of electricity, the mechanical and thermal properties of Follds, the bxrtl} of
new young stars and the death of old, and a host of other 1m}‘)orl'ar.1t phy51.cal
phenomena. The theory has now penetrated most areas of scientific enquiry,
at least in the physical sciences, and for two generations has bee{] l‘earned‘ as
a matter of course by most science undergraduates. Nowadays it is applied
in many routine practical ways in engineering. In short,.thc ql'xantum theory
is, in its everyday application, a very down-to-earth subject with a vast bosiy
of supporting evidence, not only from indus}r'ial usage and commercial
gadgetry, but from careful and delicate scientific experiments.

What is remarkable is that despite its great power and spread, quantum
theory is based on weird ideas which are all but incomprehensible to the
human mind. The reason is this. Thinking creatures like us must be highly
organized and constructed of a huge number of atoms. However,'it happens
that the physical laws that govern large aggregates of atoms like human
beings, though logically derivable from quantum laws that apply to atoms,
do not confer on man-sized bodies the same properties as atoms have. We
have, therefore, no analogues to help us understand why, for example, an
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electron in one experimental set-up behaves like a point-sized particle and
in another like its antonym, a diffuse wave with a measurable spread. This
is not the case with everyday objects of our acquaintance such as bullets or
balls and waves or ripples, which never play hide-and-seek with their
respective identities. Bullets do not dissolve into waves nor waves coalesce
into bullets under any circumstances.

These paradoxes of quantum theory have been with us since its formula-
tion in 1926, resisting all attempts to resolution. It is generally accepted now
that no resolution of these paradoxes will ever be found. They will remain.
Quantum laws can be successfully applied, but cannot be understood in
terms of our everyday experience. In spite of its ambient mystery and
weirdness, quantum theory is a great success story.,

As mentioned earlier, quantum electrodynamics had advanced by 1949 to
the point where atomic processes had been studied and understood. But the
new understanding created as many problems as it solved. A case in point
is the renormalization of equations of quantum field theory that was under
way at the time. The renormalization problem arose because quantum laws
do not consider the mutual electrical attraction between an electron and
proton as analogous to the gravitational attraction between two bodies like
the sun and the earth. In daily experience we think of matter and force as
quite distinct concepts. Forces can act between material bodies via gravity
or electromagnetism, or directly through physical contact, but matter is
regarded only as the source of the force, not as the agency for its transmis-
sion. Thus, the sun exerts a gravitational action on the earth across empty
space and this may be described in the language of fields, the sun’s
gravitational field, which is otherwise invisible and intangible, and interacts
with the earth and exerts a force.

In the subatomic domain, where quantum laws prevail, the language and
description changes profoundly. It is a central factor of quantum theory that
energy is transmitted not continuously as in classical mechanics but in
discrete lumps or quanta to which the theory owes its name. At the quantum
level, the electromagnetic forces between two charged particles are under-
stood in terms of the exchange or transfer of photons which are quanta of the
electromagnetic field. When two electric particles approach each other they
come under the material influence of their electromagnetic fields and forces
operate between them. The forces cause the particles to deviate in their
motion. But the disturbance which one particle inflicts on the other through
the field must be transmitted in the form of photons. Therefore, instead of
4 continuous process operating between two gravitating bodies like the sun
and the earth, the interaction between charged particles is best envisaged as
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a series of discrete sudden impulses due to the transfer of one or more
photons. Loosely speaking, photons are rays of light which behave like
. particles or waves as required.

Figure 4 is a representation of such processes by the use of diagrams
invented by Feynman to solve the renormalization problem. It shows a
single photon being transferred between two electrons which scatter apart
as a consequence. The mechanism of interaction is somewhat like two
tennis players whose motions are coupled via the exchange of the ball. The
approaching ball is like a messenger telling" ‘the player how to move.
It provides the coupling whereby one can infer the motions of the two
players by-observing that of the ball. Even if one were too far away to sec
the ball, one would still infer the behaviour of players by guessing the
motions of the ball. Photons in quantum theory are the analogue of the
ball. They therefore act rather like messengers, hopping back and forth
between charged particles telling them that the other charged particle is
there, and inducing a response. Using such ideas, physicists can calculate
the effects of many electromagnetic processes at the atomic level. But there
was a snag.

The snag was the fact that a photon (y) can turn for a fleeting instant into
a pair of electrons and its anti position—which subsequently combine to
reproduce the original photon as shown in Fig. 5 (see p. 42). Quantities such
as its charge and momentum are conserved at the vertices where the
particles intersect, that is, emerge or coalesce. It is the momentum that
causes problems. The momentum flowing inside the loop is constrained
only by the conservation requirement at the vertices X and Y. But there is
nothing to prevent the loop momentum assuming any value between
zero and infinity provided the conservation condition is fulfilled. Theorists
have to consider the full range of loop momentum values when doing their
calculations. This means that they have to reckon with the possibility of
infinite momentum producing infinite answers for what should be well-
defined finite magnitudes.

As we’ve seen earlier, the renormalization procedures of Richard Feynman,
Julian Schwinger, S. Tomanago and Freeman Dyson exorcised the infinities
bedevilling quantum theory. But their procedures applied only to the
quantum theory of the electromagnetic ficld. Because of its great success
since its inception it was natural for the physicists of the 1930s to apply it
to the nuclear ficld as well. This was done by Hideki Yukawa, who
suggested that the nuclear force binding protons and neutrons in the atomic
nucleus despitc the mutually repulsive clectromagnetic force between
protons, could indecd be modelled by the exchange of messenger quanta,
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along the path EF

(Fig- 4
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but quanta of quite a different nature from the familiar photons. To produce
the effects of a very short-ranged (nuclear) force, Yukawa’s quanta had to
carry mass.

This is a subtle but important point. The mass of a particle is a measure
of its inertia or resistance to change in motion. A light particle is more easily
moved by a given force than a heavy one. If a particle is exceedingly light,
it will be accelerated by any strong force and so will travel very fast. In the
limiting case of messenger quanta of zero mass, the particle will travel at the
fastest possible speed, which is the speed of light. This is the case with
photons which are massless particles travelling at luminal speed. It is this
zero mass of photons that makes electromagnetism long-range. On the other
hand, nuclear force is so short-range that it dwindles to zero at a distance
barely equal to the radius of the nucleus (107’2 cm). Yukawa’s quanta,
therefore, have to have some mass to travel slower than light. Yukawa called
them mesons, but they are now known as pions.

Inside the nucleus, pions flit back and forth between the neutrons and
protons, glueing together with nuclear force. Normally they go unseen,
because no sooner are they created than they are absorbed again by another
nuclear particle. However, if energy is pumped into the system, a pion can
fly out to be studied in isolation. This can happen when two protons collide
at high speed. It was by this process that pions were discovered shortly
after the Second World War. Their discovery, a brilliant verification of
Yukawa’s theory, was yet another triumph of theoretical physics in general
and quantum theory in particular.

Naturally, meson theories evolved on the pattern of messenger mediation
by heavier quanta than the massless photon were more complicated and
were in even greater need of renormalization than their predecessors.

It was this problem of renormalizing meson theories that Salam dealt with
in his first paper, titled “Overlapping Divergences and the S-Matrix”,
published in the Physical Review of 15 April 1951. As mentioned earlier, it
was a masterpiece that made him instantly famous and brought him an
immediate offer of a position at the Institute of Advanced Studies at
Princeton. At Princeton, he wrote a second equally remarkable paper on
“Divergent Integrals in Renormalizable Field Theories”, published in the
Physical Review of 1 Junc 1951, to prove rigorously the “subtraction
procedure” he had adopted in the earlier one. In his first paper he extended
Dyson’s ideas to obtain gerieral rules for isolating “divergent parts”, alias
infinities, in mathematical expression corresponding to “overlapping graphs”
in Dyson’s treatment of “spinor” electrodynamics. He concluded the paper
by demonstrating the possibility of renormalizing scalar meson-nucieon
interactions.
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The “subtraction procedure™ he prescribed in the first paper and proved
in the second was a sophistication of the earlier, cruder idea used to spirit-
away the infinity demon appearing in computations. The old idea was that
the (infinite) shift in the value due to self-interaction should be compared
with the (infinite) bare-mass: only the difference should be observable, and
this is finite. Dyson developed the idea into a consistent theory whereby all
the divergent quantities could be cancelled by redefining the parameters
(charge, mass etc.) that appear in the theory to include the divergent parts
in unobservable parameters. But he omitted to spEtify the procedure to be
used when one encountered “overlapping divergences”. Salam solved the
problem in his celebrated paper of April 1951. Salam’s solution led to .the
emergence of a new highly technical branch of mathematical phys1c.s,
Advanced Renormalization Theory. The vast literature, which has grown in
the wake of this work, initiated by Dyson and completed by Salam, is
testimony to its importance.

However, in spite of the seminal quality of Salam’s renormalization
scheme it fell into disfavour among mathematical physicists in the 1960s.
It did so because Hepp and others had devised in 1966 an alternative scheme
which was claimed to be mathematically more rigorous and more com-
plete than that of Salam’s. But a decade later, the mathematician Edwar.d B.
Manoupian vindicated the Salam method. In the preface to his book titled
Renormalization (Academic Press, New York, 1983), he wrote:

The subtraction scheme we use has a very simple structure; we
were inspired by the ingenious and classic work of Salam in its

formulation.

He further said that Salam’s subtraction scheme is mathematically as
rigorous and complete as any other, but simpler than most. ‘

Many years later, in a tribute to his mentor, Paul Dirac, Salam mentioned
that Dirac considered the need to renormalize mathematical theories a
grave defect of quantum mechanics. ‘Even though,” wrote Salam, ‘Dirac
and Kramers were the first to emphasize the physical necessity of the
concept of (finite) renormalization (of the electron’s mass), Dir.ac never
approved of our use of this beautiful idea of renormalization to hide away
the infinities which appear in perturbation calculations in quantum electro-
dynamics. He believed that a finite field theory would eventually be
discovered for all processes.

‘My generation of theoretical physicists was brought up on the work of
Tomonaga, Schwinger and Feynman, and, in particular, of Dyson. Dyson
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proved that all infinities in quantum electrodynamics in each perturbative
order could be absorbed into a renormalization of electron mass and charge.
This was an important result. Thus, at the price of not being able to compute
these two quantities*, all scattering processes in quantum electrodynamics
could be made finite. This, in Dyson’s view, was a small price to pay for a
resolution of the field theoretic infinity problem. My generation avidly
bought this idea, but not so Dirac.

‘Whilst recognizing that such absorption of infinities through a renormaliza-
tion of mass and charge could be a temporary expedient, Dirac always
insisted that there is no place for infinities in a fundamental field theory. He
felt strongly that one should keep searching for a basic amelioration of the
infinity problem.

‘It now appears that there is indeed a class of field theories which are
perturbatively finite to all orders. If renormalizations of coupling con-
stants and masses are physically necessary, these would only be finite
renormalizations. The hitherto discovered field theories of this variety are
non-Abelian gauge theories of the extended super-symmetric type. Whether
such theories are physically relevant is not yet known, but they are
mathematically elegant, and without doubt satisfy the criterion of beauty
which Dirac always advocated.

‘Even more important, there has recently been developed a local field
theory of extended** one-dimensional objects (strings). There is the promise—
brought to a near proof—that closed-string super-symmetric field theories,
whose long-range excitations must contain quantum gravity (as well as
Yang-Mills excitations describing electro-nuclear interactions) may give
rise to finite matrix elements. If this conjecture is finally proved, and if these
theories prove to be physically relevant, Dirac would be fully vindicated.’

The next important research contribution of Salam was concerned with a
fuller understanding of what is called weak interaction as against the strong
interaction of the atomic nucleus. The strong interaction between nuclear
particles (protons and neutrons) holds the nucleus together as a stable entity
countering the tendency of its positively charged protons to fly off on
account of their mutual repulsion because of their electric charge.
Weak interaction, on the other hand, governs more weird processes like
beta-decay of radioactive elements. Our present understanding of weak

* There is a third infinity associated with the wavefunction of the electron, but this is gauge
dependent and one can find gauges in which this quantity could be rendered finite.

** Dirac, one may recall, was one of the pioncers of field theories of (two-dimensional)
extended objects.
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interaction was slow in coming. Ever since its discovery around the turn of
the century, its history is a series of mystery stories. In each story a mystery
appears at first in a vague form, only to deepen in the next. Clues to the
solution are present, but are overlooked or discarded, usually for the
wrong reason. Finally, the hero comes up with the right explanation until
the next corpse is unearthed. It is therefore no wonder that during the
past ninety years since the discovery of the first “corpse”, several Sherlock
Holmes have appeared. Salam is the last ‘,Qf the half-dozen in this
illustrious line. a

The saga of weak interaction began with the discovery of the first
“whodunnit” in 1896 by the French physicist, A. H. Becquerel. He found
that unopened boxes of photographic plates kept in his desk were getting
badly fogged as if exposed to light. He investigated the situation and was
able to trace the culprit. It was the radioactive emanation from a piece of
uranium mineral that he had kept in the same drawer. The radioactive
emission from the mineral had penetrated, very much as X-rays do, the
thick black covering in which the plates were wrapped and thus obscured

them. But the origin of the offending radiation and, indeed, the whole -

phenomenon of radioactivity itself, on which Becquerel had accidentally
stumbled, remained a great puzzle for a long time. The mystery, basically,
was the casualty of a sacred tenet of modern physics. For, oddly enough,
natural radioactivity seemed to violate the well-known law of conservation
of energy.

The puzzle was not resolved till 1930 when Wolfgang Pauli suggested
that radioactive elements like radium and thorium decay not only by
emitting electrons or beta particles that are easily observed but also a new
kind of elementary particle called antineutrino that eluded observation. It
was invoked to save the law of energy conservation. For, as will be seen
more clearly in the sequel, in a typical radioactive process, a neutron in the
atomic nucleus spontaneously breaks down into a proton and an electron.
Since the sum of the kinetic energies carried off by the splinter electron that
flies off and the proton that stays put in the nucleus is always less—never
more—than that of the parental neutron before its decay, both the alterna-
tives physicists faced seemed at first sight to be grim. They had either to
accept the breakdown of the sacrosanct law of energy conservation or had
1o postulate the existence of a new particle that somehow always escaped
observation, the reasons for which were not understood till two decades
later. Such a particle emitted along with the proton and the clectron in the
disintegration of the neutron could save the conservation law of physics
by carrying off the missing energy. Pauli ventured to adopt the second
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alternative even though the introduction of a new elementary particle was
not the casual affair it has since become. Today with so many elementary
particles in the “Nuclear Zoo”, proposing a new particle scarcely raises
eyebrows. But in 1930, it was a very daring step indeed. Only two particles
were then known—the electron and the proton. Destroying the simplicity
of the subatomic world by adding a third was considered to be sheer heresy.
No wonder very few physicists took the idea seriously. Some eminent
physicists like Bohr were even prepared to accept the breakdown of the law
of conservation in radioactive decay rather than admit the existence of a new
unobservable particle. Only the celebrated Enrico Fermi, the architect of the
atomic bomb, took up Pauli’s suggestion* and managed to resolve the
puzzles bedevilling radioactivity at one blow.

Fermi began with the well-known fact that atoms consist of nuclei
surrounded by electrons and nuclei consist of protons and neutrons
(see Fig. 6, p. 48). When the number of neutrons in the atomic nucleus
happens to be one too many for its stability, the excess neutron turns ~
spontaneously into a proton with the emission of a beta particle or electron
as well as Pauli’s hypothetical particie, antineutrino, as shown in Fig. 7b.
This transition of the nuclear neutron into proton in the nucleus of a
radioactive atom with the emission of an electron necessarily involves the
creation of an electron because there are no electrons in the nucleus. The
process is analogous to the radiation of light when excited atoms make
quantum jumps to states of lower energy. The emitted photons of light are
created during the radiative transitions simply because there are no pre-
formed photons in the atom waiting to be emitted any more than there
are electrons in the atomic nucleus (see Fig. 7a, p. 49).

Since the quantum theory of radiative emission, or electromagnetism was
well understood in 1933, Fermi patterned his theory of beta decay on this
model (see Fig. 7, p. 49). His theory was incredibly successful in explaining
almost all observed aspects of beta decay for nearly twenty-five years when
it was badly shaken by the so-called parity crisis in 1956.

The shake-up occurred because of the sudden emergence of a big puzzle
about the behaviour of a new breed of “strange” nuclear particles like the
decay of K-mesons. These K-mesons are unstable particles which were
discovered in 1952-53. They are of two types, one called “theta” and the
other “tau”. Both “theta” and “tau” are identical twins of the same mass and
same lifetime. But their modes of decay differ in that both of them are

* Pauli’s suggestion was vindicated by the actual observation of his hypothctical particle, the
cclebrated neutrino, in Junc 1956, by Fred Reines and Clyde Cown.

47



Electrons

Nucleus

Protons+

Neutrons

Electrons orbiting around the atomic Nucleus consisting of Protons and Neutrons

Model of an atom

(Fig. 6)

48

Electron

Electron

Photon of light
— +

Atom in an excited state with Electron
in high energy orbit

Atom in quiescent state with Electron
in low energy orbit

(a) Emisslon of Photon

Electron

Ul
¢ — @ -+ 14,'::"

Neutron in the Nucleus Proton in the Nucleus

(b) Emission of Beta particle

(Figs. 7a & b)

49



Abdus Salam

not compatible with a basic law of beta decay, namely, that of panty
conservation. If one mode conforms to it, the other cannot.

Till 1956, all theoretical physicists accepted without question the validity
of the law of parity conservation. This law states that for any atomic or
nuclear system, no new law should result from the construction of a new
system differing from the original by being its mirror image. That is, there
is no absolute distinction between a real object (or event) and its reflection
in a mirror. Hence the two worlds, one based on a right-handed system and
the other its mirror image found in the left- harided system, obey the same
laws of physics. This law was explicitly formulated by Eugene Wigner two
decades ago and had become an intrinsic part of quantum theory. Indeed, it
is a direct corollary of space symmetry implying the equivalence of all
points and directions in space.

Now in the radioactive decay of an atom the emerging electrons behave
(speaking analogically) like spinning bullets shot out of a rifle rather than
cannon balls shot out of a cannon. A non-spinning cannon ball shot out of
a cannon looks essentially the same in a reflected system. But a rifle bullet
spinning in a definite way, say, right-handed about its line of flight will
appear left-handed in a mirror—an essentially distinguishable situation
(see Fig. 8). In a precisely analogous fashion, in certain radioactive pro-
cesses, the decaying neutron that ejects an electron behaves like a rifle, not
a cannon. Consequently, when an electron is emitted as a result of radio-
active decay, it will spin in a right-handed way on its mirror image instead
of the left-handed way. Parity conservation law requires that emerging
electrons come out with both types of spin in equal numbers. It was hitherto
tacitly assumed that they actually do so but there was no experimental
verification. We now know that they don’t. They all emerge with left-
handed spin so that parity violation is total in beta decay. This was
demonstrated in January 1957 by Madame C. S. Wu’s famous experiment
with beta decay oriented cobalt nuclei. )

Butin the summer of 1956, when Yang and Lee suggested parity violation
in weak interaction as a way of resolving the “tau-theta” puzzle, the fat was
in the fire. It was at this stage that Salam, like many other physicists, was
drawn into the field of beta decay or weak interactions. However, most
physicists were cool or neutral about parity violation. It could not be
swallowed so easily. After all, parity law was too sacrosanct for most
physicists to envisage its violation. Wolfgang Pauli, the oracle of quantum
theory, had himself rejected the suggestion of Yang and Lee in December
1956, barely a few weeks before its experimental demonstration in
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January 1957. Even Yang himself appeared then to be wavering at the
Rochester Conference held in 1956 where he i§ said to have answered a
question as follows*: ‘Yang answered it, and said some words to the effect
that he and Lee had tried to assume parity violation to explain the “tau-theta”
puzzle but had discarded the approach.” Salam was the only one ‘of the
leading theoretical physicists of the time to take up the idea enthusiastically.
Carried away by his enthusiasm he wrote a remarkable paper in 1956 on
parity violation but long before its experimental conifirmation.

However, when he sent a copy of his paper béfore its publication to Pauli,
through Professor Villars of the Massachusetts Institute of Technology
(MIT) in September 1956, Pauli was scornful. He replied to Villars: ‘Give
my regards to my friend Salam, and tell him to think of something better.’
When Salam tried to defend his idea by claiming the existence of universal
Fermi interaction that had stood beta decay theory in such good stead since
its formulation twenty-five years ago, Pauli’s wrath knew no bounds. He
thundered: ‘For quite a while 1 have made for myself the rule: if a
theoretician says “universal” it must mean “pure nonsense”. This holds
particularly in connection with the Fermi interaction, but otherwise too.
And now you, my dear Brutus, come with this word ! . . . So I have not seen
your paper, but I have small hope . . . that you have already withdrawn it.’

Commenting on the incident Salam later recalled: ‘Curiously Pauli’s
wish regarding my withdrawing the paper was granted. After writing my
paper on the universal Fermi interaction in the beginning of 1956, I went
to the Seventh Rochester Conference. Like Sudarshan and Marshak, I too
was alarmed by Wu’s talk of V and T as the weak interaction. My version
of the universal Fermi interaction was premised on the supposition that the
weak interaction—a gauge theory—dealt only with left-handed particles
(as in the case of V-A for leptons but not for hadrons). To my later chagrin,
I stopped at the offices of the Physical Review on my way back from
Rochester, and pulled my article from the editor’s reluctant hands—
reluctant because the paper had already been edited and had the printers’
hieroglyphics inscribed on it.’

In order to explain the meaning of letters V, T, V-A, 1 may add that
physicists use five symbols S, V, A, T, and P to denote the physical
quantities we encounter in mapping the universe around us. The com-
monest is the real number system we use to measure physical quantities like
mass, time, length, volume, density, energy. Such a quantity, which is fully

* Sce Valentine L. Telegedi's contribution titled “Parity Violation in Symmctrics in Physics”,
No. 18, p. 437.
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described by a single real number, is called scalar because the number in
question can be represented by a point on a scale.

But there are other more complex physical entities which cannot be
specified by a single number or a point on a scale. Velocity, for example,
requires for its complete specification not only a magnitude but also a
direction that is commonly represented by an arrowed line segment. Such
an entity is called a vector. There are yet others which like the spin of a
rotating top require for their specification, in addition to the magnitude of
spin and direction of the spin axis, the mode of their spin. Spin, therefore,
belongs to another category of vector. Next in complexity is an entity like
stress or strain in a supporting beam or column. Its full specification requires
a generalization called tensor. Tensors are like vectors in that they are
geometrical objects embedded in space. But they are denoted not by a
single magnitude with an associated direction but by a constellation of
numbers (or components) that transform linearly under transformations of
the coordinates. They, however, remain unchanged when one applies a
complete revolution about an axis. Finally, there is yet another form called
pseudoscalar which also is an ensemble of numbers conforming to a set of
restrictions on which I need not dwell here.

It appearedthat beta decay interaction could be scalar (S), vector (V),
axial vector (A), tensor (T), pseudoscalar (P) or some simple combination
of any two, like V-A, V+A, S-T, S+T. The empirical evidence available at
the time was conflicting. Some observations favoured forms like A or T
while others suggested V-A or S-T.

E. C. G. Sudarshan chose the right form, the celebrated (V-A) interaction
form ignoring some experimental observations favouring other forms.
These were later found to be incorrect as Sudarshan had surmised. Con-
fronted with conflicting experimental evidence he had the serendipity to
hit on the right form for reasons of symmetry, a ploy physicists invoke
sometimes when in doubt. For the symmetry principlie is often a physicist’s
heuristic guide to the discovery of new laws of nature. It reveals them by
showing the unchanging core of reality beneath the changing facade of
appearances. It does so by a subtle refinement of our everyday notion of
symmetry that enables us to decide whether or not any given object is
symmetrical. Thus an object like a spherical ball is called symmetrical
because it looks the same after it is turned around through any arbitrary
anglc. More generally, a thing is symmetrical if there is something you can
do to it so that after you have finished doing it, it looks the same as before.
In other words, the essence of symmetry is invariance or immutability of
some aspect or feature of the thing. Sudarshan ventured to postulate a new
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principle of invariance to rationalize his choice of the mathematical form to
describe weak inter-action. It is called chirality invariance. The word
“chirality” (pronounced kirality) was coined by Lord Kelvin in 1884 and is
derived from cheir, the Greek word for hand, which is indeed the most
familiar chiral object. An object or a configuration of numbers is chiral if it
cannotbebroughtinto congruence with its mirror image by translation and
rotation. But if it can be so brought into congruence, it is achiral. Familiar
planar objects in the two-dimensional space of printed page are capital block
letters. Some of them such as A, B, C are two-timensionally achiral since
they can be brought in a plane into congruence with their mirror images (see
Fig. 9). The conjecture Sudarshan made was that the interaction forms of
beta decay remain the same under any chiral transformation. The remark-
able consequence of this assumption is that the weak interaction form is now
uniquely determined to be V-A. It effectively rules out any combination of
the remaining three forms S, T and P.

However, in the summer of 1956 when parity violation in beta decay
was under debate, only Salam, and after him L. D. Landau, suggested the
possibility of total parity violation before any of the experimental results
were known, while Yang and Lee, in a paper submitted in January 1957, did
so with prior knowledge of Madame Wu’s experiment with beta decay
oriented Cobalt nuclei mentioned earlier. According to the eminent experi-
mental physicist, Valentine L. Telegedi, ‘There are interesting little stories
about both Landau and Salam in this context. Berestetsky and Landau wrote
in 1955, a paper on neutron decay in which they prophetically said there are
ten couplings if we take, in addition to spinors, also psuedospinors (sic) into
account, but went on to say “We shall not include the latter, since they do
not lead to observable results in the heavy particles (nucleons).” Salam who
postulated 5 invariance to preserve the Zero neutrino mass to all orders
inthe weak interaction, did not emphasize the implied maximal P-violation,
so important to experiments. When 1 asked him about this, he replied, “I had
no idea how close such a theory was to experiment, or whether it had just an
aesthetic appeal, like general relativity. When I did this work at Imperial
College, it was summer and there were no experimentalists around to ask
about actual possibilities.” ’ If only he could have remained in contact with
experimentalists, as Yang and Lee were, he might have mustered the
courage not to withdraw his classic paper on parity violation. Had he done
so0, he would have been eligible to share the Nobel Prize awarded in 1957 to
Yang and Lee for their work on parity violation in beta decay.

What is remarkable is that the remorse he felt after the experimental
confirmation of parity violation in January 1957 due to the withdrawal of his
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1956 paper did not sour him at all. He continued to work as creatively as ever
before. Taking his cue from the idea of Chiral Symmetry leading to the
V-A theory mentioned earlier, he now began to work on the unification of
the two fundamental forces of nature, namely, electromagnetism that lights
our lamps and drives our dynamos and weak interaction governing radio-
active decay. This unified electroweak theory was the work of Abdus Salam,
Steven Weinberg and Sheldon Glashow and they shared the Nobel Prize in
1979 for producing it.*

Another area in which Salam was deeply mvofved was the classification
of the immense diversity of subatomic particles that began to proliferate
due to the ‘transition from hunters to farmers’ after the Second World War.
Before the war, physicists hunted high-energy nuclear particles in cosmic
ray showers. After the war they began to farm them in particle accelerators.
The new particle accelerator machines produced dozens of new hitherto
unsuspected particles. So prolific were the newcomers that physicists
rapidly ran out of names for them. For a while the different species of
particles resembled a chaotic zoo. Although the species of subatomic
particles was nowhere as overwhelming as the number of living species,
it was large enough to require a Linnaeus type classification of the newly
discovered nuclear species. However, the classification methodology
the biologist Carl von Linnaeus devised to break down the hundreds of
thousands of species into various groups, classes, and families would
obviously not work here. A novel way of classifying the denizens of the
disorganized nuclear zoo had to be invented. )

The task Salam, like other physicists, faced in early 1964 was this. There
were then four distinct types of multiplets of particles: first, eight semi-
stable baryons of spin ¥2; second, ten heavy baryons of spin ’/,; third, eight
Yukawa mesons forming a multiplet of spin 0; and finally, elght mesons of
spin 1. The particles in a multiplet could be distinguished by giving either
their electric charge.or hypercharge or isotopic charge. What is important in
considering them is not their names and different correlations as the
discovery of some symmetry principle that reveals their underlying unity.
Indeed, symmetry, whether consciously or intuitively has always been
present in physics and has functioned within it at various levels either as a
prescriptive or regulative a priori principle or one of exploration, induction,
taxonomy, and discovery. Examples of symmetrical objects like the spheri-
cal figure of the earth or the regulatory of a snowflake or a crystal are
familiar to us all. Not all symmetries, however, are geometrical. The

* For morc details sec chapter “Unification of Two Forces of Nature”,
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symmetry between the male and female, the right-handed and left-handed
gloves, or the positive and negative electric charges are also useful concepts,
but their symmetries are of an abstract nature.

All such conceivable abstract symmetries had been tabulated by the
Norwegian mathematician Sophus Lie, about the turn of the century. He had
classified all symmetries, or symmetry groups, as he called them, in terms
of anumber of key operations. A Lie group is a collection of operations with
the condition that the upshot of any two operations is also an operation
belonging to the collection. It is. a self-inclusive group. For example,
rotations in our three-dimensional space form a group. If we rotate any
object, say, a book in any direction. twice in succession, the resu}'tant
rotation is also a member of the group. A combination of two rotations
performed consecutively is also a rotation, which could have been per-
formed in one shot. It is in this sense that the nuclear particles like. the
electron and proton on the one hand, and their anti-particles like the positl-'on
and antiproton, exhibit a group symmetry under the operation of changing
the positive charge of the particle into negative and vice-versa. The Problem
Sophus Lie solved was that given the number and type of operations one
could work out unambiguously how many particles the multiplet could
contain. ‘

The Lie groups remained for a century a purely mathematical theqry with
no practical applications. Salam became aware of their existence in 1951
when he attended a series of lectures on group theory delivered by Yoel
(Giulio) Racah of the Hebrew University in Jerusalem, at the Princeto'n
Institute for Advanced Studies. Racah showed how to classify the Lie
groups and pointed out that they could be divided into four families.
By the late 1950s, when the chaos in the Nuclear Zoo was at its peak,
Salam had formed a group at Imperial College, in order to apply the
theory of Lie groups to resolve the then prevailing chaos in particle
physics. By a quirk he admitted to. his group a brilliant student, \.'uval
Ne’eman, who was to accomplish successfully the task he had assigned
this group.

Ne’eman was born in 1925 in Tel Aviv. He studied engineering (not
science) both in order to join the family pump factory and because he had
no clear idea as to how a scientist could make a living. Accordingly, when
he passed out of the Haifa Technion in 1946 with a Diploma in Engineering,
he started his “bifocal” (his own word) career and life with two ever
intertwining threads: technology and science on the one hand, and milita.ry
and later politics on the other. But at the outset he was too preoccupied with
his military duties to find time to study science, let alone pursue rescarch on

57



Abdus Salam

its frontiers. Only towards the end of 1957 when he realized that he would
soon be too old—he was thirty-two—to start new studies did he venture to
ask Ge.neral Moshe Dayan, then Defence Chief of Staff, for a two-year
sabbatlc.:al to study science in Lonion. Dayan countered h;s request wi);h a
suggestion that he accept a posting to London as Defence Attaché to the
Israel E{nbassy and couple the post with studies at London University. He
agreed, intending to work with Herman Bondi, the author of the Steady étate
Th?ory.of Cosmos. But chance again directed hpm towards Salam. For, on
amva.l in London, he discovered that traffic made it almost impo.ssibl; to
combine s'tudies atKing’s College, where Bondi taught, with his “job” at the
Embassy in Kensington. Since the Imperial College was within half-a-mile
from the Embassy, he approached Salam with his old Technion letters of
recommendation from his teachers and a new one from General Moshe
Dayan. Salam was puzzled that a working diplomat, past thirty-two, should
volumf:er for science studies. Nevertheless, he admitted him to his g’rou on
probat{on. However, he had to interrupt his research work for the nextrt’wo
years till May 1960. The flare-up of hostilities in the Middle East obliged
him t.o :c)pend all his time on military duties like participating in gth«z
negotiations for the purchase of two S-Class submarines and fifty Centurian
tanks as well as organizing and supervising the training of the crews for both
the submarines and the tanks. Finally, in sheer desperation he decided in
May 1960 to proceed on a one-yetr full leave from the Defence Forces on
a modest grant, to spend the year at Imperial. He was then thirty-five, a
QOIone] on leave, the oldest student in Salam’s group including Salz;m
hfmself. At High School and at the Technion he was the youngest! As he
himself recalled later, ‘1 gave myself a one-year chance, before dt",cidin
whether I had missed the Physics boat or not.’ ’ ®
Having decided to work full time on particle research, Ne’eman told
Salzfm that he was given a year’s leave to spend at Imperial. Salam told him
tf’ plck' a f:alculation that he could be sure to complete within the prescribed
time .h'mlt: But Ne’eman veered off in a different direction, inventing a
c!assnflcatlon and symmetries, gauges, etc. While he was eag;rly pursuign
his own exPlorations, Salam was getting worried lest he should waste thagt
year. Bl'.lt finding him adamant he gave in with the admonition: ‘You are
Fmbarkmg on a highly speculative search. But if ybu are going t'o do it, do
it well. !?on’t be satisfied with the little group theory I taught you S(l,ld
gleBsub]ect_ 1:n dcptl‘x.’ He recommended the Russian mathem'aticiaz
_st;bg.r (]))u);’nsl'cm s compilation of a very comprehensive list of Lie groups and

Thus equipped, Ne’eman prepared a solution to the problem of ridding
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the prevailing chaos in the “Nuclear Zoo” sometime in October 1960, at the
commencement of the new academic year. He showed it to Salam in
November 1960 when he returned from the 1960 Rochester Conference.
Salam was greatly impressed by the work Ne’eman had done and briefed
him about similar work reported at the Rochester Conference. But he told
him not to worry about the points raised in the Conference and suggested
that they jointly prepare a paper for publication. In the paper, Salam was to
include his idea about the points raised at the Rochester Conference. Finally,
Salam was too preoccupied with other work to add his contribution to the
proposed joint paper and returned the paper to Ne’eman asking him to
publish it under his own name.

In his paper, Ne’eman was able to discover the hidden symmetry in
Yukawa’s eight mesons of spin 0 mentioned earlier. 1t was a revelation of
what is since known as SU(3) symmetry, the basic underlying symmetry of
the nuclear force. SU(3) owes its name to three types of charges—electric,
hyper and isotopic. The symmetry consists in treating all three charges alike
as manifestations of a single unitary characteristic. Gell-Mann has called it
the “eightfold way” after a pronouncement by the Buddha: that is to say,
right view, right aim, right speech, right action, right living, right effort,
right mindfulness, right contemplation.

Ne’eman’s way of classifying the newly proliferating nuclear particles
was the first premonition of an Ariadne’s thread that could guide one way
out of the labyrinth of the Nuclear Zoo. It was like Mendeleeve’s periodic
law which led him to arrange the atomic elements in a periodic table
whereby he showed that elements having similar properties occur at regular
intervals and fall into groups of related elements. Mendeleeve discovered
the pattern underlying his classification of elements in order of atomic
weights. Ne’eman discovered the pattern underlying the nuclear particles,

by discarding the earlier idea that some of them were the building blocks
of all the rest. Instead he based his eightfold way on the division of these
particles into “families” or supermultiplets, and found connections between
the various members of each family by recourse to the mathematical
theory of Lie groups. Having classified the particles into “families” or
supermultiplets, the next step is to represent each particle in the super-
multiplet by a point on a coordinate system where the horizontal axis
represents the quantum number, I, and the vertical one the Strangeness, S.
Consider, for instance, the supermultiplet of eight semi-stable mesons of
spin 0. If we plot these eight mesons on the aforementioned coordinate
system, six particles of the octet are located at the vertices of a symmetrical
hexagon and the remaining two at its centre (see Fig. 10, p. 60). A glance at
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this figure shows the symmetry of the electric charge carried by the particle.
The four neutral particles of the octet lie along the diagonal, with the
positively charged particles on one side and the negatively charged ones on
the other.

The geometric symmetry of other supermultiplets is even more remark- -
able, as will be obvious by a glance at the geometrical representation of
three more supermultiplets: first, an octet of semi-stable baryons of spin 2
(see Fig. 11, p. 62); second, an octet of mesonic resonances of spin 1 (see
Fig.12, p. 63) and third, a decuplet of heavy baryons of spin *, (see Fig. 13,
p. 64). »

The stunning success of the eightfold model was its prediction of a new
particle since called omegaminus. It provided a perfect identikit for its
discovery. In November 1963, a group of thirty-three physicists embarked
on the hunt at Brookhaven. By February 1964, they had been able to
photograph their prey and confirmed its existence by experimental demon-
stration. Despite its success, the eightfold way could not be considered a
complete and dynamical theory. While it did predict missing particles in a
nearly complete supermultiplet, it could not predict the existence of whole
new supermultiplets. Although it proved interesting relationships between
the masses of heavy particles (hadrons), it could not explain why the
particles had these particular masses. Obviously it did not contain the whole
story. But that is the way scientific research proceeds. The solution of one
problem gives rise to another. ,

In a small book titled Symmetry Concepts in Modern Physics published
in 1966 by the Atomic Energy Centre, Lahore, Salam gave a popular
exegesis of the new symmetry underlying the eightfold way. He said this
symmetry, like beauty, lies in the beholder’s eye. But to perceive it one
needs ultra-optical vision. He quoted a few couplets of Urdu poets like Sir
Mohammad Igbal and Faiz Ahmed Faiz to illustrate his meaning. He told me
that he quoted Urdu poets because he was not addressing a Western audience
in Pakistan. Had he been addressing a Western audience he would have
turned to Herman Weyl’s famous book on symmetry. In this book Weyl
shows that beauty is sometimes linked with symmetry but the relationship
is not very illuminating. The reason is that beauty is an even vaguer quality
than symmetry. The word symmetry itself is not wholly unambiguous. It is
used in our everyday language in two senses. In the first, symmetric means
something well-proportioned, well-balanced and symmetry denotes the
concordance of several parts by which they integrate into a whole. The
image of balance provides a natural link to the second sense in which the
word symmetry is used in modern times; bilateral symmetry, the symmetry
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of right and left which is so conspicuous in the structure of higher animals,
especially the human body.
Now this bilateral symmetry is a strictly geometric concept, in contrast to
§ the vague notion of symmetry in the first sense of balance mentioned earlier.
This geometric concept of bilateral symmetry is then generalized more by
‘mathematical construction and abstraction than by the mirages of philoso-
phy and metaphysics. Such generalization by mathematical abstraction may
yield with luck, an idea no less universal than the one we started with. This
At is why symmetry, as wide or as narrow as we may define its meaning, is one
idea by which man through the ages has tried to comprehend the universe as
well as create order, beauty and perfection. No wonder, Weyl begins his
lectures on symmetry by quoting an invocation by Anna Wickham to “Thou
Great Symmetry”:

Average Mass
(MeV.)

1232- 0 4

1385- 19

God, Thou great symmetry,

Who put a biting lust in me

For all the frittered days

That I have spent in shapeless ways
Give me one perfect thing.

1530- 2 9

1672- 3 4

372 | 172 o ap 1 2 b

A Decuplet of heavy Baryons (spin 3/2)

(Fig. 13)
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CHAPTER VI

The International Centre for
Theoretical Physics

PreS

&

One reason why Salam is not merely a great scientist musing in his ivory
tower, but also a sage-scientist of our times like Patrick Blackett, John
Bernal, Neils Bohr, Julius Oppenheimer, John Haldane and Pyotr Kapitsa,
to name only a few, is because he is intensely aware of the social function
of science. He therefore pursues science both for its own sake as an artist as
well as a catalyst of development and growth in the poor countries like his
own Pakistan and India. It is this awareness of science as the demiurge of a
new heaven in the Third World countries that has prompted him to create an
International Centre to overcome a serious barrier to the growth of science
in these countries. The barrier is what he calls the, ‘isolation of the scientist
in developing countries.” He describes the consequences of this isolation in
his own inimitable way by reproducing an anguished letter written by a
young astronomer from Kandhar, Saif-ud-din Salman, to his father about
five hundred years ago—around Ap 1470. He had left his home to work at
the celebrated observatory of Ulugh Beg at Samarkand. In his letter he
relates in eloquent words the dilemmas and heart-aches of an advanced
research worker in a poor developing country: ‘Admonish me not, my
beloved father, for forsaking you thus in your old age and sojourning here
at Samarkand. It’s not that 1 covet the musk-melons and the grapes and the
pomegranates of Samarkand; it’s not the shade of the orchards on the banks
of Zar-Afshan that keeps me here. I love my native Kandhar and its tree-
lined avenues even more and I pine to return. But forgive me, my exalted
father, for my passion for knowledge. In Kandhar there are no scholars, no
libraries, no quadrants, no astrolabes. My star-gazing excites nothing but
ridicule and scorn. My countrymen care more for the glitter of the sword
than for the quill of the scholar. In my own town I am a sad, a pathetic misfit.
It is true, my respected father, so far from home men do not rise from their
seats to pay me homage when I ride into the bazaar. But some day soon all
Samarkand will rise in respect when your son will emulate Biruni and Tusi
in learning and you too will feel proud.’
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Although Saif-ud-din Salman never rose to the great eminence of his
masters, Biruni and Tusi, in astronomy, his cri du coeur is almost an
identical replica of a Third World scientist of today like Salam himself. As
he puts it, you have only to substitute Berkeley or Cambridge for Samarkand
of 1470, Delhi or Lahore for Kandhar, high energy accelerators for quad-
rants to virtually update the analogy. I have used the adverb “virtual” delib-
erately because there is a profound difference between the situation then and
now. As Salam has pointed out, ‘Whereas the emirate of Kandhar did not
have a conscious policy for the development of science and technology—
it boasted of no ministers for science, it had no councils for scientific
research—the present-day governments of most developing countries would
like to foster, if they could, scientific research, even advanced scientific
research. Unfortunately, research is costly. Most countries do not yet feel
that it carries a high priority among competing claims for their resources.
Not even indigenous applied research can command priority over straight-
forward projects for development. The feeling among administrators—
perhaps rightly—is thatit is by and large cheaper and perhaps more reliable
to buy applied science on the world market. The resultant picture, so far as
advanced research is concerned, remains in practice almost as bleak as at
Kandhar.’

Salam’s reasons for the great lag in advanced research in the developing
countries vis-a-vis the developed ones are: ‘First and foremost among the
factors that affect advanced scientific research is the supply of towering
individuals, the tribal leaders, around whom great institutes are built. There
are perhaps 2-3 per cent of all men who are trained for research. What is
being done in the underdeveloped world to ensure their supply? Most devel-
oping countries are doing practically nothing. Quite the contrary, with all
the obstacles and hazards which beset a poor society, it is almost miraculous
that any talent at all is saved for science. These hazards are, first, the very
poor quality of education; second, the higher or administrative grades of the
civil service—in India, the Indian Administration Service, and in Pakistan,
its analogue, the Civil Service of Pakistan—which skim off the very top of
the sub-continent’s intellect; third, the poor chances for a promising young
research student to learn to do research as an apprentice to a master scientist.
The greatest obstacle of all lies in the very low probability of having the
opportunity to work with the few men at the few centres of excellence, who
appreciate at all the demands of a research career and who run laboratories
which are reasonably well equipped. There are just too few scientists who
retain the creativity of which they gave promise when young and there are
therefore too few to train younger scientists through a fruitful master-
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apprentice relationship. It remains a sad fact that, though India and Pakistan

may have built specialized institutes outside the university system where
advanced research is carried out, by and large their vast university systems
remain weak, static and uninspired. It is not part of their tradition to make
aplace for advanced research or even for research at all. The colleges which
provide a very large proportion of undergraduate education in India and
Pakistan have grown up in a tradition of concentratin gsuchresources as they
have on the instruction and moral formation of updergraduates.

‘In a number of fields, advanced scientific research in developing
countries is beginning to reach the state of maturity in which first-rate
work can be done. Indigenous resources are being skillfully employed but
?here is still a desperate need for international help. The truth is that,
irrespective of a man’s talent, there are in' science, as in other sptieres, the
classes of haves and have-nots; those who enjoy the physical facilities and
the personal stimulus for the furtherance of their work, and those who do not,
depending on which part of the world they live in. This distinction must go.
The time has come when the international community of scientists should
bt_agin to recognise its direct moral responsibility, its direct involvement, its
direct participation in advanced science in developing couniries, not only
through helping to organize institutions but by providing the personal face-

to-face stimulation necessary for the first-rate individual working in these.

countries.

‘In advanced scientific research, it is the personal element that counts
much more than the institutional. If, through meaningful international
action, allied with national action, we could build the morale of the active
research worker and persuade him not to make himself an exile, we shall
have won a real battle for the establishment of a creative scientific life in the
developing countries.

‘As an example of what is needed, I shall take the science with which 1 am
personally associated. Theoretical physics happens to be one of the few
scientific disciplines which, together with mathematics, is ideally suited to
development in a developing country. The reason is that no costly equip-
ment is involved. It is inevitably one of the first sciences to be developed at
the highest possible level; this was the case in Japan, in India, in Pakistan,
in Brazil, in Lebanon, in Turkey, in Korea, in Argentina. Gifted men from
these countries work in advanced centres in the West or the Soviet Union.
They then go back to build their own indigenous schools. In the past, when
these men went back to the universities in their home countries, they were
perhaps completely alone; the groups of which they formed a part were too
small to form a critical mass; there were no good libraries, there was no
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communication with groups abroad. There was no criticism of what they
were doing; new ideas reached them too slowly; their work fell back within
the grooves of what they were doing before they left the stimulating
environments of the institutions at which they had studied in the West or the
Soviet Union. These men were isolated, and isolation in theoretical physics—
as in most fields of intellectual work — is death. This was the pattern when
1became associated with Lahore University; this is still the pattern in Chile,
in Argentina, in Korea.

‘In India and Pakistan we have been more fortunate than most other
underdeveloped countries in the last decade. A number of specialized
institutes have grown up for advanced work in theoretical physics—the Tata
Institute at Bombay, the Institute of Mathematical Sciences at Madras and
the Atomic Energy Centres at Lahore and Dhaka—where a fair concentra-
tion of good men exists. But this is not enough. These institutes are still
small oases. They are too small for the fertilization of the area around
them. They are also in continuous danger of being dried up because the
area around them is too arid and they still do not have vigorous contacts
with the world community. Tata and Madras have partly solved their
problem; they have funds to invite visitors—they have fewer funds to send
Indian physicists abroad, mainly because of the serious shortage of foreign
exchange.’

It was to break this barrier of isolation that Salam conceived the idea of
setting up an International Centre for Theoretical Physics (ICTP), function-
g under the auspices of the United Nations. Such a centre, he thought,
could provide an alternative to emigration — the usual method availed of by
theoretical physicists in the poor countries to break their isolation.

An opportunity to moot this idea came his way in September 1960,
when Salam attended the General Conference of the International Atomic
Energy Agency (IAEA)as the delegate of Pakistan. With the co-sponsorship
of several Governments like those of Afghanistan, the Federal Republic of
Germany, Iran, Japan, the Philippines, Portugal, Thailand and Turkey, he
introduced a resolution on behalf of the Pakistan Government suggesting
the setting up of a theoretical physics centre under the auspices of IAEA.
The resolution was adopted but without providing means for its imple-
mentation. As Salam attended the General Conference in the years 1961,
1962 and 1963, he continued to spur the IAEA Directors to provide the
means for running the proposed centre. As Salam recalled later, ‘In 1962, for
example, the debate started in the morning. I would like to describe the
scene. I placed one kilo of grapes in front of me to give me strength. We had
already gone round torally all the Third World delegates who had promised
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support. The first shot was fired by my friend Dr Harry Smythe of Princeton,
the US Ambassador to the IAEA, who said it was an unwise idea to found
a new centre for physics at that time. The delegates from Czechoslovakia,
Hungary, Poland and Romania agreed with the delegate from the USSR who
said the same. There were also objections from Belgium, Canada, France,
the Netherlands, the UK and all other industrialized countries (except Italy
and the Nordic countries). The German delegate said that he had signed the
first resolution in 1960 but he had received a rap ophisknuckles from above.
He wished us success and said that he was persé)"'nally sure that the Centre
would be founded and would function well, but he could not formally
support its creation. The Australian delegate went so far as to say, “Theo-
retical Physics is the Rolls-Royce of Sciences. What the developing
countries need is donkey-carts.” :

‘After that, our supporters started to speak. It was heartening to hear poor
countries like Afghanistan, like Brazil, like the Philippines, like Saudi
Arabia, which supported the idea of a Theoretical Centre for Physics. We
obtained 35 votes for, with 18 abstentions. The resolution was carried. The
Centre had come into existence so far as the IAEA was concerned.

“The fact that we had secured the majority in the General Conference did
not help us, however, because the Board of Governors voted us the princely
sum of $55,000 for a whole year of operations (for an International Centre).
Clearly they wanted us to fail.’

At this stage the proposal might well have been aborted. But the situation
was saved by the election of a close collaborator of Salam, Dr 1. H. Usmani
of Pakistan, as Chairman of the Board of Directors of the IAEA for the year
1962-63. The main objection of several members of the Board to the
creation of the proposed international centre was that it would be yetanother
source of ‘brain-drain’ in the Third World countries rather than its sink.
Salam’s answer to their objection was his Associateship Scheme. Under his
scheme talented physicists from the developing countries of Asia, Africa
and Latin America—instead of feeling isolated and withering away into
oblivion—could go to the proposed international centre not as an obligation
butas a matter of right, and stay there for about six monthsina year to pursue
research in collaboration with eminent physicists from the advanced coun-
tries of the East and West. Dr Usmani used Salam’s scheme to mollify the
objections of the dissidents in the historic meetings of the Board in June
1962. He was thus able to announce that the consensus of opinion in the
Board favoured the establishment of the centre. But consensus is not total
consent. Unanimity is a pre-requisite for the creation of an international
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institution. In order to secure it Salam devised a new strategy. He sought to
overcome the residual resistance to its creation by persuading the IAEA
Director, Dr Sigvard Eklund, to convene an “experimental” seminar in
theoretical physics as a sort of “pilot plant” demonstration of the way the
future ICTP would function. Professor Paul Budinich, a professor of
theoretical physics in the local University at Trieste, managed to secure an
invitation from the Government of Italy and the local authorities at Trieste
to host the proposed seminar in that city. It was held there during the summer
of 1962 with such luminaries as Julian Schwinger and Eugene Wigner

{(both Nobel Prize winners for physics, in 1963 and 1965 respectively),

Tullio Regge, Abdus Salam, and many others on its lecturing faculty. The
participants of the seminar unanimously requested the 1AEA to proceed
with the creation of the centre. As aresult, Dr Eklund, set up a panel of three
eminent theoretical physicists in May 1963, since called the Three Wise
Men—Professors Robert Marshak (USA), J. J. Tiomno (Brazil) and L. Van
Hove (Belgium)—to prepare a feasibility report for its creation.

The Three Wise Men unanimously proposed to establish the centre at
Triestc, not only because of the very generous offer of financial assistance
promised by the Government of ltaly but also because it would be located
in one of the most charming cities of the world. ;

The charm of Trieste, perched on the edge of the Adriatic and close to the
Yugoslav border, is the result of diverse cultures, of its manifold attractions,
and of the myriad emotions it can stir because of its variegated history. As
is well known, it was first a Roman colony, then a free town, next a
cosmopolitan city ranking second among the Mediterranean ports—all
these leading to its cultural identity and to its tormented but final annexation
by Italy in 1957. As a result, the city now fascinates both the curious visitor
and its inattentive citizens, who appreciate its beauty or to use the words of
its most representative poet, the ensemble of all its “touchy gracefulness”.
It thus provided an ideal intellectual, cultural and geographical focal
point — where North meets South and East greets West — for the location of
the proposed international centre.

Though the Board of Governors of the IAEA had decided not to provide
purely IAEA funds for the creation of the centre, they agreed to acquiesce
initscreation if additional funds were provided by interested member states.
Fortunately, four offers of such financial assistance came: from Italy, for a
centre to be located in Trieste, from Denmark for Copenhagen, from
Pakistan for Lahore, and from Turkey for Ankara. The most generous offer
was from the ltalian Government largely because of the sustained efforts of
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Paul Budinich, who worked assiduously to establish the centre at Trieste

(l!;xgzg its gestation period from 1960 (when Salam first mooted thé idea) to

Accordingly, Salam started operating the centre as its first Director in
October 1964 from a building in Piazza Oberdan which was to be its home
for the first four years of its existence. He began by convening a seminar
on plasma physics held in the Jolly Hotel nearby. The chief participants in
the seminar, besides Salam and his Deputy-Directsr Professor P. Budinich,
were such outstanding physicists as Professor R. Sagdeev (till recently
Science Adviser to the erstwhile President of the former USSR, Mikhail
Gorbachev), Marshall Rosenbluth and Carl Oberman (both from the US) as
Directors. There were also other eminent physicists like A. O. Barut (USA/
Turkey), C. Fronsdal (USA/Norway) and K. Nishijima (Japan) who spent
the whole academic year in Trieste. Salam also recruited talent for shorter
periods as well as some junior scientists from other countries such as
M. A. Rashid and Fayazzudin from Pakistan, Bruno Coppi from ltaly,
D. Akyeampong from Ghana, J. Saavedra from Chile, who later became
well-known particle physicists and achieved important positions. Bruno
Coppi, for instance, became a full professor at the Massachusetts Institute
of Technology (MIT) and is now the promoter of a new fusion machine—
Ignitor—which will be developed by the European Economic Community
(EEC). Other clementary particle physicists whom Salam assembled at the
centre produced important results rapidly.

October 1964, the month the centre began to function, was a turning point
in Salam’s life. It was the beginning of a new way of life. Hitherto, he had
had a settled family life at Lahore, Cambridge, or London. He had now to
live a dual life, commuting between Trieste, the abode of the centre, and
London, his home city. He was then below forty—‘young, spritely, full of
the future to come’—as he wrote in his personal diary in which he had
started recording his soliloquics at the'end of his working day. But despite
his youth he found the new mode of life hard to bear. He was then living in
a poorly ventilated room at Trieste, with constant bouts of fever, irregular
meals, and the cumulative strain of running an institute and creating new
physics. Fortunately, Salam consulted Dr S. Lin at Trieste, who diagnosed
the cause of his recurrent low fever from which he had been suffering for
quite a long while, even before the opening of the centre. Dr Lin took two
successive blood tests: before and after rubbing Salam’s throat with his
fingers for a minute or so. He found there was a quantum jump in the number
of white blood corpuscles—from 5,000 in the first test to 10,000 in the
second. He concluded that the jump was due to tonsillitis, of which the
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recurrent low fever was merely a symptom. Salam had his tonsillitis
operation during his next visit to London because Dr Lin had forbidden him
to have it done in Trieste. The operation cured his low fever once and for all.
The diagnostic technique for tonsillitis was Dr Lin’s own innovation,
unknown to any doctors Salam knew. Thus cured, he soon rose to his new
responsibilities and overcame all the ailments that had afflicted him at the
commencement of the centre. The fresh spurt of energy he mustered enabled
him to run the centre as well as create new physics. ,

The opening year of the centre’s activity was such an outstanding success
that it was eulogized by the great physicist, J. Oppenheimer, in his message
to the Swedish Council of which Salam was a member: ‘It seems to me that
the Centre has been successful in these eight or nine months of operation in
three important ways. It has cultivated and produced admirable theoretical
physics, making it one of the great foci for the development of fundamental
understanding of the nature of matter. The Centre has obviously encour-
aged, stimulated and helped talented visitors from developing countries
who, after rather long periods of silence, have begun to write and publish
during their visit to the Centre in Trieste. This is true of physicists whom 1
know from Latin America, from the Middle-East, from Eastern Europe, and
from Asia. It is doubtless true of others. The Centre has become a focus for
the most fruitful and serious collaboration between experts from the United
States and those from the Soviet Union on the fundamental problems of the
instability of plasmas, and of means for controlling it. Without the Centre
in Trieste, it seems to me doubtful that this collaboration would have been
initiated or continued. In all the work at the Centre of which I know, very
high standards prevail. In less than a year it has become one of the leading
institutions in an important, difficult and fundamental field.’

By May 1968, the new building to house the centre, in Miramare, a suburb
of Trieste, was ready. The shift of the centre from its temporary lodgings in
the building at Piazza Oberdan to Miramare signalled the fulfilment of
Salam’s ambition that visitors from the poor countries should not merely
pick up crumbs from the dining table but dine on ideas cooked by the best
minds of our times. Within four years of its inception the centre was able to
attract a dozen Nobel Laureates for a month-long symposium on Contem-
porary Physics organized for the inauguration of the new building in
Miramare in June 1968. As Salam remarked at the time, it was a unique
event in that its aim was to cover not just one single specialized aspect of
modern physics but its entire spectrum. It had brought together over 300

leading specialists in particle physics, the theory of condensed matter,
quantum electronics, astrophysics, relativity, plasma physics, cosmology,
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nuclear physics and biophysics. They lived together for three weeks, to

deliver, discuss, and listen to lectures in depth on their various fields. It was

intended to provide a deeper sense of the scope of and unified nature of the
general subject—physics—by sharing with each other the insights of its
fascinating disciplines. This is not the place to dwell on the details of the
expositions and discussions of this memorable symposium. But I cannot
resist reproducing an abridged version of the memorable series of evening
lectures by the Grand Masters of modern physics (on which I shall dwell at
length in the next chapter), which Salam organizedto run concurrently with
the Symposium. Meanwhile to give the reader a flavour of the occasion I
will quote Salam’s introduction of Werner Karl Heisenberg to the audience
at his lecture. He began: ‘In 1748 the Shahenshah of Persia, Nadir Shah,
invaded India and he marched on to Delhi. He inflicted a severe defeat on
the Great Mughal of India. Delhi submitted and the two kings met to
negotiate peace.

‘At the conclusion of these negotiations, which included the transfer of
the famous Peacock Throne to Iran from Delhi, the Grand Vizier of the
defeated Indian King, Asifjah, was summoned to present to the two mon-
archs some wine to pledge the peace. The Vizier was faced with a real
dilemma of protocol. The dilemma was this: to whom should he present the
first cup of wine? If he presented it first to his own master, the insulted
Persian might draw his sword and slice the Vizier’s head off. If he presented
itto the Persian invader first, his own master might resent it. After a moment
of reflection, the Grand Vizier hit on a brilliant solution. He presented a
golden tray with two cups on it to his own master and retired saying, “Sire
it is not my station to present wine today. Only a King may serve a King.”
In this spirit I request one Grand Master of our subject, Professor Dirac, to
introduce another Grand Master, Professor Werner Heisenberg.’

From the success of such conferences and much else besides it was clear
that the centre had progressed well in the first few years of its inception. The
annual budget of the centre at the beginning was barely $377,000—$55,000
from the 1AEA, $300,000 from the Italian Government and $22,000 from
fellowships from UNESCO. But Salam managed to receive additional funds
from the Ford Foundation as well as the Swedish International Development
Agency (SIDA). These additional provisions enabled him to complete the
first phase of operations of the centre in 1969, when he established the centre
as a multi-disciplinary scientific institution for elementary particle physics,
nuclear physics, plasma physics, and condensed matter physics—all disci-
plines under the umbrelia of the IAEA.
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By this time a new generation of scientists had gradually grown in the
newly independent countries, who began to challenge the centre to respond
to their needs as well. It could do so only by enlarging the number of
disciplinesin its programmes. That became possible in 19970 when UNESCO
joined IAEA in the operation of the centre as an equal partner. It enabled the
centre to accommodate a large number of other disciplines like math-
ematics, physics of the oceans and atmosphere, physics of the earth, climate
and molecular and laser physics, physics teaching and physics of energy,
etc. However, the decade 1970-80 was only a period of consolidation, not
much of expansion because of the limited funds available to the centre
during the period. The most notable event of this decade was a conference
convened by Salam in 1972, to discuss the history and basic concepts of
quantum mechanics. Most of its living founders attended the conference,
including Heisenberg, Dirac, Jordan, Wigner, Peierls, and several others.
There were a number of very illuminating lectures and lively discussions. It
concluded with a conference banquet in honour of Dirac’s seventieth
birthday. One of the founders present, Sir Rudolph Peierls, later recorded
the occasion in his autobiography, Birds of Passage, as follows:

The principal speaker was Lord (C.P.) Snow, who did not strike
quite the right note for the occasion. Even after further speeches
the atmosphere remained cool. Genia (Peierls’ wife) was getting
impatient and said to Casimir, the Chairman, that she wanted to
speak too. He replied that he could not permit that. But she
grabbed the microphone and said “I am speaking against the
wishes of the chairman, but nobody has mentioned the names of
all colleagues from the same generation who are no longer
with us. Let us drink to the memory of Pauli, Schrédinger, Fermi,
Oppenheimer . . . ”, a long list of distinguished names and g(?od
friends. Her speech was well received with many more im-
promptu remarks. The published conference proceedingsreported
Genia’s speech starting with “I speak with the permission of the
chairman. ...”

The centre entered its next phase of real expansion only after 1980. The
reason was the award of the Nobel Prize to Salam in 1979. It not only
enhanced the prestige of the winner but also established more firmly the
reputation of the centre he had created. As a result, Salam was able to
persuade the Government of Italy to increase its financial assistance by a
factor of 4.6—from around $3.2 million in 1970 to $15 million in 1989,
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of which ninety per cent is contributed by the Government of Italy. He
succeeded in procuring such a quantum jump in the governmental financial
assistance thanks to his close personal association with Giulio Andreotti, the
then Minister of Foreign Affairs and now the Prime Minister of Italy.

The ICTP had now come of age to celebrate its quarter century. It did so
by convening a conference of leading physicists of the world at the
beginning of November 1989. The invited leaders gave talks on the latest
marvels of their fields, from pools of fluid electrons sandwiched between
semi-conductors to the huge but invisible “cold dark matter” which they felt
may or may not make up ninety per cent of the total mass of the universe.

This far the centre has held some 400 courses, workshops, seminar series,
conferences and the like. It has also provided physicists with the time and
stimulation to produce over 5,000 papers published in international jour-
nals. It now has laser laboratories for work on microprocessors and
superconductivity—a field Salam still does some work in, and to which he
was introduced, ironically, during the time he was languishing in Pakistan
in the early years of his career.

For over twenty-five years, 25,000 physicists from poor countries have
passed through Trieste and—for the most part—gone on their way inspired
afresh. It is said that every physicist in India has either been there, is going
there, or wants to go there. There have also been many visitors from
Communist countries. During the 1960s and 1970s the centre was one of the
few places in which American and Western European physicists could talk
freely to their Russian counterparts.

Salam’s success in establishing the ICTP is evidence enough of the
tremendous energy and enthusiasm with which he has concentrated on
bridging the gap between the two world of today, the developed and
developing. As Robert Walgate mentioned in his essay, “Man of Two
Worlds”: ‘He (Salam) is one man without time, strung across two worlds and
two problems. It is a loss to the world that he cannot have two lives.’

Encouraged by the success of the ICTP and the foundation of the Third
World Academy of Sciences (TWAS), Salam is now attempting to carry
through his vision of high technology for all by suggesting the creation
of a new centre for the Third World with three components. One will
be a“centre for chemistry to carry out research in the important areas of
industry, such as catalysis, polymers and drugs; the second Centre will be
for high technology and new materials including superconductors; the third
will be devoted to earth and environmental sciences, particularly earth-
quake prediction, and climate. Salam realizes that such a grand scheme has
little chance of becoming reality unless there is firm commitment on behalf
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of political leaders of developing countries. Since the project needs a lot of
money, he suggests that each Third World country put aside one per cent of
its GNP for science and technology. Some countries such as Jamaica and
Venezuela are enthusiastic but many others are lukewarm. Salam is realistic
enough to acknowledge that persuading the “lukewarm” stragglers beset
with pressing political problems will be a long, hard struggle. But he is
determined, ‘to go through life like a sleepwalker without worrying whether
something is going to be a success or not.’
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CHAPTER Vi

From a Life of Physics

i

In June 1968, the International Centre for Theoretical Physics (ICTP)
arranged a series of evening lectures where some of the Grand Old Men of
the earlier generation could tell their audience about the physics they had
helped to create, illustrating it through their own work. It was an attempt by
Salam to let the history of physics unfold itself through the voice of some of
its creators as well as to bridge the generation gap by bringing the men who
had created the new physics before the Second World War closer to younger
physicists on whom their mantle had now fallen. Two-and-a-half decades
later, he himself let history reveal itself at the conference convened to
celebrate the 25th anniversary of the centre, in October 1989. The series of
evening lectures titled “From a Life of Physics” was delivered by six
eminent physicists: the first five by H. A. Bethe, P. A. M. Dirac, W. K.
Heisenberg, E. P. Wigner and O. Klein on their own lives in physics, and the
sixth by E. M. Lifshitz commemorating L. Landau’s life. It was followed by
acondensed version of Salam’s address at the 25th Anniversary Conference.

In the first lecture of the series on Energy on Earth and in the Stars, Hans
A. Bethe talked about the things he particularly enjoyed creating. What
delighted him greatly was the stopping power of matter—the scattering of
electrons by hydrogen atoms in atomic collisions both elastic and inelastic.
He started with Max Born’s earlier rather cumbersome theory of atomic
collisions. By simplifying it he arrived at a closed expression for the energy
loss, per unit length of path, for the charged particle traversing matter. As
he recalled, he used this paper to become a privatdozent in Munich. This was
a special requirement in Germany those days as possession of a doctor’s
degree alonc did not qualify onc 1o become a teacher at a German university.
One had to pass a second examination by writing an acceptable paper
presenting a number of “theses”, that is, a number of claims which the whole
faculty was entitled to dispute and prove wrong. But he added as an aside
that, ‘this was only a formality and the faculty was very gentle!”

After a year or two Bethc met at Cambridge Professor Blackett, who
criticized his theory of the energy loss of charged particles on the ground
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that it was qualitative, not sufficiently quantitative to enable experimental
verification of its prediction. In those days the energy of a particle could not
be measured precisely. All that was possible was to estimate the range
within which it would lie. So Blackett advised him to study an earlier paper
of Duncanson, who had calculated the range on the basis of the old Niels
Bohrtheory in order to improve his calculation which was not very good. He
was thus led to generalize his theory to the case of complex atoms. It kept
him busy for many years till he was able to solve successfully the problem
of the stopping power of matter.

The most satisfactory period of his life was in the 1930s~—when the
development of nuclear physics got underway. He began to work on it in
Manchester where he lived and collaborated with Peierls who was as
interested in the deuteron as he himself. He found that, the finer the theory
he devised, the worse its agreement with experiment!” Finally, the solution
to the problem was revealed to him in 1935 in a subway train in New York
by Eugene Wigner. But as Wigner never published his solution, Bethe
published it giving Wigner credit for it in his three “Review of Modern
Physics” articles.

One of the sidélights of nuclear physics was the source of energy
production in stars. Bethe began to work on it after attending a conference
in Washington. At this conference the astrophysicists told some of the
particle physicists like Bethe what stars were about, how they were made,
the distribution of density and pressure in their interiors and so on, and then
asked the physicists about the source of their energy. Everybody, of course,
agreed that the energy must come from nuclear reactions, but what nuclear
reactions was the real riddle. They were searching very hard at the time and
were trying to solve two problems simultaneously: first, of the build-up of
elements and, second, of energy generation in the star. Bethe found the
solution by decoupling the twin problems. By a prolonged examination of
every conceivable nuclear reaction that might produce substantial amounts
of energy under stellar conditions he reached the conclusion that the carbon
cycle and the proton-proton series of reactions were the two major sources
of encrgy for the common main sequence stars like our own sun.

Besides the work on pure physics, Bethe also dwclt on the gruesome task
of designing the atomic bomb at Los Alamos. The problem here was the
most difficult one of combining knowledge in very different fields. Besides
nuclear physics, onc nceded hydrodynamics and several other disciplines to
figure out how to bring a critical mass of material together and then to
implode it in such a way as to sct up an ingoing dctonation wave. To do so
it was nccessary, first of all, to guess an equation of state under conditions
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that nobody on earth had ever seen, namely, a few million atmosphere
pressure which can be produced in a converging shock wave. Next, he and
his Los Alamos colleagues had to calculate the manner in which uranium
would move under the influence of a high explosive impulse, taking into
account its equation of state. They had to design computers in order to carry
fmt th.csc complicated calculations. Bethe concluded his lecture by describ-
ing his new work on nuclear matter: the problem of calculating the binding

energy of nuclear matter, the shape and surface;energy of actual atomic
nuclei like lead 208. -

P. A. M. Dirac dwelt on how a theoretical physicist works to get a better
understanding of the laws of nature. The theoretical physicist, said Dirac,

has a choice of two procedures: first, to work from experimental facts and

seconfl, on a mathematical basis. In the former, one reads about all the
experimental results of the experimental physicists and tries to fit them into

a comprehensive and satisfying scheme. In the other, one criticizes the exist-
ing theory to pinpoint its faults and invents amendments to rectify them. The
procedure one adopted depended on the subject of his study. He further said
that for a subject about which very little is known, where one is breaking
felative.ly new ground, one has to follow the procedure based on experiment,
if one is not to indulge in wild speculation which is almost certain to be
wrong. He cited cosmology where there had been too much speculation
simply because there were very few hard facts to go on. Undaunted by the
absence of hard facts theoretical workers were busy constructing various
cosrfmlo'gical models for the universe based on assumptions they fancied.
In his opinion they were probably all wrong: There was no justification, he
felt, for the tacit assumption invariably made that the laws of nature had
always remained the same. They could also undergo change, in particular
quantities which were considered constants of nature, such as the gxavitationai
constant, which could vary with cosmological time.

. According to Dirac, there were many examples where the adoption of the
fgrst procedure had been brilliantly successful like James Maxwell’s recti-
flca.tion of an inconsistency in the electromagnetic equations of his time by
the‘ introduction of the “displacement current”. But the second procedure, he
ognnec!, had not proved very fruitful as was evident from the failure, of
Elnsteu? and others to unify two long-range gravitational and electro-
rrga.gnetlc forces of nature. It seemed to him that a direct attempt to unify
disjointed theories, where there was no definite inconsistency to work from,

?vast usually too difficult, and if success did ultimately come, it came in an
indirect way.
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Whether one followed the experimental or mathematical procedure
depended largely on the subject of study, but not wholly so. He cited
the cases of Heisenberg and Erwin Schrédinger by way of illustration.
Heisenberg, he said, worked from the experimental basis, using results of
spectroscopy, to formulate his theory of quantum mechanics based on
matrices. Unlike Heisenberg, Schrédinger worked from the mathematical
basis being unaware of the latest spectroscopic results. But he had the idea
at the back of his mind that spectral frequencies should be fixed by
eigenvalue equations, something like those that fix the frequencies of
systems of vibrating springs. Eventually, he was able to find the right
equation, in an indirect way. As it turned out, Heisenberg and Schrédinger,
said Dirac, gave us two forms of quantum mechanics, which were soon
found to be equivalent. They provided two pictures, with a certain math-
ematical transformation connecting them.

Dirac then went on to describe his own early work on quantum mechanics
based on mathematics, with a very abstract point of view. He found that the
early rapid progress of quantum mechanics was made in a non-relativistic
setting. As this was not a happy situation, he attempted to rectify it by
producing a relativistic theory of quantum mechanics. As relativity was then
understood, all relativistic theories had to be expressed in tensor form. Most
physicists were content with the Klein—Gordon theory as the best possible
relativistic quantum theory for an electron. But Dirac was always dissatis-
fied with the discrepancy between it and general principles, and was
continually worried over it till he found the solution. He found that tensors
are inadequate and one had to get away from them, introducing two-valued
quantities called spinors. Those who were too familiar with tensors were not
fitted to get away from them and think up something more general. Dirac
was able to do so because he was more attached to general principles than
tensors. The introduction of spinors provided a relativistic theory in agree-

ment with the general principles of quantum mechanics. But then a new
problem appeared, that of negative energies, while only positive energies
occur in nature. He removed it by the assumption that in a vacuum all the
negative energy states are filled. One is then led to a theory of positrons as
anti-particles of electrons. They were experimentally discovered in 1933,
only two years after their prediction by Dirac.

Dirac concluded his lecture by expressing his dissatisfaction with the
disease of infinities still afflicting quantum mechanics requiring recourse to
renormalization procedures to exorcise them. He said: ‘We must realize that
there is something radically wrong when we have to discard infinities from
our equations, and we must hang on to the basic ideas of logic at all costs.
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Worrying over this point may lead to an important advance. Quantum
electrodynamics is the domain of physics that we must know about, and
presumably it will have to be put in order before we can hope to make any
. fundamental progress with the other field theories, although these will
continue to develop on the experimental basis.’ '

Karl Heisenberg recalled how soon after he entered the University of
Munich his professor of theoretical physics, Sommerfeld, came to his room
to set him a problem in atomic physics to solve. He was given some new
observations of spectral lines determined by the experimental physicist
Back and asked to calculate the energy belonging to these lines, according
to Bohr’s theory. When he tried to find a formula for the energies as a
function of quantum numbers (that is, whole integers) as prescribed by
Bohr’stheory, the result was catastrophic! There was no way of deriving the
energy formula by introducing integers as quantum numbers. Only half
integers i.e. one-half, three-halves and so on could yield sensible answers.
Sommerfeld was terribly shocked to see that. Heisenberg’s friend, Wolfgang
Pauli, who was also a student in the same seminar, warned him that if he
began by using half integers, he would proceed next to quarter integers, and
finally come back to continuous analysis of the discarded classical theory all
over again. He seemed to have entered a blind alley.

It took Heisenberg two years of deep meditation to discover that Bohr’s
atomic theory was indeed a blind alley. It was no theory at all. Bohr had just
guessed the results he gave as he himself revealed to Heisenberg. Bohr said:
‘We are now in a new field of physics, in which we know that the old
concepts probably don’t work. We see that they don’t work, because
otherwise atoms wouldn’t be stable. On the other hand, when we want to
speak about atoms, we must use words and these words can only be taken
from the old concepts, from the old language. Therefore we are in a hopeless
dilemma, we are like sailors coming to a very far away country. They don’t
know the country and they see people whose language they have never
heard, so they don’t know how to communicate. Therefore as far as classical
concepts work, that is, so far as we can speak about the motion of electrons,
about their velocity, about their energy, etc. I think that my pictures are
correct or at least I hope that they are correct, but nobody knows how far
such a language goes.’

This was a revelation to Heisenberg and it changed his whole outlook on
physics. He came to the conclusion that one should completely give up the
old classical concepts like the orbit of an electron. In spite of the fact that one
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could see a track of an electron in a cloud chamber, one should not speak
about the velocity or position and so on. But, as he admitted, if one abandons
these words then one does not know what to do. That was the strange
dilemma he faced. )

Heisenberg’s way out of the dilemma was to introduce into the theory
only quantities that could be observed. As a result, as was pointed out also
by Dirac in his lecture, he worked from the experimental basis, using the
results of spectroscopy, to devise his theory of quantum mechanics based on
matrices. He gave his reason for preferring the experimental to mathemati-
cal method: *When you try too much for rigorous mathematical methods,
you fix your attention on these points which are not important from the
physics point and thereby you get away from the experimental situation. If
you try to solve a problem by dirty mathematics, as 1 have mostly done, then
you are forced always to think of the experimental situation: and whatever
formula you write down, you can try to compare the formulae with reality
and thereby, somehow you get closer to reality than by looking for the
rigorous methods. But this may, of course, be different for different people.’

In his own case Heisenberg observed that when he tried to create his new
theory of quantum mechanics, he found that with his methodological
approach he had to use the old concepts in a new situation, simply because
he had no other concepts at hand. A stage came when he had to make a
random jump to a new mathematical scheme and then examine its implica-
tion in the description of nature. In making this jump the most difficult part
was abandoning some of the important old concepts of an electronic orbit
within an atom for what about its path in a cloud chamber? In a cloud
chamber one can actually see the electron moving along the track. Could
this track be an electronic orbit or not? He finally solved the problem by his
famous uncertainty principle that prohibits the description at the same time
of the exact position as well as exact velocity of an electron.

These two are related by the uncertainty relation that is now known as
Heisenberg’s uncertainty principle. But his uncertainty principle was fiercely
opposed by Einstein when he and Bohr discussed the question at the Solvay
Conference in 1927. As Heisenberg related, ‘ Almost every day the sequence
of events was the following: We all lived in the same hotel. In the morning
at breakfast Einstein would appear and tell Bohr a new fictitious experiment
in which he could disprove the uncertainty relations and thereby our
interpretation of quantum theory. Then Bohr, Pauli and 1 would be very
worried, we would follow Bohr and Einstein to the méeting and would
discuss the problem al} day. But at night for dinner usually Bohr had solved
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