A NEW RADIATION*
By Pror. C. V. RAMAN

1. INTRODUCTION

I PROPOSE this evening to speak to you on a new kind of radiation or light-
emission from atoms and molecules. To make the significance of the dis-
covery clear, I propose to place before you the history of the investigations
made at Calcutta which led up to it. Before doing so, however, a few prelimi-

nary remarks regarding radiation from atoms and molecules will not be out
of place.

Various ways are known to the physicist by which atoms or molecules
may be caused to emit light, as for instance, heating a substance or bom-
barding it with a stream of electrons. The light thus emitted is usually
characteristic of the atoms or molecules and is referred to as primary radia-
tion. It is also possible to induce radiation from atoms and molecules by
illuminating them strongly. Such light-emission is referred to as secondary
radiation. The familiar diffusion of light by rough surfaces may be cited
as an example of secondary radiation, but strictly speaking, it hardly deserves
the name, being an effect occurring at the boundaries between media of
different refractive indices and not a true volume-effect in which all the
atoms and molecules of the substance take part. The first case discovered
of secondary radiation really worthy of the name was the phenomenon of
fluorescence whose laws were elucidated by the investigations of Sir George
Stokes. This is a familiar effect which is exhibited in a very conspicuous
manner in the visible region of the spectrum by various organic dye-stuffs.
I have here a bottle of water in which an extremely small quantity of fluores-
cein is dissolved. You notice that when placed in the beam of light from
the lantern, it shines with a vivid green light, and that the colour of the
emission is not altered, though its brightness is changed, by placing filters of
various colours between the bottle and the lantern. A violet filter excites
the green fluorescence strongly, while a red filter has but little effect.

Another kind of secondary radiation whose existence has been experi-
mentally recognized more recently is the scattering of light by atoms and
molecules. It is this scattering that gives us the light of the sky, the blue
colour of the deep sea and the delicate opalescence of large masses of clear
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ice. I have here a large bottle of a very clear and transparent liquid, toluene,
which as you notice contains hardly any dust-particles, but the track of the
beam from the lantern passing through it is visible as a brilliant blue cone
of light. This internal opalescence continues to be visible even after the
most careful purification of the liquid by repeated distillation in vacuo. A
similar opalescence is shown, though much less brightly, by dust-free gases
and vapours, and also by solids. A large clear block of ice shows a blue
colour in the track of the beam when sunlight passes through it. The blue
opalescence of blocks of clear optical glass is also readily demonstrable. The

molecular scattering of light is thus a phenomenon common to all states of
matter.

During the past seven years, the scattering of light in transparent media
has been the subject of intensive experimental and theoretical investigation
at Calcutta, and it is the researches made on this subject that have led to the
discovery which I shall lay before you this evening. One important outcome
of our researches has been to show that while light-scattering is in one sense
a molecular phenomenon, in another sense it is a bulk-effect having a thermal
origin. It is the thermal agitation of the molecules which causes them to
be distributed and orientated in space with incomplete regularity, and it is
the local fluctuations in the properties of the medium thus arising which
give rise to optical heterogeneity and consequent diffusion of light. The
subject of light-scattering is thus a meeting ground for thermodynamics,
molecular physics and the wave-theory of radiation. That the combina-
tion of theories in such diverse fields of physics gives us predictions which
have been experimentally verified, is one of the triumphs of modern physics.

2. A NeEw PHENOMENON

While the quantitative investigations made at Calcutta have in the main
substantiated the thermodynamic-wave-optical theory of light-scattering,
indications appeared even in our earliest studies of a new phenomenon which
refused to fit in with our preconceived notions. Thus, in some observations
made by me! with the assistance of Mr. Seshagiri Rao in December 1921,
it was found that the depolarisation of the light transversely scattered by
distilled water measured with a double-image prism and Nicol increased very
markedly when a violet filter was placed in the path of the incident light.
More careful investigations made with dust-free liquids® in 1922, confirmed
this effect and showed it to exist also in methyl and ethyl alcohols, and to
a lesser degree in ether. It was also noticed that the colours of the scattered

1 Moleculur Diffraction of Light, Calcatta University Press, February 1922,
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light from the different liquids studied did not match perfectly. An im-
portant advance was made when Dr. Ramanathan3 working at Calcutta in
the summer of 1923, investigated the phenomenon more closely and dis-
covercd that it was not a true dependence of the depolarisatidn on the wave-
length of the scattering radiation but was due to the presence in the scattered
light of what he described as ““ a trace of fluorescence”. This was shown by
the fact that the measured depolarisation depended on whether the blue filter
used was placed in the path of the incident beam or of the scattered light, being
smaller in the latter case. Accepting the explanation of the effect as * weak
fluorescence 7, it naturally became important to discover whether it was due
to some impurity present in the substance. Dr. Ramanathan tested this by
carcful chemical purification followed by repeated slow distillation of the

liquid at the temperature of melting ice. He found that the effect persisted
undiminished.

The investigation of this species of “ weak fluorescence ” has ever since
1923 been on our programme of research at Calcutta. Krishnan,* who
investigated 60 liquids for light-scattering in the spring and summer of 1924,
made systematic studies of the phenomenon, and found that it was shown
markedly by water, ether, all the monohydric alcohols and a few other com-
pounds. He pointed out that the liquids which exhibit the effect have cer-
tain family relationships amongst themselves, and that they are also sub-
stances whose molecules are known to be polar. The chemical importance
of the subject led to Mr. S. Venkateswaran attempting to make a fuller study
of it in the summer of 1925, but without any special success. The research
was discontinued at the time but was resumed by him later in the current
year (January, 1928). ‘The remarkable observation was made that the
visible radiation which is excited in pure dry glycerine by ultra-violet radiation
(sunlight filtered through Corning glass G. 586) is strongly polarised.

The possibility of a similar effect in gases and vapours was also borne
in mind and repeatedly looked for by the workers at Calcutta. The feeble-
ness of the scattering in gases and vapours, and the infructuousness of the
earlier efforts in this direction, however discouraged progress.

3. Irs UNIVERSALITY -

Though the phenomenon was described in the paper of Dr. Ramanathan
and Mr. Krishnan as a * feeble fluorescence ”, the impression left on my
mind at the time was that we had here an entirely new type of secondary

3 K. R. Ramanathan, Proc, {ad. Assoc. Cultn. Science, Vol. 8, p. 190, 1923,
4 K. S. Krishnan, Phil. Mag., Vol. 50, p. 697, 1925.
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radiation distinct from what is usually described as fluorescence. The
publication of the idea was however discouraged by the belief then enter-
tained that only a few liquids exhibited the effect and by the supposition
that it was unpolarised in the same way as ordinary fluorescence in liquids.
Indeed, a chemical critic might even have asserted that the effect was in each
case due to a trace of dissolved fluorescent Impurity present in the substance
which our efforts at purification had failed to remove. Early this year, how-
ever, a powerful impetus to further research was provided when I conceived
the idea that the effect was some kind of optical analogue to the type of X-ray
scattering discovered by Prof. Compton, for which he recently received the
Nobel Prize in Physics. I immediately undertook an experimental re-
examination of the subject in collaboration with Mr. K. S. Krishnan and
this has proved very fruitful in results. The first step taken in the research
was to find whether the effect is shown by all liquids. The method of
investigation was to use a powerful beam of sunlight from a heliostat con-
centrated by a 7~ telescope objective combined with a short focus lens. This
was passed through a blue-violet filter and then through the liquid under
€Xamination contained in ap cvacuated bulb and purified by repeated dis-
tillation in vacuo. A second filter of green glass was used which was comple-
mentary in colour to the blue-violet filter. If it were placed in the track of
the incident light, all illumination disappears, while, if it be placed between

ffect in a striking manner. There

was therefore no longer any doubt that the phenomenon wag universal in

character; with the bulb of toluene on the lantern, you see that the effect is
readily demonstrable. The cone of light vanishes when I place the violet

and green filters together, but it appears when I transfer the latter to a place
between my audience and the observation bulp.

plementary filters is precisely that ordi-
narily used for detecting fluorescence and indeed was first suggested by Stokes

in his Investigations on the subject. You may therefore rightly ask me the
question how does this phenpmenon differ from fluorescence ? The answer
to the question s, firstly, that it is of an entirely different order of intensity.

over forthcoming when Mr. Krishnan

of this new type of radiation and found
that it was nearly as strong as that of the ordinary h‘ght~scattering in many

cases, and is thus quite distinct from ordinary fluorescence which is usually
unpolarised.







