Science

hen Ning Yang is one of
the most eminent physi-
cists of our time. Jointly
. with T D Lee, he won the
Nobel Prize in 1957 for their semi-
nal work leading to the discovery of
the violation of left-right symmetry
in “weak interactions” (interactions
like those responsible for radioac-
tive beta decays). This ranks as one
of the major discoveries of this cen-
tury.

Born in Hefel, China on 22 Sep-
tember 1922, he is presently hold-
ing the prestigious chair of the Alb-
ert Einstein Professorship at the
State University of New York at

By Dipankar Home

Physicist CN Lang,
who shared a Nobel

prizewith T D Leein

1957, propagates
what he calls learning
by osmosis

soclety

Stony Brook, USA, and is also the
Director, Institute of Theoretical
Physics, Stony Brook.

The present article is excerpted
from a series of animated conversa-

tions I had with Professor Yang |

during conferences in Japan organ-
ised at the Central Research Labor-
atory, Hitachi Limited.
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I gather that you grew up in an
economically backward region of
China where there wasn’t even elec-
tricity when you were a boy. To
what extent was your education

affected?
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Yang: Well, though I was born in
backward town I was fortunate to
et the best that the Chinese educa-
ional system could offer. My father
id his Ph.D. in USA and went back
o China when I was six. I was luc-
y to have an inspiring atmosphere
nd contact with learning in the
est possible way. I took my mas-
er's degree from the South-West
Pssociated University where my
father taught and then went to

I tell my graduate
students from
| China, You go to a
\seminar and most of
the time you didn’t
quite understand

| what was going on.

But you don’t have
to be afraid.

You go there a
second time, and
you will find that
you learn more’

USA to earn my Ph, D. The reason
[ went to the University of Chicago
was because I knew that one of the
Jmost outstanding physicists of our
Jtime, Enrico Fermi, was going to be
there. Iwas therefore able to im-
merse myself in the best of the Am-
erican system.

Now, looking back in retrospect,
what were the important benefits
you think youcould derive during
your Ph.D. work in Chicago?

not necessarily what was in books,
but a constant striving to think
and attempt imaginative leaps.
There is a tendency among the stu-
dents in the Orient to be too timid,
and they are strongly influenced by
the dictum “I have to follow the
rules. The rules have already been
given”.

This is a very interesting thought,
I think, which is quite relevant to
the Indian context. Can you elabo-
rate on this?

Yang: I tell my graduatestud-
ents from China, “You go to a semi-
nar and most of the time you didn’t
quite understand what was going
on. But you don’t have to be afraid.
You go there a second time, and you
will find that you learn more.” I
call this learning by osmosis — that
was one of the things I learnt after I
came to the USA. While working at
the frontiers you are always half-
knowing and half not-knowing. I
came to know this especially from
Edward Teller who was my thesis
adviser. He probably had 10 ideas
per day, most of them not right.
But he was not afraid to talk about
them. This greatly impressed me.
Graduate students from the Orient
make very good grades but they
are, in general, somewhat restrain-
ed from making imaginative jumps.

If your kids had been raised in
China instgad of in America, how
would their education have been
different?

Yang: I'm glad you asked me this
question. I've speculated on this. I
think they would have learned more
things which require long and dili-
gent stydying. In this respect, the
educational system in the Orient
has a great advantage. One of the
manifestations of that is if you take
high school kids and give them-
science or mathematics quizzes,
American kids on the average don’t
do as well.
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more studious student, someone
who’s willing to work diligently.
But they, in general, tend to lack
the creative daring of the individual
spirit that soars beyond the accep-
teddomain. Now, what about Eur-
ope?

Yang: In this respect, the Orient
is not the only example. If you com-
pare the Orient with European and
American cultures, Europe is some-
where in between the two, maybe
two-thirds of the way closer to the
American culture than the Orient
in this particular respect. The Eur-
opean students, I think, are usually
better trained but less daring than
the American students.

In a recent television interview I
saw, you referred to the Japanese
emphasis on education and had
commented that the Japanese seem
to have mixed the philosophy of the
Orient with Western thinking in sci-
ence in a way that is advantageous
to them.

Yang: A number of years ago, a
social scientist, Vogel, wrote a book
analysingwhy Japan had made
such a tremendous progress. One of
the major reasons he thought was
that Japan put a greater emphasis
on education even compared to the
most advanced countries in the
West. The other day I heard that
Japan, with half the population of
the USA, produced twiceas many
scientists and engineers every year.

You know that after the War the
first priority of the Japanese was to
rebuild their economy and they did
that in a single-minded way. Now I
see that they realise that their eco-
nomy is in good shape, at least as
compared to many other societies.
They now want to forge ahead in
basic sciences to which they did not
pay that much attention as com-
pared to applied areas in the last
40 years.

It should, in particular, be quite
instructive to us to know your im-
pressions about the great physicist

EnricoFermi who was your teach-
er.

Yang: I would say that the first
impression I had of Fermi was his
solidity as a physicist. He con-
sciously wanted to stay close to
reality. His way of thinking about
physics was very much like his
papers. He always started from the
concrete, from the simpler exam-
ples, rather than from some general
principles. To give an example, in a

I had also noted that
Envrico Fern;ﬁi{ used /lois
time very effectively
and efficiently. He
kept well systematised
notes in a way that
was clearly designed

for himself. It

required tremendous
will power and
discipline to keep such
systematic notes. |
tried but could not
follow the method

it

number theory problem, he would
start by looking up the cases n=1,
n=2, n=3.., and then generalise
rather than tackle the problem at
the nth level.

I had also noted that he used his
time very effectively and efficiently.
He kept well systematized notes in
a way that was clearly designed for
himself. If somebody raised a ques-
tion like, “How do you explain the
Thomas factor of 2?” he would say,
“Let me think. I had worried about

this in the year 1927,” and then he
would pull out his notes of 1927 and
look at the index. Usually he could
find it very fast. Then he would look
at the notes and explain the answer
to us. It required tremendous will
power and discipline to keep such
systematic notes. Personally I tried
but could not follow Fermi’s met-
hod. However, I do realise the val- §
ue of this method and would say
that his solidity as a physicist
derived primarily from his very
conscious effort towards systematis-
ing what he had already acquired
as knowledge.

There have been considerable
discussions from the historical
standpoint about the events culmi-§
nating in your Nobel Prize-winning
work with T D Lee on parity viola-
tion. If I may summarise the situ-
ation without going into technical-
ities, I shall put it this way. Certain
puzzling problems concerning parti-
cle decays prompted this stunningly
daring insight from you and T D
Lee. What you suggested is that one
way out of the difficulty would be
to assume that parity (or reflection
symmetry) is not conserved specifi-
cally in weak interactions. You
analysed this possibility in your pa-
per (published in October 1956) ag-
ainst the backdrop of the then exis-
ting experimental evidence of parity §
conservation. What you concluded is
that to decide unequivocally whet-
her parity is conserved in weak in-
teractions one must perform a new
experiment to determine whether
weak interactions differentiate the
right from the left.

Yang: Yes, I agree with your
summing up. We analysed the ex-
perimental evidence available at
that time and pointed out that
there was in fact no experimental
proof that the weak interactions did
conserve parity. We therefore stres-
sed the need to test unambiguously
whether parity was indeed conser-
ved in weak interactions.
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Prior to us there were off-the-
cuff speculations but those had no
depth. The possibility that parity
could be violated in weak intera-
cions alone was generally consid-
ered to be unacceptable. '

Yes, a stalwart like Wolfgang
Pauli had even remarked, “I don’t
believe that the Lord is a weak left -
hander”. But the skeptics had to
yield when, after the publication of
your suggestion, Wu and her collab-
orators succeeded in experimentally
proving that the electrons emerged
from radioactive cobalt with a pref-
erential direction showing that the
weak interactions responsible for the
radioactivity of cobalt was indeed
asymmetric between left and right.

Yang: Yes, apart from Pauli
there were also other eminent phy-
sicists like Freeman Dyson who did
not pay much attention to our pap-
er.

In this context, it could be inter-
esting to recall that the original
manuscript of your paper on parity
violation submitted to the Physical
Review had a title in the form of a
question: “Is parity conserved in
weak interactions?” But the Editor S
Goudsmit wanted the title to be
changed and you had to change it to
a more neutral title “Question of
parity conservation in weak interac-
tions”,

Yang: Yes, you have the story ex-
actly right. This is a general situa-
tion in all human developments —
as an enterprise or an institution
becomes maturer it tends to be-
come more conservative and impos-
es more and more constraints.

When you won the Noble Prize in
1957, you were in America. What
was the impact in China?

Yang: In the late 1870s, there
were congressional hearings in Am-
erica about whether there should
be Chinese immigration limitations.
There was a famous testimony by a
so-called scholar that the Chinese
people were undoubtedly inferior.

He supplied “scientific evidence”.
He measured the size of the brain
of different racial groups and claim-
ed to prove that the Chinese were
definitely inferior. That was a man-
ifestation of a feeling at that time
among many people that the Chin-
ese could not develop modern sci-
ence. This deeply hurt the Chinese
people. So I would say that if you
want to ask what was the most
important reaction in China to the

In the day-to-day life

of a truly committed

scientist, the greatest
attraction is not

likely to be the

materialistic rewards
or practical
applications of what
he or she does — it is
that we have
penetrated nature in
a way which is
AWe-InspLring.

announcement that my friend and I
had won the Nobel Prize, it was
tremendous pride.

Dirac has said that he preferred
to tackle a complicated problem as a
whole, while Heisenberg’s approach
was to split a problem into small
parts and tackle them separately.
What methodology do you personal-
ly prefer in your research work?

Yang: In my case it varies from
problem to problem. I have tackled
problems in elementary particle
physics as well as in statistical
mechanics and solid state physics.

- — it is that we have penetrated na-

My opinion is that you require dif
ferent types of insights in different
fields. I found my interest in differ-
ent areas to be very useful for cross-
fertilisation of ideas. I would say
that if you have wide-ranging inter-
ests, then the experience in one
field would benefit you in another
field and, of course, if the two fields
merge, you have a tremendous
advantage.

At the end of the day, what do
you think sustains a scientist re-
searching in basic sciences?

Yang: In the day-to-day life of a
truly committed scientist, the grea-
test attraction is not likely to be the j§
materialistic rewards or practical
applications of what he or she does

ture in a way which is awe-inspir-
ing. Laws and mathematical equa-
tions describing the physical world
we see are the poetry of nature,
They are beautiful and powerful
because we can condense complicat-
ed phenomena to only a few laws
and equations.

Greeks thought that some gener-
al harmony was the basis of the f
structure of the universe. We now
understand partly what this har-
mony is — the underlying structure
is built on some very general prin-
ciples.

Usually this theoretical under-
standing eventually turns out to be
important for practical uses. When
we really understand something in
sufficient depth, I think our general
experience is that we are finally |
able to use it in a major way. For |
instance, if there had been no fun- |
damental understanding of electric- \
ity at the end of the last century, |
the 20th century could not look the
way it does today. We can now man-
oeuvre electricity the way we do be-
cause in the last century scientists
like Faraday and Maxwell analy-
sed the nature of electricity and
magnetism in a rather profound
way.
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