HISTORICAL NOTES

Memories of India
D. Shoenberg

When | cameto Cambridge asan
undergraduate late in 1929, |
knew very little about India
beyond having read exotic Sories
such asKipling' s Jungle Book
and, of course, dmogt daily news
of

the struggle for independence,
with which | found mysdf in
sympathy. There were not then
many Indian sudentsin
Cambridge, but in my second year
| got to know S. Chandrasekhar,
then arecently arrived graduate
student from Madras, through
whom my acquaintance with India
eventualy became much closer.
We were both attending a course
by A. H. Wilson on the
goplication of the then rddively
new wave mechanicsto the
interpretation of atomic spectra
and | was intrigued by thisyoung
Indian with such a grikingly
intelligent look, who seemed to
know the subject much more inti-
matdly than | did.

Over the next few years we
became good friends and would
meset fairly often over an evening
cup of chocolate and talk about all
sorts of things. | was particularly
fascinated by the exciting ideas he
was deve oping which took
account of the fact that eectrons
in gelar conditions moved so fast
thet relativity serioudy modified
the usud Fermi degeneracy
equation of state of an electron
gas. Much of what he told me

went over my head, but | gathered
thet the relaivistic modification
implied magor modification of the
theory of stellar Sructure.
Chandra was grestly concerned
that Eddington — then the leading
authority in astrophysics — did not
accept his point of view, though he
was supported by theoretical
physicists, such as Fowler and
Peierls and by some
astrophysicigts, such asE. A.
Milne. In spite of Eddington’s
doubts, Chandrawas successful in
the annud research felowship
compstition a Trinity College.
Election to afelowship was a
consderable distinction because a
rather higher standard was looked
for from candidates who had not
been undergraduates at Trinity
than the dready high standard
from those who had. Moreover,
Chandrawasthe firgt Indian to be
elected since the famous pure
mathematician Ramanujan.

Some minor features of
Chandrd s style of work il
remain vividly in my memory. One
was his use of gpecia sheets of
paper for systematic recording of
numericd data; he had great
stocks of these sheets and let me
have a generous supply for my
own purposes which | continued
to use for many yearsto keep a
tidy record of my experimenta
data. On these sheets he would
record the results to 6 significant
figures of the numerica
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cdculations he performed with a
Brunsviger hand caculator to
establish the results of his
theoretical formulae. | remember
asking him once what was the
point of such precison when his
theoretical formulae were at best
only gpproximations to redity. His
reply was thet even if the theory
might be only gpproximeate, the
functionsinvolved in the working
out of the theory were definite
mathematica functionswith
precise numerica vaues. So why
not calculate them as precisely as
his caculator dlowed, in case
some future theoretician might
need the higher precison for his
own problems.

But dthough | continued to
meet Chandra occasionally on
both sides of the Atlantic and to
admire the outstanding
contributions he continued to
make to the end of hislife, his
particular relevance to the theme
of thisarticle isthat he introduced
meto K. S. Krishnan, an old
friend of his, who later enabled me
to get much more closdly
acquainted with India. Krishnan
had in 1928 collaborated with C.
V. Raman in the discovery of the
frequency shift of light scattered
by liquids— what has come to be
known as the Raman Effect. Soon
afterwards Krishnan struck out on
aline of hisown and had acquired
aconsiderable reputation not only
for his experimentd kill and
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ingenuity in the udy of magnetic
anisotropy, but dso for his grasp
of chemigtry and crystallography in
the interpretation of his results.
Chandra persuaded Rutherford to
invite Krishnan to give afew
lectures about hiswork at the
Cavendish Laboratory in the
goring of 1937 and | grestly
enjoyed Krishnan's presentation
and the elegant demonstrations
which illugtrated how the torque
onasngle crysd in amagnetic
field and

hence the magnetic anisotropy
could be messured in various
ingenious ways.

At that time | was sudying the
de Haas-van Alphen effect in
bismuth (the oscillations of
meagnetic moment as the magnetic
field was varied) by the well-
known Faraday method of
measuring the force on the sngle
cysd samplein an
inhomogeneousfidd. The
oscillations have a uniform period
in reciproca field and so became
more and more crowded &t low
fields. Eventudly, when the fidd
interval of a period becomes
comparable to or smaller than the
vaidion of the inhomogeneous
field over the sample,
the oscillations get smeared out. It
gruck mein the light of Krishnan's
lectures that measuring the torque
inahomogenous fidd rather than
the force in an inhomogeneous
field might prove a better method
of studying the de Haas-van
Alphen effect. A convenient
opportunity for trying out thisidea
occurred only afew months later
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when | visited Moscow to spend a
year a Kapitza s newly

built Indtitute for Physicd
Problems. | had been Kapitza's
graduate student in Cambridge
until, during avist to hisfamily in
the Soviet Union in 1934, he was
denied permission to return to
Cambridge and had eventudly
agreed to set up anew laboratory
for hiswork in Moscow (A
detailed account of this rather
extraordinary story can be found
in Shoenberg"). | was happy to
renew my connection with my
former teacher and it occurred to
me that setting up the torque
method might be the ideal project
for my vist. It was sufficiently
smpleto carry out in ardatively
short time and yet sufficiently
sgnificant to be worthwhile. With
the excellent facilities Kapitza had
provided in his new Inditute, the
project got off the ground quite
quickly. I was very lucky too in
the presence of the outstanding
theoretician L. D. Landau at the
Ingtitute, who devel oped the basic
theory of the de Haas-van Alphen
effect in aform which made
possible the interpretation of my
experimenta datain amore
fundamenta way than would
otherwise have been possible’.
So, through Krishnan'sinspiration,
Kapitza' s hospitdity and Landau’s
theoretica guidance, | had ina
few months effectively determined
the Fermi surface of bismuth — |
think the first Fermi surface of a
metal to be determined experi-
mentally and the forerunner of
many more.

#. 8. KErishnan

Because of the interruption of
the war, my next contact with
Krishnan came only about 10
years later. In the meantime he
had become one of the leading
scientific figuresin India, a Fellow
of the Royd Society snce 1940
and knighted in 1946. Most
recently he had been appointed
Director of the newly created
Nationa Physica Laboratory of
India and he received
congderable persona support
from Nehru in planning and setting
up an impressive complex of
buildings on the outskirts of Ddlhi.
During atrip to the West in 1949
to pick up relevant technicd
experience and establish useful
contacts, he visted Cambridge
briefly and told me alot about his
plansfor the new NPL. | was
intrigued by his suggestion thet |
might come to Delhi for ayear and
st up alow temperature divison
in the NPL with facilitiesfor
experimenting a liquid hdium
temperatures and in high magnetic
fidlds. Money from United
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Nations funds was available to
buy ahdium liquefier, alarge
electromagnet and other auxiliary
equipment, and UNESCO would
pay me agenerous tax-free saary
aufficient to enable me to bring my
family for the vigt and look &fter
other essentid expenses. The invi-
tation sounded very attractive and
| tentetively agreed to comein
1952 provided various facilities
and miscdllaneous pieces of
equipment were made available
ahead of my vist. However,
dthough the helium liquefier and
magnet were ordered in time for
ddivery in the summer of 1952, |
could not get any information
about what sort of laboratory
accommodation would be
available and what rlaively minor
items of equipments such as
measuring ingruments, vacuum
pumps, glass for making Dewar
flasks, supplies of liquid air and
many other things, eedly available
in the West, would be available
or, if not, would need ordering
from the West wdll in advance of
my vigt. Krishnan just seemed to
be unable to answer the many
letters | sent him asking specific
questions. So when, early in 1952,
| received aformd |etter from
UNESCO in Paisinforming me
of my gppointment as‘Low
Temperature Expert at the NPL of
India from mid-1952 and setting
out the generous terms of the
gppointment, | was sorely puzzled
astowhat | should do. A vistto
UNESCO in Paris reveded that
they knew even lessthan | did of
the detailed Stuation at the NPL,

but they agreed to finance amuch
shorter vigt — Sx weeks or 0 in
the summer — to explore the
Stuation on the spot and seeif |
could arrange to provide for what
was needed intimefor a
worthwhile year’ svigt garting in
mid-1953.

Thiswas my firg vist to the
East and in those days the air
journey involved many stops,
including an overnight stop a
Karachi where the passengers
dept in smdl cubicles a the
arport. It al seemed rather exotic
and | particularly remember my
urprise a seeing smdl lizards
running up the walls of the room.
Delhi proved even more exotic
with important looking turbanned
sarvantsin the luxurious hotel
where | first stayed before moving
to Condtitution House, alarge
internationd hotel (Sometimes
facetioudy called Condgtipation
House) and later to a somewhat
grander place caled Western
Court. When | came to the NPL
to look for Krishnan, | discovered
that he had just gone off to a
conference in Jgpan but he had left
indructionsfor meto use his
luxurious office while he was avay
and left amessage of greeting
looking forward to mesting me
when he returned aweek or two
later. In the meantime, with the
help of K. N. Mathur (the
adminigrative director) and K. G.
Ramanathan, who had recently
been my Ph D sudent in
Cambridge and had been
appointed to work with mein
getting the low temperature
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divison going, | set to and drew
up long ligts of dl sorts of bits and
pieces which were not available
on the spot and mostly needed
ordering from the West. Another
important thing was to arrange
suitable accommodation for the
low temperature work. In fact,
quite a generous space proved to
be available —dmost awhole wing
of the NPL complex, but it wasin
avery primitive condition and
condderable planning, building
and decoration work was needed
to makeit agoing concern. In
particular, it was essentid thet at
least the areas where the liquefier
and magnet would go, should be
adequately prepared in time for
their arrival from Boston, USA,
which was scheduled for only a
few weeks after my arrivd. In
retrospect, | find it difficult to
believe that | managed to get
everything sufficently on the way
during those six weeks to fed that
ayea’svidgt from the summer of
1953 would be apractica
proposition.

In due course, Krishnan came
back from Jgpan and | met him as
he was playing tennis early the
morning after hisarriva. When |
asked why he had
not replied to my many enquiries
from Cambridge he looked alittle
embarrassed and smiled saying
something like ‘I’'m sorry. I’'m not
very good at writing letters . But it
was ddightful to meet him again
during the remainder of my day
and he was very interested in my
plans and very supportive. The
mogt difficult problem of my sx
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weeks stay was to synchronize the
delivery of theliquefier and
magnet to the NPL not only with
proper preparation of the rooms
where they were to go, but aso
with the short vigt of the American
engineers who were to set up the
equipment and moreover to
complete this before my own
return to England about two
weeks after the equipment was
due to arrive by ship in Bombay.
Thelab adminigration assured me
that getting the equipment from
Bombay to Delhi would take at
least three weeks so it seemed to
be a complete impasse but |
thought it might just be possible to
do better by a personal approach.
So, armed with suitable intro-
ductions from high-up officdsin
the gppropriate minigtries, | went
to Bombay just before the ship
docked and persondly identified
the relevant package casesin the
hold and managed to get them
loaded on to agoods train within a
day or so. Soon after my return to
Dehi, Milton Streeter and Walter
Vossherg, the American engineers
from A. D. Little arrived and
made good use of the further few
days before the goods train
arrived to make everything ready
for theingalaion. There was even
time for aweekend visit tothe Tg
Mahd. Eventudly, a

little less than aweek after the ship
had docked in Bombay, the
equipment arrived safely at the
NPL and then followed a hectic
rush to get everything together and
working intime. This effort was
enlivened by many minor crises
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such ascrucid smdl missing parts
having to be improvised in the
NPL workshop and ablockage in
the magnet cooling circuit which
proved to be caused by a dead
rat. The culmination of dl the
effort came on the eve of my
departure when the first helium
was successfully liquefied and
drawn off into aglass Dewar
vess. | have dways had rather a
weskness for marking significant
eventsin a suitably symbolic
fashion and for this occason | had
prepared alead bowl! and got hold
of asmal permanent magnet and
was able to show off the well-
known trick of making the little
magnet float above the bowl when
the liquid helium had cooled the
lead to below its superconductivity
trangtion temperature. Alas, by
then it was nearly midnight and this
symbolic demongtration was
witnessed only by Streeter
(Vossberg had aready |eft after
ingaling the dectromagnet),
Ramanathan, mysdlf and one or
two chowkidars and workmen.
Krishnan and other top brass of
the NPL had followed the
preparations al day, but had
sensibly retired to bed before the
denouement.

During the following yeer,
Ramanathan and asmall group of
young scientists and technicians
had a busy time fitting out the
research accommodation and
getting familiar with the operation
of the liquefier. The various
auxiliary items| had ordered
during my summer vidt had
arrived and by August 1953 when

| returned to Delhi, the low
temperature divison was agoing
concern. My sabbatica year a the
NPL was a memorable one for
my family and mysdf. Our most
abiding impressons were the
warmth of the friendship and
hospitaity we received from the
Krishnan family and from many
others and aso the overpowering
warmth of the climate. My son
Peter, then 9 years old, summed
up the Stuation succinctly ina
letter to a schoal friend in England
after we had spent some hours
being shown the sghts of Ddhi
during the monsoon season. He
wrote ‘It is very hot; there are
many tombs'. | acquired a
smattering of what might be called
kitchen Hindi, but | often got
mixed up between smilar
sounding words, such as
‘chapattis —addicious kind of
Indian bread — and ‘ chaprassis —
the lowest grade of civil

servants — who st around in the
corridors of Government offices
waiting to carry things from one
office to another. | remember
causing great astonishment and
perhaps some awe when someone
asked mewhat | usualy had for
breskfast and | replied ‘1 like to
egt one or two chaprassis with my
coffee. Early onin our stay we
caled on the medical adviser to
the British High Commisson to
pick up useful tips about hedth
precautions for the family. He was
somewhet of alegend for his
gloomy pessmism and displayed
this to the full when we asked
particularly about ‘do’sand
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don'ts for our 3 young children.
‘If | wereyou',

hesad, ‘I should have left themin
England'! This was a somewhat
exaggerated comment, but in fact
they did have various problems
and asthe very hot season
gpproached in April we thought it
wise for my wife to take the
children back to England to avoid
any more serious hedth problems.
| was luckier and managed to stay
out the full year without any dire
consequences beyond suffering
from the hest when out of reach of
ar conditioning.

Indian Government regulations
were very generousin providing
officd holidays on days which
were sgnificant not only for the
many various religions but for
politica reasons (e.g. Inde-
pendence Day). By combining
these officid holidays with
weekends and perhaps afew days
of officd leaveit
was possible to find time to do
some fascinating Sghtseaing.
While the family was till there we
managed to vigt places such as
Agra, Jaipur, Mussouri and on my
own | was able to get further
afidd and vist Hyderabad (for an
Indian Science Congress),
Kashmir, Bombay (to see my
family board ship for their return
to England), Cdcutta and
Darjeding. The Cdcuttavigt was
for aconference
at the famous Indian Indtitute for
the Cultivation of Science, and it
proved rewarding because there |
met Akshay Bose, who had once
worked with Krishnan and hed

expetisein thefied of
paramagnetic salts. | persuaded
him to come for afew monthsto
the NPL and we got some
interesting results® on the
anisotropy of paramagnetic
crystasin conditions gpproaching
megnetic saturation, which could
be achieved with the low
temperatures and high magnetic
fiddsavalablein the NPL.

Soon after | came to the NPL,
helium was liquefied nearly every
week and severd lines of research
got started. With J. S. Dhillon, |
set up atorque magnetometer and
we got some new results on the de
Haas-van Alphen ostillaionsin
bismuth and zinc, which later
provided evidence for some subtle
aspects of the basic theory”. K. G.
Ramanathan and
T. M. Srinivasan® developed new
techniques for calorimetric and
resistive messurements and two
promising new graduates, P. N.
Dheer and S. L. Surange®
pioneered eectronic techniques
for measuring thermd expangon at
low temperatures and looked for
dimensond changes at the
superconducting trangtion.

Although my year’svistin
1953/1954 for setting up the low
temperature divison at NPL was
my most prolonged stay to India, |
continued to visit occasondly and
was happy to be warmly received
by friends | had made during
the year’svidt aswell as
extending
my acquaintance with people and
places further afield. During a
UNESCO-sponsored trip in 1959
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| made my firgt viststo Bangdore
and Madras. It was exciting to
meet C. V. Raman a the Raman
Indtitute and to enjoy the
hospitdity of his nephews
Ramaseshan and Pancharatnam. |
also met Chandrasekhar’ s father
(C. V. Raman'’s brother) who
gave me along disquistion on his
theories about Indian music
(which, alas, went over my heed)
and in Madras renewed my
acquaintance with G. N.
Ramachandran whom | had
known from his graduate student
daysin Cambridge. In Ddhi | was
welcomed by many old friends,
but sadly thiswasthe last time |
saw Krishnan — he died suddenly
only two years later. The other
gde of the coin was receiving old
friends from India when they came
to England. It was, for ingtance, a
pleasure to get to know the Bose
family better when they spent a
sabbatica year in Oxford and later
to have his daughter Mdini and
her husband Mihir Bhattacharyya
to stay in our home when they
spent ayear in Cambridge on
post-graduate studies in English.
Ancther welcome visitor has been
Krishnan's younger son, Raman,
whom we had known as a
teenager in Delhi. He cameto
study accountancy and has settled
permanently in England.
He has married Vasantha, a
Cambridge-
educated biologist and they have a
now grown up son, Krishna, who
isalawyer.

Other vigtsto Indiawhich were
particularly memorable werein
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1980, when | gave the Royd
Society’s Rutherford Lecturein
various centresin Indiaand Sri
Lanka, and in 1988 when | gave
the Krishnan Memoria Lecture at
the NPL which | cdled * Seding
Wax and String’. Thetitle was
intended to characterize the style
of much of Krishnan's
experimenta work, which
involved only smple equipment
but was capable of producing
ggnificant results if used with
ingenuity and skill — qualities with
which Krishnan was so well
endowed.

Toillugratethetheme, | st up a
demongtration of one of
Krishnan'sde-

gant methods which he himsdlf had
demondtrated in his 1937 lecture
in Cambridge. A crydd is
suspended in amagnetlcfleld by a

its d| rection of srongest
susceptibility dong the fidd. If the
top of the sugpension is now
twigted, typicaly by afew
complete turns, the crysd
gradudly turns away fromits
origind pogtion until, when it has
turned by 45°, it becomes
unstable and turns rapidly and

spectacularly to relieve the torson
of the fibre. The strength of the
magnetic anisotropy is measured
by the angle through which the top
of the fibre has to be twisted to
reach the ingtability. | had
prepared most of the necessary
equipment before | |eft for India,
but, when | tried setting up the
demondtration at the NPL, | was
not skillful enough to handle the
delicate suspension. Luckily, one
of the young men, R. G. Sharma,
in the low temperature divison did
have the kill and the patience
which | lacked and

the demondration eventudly
worked perfectly.

Just before | gave the lecture |
was alittle taken aback to be
conducted away from the lecture
room and informed that | wasto
maugurate the Kri shnan Vatl ka—

the red tape might be symbolic for
the future efficiency of the NPL.
Sadly, the bureaucratic methods
introduced to India by the British
30 long ago have been maintained,
even after 41 years of Inde-
pendence and | can only hope that
they will not last forever! My
travelling days are over, but | shdll
aways remember with affection
the many benefits my contacts
with India have brought me over
the years.
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