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THE INDIAN ACADEMY OF SCIENCES*

THE first annual meeting of the Indian Aca-
demy of Sciences was held at Bombay.
Once again we meet in the Bombay Presi-
dency, this time in the historic city cf Poona,
sssociated in our minds with one of the most
striking periods in Indian history and to-day
ore of the chief cenires of culture and learn-
ing in our country. To our hosts who have
taken it upon themselves in these difficult times
to invite us to their city and thereby made it
possible for us fo meet here, our grateful
thanks are due.

Ten vears is not a long period In the life of
an individual, much less in the history of an
institution. Infantile mortality is, however,
notoriously high in India. Hence, it is not m-
appropriate for me to draw your attention f{o
he {act that this is our tenth annual meeting
nd that the scientific Proceedings of _the
Academy are now runhning in the twentieth
solume, both in the A and B series. The use-
fulness of these Proceedings as a forum for the
publication to the world of the results of the
ccientific investigations of our Fellows and
their collahorators has been abundantly demon-
<irated. The Proceedings have appeared in an
unbroken sequence and with unfailing punctpaln
ity on the last day of every month ever since
July 1934 which was the date of the first
yesus. This 18 a record of which we may fecl
justifiably proud. o

The Academy is a body of scientific men
‘nterested in their work and espeecially in the
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advancement of knowledge by original re-
search. It is an organisation which can be of
immense service to sclence and to the country
1in various ways, if it is adequately supported
and encouraged. I think I am speaking for ail
our Fellows throughout India when I say that
not only are we capable of rendering such
service, but are also willing to do everything
in our power to demonstrate the social value
of scientific vesearch in our country. Else-
where 1n tha2 world, the Academies of Science
are not merely publishing organisations for
scientific research, but also function as active
promoters of scientific research by building and
equipping laboratories and maintaining profes-
cors and students to work in them. It is my
considered opinion that the future of science
in India depends to a very great extent on
such a development taking place in our coun-
try and not upon the multiplication of official
laboratories staffed by armies of Government
servants. The history of science Ras demon-
strated over and over again that the choicest
fruits of scientific research {all into the hantls
of those mon who seck for no reward except
the discovery of truth., The mind that sceks
to explore Nature and discover her secrets and
the mind of a buregucrat are as poles asunder.

It is my earncst desire that the Indian Aca-
d:-my of Sciences should function in the manner
I have indicated and actively sponsor scientific
research 1 a group of institutions covering
the whole (eld of natural knowledge, {rom
pure mathematics and astronomy at one end,
physics, chemistry and mineralogy in the
middle and physiology and genetics at the
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other end. Such a group of institutions linked
together and working under the general guid-
ance of the Academy would serve as the van-
guard of sclence in India, marching into the
unknown, blazing a trail for others to follow
and pointing a way to the practical applica-
tions of science. Such a scheme may seem a
colossal one, but to my mind it is entirely
practical and indeed realisable in a reasonably
short time, if only our wealthy men could give
a generous helping hand. Nothing would pleace
m2= more than to be able to devote myself to
the realisation of this idea and of its practical
consequences.

Meanwhile, there is one small step which
our Fellows, if they so choose can help the
Academy to take immediately, and that is to
provide a permanent habitation for our offices.
A circular letter has been issued to our Fel-
lows in this connection, and 1 greatly hope
that it will meet with an immediate and
generous response from them.

1 shall devote the rest of this address to a
topic which is surely familiar to vyou all
Who does not know the classic illustration of
the thermal expansion of solids which is the
fitting of the iron tyre to a cart-wheel by first
heating it up and then placing it in position?
To know that a solid expands when heated
18, however, only a first step in knowledge. To
specify its magnitude and offer an explanation
of the phenomenon and to prediet its course
over a wide range of temperature are the
deeper problems of the subject.

The solids familiar to us in our daily lives
are of complex siructure and their thermal
behaviour is naturally of great practical 1m-
portance. But to the physicist who seeks to
understand the fundamental aspects of the
subject, the 1deal materials {o study are those
which are relatively simple, both physically
and chemically. The best choice is that of a
well-developed single crysta], while such sub-
stances as pure. metals, diamond, rock-salt,
filourspar, calcite and quartz offer the greatest
promise of a successful theoretical interpretla-
tion.

It is easy enough to observe and measure the
expansion of a long bar when heated up sufi-
ciently. When we are working with single
crystals, however, it is usually possible only to
get rather small specimens, The accurate
determination of thermal expansion then be-
comes a more difficult experimental problem.
The celebrated French Physicist, Fizeau, was
the first fo use the delicate optical method
known as the interference of light for such
studies. For this purpose, he worked with
specially cut and polished specimens of various
crystals. During a visit to Paris in the year
1937, 1 was fortunately enabled to discover
and purchase several of Fizeau's ariginal spe-
The collection now forms one of the

cimens. _
most highly prized treasures in my crystal
cabinet.

Another and very beautiful method which 1s
extensively used at the present time is based
on the uge of X-rays. The angle at which
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such rays are reflected by the atomic laye.
mm a crystal depends on the spacing of these
layers, and alters with the changes of spacing
produced by the expansion or contraction of
the crystal. Very small quantities of the sub-
stance are sufficient for this method, and it is
also possible to use material in the form of
powder. Further, by choosing the conditions
such that the X-rays are reflected almost
exactly backwards, very small changes in the
atomic spacing produce a:detectable change in
the angle of reflection. The method is ther
koth sensitive and accurate. An important
aspect of the technique of the X-ray method
1Is the maintenance of the material at the
desired temperature without altering the tem-
perature of the rest of the camera. Recently
Dr. R. 8. Krishnan has reported an interesting
modification in which this difficulty is avoided
by the use of a divergent beam of X-rays.
The X-rays fall upon a chosen face of the
crystal, and the sharply-defined reflections
given by 1t are recorded on a photographic
film placed at any desired distance. Even =z
stnall expansion then produces an observahle
shiit which can be accurately measured. It is
important to hold the crystal in such a was
that it does not rotate appreciably when heated
or cocled, and this can be controlled by
second photograph in a different setting of the
crystal. In this way, Dr. Krishnan has studie
the thermal expansion of diamongd over a fairi
large range of temperatures.

Except in the case of a crystal belonging to
the cukic system, ils expansion is not the sams
in all directions, the nature of the differences
being determined 1n a general way by the
symmetry of the crystal, and more particularly
by its internal architecture. To determine the
thermal behaviour of a given crystal com-
pletely, it may thus be necessary to determine
the expansion in several directions. When it
is recalled that the rate of the thermal expan
sion per degree centigrade itself usually changes
with temperature, and that this may again be
different for different directions, it will be
realised that a complete specification of the
thermal behaviour of a crystal of low sym-
metry over a wide range of temperature may
be somewhat complicated. Indeed, some cry-
stals, e.g., calcite, actually contract instead oi
expanding in certain directions when heated
It is a special advantage of the X-ray methog
in which powders are used 1s that the change
in all the atomic spacings of the crystal lying
in many different planes are simultaneously.
recorded, thereby reducing the labour involved
in the study of a particular substance.

As already remarked, the thermal expansion
cf a solid per degree centigrade is far from
being constant over any appreciable range of
temperature. The changes in the rate of ex-
pansion are particularly striking at low tem-
peratures such as those of liquid-air. There
are, however, some crystals in which the acce-
lerated thermal expansion is noticeable even
at and above room iemperature. Dlamond 1s
a particularly conspicuous example, as is shown
by Dr. Krishnan’s recent studies with it.



