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Foreword

Woe are privileged to bring out this commemorative volume on
the life and work of Professor Yash Pal on the occasion of his 80th
birthday.

Professor Yash Pal has been an iconic figure in India. He is a
scientist, institution builder, educationist, communicator, — all rolled
into one. It is not uncommon to find him engrossed in discussions either
with school children, or with senior scientists. He is equally at home
with both. To the young, however, he is a role model and a constant
source of inspiration. He is a phenomenon.

Professor Yash Pal has been associated with Vigyan Prasar ever
since its inception, and has been a guiding spirit in many of its activities
and campaigns. In particular, I would like to mention his interest and
involvement in the national campaigns built around the events of the
Total Solar Eclipse of 1995 and the Venus Transit of 2004. On both the
occasions, he was instrumental in bringing these events live on our
television screens.

Most of the information and photographs in this volume are
appearing for the first time, and bring forth the hitherto unknown facets
of Professor Yash Pal’s illustrious life and career. These memotrs have
been lucidly penned down by Biman Basu in his own inimitable style,
himself a well known author and a science communicator. We are

thankful to him for undertaking this challenging task and accomplishing
it so exquusitely and expeditiously.

We do hope this commemorative volume would be successful in
passing on the thrill and excitement of doing science that Professor
Yash Pal himself has experienced, and inspiring the youth to take up a
career in science.

Benedictions ! Professor Yash Pal !

Vinay B. Kamble
Director

Vigyan Prasar
26 November 2006



Preface

Prof. Yash Pal embodies scveral personalities — scientist, manager,
educator, and communicator — all rolled into one. There are few Indian
scientists who have done so much in so many different fields, and have
done it with such fervour. And at the age of eighty he still remains as
active as ever, chairing expert committee meetings, answering children’s
questions, and doing a host of other things — all with equal ease.

Prof. Yash Pal spent almost 35 vears doing research in Tata
Institute of Fundamental Rescarch, Mumbai, where his main areas
of research were cosmic rays and high-cnergy physics. He also built
up the Space Applications Centre at Ahmedabad and was the key
person to plan and execute the vearlong Satellite Instructional
Television Experiment (SITE) during 1975-76, and bring in a new
dimension in educational communication in India. But not many
arc aware of the kind of obstacles he had to overcome both during
his rescarch years and in the execution of SITE. Often, the kind of
solutions he found, the kind of innovations he had to make, and the
kind of hard decisions he had to take to get things going appear
incredible. They also bring out the true grit of a person with deep
conviction who is never prepared to accept defeat.

As Chairman of the University Grants Commission he tried to
bring about radical changes in the university education system.
Although he was not quite successful in everything he tried he did
succeed to bring about some new innovations in the shape of the Inter-



University Centres, Academic Staff colleges, and the Media Information
and Library Network (INFLIBNET).

Later, he became popular as one who could explain science in
layman’s language. His regular appearance in the TV science
programme “Turning Point” to answer questions sent by viewers made
him almost a public icon. He developed his own unique style of
explaining science — not giving direct answers but making the viewers
think and understand to get to the answers.

The material tor this brief biographical sketch is mostly based on
his own reminiscences recorded during several sittings with me. T am
grateful to him for sparing his valuable time for the recordings and
also for explaining many of the complex scientific experiments
conducted at various times. But this is not a book of reminiscences; |
have also drawn extensively from his speeches delivered at different
forums and various other resources. The intention was to bring out his
multifaceted personality as best as | could. [ am also grateful to him for
the priceless photographs he has made available from his personal
collection for the book.

The common thread that runs through whatever Prof. Yash Pal
has done in his long and productive life in science 15 the emphasis on
innovation and independent thought, and the fact that often it is more
important to invent a thing yourself than to procure it. Unfortunately,
most of our researchers do not do much of these things nowadays. It is
hoped this brief biographical account would inspire readers, especially
the youngsters, to take a cue from his life and encourage them to take
up any challenge in life.

Biman Basu
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Early Years

Yash Pal was born at Jhang (now in Pakistan) on 26 November 1926.
His carly childhood was spent in Quetta (Balochistan). A massive
earthquake in 1935 demolished the family home and most of Quetta.
Yash Pal remembers the devastation in which not a single house was
left standing. Indeed Yash and his brother were dug out from rubble of
mud bricks just in time before they were lost. After that his mother,
brother and sister had to move to their native place, first to a village,
Kot Isa Shah, where his maternal grandfather ran a flour mitl and lived
in a house built on top of the mound left over by scveral earlier floods
of the river Chenab during which his home had repeatedly collapsed.
Yash went to school there, very different from whal he was used to.

He remembers well the cruel way in which the teacher used to
punish iterant children, along with many beautiful facets of village life
in rural Punjab of that time. He remembers that the river Chenab rose
once again during his stay there, but not so much that they might have
nceded to clamber up the date palim trees Lo save their lives; that was
part of the memories of that village. The fa mily moved to Jhang a few
months later where he attended two schools in two vears. Jhang was
an ancient town and littered with old fortifications, crumbli ng ramparts
and, out in the open, loads of broken red pottery littered over flat areas
uncovered occasionally by drifting mounds of sand. Life there was
different, but pleasant in its own way. Quetta was almost forgotten till
the military decided that families could return to the town that had
been partly rebuilt using earthquake-proof architecture,
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A massive earthquake in 1935 demalished Yash Pal’s family home and most
of Quetta

[n the next two years he remembers the outings into the hills
around, visit to Chaman, the border town with Afghanistan, camping
trips with school. He also remembers how one of his IPashtoon and
Hazara friends had given him a nickname “Mota 5ir’ {thick head)
because he was able to answer all the questions of his teacher. The
world of learning was beginning to open. One day he and friend Lali
heard the noise of an airplane from a corner of the sky, upon which he
came running, urging him to get on his bicyele and come with him.
Lali knew the location of the airport where once every few months a
plane would land. They walked up to the plane and talked to the pilot
pottering around inspecting it. The pilot let them see it and sit in it.
Ihey were amazed to learn that it had taken only two days to come all
the way from Calcutta,

Yash Pal would have glmﬂ}f lived all his life in Quetta, but his
father had been transferred to Jabalpur and they all moved there. Going



3
Early Years .

from rather the barren, dry and hilly area of Balochistan to the lush
green forests of Madhya Pradesh was an enormous change. Yash could
not believe that the world could be so green.

In Quetta, and before that in Punjab, the medium of instruction
and the language of his school had been Urdu, though English was
taught as a language. When he arrived at his new home location he
found that he had to choose between Hindi and English mediums. He
had no choice because he knew very little Hindi. Since his mother had
put him in class nine, one grade higher than his level in Quetta, he had
to study a lot to catch up with his fellow students, especially because
part of the year had already gone by.

The need for self-study turned out to be a boon, largely becausc
one of the subjects he hard to learn was Buclidean Geometry. He did
not even know that there was a subject tike that. But after he dug into
his textbook he was fascinated. For the first time he had encountered
something that required logic and truly engaged his mind. He still recalls
the joy of thinking that first came to him in that solitary engagement
with geometry. He feels he might have missed this joy if he had not
discovered it by himself! Another bonus of being in that school, not
well known for its infrastructure or academic distinction, was the
presence of a teacher named Pawar, who, Yash Pal recollects, “taught
mathematics, geography and physics. He emphasised understanding,
not memorising. He often went off on a tangent, ranging over history,
independence movement and styles of living, with a quiet sense of
humour. All this while he was teaching the geography of Europe at
Warl (World War Il was raging there while Gandhi was about to launch
his Quit India movement). He never lectured. He only conversed.” Yash
Pal singles him out as the person who first introduced him to a life of
learning. Indeed he sought him out after 50 years and went to Jabalpur
to pay his respects. Ile was thrilled when Pawar humoured him by
saying that he still remembered his student Arya — this was the name
Yash Pal had taken in high school (more on this a little later). After
finishing school Yash Pal travelled to Lyallpur (now Faisalabad,
Pakistan) to stay with his aunt (mother’s cldest sister) and study at the
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Government College in that town. This step was taken because of a
rumour that his father might soon be transferred out of Jabalpur.

Yash Pal refers to a happening in the first year of his college that
might have influenced the rest of his life centrally. After four months
into the first year in college he fell sick. It was typhoid that went on and
on with a relapse and then double pneumonia. He was pretty serious
and his mother was called from Jabalpur. Ile recovered after three
months but had become very weak. His mother insisted that he give
up his studies for a year and come with her to Jabalpur. She first took
him to her father’s house at Jhang to fatten him a little. While going
there Yash Pal borrowed some books from the college library, one of
which was the Autobiography ot Jawaharlal Nehru.

As Yash started reading it he got completely absorbed. He was
just 16 and did not have much practice in reading large English books.
But he soon developed reading skill as he dug deeper into the mind
and world of Nehru. He discovered India, and its personality. And he
discovered Gandhi. As he iravelled home for rest one book followed another
and he went on and on. After Gandhi came Tolstoy, not just his novels but
also other books like What then must we do? Going this route it was natural
to get on to Ruskin, Emerson, Thoreau and many others including Tagore
— Personality: Lectures Delivered in America, Religion of Man — and others.
This immersion for six months changed him. He started wondering whether
doing science alone would be completely fulfilling. He asked himself again
and again “What do I want to do with my life”? He even invented forms in
which he could combine working in a laboratory and commuting to a hut
in the countryside to engage with rural life at grassroots. The spirit of the
times, when the national movement was peaking, combined with
adolescent dreams created an amalgam that was to keep him in
permanent adolescence of sort all his life. He says he feels grateful for
that sickness that made him ‘lose” a year, because he actually gained
much more than a solitary year during those six/eight months following
his sickness. One wonders whether the personality of varied
engagements that has characterized his life was seeded during that year
after his sickness!
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Yash Pal grew up in an Arya Samaj home. “It was an act of faith
that all wisdom was encapsulated in the four Vedas. While the
Upanishads were just commentaries on Vedas, the Puranas were mostly
lies. While Rama was a just and noble human being and there were
many moral and ethical lessons to be learnt from the Ramayana and
the Mahabharata, and of course the Gitg, all miracles therein were
corruptions introduced probably by unscrupulous persons later. Of
course, the ancient Aryans knew cverything there was to know, and
we would too, if we could read, understand and master the Vedas,”
he reminisces.

i

This teaching had a strong influence on his young mind. His family
was strongly against caste system, or idol worship. They believed there
was just one God and that the stories about a multitude of gods were
created by some persons for their own purpose. He says, “In one scnse
the past I had inherited was made very simple and rational, indeed
rational to the point of being dry and dull, with no room for uncertainties
and ambiguities.”

As non-believers in the caste system Yash Pal’s family had already
given up using their surname. But when he was thirtecn and had to
change his school, he took on the surname of Arya, “with all its
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connotations”, That was the name
under which he passed his
matriculation examination. But, in
1942, at the age of 13, when he
joined college, he took on the
surname of Bharati. He read a lot,
joined the students” movement,
first the Students Federation and
soon the Students Congress. Then
he also gave up the surname of
Bharati after a couple of years, but
never thought of using the family
surname of Bhutani, even after

everyone else in his family,
uit

S A - including his parents, started using
Father Ram Pivare Lal (1949)

this surname. But, interestingly, he
could not escape having a surname. He acquired one after he started
publishing scientific papers. People started calling him Pal’.

Yash Pal moved to Delhi during the turbulent days of the partition,
which left a Jasting impression on his mind. It was a very momentous
vear for the country, Discussions were going on about the transfer of
power from the British, and also about the partition of India. It was a
very unsettling period. Even in Lahore, there were riots. At that time
he was a student of B.Sc. Honours in the Physics Honours School in
Punjab University, Lahore. His father was a government official in
Lahaore; but in 1947 he got transferred to Delhi. Yash Pal had come to
Delhi to spend the summer vacation with his father. He had planned
to go back to Lahore after the vacation to finish his final year of Physics
Honours, but that was not to be.

Delhi on 15th August 1947 was a scene of celebrations and
rejoicing. But it was also a day of grieving for hundreds of thousands
who had lost their near and dear ones or had to leave behind their
ancestral properties on the other side of the border. The house where
Yash Pal’s family staved in Delhi became the first stop for a large number
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of refugees, including many of his
relatives, who just happened to be
in Delhi at that time.

It was not easy to pass time in
the midst all that was happening
around. Then it oceurred to Yash Pal
and a friend of his that they ought
to be doing something. But what
could they do? Everything appeared
to be in turmeil. Then they
discovered that there was a refugee
camp, which had been started for

migrants from Pakistan, at
Kingsway, bevond the University
on Mall Road. When they reached
the camp they found some barracks and refugees all around. It did not

Mother Lakshmi Devi {1950)

take them much time to decide that they would work in the camp and
they expressed their willingness to the camp commandant Choudhary
Sher Jung, whom Yash "al describes as a “fantastic person who was in
the Gadar Party earlier; very well educated, literate; the same brand as
Bhagat Singh and that kind.”

But he was greatly disturbed seeing the pathetic situation around
the camp. Strange thoughts came to his mind: What was he going to
do in life? What point was doing physics, with all the horrible things
happening around after the riots? But he also had good company where
he would find solace. He reminisces, “Wonderful people came. There
were artists, writers, theatre people, social scientists, and politicians.”

But camp life was not uneventful, Often tempers ran high among,
the refugees. Every dav something big would happen. When Sardar
Patel and Gandhiji came to visit the camp, people in the camp were so
agitated that there was apprehension that they were going to beat up
Gandhiji. “I broke up a cot and took out one of the poles to act as a
volunteer to save him,” Yash Pal reminisces.
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But one incident left a deep mark on his mind. One day, the hospital
across the road was attacked; quite a few people were killed. No one
was sure who were the culprits, but suspicion fell on the refugees from
the camp. A few hours later a car came and stopped before the camp
office. Jawaharlal Nehru stepped out; when he heard about the incident
and visited the hospital he seemed to be certain that refugees from the
camp had done it. Nehru's reaction was severe. Yash Pal recalled, “He
(Nehru) started shouting, ‘Where is the camp commandant?” When
the camp commandant came Nehru started shouting, ‘Is this what we
had fought for? Are we going to have a country like this?” “If this
happens again,” he said, ‘I'm going to blow this camp into smithereens.’
He almost broke down. He spent an hour and a half or two in the
camp and | must say he was really hurt. His agony had such an influence
that we had a far better peace in the camp after that.””

Meanwhile large numbers of refugees were pouring in from
Kashmir, hordes of them. When they came to the camp Yash PPal and
others had to provide them food. Food had also to be prepared for
airdropping for the Kashmiri refugees on the way.

It was such intense day-to-day, hour-to-hour life that whatever
he had thought of doing earlier ~ physics and all that - had no meaning.
He did not get time to scriously think of doing anything else. Soon,
however, he discovered that quite a few of his class fellows from Lahore
were in Delhi, as were some of his teachers. There was a glimmer of
hope that he could after all continue with his studies. But where could
they hold the classes? Where could they find a space? That too soon
became available.

Yash Pal and his classmates along with their teachers went to
Dr. Daulat Singh Kothari, who taught physics at Delhi University, to
request him to arrange for some rooms for them to study and do some
experiments. Dr. Kothari readily agreed. But merely getting a place to
have classes would not be cnough; if students were to come from Lahore
to study in Delhi where would they stay? There had to be hostel
accommodation for them also.
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So, with Dr. Kothari and Elizabeth Gauba, a German lady, who
was running a school in the city, they went to the Deputy
Commissioner’s house. M.S. Randhawa was the Deputy Commissioner.
He took the whole group and his personal assistant in his car and drove
them around the university to show round a few barracks, all empty
after War. The barracks were ideally suited for hostel accommodation.
Randhawa asked his PA to immediately issuc orders allotting those
barracks to be used as a hostel for students of East Punjab University
coming to Delhi for study. Arrangements were soon made for cots and
food for the students by various voluntary groups.

It was a great relief for Yash Pal and his friends who had made up
their minds to continue studies. He recalls, “It was a time of great
tragedy, but also a time of tremendous hope, and something new was
beginning to happen. That students like us could do this, that people
would listen, that others would be cooperative. That there would be
people like Dr. Kothari all over, people like Randhawa all over. That
was the atmospherc and that was a very important thing to happen.”

These experiences played a major role in his life. The contacts made
at that time and the impressions of that time became part of his character
and personality. This was the kind of background that led to the kind
of creative persen that he became. He completed his B.Sc. Honours
from Delhi and was doing his M.Sc. when he got an interview call from
TIFR.
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Vikram Sarabhai {centre) with D.5. Kothar [right) and F.R. Pisharoty (left) at
the TIFR conterence [1950)

C.V. Raman at the TIFR conference {1950}
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TIFR and Balloon Flights

In 1949, East Punjab University’s Physics Honours School was located
in the campus of Delhi University, where Yash Pal was doing the
final year of his M.Sc. There was an advertisement of Tata Institute of
Fundamental Research (TIFR) for position of research students.
Although he had not finished his M.Sc., he applied and got an interview
call. Soon, with some colleagues he left for Bombay (now Mumbai).
This was to be his initiation into a long and brilliant research career
spanning more than three decades.

At that time TTFR was located in majestic colonial building of the
Old Yatch Club near Gateway of India. Yash Pal had planned to do
work on nuclear emulsion technique for his M.Sc. dissertation. But there
were hardly any facilities available in Delhi for that kind of work. They
did not even have a dark room, leave aside possibility of processing
nuclear emulsion plates. But he had done enough preparations. The
interview at TIFR turned out to be very friendly and the outcome totally
unexpected. After learning about his plans to work on nuclear emulsions
the interview committee promptly asked him to do the work at TIFR.
This was unprecedented, as he had not yet completed his M.5¢. To
work at TIFR it required him to be admitted as a research student first,
for which he needed to complete his M.Sc. But after the interview he
was told that he was admitted as a research student and that he could
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Peters (left] and M. Feather at the TIFR conference (1950}

do the work for his dissertation at TIFR. [t was a golden opportunity
for a young aspirant to prove his research talent, and he did not allow
it to go waste.

But before he could join TIFR, he had to get'permission from the
University authorities in [Jelhi, which took a while to come. E-'inall}',
the University had to give permission because there were no facilities
at all for doing that kind of research in Delhi University. So finally he
went to Mumbai to join TIFR, and thus began his long association with
India’s premier research institution and a highly productive career in

science,

Work on the nuclear emulsion technique had been going on at
TIFR for a while. The nuclear emulsion technique is one of the oldest
photographic techniques that helps scientists study what happens as
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Shanti Swarup Bhatnagar (right) and John Mathai {left} at the TIFR conference
11950}

high-energy particles in cosmic rays or nuclear reactions decay or
interact with other particles. The fundamental rebirth of particle physics
during the 1950s was especially due to the development and spread of
the technique, by using which research groups in many countries were
unravelling phenomena the existence of which no one had suspected.
Other techniques that used electronic detectors, were blinded by the
radiation flash, and required much more care and development to
function reliably.

When Yash Pal joined TIFR not a great deal had been done there
on nuclear emulsion technique. They had a laboratory and there were
a few people who knew about it. So he had to work late nights, almost
without any break, in order to finish his dissertation in time and the
time was short — only about a month and a half. One of his fellow
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The nuclear emulsion group at TIFR: Yash Pal {sitting on the stoal at right),
with Ram, Mrs, Krishnan, Sandhya, Biswas, Daniel, Aruna, and MNeelakantan
(1952}

students helped type it and get it bound. Finally he submitted his
dissertation in Hoshiarpur in Punjab, where East Punjab University
had moved b:,; then, and got his M.5c. degree, securing a first class and
second position in the university.

Meanwhile, his appointment at TIFR had already started, and this
was very unusual because they did not ask for any certificate or
anything. “In fact,” savs Yash Pal, “I don’t have any certiticate for my
matriculation, B.5c., or M.Sc. degrees to show that I've passed these
exams, | think I do have one for my PhD from MIT.” So he went back
to Mumbai to begin a new phase of his life.

He was naturally very excited. A new world had opened before
him. But after the initial excitement wore off the work seemed a bit
routine and he was worried if he had made the right choice. Then things
suddenly changed with the arrival of Bernard Peters, a distinguished
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cosmic ray physicist, who had discovered the presence of multiply
charged heavy nuclei in cosmic radiation. He fondly recalls, “Peters
was a fantastic input not only in terms of science which he had done
(and he was very famous already), but also a personality with which I
resonated. A Jew, he had been incarcerated in Germany and escaped to
America, worked as a labourer, and finally ended up joining
Oppenheimer as a student though he had never studied undergraduate
physics.

“Oppenheimer took him to work with him even on the Manhattan
Project. And he prepared lecture notes on quantum mechanics by
Oppenheimer, which became famous. Then, pretty soon, he joined the
University of Rochester and started using nuclear emulsion technique
and he was one of the carliest to use the technique. They discovered
the existence of heavy primaries in cosmic rays. They also discovered
the presence of other chemical elements in cosmic rays. Not only that,
they did a fair amount of work from which it became clear that it's
possible that some of the elements that we observe in cosmic rays, or
which may be observed - elements like lithium, beryllium, boron -
could not have arisen in isolation originally because these are elements
which are actually nuclear fuels and would be consumed within stars
and their cosmic abundance is very low. So they must be produced in
passing through interstellar space and in collision of heavier nuclei.
And this becamc quite an important issue to settle and remained
unresolved for quite a while.”

Bernard Peters had come to TIFR on the invitation of Homi Bhabha
to conduct balloon flights to study the composition and nuclear
interactions of energetic particles in cosmic rays. Within a period of
less than eight years that he spent at TIFR, Peters made a huge impact on
the quality of research in the fields of cosmic radiation, high-energy and
elementary particle physics and geophysics. Yash Pal reminisces, “I think
Peters was responsible for introducing a certain way of selecting issues
and problems in science for working on. You don’t have to work on
everything, but work on something which has a meaning. You ask yourself
a question, if you find some answer, no matter what, and then take it
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The only photograph available showing Yash Pal with a balloon (1850)

automatically detached from the payload after a balloon had burst it
could solve the problem. But some members of the team thought
differently; they said it would be very difficult to separate 80 strings,
which could get entangled, and the dead load would never fall.

But Yash Pal and his friend would not give up; they thought of a
novel scheme. The idea was to use cotton strings and tie tiny small
tubes of concentrated sulphuric acid to them with little bits of cotton
tape. When a balloon burst the string tied to it would drop downwards;
then the acid would come on to the cotton tape and burn it, dislodging
the balloon neck, which would fall away.
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balloons were going up the neutral buoyancy balloon would drag
behind a little; but when the other balloons were coming down it would
rise up a little. So all that had to be done was to take a funncl at the end
of the sand-filled bag and have a stopper with a lever arrangement so
that when the neutral buoyancy balloon was rising up as the other
balloons were going down it would open, releasing the sand and that
would make the other balloons with the payload rise again.

But before the idea could be put into practice sand had to be
procured — very dry, clean sand. Being in Mumbai it was quite natural
to think of getting the sand from the beaches where it is available in
plenty, but law did not permit picking sand from the beaches. So, they
were left with no alternative but to collect sand from the Chowpatty
beach clandestinely at midnight. They filled up some bags of sand,
cleaned and dried it, and had the sand bags ready to fly with the
balloons. The TIFR team tested the mechanism on ground and it worked.
Although no one knows for certain whether the mechanism worked as
planned during flight, it was undoubtedly a remarkable piece of
ingenuity at work, which Yash Pal and Lal revelled in doing.

Another necessity for the balloon flights was to have a barograph
to measure the air pressure as the balloons rose, which would give an
indication of the height reached. Bul normal aneroid barographs of
very high quality were beyond the means of Indian researchers to import
from outside. So, P.N. Krishnamurthy, a colleague of Yash Pal,
developed a barograph. It was nothing but a small mercury manometer
made in such a way that its height could be measured as pressure. But
to record that in flight it was necessary to take a picture of the mercury
column. And so a bulb had to be put in for lighting, a lens to take the
photograph, and a strip of film that could be moved. The motion was
to be provided by clockwark. So, clocks were bought and had to be
cleaned of any residual oil that could damage the film.

Small lenses were also needed and good lenses were not available
in India. Someone had the brilliant idea of getting them by cannibalising
Kodak Brownie cameras, which had fixed focal-length lenses. The
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Family picnic with Mohindra Chadha (extreme right) (1951)

With a friend's children {1951}
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Relaxing at a friend's place in Delhi (1951}
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cameras were bought and taken apart and the lenses used to make the
recording set-up in barometers for measuring the pressure and
recording the altitude as the balloons went up. It was yet another
remarkable piece of innovation.

Batteries to power the bulbs for lighting were another problem;
sometimes they would go bad. But, again, Lal found an easy way out;
he suggested that a hole made at the bottom of the box housing the
whole device could let in light from the illuminated Earth below to
provide the necessary illumination. 1t was a brilliant idea, but never
occurred to anyone else,

Under the guidance of Bernard Peters, the TIFR cosmic ray group
went through a period of balloon flights. Some were successful; some
were not. But they provided the group members an opportunity to
travel all over the country. Yash Pal describes that experience as his
“Discovery of India”, particularly South India, Rajasthan, and many
other states. They got some good flights and managed to do some real
first rate rescarch.

While talking of the balloon flights, Yash Pal repcatedly stresses
on the fun in doing rescarch, especially if you don‘t copy anybody, and
narrates the thrilling experiences he had had in arranging thosc flights.
Once they had planned to fly a very large stack of nuclear cmulsions
that could be used to trace the track of particles. It was.a pretty tedious
affair, but that was the technology that was coming up at that time. In
planning that balloon flight Yash Pal and others had followed almost
childlike new ways of doing things. “When a stack of 200 emulsion
layers is uscd it is necessary that there is a means to follow a track from
the top layer to the bottom layer. One had to align them, cut the plates,
mount them on frames, and yet mount them in such a way that one is
able to align a track, which is only a micron or two thick. It was a difficult
task,” he says.

Bernard Peters had an idea. He suggested the use of a “grid’
between the plates, which could make aligning the tracks easicr. The
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grid could be drawn of a material, which was slightly radicactive. Of
course, a beta active source could not be used, as it would mess up the
whole thing. But an alpha active source would be okay, and the best
source would be polonium. But where could onc get polonium?

Thanks to the young brains at work, a source was soon found:
spent radium needles used for radiotherapy of cancer in hospitals could
be used as a polonium source because radium ultimately decayed into
polonium. A colleague of Yash Pal from TIFR, who had joined the Tata
Cancer Hospital in Mumbai, was requested to provide the spent radium
needles that were of no use for the hospital, and he gladly obliged. So a
polonium solution was preparcd and grids made of thin polythene wires
were soaked in them. The grid was stamped out on cardboards. The
radioactive grids turned out to be of great help in aligning the tracks.

And so, there was a stack, which was to be flown from Delhi.
Normally, after launch from ground, a pre-set alarm is used to release
the payload, which then parachutes down to ground and is recovered
for analysis. To plan the recovery, it is necessary to know the wind
speed and direction so that the approximate point of landing of the
payload can be estimated.

It was winter. For the balloon flight from Delhi the wind
direction as given by the met department was westerly at high
altitudes where the balloons were expected to fly. So, a flight lasting
4-5 hours was expected. But the tcam did not want to lose this stack
at the end of the mission after it had parachuted down to ground.
They did not want someone to open and break it before it could be
recovered. After discussing with government authorities the team
could arrange for an aircraft to follow the balloon (actually a bunch
of balloons) during its flight. The Indian Air Force also provided a
parachutist to pick up the payload when it landed. The plan was to
follow the balloon by staying under it. When the balloon flight was
terminated by an onboard alarm clock and the payload releascd, the
parachutist would jump and recover the payload from ground and get
it back to the team after return.
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Yash Pal was given the responsibility of going on the flight. So,
after launching the balloon the team rushed to the Safdarjung airport
and got into a Dakota (DC-3) aircraft, which had a transparent dome
on the top through which the balloon could be seen. He had to
stand on a stool to look for the balloon. Since the balloon had atready
drifted, the Dakota had to catch up with it. Soon he spotted the
batloon and started giving instructions to the pilot to keep track of
it. Since the Dakota moved much faster than the balloon the pilot
had to do several loops to stay under the balloon. The alarm on the
payload was set for four hours’ flight at high altitude. So, for four
hours Yash Pal had to keep standing, kecping a watch on the balloon
and giving instruction lo the pilot. “It was a really very tiring
experience”, he reminisced later.

When time came for the payload to be released, he started looking
for the parachute that was to open to carry the payload down. But
nothing happened. He waited for half an hour more, and half an hour
more, but nothing happened. At this point the pilot informed him that
he could not go any further, as it would mean crossing into Nepalese
territory, and he had no permission to enter Nepal. Also, he did not
have enough fuel to go into Nepal and had to turn back to Delhi. So,
there was no way the Dakota could follow the balloon further, and the
team had to turn back. Yash Pal felt terribly disappointed and unhappy,
and so did everybody else in the tcam because they had invested a lot
of effort into it. But not all was lost, as it soon becamce clear.

For balloon flights it was common practice to put notices on the
outside of the payload requesting anyone finding it to contact TIFR,
and a reward of Rs.100 was also offered for its safe return. A month
after the flight a letter written on handmade rice paper arrived at TIFR.
It came from somewhere in Nepal and said the payload was lying with
the writer and requested the researchers to collect it after paying the
reward money. The writer of the letter also gave directions to the place
from where it was to be collected. It meant an arduous journey from
the border by bus and on the pony back, and two days’ travel on foot,
to a place near Pokhara in Central Nepal.
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At TIFR, the cosmic ray team was elated. Yash Fal and a colleague
of his rushed to Delhi to get visas, but they were told by the Nepalese
Embassy in Delhi that the permission for going to Pokhara could be
obtained only from Kathmandu. So, they flew to Patna, and from there
to Kathmandu. They arrived in Kathmandu at 3 o’clock in the afternoon
and rushed straightaway to the Indian High Commission to inform
them that permission was immediately required to go to Pokhara. But
they were told that there was only onc flight a week to Pokhara from
Kathmandu and the flight was on the next day. This meant the two
had to somchow get the permission the same day. Desperate to catch
the next day’s flight the two young researchers from India rushed to
the secretariat and, as only raw, young people can do, confidently asked
if they could see the Nepalese Foreign Minister, who happened to be in
a Cabinet meeting at that instant. They were directed to see the Deputy
Forcign Minister to whom they narrated the whole story — of the balloons
being launched from Delhi and landing in Nepal. The Deputy Foreign
Minister was also shown the letter received from the person who said
the payload was in his custody.

Yash Pal candidly narrates what followed:

“He (the Deputy Forcign Minister) said, ‘Look, onmy own I can't
give permission; I have to talk to the Forcign Minister.’

‘Then please talk,” 1 urged.
‘But he's in a Cabinet meeting,” he said.
‘Please call him there. Tomorrow is the flight,” I said in desperation.

So he telephoned the Foreign Minister and spoke for a while. After
a while, he told us that the Foreign Minister knew about the issue and
he had already told the Prime minister about it, and they were coming
to see us.

We asked, ‘What's the matter?”
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It turned out that the Prime Minister of Nepal had heard the
conversation between the Deputy Foreign Minister and the Foreign
Minister and had asked the Foreign Minister, “Are you talking about
something falling from the sky? You know, the Commander-in-Chicef
was touring the area and he heard stories about things falling from the
sky and something that looked like a bomb fell from the sky. They
went and investigated and he’s brought it here. It's lying downstairs.’

Sure enough, there was our equipment, guarded by a policeman
and an Army man. We were completely taken by surprise. We were
relieved, but also very unhappy, because we wanted to go to Pokhara.
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Nonetheless, that balloon flight turned out to be very very successful.

The balloon flights were not only adventure and thrills; there was
also a lot of serious science to do. The TIFR group was among the first
groups in the world to develop emulsion detectors. These detectors
were exposed to cosmic ray particles during balloon flights.
Qccasionally, while scanning through the emulsion plates evidence of
a strange particle was found — a charged hyperon (a class of unstable
clementary particles heavier than proton and neutron) decaying, or K-
meson decaying, and so on. It was amazing that several particles —
sigima, and K, and so on — produced fogether were found. Yash Pal,
Devendra Lal and Bernard Peters published several papers on the work.
In a sense, one of the first evidences of associated production at that
time was obtained at TIFR in 1953.

By the time Yash Pal left TIFR in 1954, to do PhD at the
Massachusetts Institute of Technology (MIT), Cambridge,
Massachusetts, USA, particie accelerators had become available and
Bernard Peters could clearly foresee that a whole lot of particle physics
thereafter would be done with accelerators, and his interest shifted to
interaction of cosmic rays and what came out of it. It was found that in
addition to all the high-energy particles and air showers, radioactive
nuclei would also be produced. This started another programme in
which Lal worked very actively with Peters and others. They wanted
to find out, if radioactive nuclei were produced which were those nuclei,
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how to detect them, how to find them in the rain water, how to use
them as tracers for rain masses, tracers for movement of water, and all
kinds of things. And that was the kind of research that Peters started in
which Lal was very active as were many others who later went to the
Physical Research Laboratory in Ahmedabad.

Yash Pal was doing quite well in all the activities that he took up
and was producing good research papers. He reminisces, “We felt that
our place was as good any in the world in this area. We did not feel
inferior, and we found that we were recognised the world over very
early in our life. I could have sat and got down to write a thesis and got
my PhD; enough was donce alrecady. But having been through the
partition and having been through East Punjab University and so on, I
became conscious of the fact that T hadn’t had enough graduate courses.
That is why | went to MIT to do my PhD. And 1 am glad I did. It was
hard work, after having been out of university for five-six years, to
start doing courses again. I had forgotten everything. | even flunked
my qualifying examination in the beginning. That is a wonderful story.”
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Mirmal, his wife, while Yash Pal was courting her {1952)

- £ il ‘E+ .

With Mirmal at the Mughal Gardens in Delhi {1252}
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Yash Pal gelting married at Kirkee with Bernard Peters the only one in the
wedding procession (1953)
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The MIT Experience

As soon as Yash Pal arrived at Massachusetts Institute of Technology
he learnt that in two weeks he had to appear for a qualifying
examination for the PhD. It was an uphill task for one who could not
even remember any equation or anything of the sort. So he sat down
and went through the books as fast as he could, but two weeks was not
enough. In the qualifying exams there were cight questions, and he
had to struggle to write the answers, as he had to derive every equation.
50 he could do only four questions and the time was up. It was a terrible
experience for him; it had never happened before in his life.

It is said that sometimes truth is stranger than fiction. In Yash
Pal’s casc it was indeed so. IHe passed the qualifying ‘cxamination! At
first he could not understand how he could pass after performing so
badly. But soon the reasons became clear.

After the fiasco at the exams, Yash Pal had met Bruno Rossi, who
was his advisor at MIT, and told him what had happened. Rossi then
went to Philip Morse, Chairman of the Physics Department and
explained to him what his Indian ward had done. Morse called for his
answer sheet and saw how he had spent all the time trying to derive
the equations, and how he had answered the four questions and could
not get to the others. A few days later, Rossi called Yash Pal to his
room and gave him ten problems to solve, which the latter did in just
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Mirmal and Bernard Peters with Yash Pal before he left for MIT to do his PhD
(1954

about six hours. Rossi showed them to Morse and next day Yash Pal
got a letter saying that he had passed the qualifying examination. Years
later, he described this incident as “an important lesson” for him.

He had gone to MIT on deputation from TIFR. In fact, he was
asked by Peter Demos, the then in-charge of the Laboratory for Nuclear
Science at MIT why he wanted to be a research student at MIT; he
could as well get a research associateship on the basis of work that he
had already done. But Yash Pal wanted to be a research student though
that meant very little money. After his wife joined him later at
Cambridge, Massachusetts, it was very difficult for some time to pull
through. Surprisingly, when he received a cheque for a fair amount of
money as his deputation allowance from the Embassy of India a few
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With Nirmal on the steps of the Kresge Auditorium of MIT, Cambridge,
Massachusetts (1955}

months later, he sent it back. Possibly it was self-confidence and a sense
of pride that made him do so. Later, after a vear or twé he was made a
research associate and it became more comfortable financially.

At MIT he had the privilege of working with a very large cloud
chamber — in fact, the largest in the world at that time — with several
collaborators, which helped him learn quite a lot of cloud chamber
technique and also about accuracy in measurements and so on. He
also had the opportunity of working with the first high-energy
accelerator in the world, the Cosmotron. But at that time the Cosmotron
was having its teething troubles. And so the experiments, which
involved putting in negative pions and protons into the chamber to
study their interactions and so on, got delayed.
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His most important work at MIT was the clucidation of properties
of Strange particles produced in interactions of pions and protons that
the Cosmotron could deliver into a large cloud chamber. These Strange
particles - K particles (also called “kaons”) and hyperons - are produced
in pairs and were suspected to have lifetimes ranging from 10-" second
to a few times 10 seconds. Since the cloud chamber was large in size it
was possible to get excellent values for both these life times as also that
for the Lambda zero hyperon. Even greater challenge was to establish
the validity of the particle mixture theory for the first time and also to
measure the mass difference between the K,”and the K.’ components
of neutral K particles.

The existence of particle mixtures was a new idea at that time. K
and K" bar, while being anti particles of each other, were proposed as
orthogonal mixtures of K ° and K,°. Similarly, these two could be
considered as mixtures of Kand its anti particle K" bar. After production
the wave functions of K and K, components would attenuate with their
characteristic decay constants, but they would also oscillate at slightly
different rates because of a slight difference in the masses of K and K,
The changing difference in their amplitude would then manifest in
different patterns of superposition and regeneration of a K" bar
component in the wave that started as a pure K” component. The K
bar component was detected through the pattern of hyperon production
far away from the production point of K” This data was also adequate
to provide the difference in the oscillation rates of the K" and K.
components and hence their mass difference.

That was the first time that the truth of particle mixture theory
and mass difference between two mixing particles was explored.
Experiments with better statistics were done afterwards, confirming
the results that Yash Pal and his colleagues had obtained. In recent
limes particle mixture theory has been used to explain the long-standing
discrepancy between the theoretical and observational fluxes of
neutrinos produced in fusion reactions at the center of the Sun and
continuously raining down on Earth. This explanation simultaneously
established that the neutrino mass cannot be absolutely zero. This is
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A% a graduate student at MIT, feeling lonely before Mirmal's arrival (1955)
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With Mirmal outside MIT lab where Nirmal was a technical assistant (1955)
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because particle mixing implies the existence
of a mass difference between interfering
entities. This difference might be miniscule
but it must be there.

While reminiscing about his time at MIT
Yash I"al talks with great warmth and
appreciation about the support and learning
that came to him trom two tellow graduate
students, Elihu Boldt and Hale Bradt. They
remain his dear friends

Yash PPal describes his stay at MIT as
a “very learning, satisfying, productive
period.” He finished his PhD exam in 1958

and evervbody -.':upu'x'tn{ he would stay on

Comperning at Diwali
function in Baston [1955)

in LJSA for a while. He even had an offer from Columbia University,

But he had something else in mind; he did not even wait tor getting

the degree and immediately returned home.

Rai Shankar [centre) at Yash Pal's home in Cambridge,
Massachusetts, where a concert was organised by them
in the Kresge Auditorium {1956)
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With first son Anil at Cambridge, Massachusetis [1957)
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:
Asiva (second from left) and Obaid Siddiqi (micdle), and Aruna [extreme left)

and Devendra Lal {extreme right) with Mirmal during a visil to Yash Pal’s home
in Pasadena, California (1971)

Soon after returning to India he started work on nuclear emulsions
and ¢cloud chamber. TIFR had a cloud chamber that was being used at
Ooty for cosmic ray rescarch. So he designed, together with a new
stuclent named Siddheswar Lal, a novel experiment to study interaction
of cosmic rays in that cloud chamber using a carbon target at the centre
and a number of brass plates inside to allow the development of showers
from gamma rays, and so on. The equipment was built and after some
initial troubles, it turned out to be a very productive experiment and

gave very good resulls.

A mechanism had to be set up for analysis of the data and so on,
and here again Yash Pal’s innovativeness came Lo the fore. He designed
a novel arrangement of strings to measure the path of particles in the
cloud chamber. It worked very well. It showed how innovation and
invention could be used in many different ways. Using that cloud
chamber they did a whole lot of experiments with pions and other

parti les and exbensive papers camia ouk of that









































































































































































































