
simplest to experiment. The scattering intensity is
much higher in liquids than in crystals, and it is sim-
pler to experiment with liquids. Both I and Mme.
Landsberg in particular remember how this astonished
Mandel'shtam, because the appearance of the doublet
in a liquid did not conform to the then prevailing con-
ceptions of sound absorption in liquids.

Now a few words on Raman are in order. It is strik-
ing how people working from totally different ideas can
arrive at the same discovery. Raman's first paper
states quite insistently that there should be a pheno-
menon in optics analogous to Compton scattering of
x-rays. This was the basic idea that motivated his
search. His first publication describes an experiment
in which sunlight was used in a study of light scatter-
ing. He used a strong light source of unlimited avail-
ability at Calcutta. The strongly focused solar radia-
tion was not decomposed spectrally. He used a crossed-
filter technique with one red and one green filter.
In the idea behind it, this is the mercury-vapor experi-
ment in a crude form. I must say that I cannot under-
stand how Raman could have expected any success with
these filters. No filter exists that is capable of sepa-
rating scattered-light components that are frequency-
shifted by tens or even hundreds of cm*1. But this did
not discourage him, and his experiment somehow con-
vinced him of the reality of the phenomenon. In later
experiments, he used a mercury lamp and a spectro-

graph and the entire procedure was more reliable. It
would seem to me that the analogy with the Compton
effect would have come up naturally five years later,
when Ya. I. Frenkel' introduced the phonon concept.
Nevertheless, the fact remains that the same pheno-
menon was discovered by totally different routes.

I can still remember how we took our turns at the
mercury lamp. Recording went on for weeks, and it
was necessary to come and "tr im" the mercury lamp
to make it burn steadily. The filmholder had to be
loaded and the films developed in total darkness. Here
I had a terrible time with Landsberg. He was a very
polite fellow. When he wished to show displeasure, he
would display exaggerated politeness and delicacy, and
I found this harder to bear than the most violent scold-
ing. Such was the penalty that I drew on one occasion
when, in loading a plate for a week-long exposure, I
put it in backward. This, of course, produced two or
three pitiful lines of the mercury spectrum...

Now a few words on the history of publication of
Landsberg and Mandel'shtam's work. Why was publi-
cation of the discovery held up? Chiefly because of
the mercury-vapor experiment. It had to be performed
very precisely, the thickness of the quartz flask had
to be adjusted, and so forth. These were not simple
matters, and this took up at least one and a half to two
months. The results were obtained in the fall, but the
paper was not written until February or March.

Μ. Μ. Sushchinskii. Raman scattering of light in
phase transitions in crystals. In their scientific work,
L. I. Mandel'shtam and G. S. Landsberg gave a great
deal of attention to temperature studies. It was there-
fore natural that they should have investigated Raman
spectra thoroughly in a broad temperature range in one
of the very first papers on Raman scattering. Their
paper1 reported a study of Raman scattering in quartz,
which has a phase transition at 573 °C. They observed
curious behavior of one of the Raman lines (frequency
207 cm'1). As the temperature was raised, this line
broadened strongly and shifted towards the exciting
line, to vanish above the phase-transition point.

It became clear later that this behavior of Raman
lines in phase transitions in crystals is of great inter-
est in itself. However, detailed Raman-scattering
study of phase transitions began much later, after
V. L. Ginzburg, W. Cochran and others2 l S pointed out
interesting aspects of the behavior of individual Raman
lines near second-order phase-transition points. Ac-
cording to theory, the frequency of one or more Raman
lines should tend to zero with the approach to a second-
order phase-transition point, and its intensity should
rise sharply. The crystal vibrations corresponding to
these Raman lines have come to be known as the "soft
mode."

Theoretical studies2·3 stimulated numerous experi-
mental projects whose purpose was to observe the

soft mode. The vibrational spectra of crystals
around first- and second-order phase-transition points
were being investigated for the most part in connection
with the ferroelectric properties of these crystals. A
significant increase in the dielectric constant is ob-
served on ferroelectric phase transitions, in agree-
ment with the theoretical results.2 '3 However, attempts
to find a Raman line that could definitely be interpreted
as a "soft mode" had generally failed. There were only
a few isolated cases in which experimental data agreed
with the "soft mode" theory (crystals of lead germanate
5PbO-3GeO2,

4 antimony sulfiodide SbSI5·6 and certain
others). These were the factors that led to prominent
Brazilian spectroscopist S. P. S. Porto to reject the
entire "soft mode" concept.7

Research done in recent years has shown that changes
in Raman spectra on ferroelectric phase transitions
are not always manifested in quite the same way as
would be expected on the basis of the original theory,
but they do not justify total rejection of the "soft mode"
concept. We might point, for example, to recent data
obtained by V. S. Gorelik et al.s in a study of lithium
tantalate LiTaOs, lithium niobate LiNbQj, and certain
mixed crystals. At low temperatures, the Raman
spectra of these crystals have a number of sharp inten-
sity peaks. As the temperature is raised, the lines
broaden and overlap one another. With the approach
to the phase transition point, the Raman spectrum ac-
quires an increasingly conspicuous "continuum" quality
at low frequencies, and this continuum shifts as a whole
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toward the exciting line, while its intensity increases.9

The sharp increase in the dielectric constant, which is
contributed to not by a single "soft mode," but by a
whole series of vibrations, is explained accordingly.

We draw attention to certain features in the behavior
of Raman lines with the approach to a phase-transition
point. Not one but several successive vibrations A, B,
and C participate in the "softening" process (see Fig.
1). First to soften is vibration A with a comparitively
high frequency ωΛ, which gradually decreases with in-
creasing temperature, approaching the frequency o^ of
vibration B. As the frequencies of these vibrations
move closer together, they begin to interact strongly.
As a result, the frequency of vibration A remains con-
stant as the temperature rises further, but the fre-
quency ωΒ begins to decrease, i. e., vibration Β is
assuming the role of the "soft mode." Things continue
in this way until frequency ωΒ approaches the frequency
o;cof vibration C. Then vibrations Β and C interact,
and vibration C continues the "relay" in the frequency
decrease. Its frequency rapidly drops nearly to zero,
in exact agreement with the "soft mode" theory. This
"relay race" of vibrations can be traced clearly in the
changes of the Raman spectra of antimony sulfiodide
SbSI5'6 as the pressure is raised (see Ref. 10).

We might also mention the thoroughly studied transi-

tion of quartz in which the frequency of one of the lines
drops from 207 to 165 cm"1 as the temperature rises
and then changes no further. A second-order line as-
sumes the role of the "soft mode," its frequency de-
creasing from 147 cm"1 to ~40 cm*1 (see Ref. 11).

In view of the interaction of several cyrstal-lattice
vibrations with progressive softening of first one and
then another, the "soft mode" concept would appear to
us to retain its significance as the leading idea for
explaining the properties of crystals in second-order
phase transitions.
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V. M. Agranovich. Surface electromagnetic waves
and Raman scattering on surface polaritons. In connec-
tion with the development of radio, there was interest
in surface waves as early as the beginning of the pres-
ent century, and the earliest publications known at
present that discuss them were E. Conn's course of
lectures "The Electromagnetic Field"1 (1900) and K.
Uller's dissertation2 (1903). However, the best-known
work of that period was done by Zenneck3 (1907) and
Sommerfeld4 (1909). They discussed the structure of
the electromagnetic field created by a radiator situated
above the interface between two media.

The first of these studies, namely that of Zenneck,
turned out to be erroneous. Zenneck assumed that the
electromagnetic field at distances far from the radiator
could be described as a surface wave (Zenneck wave).
However, Sommerfeld's fundamental study contains the
complete analytic solution of the problem, although it
is expressed in a form unsuitable for direct compari-
son with radio-propagation experiments. W. A. Fock
and E. N'other made important contributions to discus-
sion of this solution.

An intriguing and profound discussion of the prob-
lems that arise here will be found in the paper by L. I.
Mandel'shtam and I. D. Papaleksi.5 It appears that
Mandel'shtam had become interested in surface elec-
tromagnetic waves during the years in which the papers
of Refs. 1-4 were being published. At that time, Man-
del'shtam was working at the University of Strasbourg,
and such scientists as C. F. Braun (the 1909 winner
of the Nobel Prize in Physics), E. Cohn, and Prof. I.
Zenneck, to whom, Papeleksi writes,6 Mandel'shtam
was bound not only by common scientific interest, but
also by mutual sympathy, were his university collea-
gues.

In his well-known 1914 study,7 Mandel'shtam built an
optical analog of Sommerfeld's radiotelegraph experi-
ment, in which he placed a light source near the bound-
ary separating two media. Here Mandel'shtam used a
total internal reflection prism, so that the entire setup
was closely similar to what now comprises the method
of disturbed total internal reflection (DTIR) for pump-
ing surface waves. Mandel'shtam himself makes di-
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