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U s p . F i z . N a u k 87, 3-7 ( S e p t e m b e r , 1965)

-AY 5th of t h i s y e a r (1964) m a r k s 85 y e a r s f r o m

t h e b i r t h of L e o n i d I s a a k o v i c h M a n d e l ' s h t a m , w h i l e

t o d a y , N o v e m b e r 27, i s t h e 2 0 t h a n n i v e r s a r y of h i s

d e a t h .

M a n d e l ' s h t a m m a d e a p e r m a n e n t c r e a t i v e c o n t r i -

b u t i o n t o t h e d e v e l o p m e n t of p h y s i c s , a n d g r e a t l y i n -

f l u e n c e d i t s g r o w t h i n o u r c o u n t r y .

H a v i n g a n e x c e p t i o n a l gift for t e a c h i n g , h e p u t

m u c h e f for t a n d t i m e i n t o t e a c h i n g a c t i v i t y . H e

f o u n d e d a b r i l l i a n t s c h o o l of S o v i e t p h y s i c i s t s ; a m o n g

h i s s t u d e n t s i t s u f f i c e s t o m e n t i o n A. A. A n d r o n o v ,

G. S. L a n d s b e r g , M. A. L e o n t o v i c h , S. M. Rytov, a n d

S. E . K h a i k i n . I a m a l s o p r o u d t o h a v e b e e n h i s

s t u d e n t .

We know f r o m t h e h i s t o r y of s c i e n c e t h a t , d e p e n d -

i n g on a n u m b e r of c o n t r i b u t o r y c i r c u m s t a n c e s , s o m e

s c i e n t i s t s a c q u i r e f a m e b e y o n d t h e i r t r u e m e r i t s .

C o n v e r s e l y , o t h e r s a r e u n d e r e s t i m a t e d b y t h e i r c o n -

t e m p o r a r i e s a n d s u c c e s s o r s . In s p i t e of t h e f a c t t h a t

M a n d e l ' s h t a m ' s n a m e e n j o y s w i d e r e n o w n , s t i l l t h e r e

i s n o d o u b t t h a t t h e s i g n i f i c a n c e of h i s c r e a t i v e w o r k

h a s n o t b e e n a d e q u a t e l y r e c o g n i z e d . One of t h e r e a -

s o n s f o r t h i s w a s h i s u n u s u a l m o d e s t y a n d se l f -

c r i t i c i s m . I s h a l l g i v e j u s t o n e e x a m p l e a s a n i l -

l u s t r a t i o n .

In t h e l a s t y e a r s b e f o r e h i s d e a t h , N . B o h r r e -

p e a t e d l y e m p h a s i z e d i n h i s a r t i c l e s a n d o r a l r e p o r t s

w h a t a n i m p o r t a n t r o l e E i n s t e i n ' s c r i t i c a f a t t i t u d e
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had played in the development of the foundations of
quantum mechanics. Over many years, Einstein had
periodically published articles in which he tried to
refute the principles of quantum mechanics by ana-
lyzing "thought experiments" which led, in his
opinion, to paradoxes. Just as regularly, N. Bohr
would publish reply articles in which these paradoxes
were refuted and explained away. Of course, this
required very deep analysis and penetration to the
essence of the phenomena, which considerably
facilitated the clarification of the foundations of
quantum mechanics. However, no one but his closest
students knew that Mandel'shtam himself would im-
mediately make an analysis and refutation of each
successive critical article of Einstein. When we
asked him to publish his ideas, he always refused
on the grounds, as he said, that Einstein was such a
great man that he surely knew something that he,
Mandel'shtam, didn't. Several months would pass,
and N. Bohr's reply article would appear. It always
turned out that its arguments coincided with
Mandel'shtam's ideas.

We can distinguish several fundamental lines in
his very many-sided creative work: optics, radio-
physics, the theory of non-linear oscillations, and in
the last period of his work, quantum mechanics. I
shall briefly touch upon just two of these lines.

The varied phenomena involving light scattering
attracted Mandel'shtam's attention throughout his
life. As early as his professorial dissertation in
1907, he discovered an error in the Planck-Rayleigh
theory prevailing at that time, according to which
light scattering in media can be simply due to their
molecular structure. He showed both theoretically
and experimentally that homogeneous media do not
scatter light, and that scattering is due to inhomo-
geneities in the medium. Subsequent studies by
M. Smoluchowski, A. Einstein, and by Mandel'shtam
himself, showed that these inhomogeneities are due
to statistical fluctuations in the density of the medium.

In the course of these studies, he predicted that in
the scattering of light by an elastic medium, we
should observe a splitting of the wavelength of the
scattered light due to a peculiar Doppler effect. This
is because the light is scattered by the thermal
elastic waves in the medium, which move at the
speed of sound. An earlier study by Brillouin had
contained an indication of this phenomenon, and hence
it has been termed the Brillouin-Mandel'shtam
doublet. In particular, he calculated the relation of
the frequency shift of the light to the scattering angle,
and in the middle twenties he and G. S. Landsberg set
up experiments to detect this effect. During these
studies, the two scientists made a remarkable dis-
covery, that of combination scattering of light (Raman
scattering). The latter produces a much greater fre-
quency shift in the scattered light than the Doppler
effect does. It is due to addition of the frequency of

variation of the refractive index of the medium
arising from its elastic thermal vibrations to the
light frequency. In quantum language, this means that,
when scattered, a photon can either absorb or emit a
phonon, i.e., a quantum corresponding to the elastic
waves in the medium.

Combination scattering has a very wide field of
applications, but unfortunately, the Nobel prize for
the discovery of this phenomenon was awarded to the
Indian physicist Raman, instead of L. I. Mandel'shtam
and G. S. Landsberg. They discovered this phenom-
enon late in 1927. However, they retested it r e -
peatedly, attained a high accuracy of measurement,
and published their first report only in the spring of
1928, when they could provide in the report an exact
theory of the new phenomenon confirmed by measure-
ments. However, by this time Raman had published
several very short communications containing quali-
tative indications of an analogous phenomenon that he
had discovered in liquids (L. I. and G. S. had experi-
mented on crystals), and moreover, with an incorrect
interpretation.

We note that the Brillouin-Mandel'shtam doublet,
the search for which led to the described discovery,
was also observed experimentally. There was no
optical apparatus good enough then at Moscow
University, where Mandel'shtam was working at that
time, and he suggested to Professor D. S. Rozhdest-
venskii in Leningrad, who had such apparatus at his
disposal, to make the appropriate measurements.
Rozhdestvenskii assigned them to his student E. F.
Gross, who set up the experiment and was the first
to observe the sought line splitting in the scattered
light. I. L. Fabelinskii's report* to be given today
will show photographs of the Mandel'shtam-Brillouin
doublet taken with a laser and distinguished for their
striking sharpness. The speaker will also tell you
how one can measure the viscosity of a medium and
the dispersion of sound in it by measurements of this
doublet. All of this is a further development of
Mandel'shtam's ideas.

While Mandel'shtam was responsible for the
groundwork in the theory of non-linear oscillations,
as well as very valuable work in radiophysics, partly
done along with N. D. Papaleksi, I shall not deal with
them, not having enough competence in this field, but
will go right on to quantum theory.

The Bohr theory of atoms, which was phenomeno-
logical to a considerable extent, was foreign in
spirit to Mandel'shtam, and he didn't concern him-
self with it especially. However, 1.5—2 years after
Schrodinger's first work on "wave mechanics" had
appeared, Mandel'shtam jointly with M. A. Leontovich
published a very important paper on the Schrodinger
equation. The generality and depth of the stating of
the problem that led him into this work was very

*See p. 637 of this issue.
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c h a r a c t e r i s t i c of Mandel ' shtam. As we know, in
quantum mechanics the possible s ta tes of an e l e m e n -
t a r y p a r t i c l e , e.g., an e lect ron, a r e determined by
the boundary conditions imposed on the wave function,
such a s the r e q u i r e m e n t that this wave function should
r e m a i n finite out to infinite d i s tances . He immediate ly
called attention to the fact that this r e q u i r e m e n t
needs further analys i s and ref inement. Here he
s t a r t e d from the idea that a change in conditions,
e.g., on M a r s would have no effect on the behavior of
an e lectron in the shell of an atom on ear th . In the
c o u r s e of this analys i s , Mandel ' shtam and Leontovich
were the f i rs t to develop the theory of the phenomenon
now widely known under the name of the " tunnel
ef fect . " L a t e r on, G. Gamow only had to apply this
theory to the concrete physical phenomenon of r a d i o -
active alpha decay to obtain his re su l t s that have b e -
come c las s ica l .

In quantum theory, jus t a s in other branches of
phys ics , Mande l ' sh tam's attention was always drawn
to the deepest , m o s t fundamental p r o b l e m s . I have
mentioned his s tudies , para l le l with those of N. Bohr,
but remaining unpublished, on the analysis and refuta-
tion of Einste in ' s paradoxes a imed at disproving the
foundations of quantum m e c h a n i c s . Now I wish to
take up his final l e c t u r e s on the fundamentals of
quantum mechanics which he wrote in 1939, and
which have completely reta ined the i r importance
today.

I note in pass ing that in the late Thir t ies and
ear ly For t ie s Mandel ' shtam gave s e v e r a l s e r i e s of
l e c t u r e s a t Moscow University that were outside the
c u r r i c u l u m of the univers i ty . They were widely a t -
tended, not only by students and degree candidates,
but a lso by all the physics i n s t r u c t o r s of the univer-
s i ty and of many of the inst i tutions of higher educa-
tion in Moscow. These l e c t u r e s were concerned with
selected fundamental problems of optics, osci l lat ion
theory, relat ivi ty theory, and quantum m e c h a n i c s .
They were all distinguished for e x t r e m e c lar i ty ,
d i s t inc tness , and depth. I am s u r e that it would be
very useful to r e i s s u e them. They a r e to be found in
the complete collection of his works , and have a l -
ready become a co l lec tor ' s i t e m .

Here I shall deal only with his l e c t u r e s on the
fundamentals of quantum mechanics , which bore the
c h a r a c t e r i s t i c t i t le , The Theory of Indirect M e a s u r e -
ments . In these , he anticipated to a considerable
extent the l a t e r s tages in the development of quantum
m e c h a n i c s . Mandel ' shtam s t a r t e d from the idea that
the physical quantities dealt with in a theory have
meaning only when fully-defined direct ions for
m e a s u r i n g them exper imental ly a r e s tated. For
m a c r o - o b j e c t s , this m e a s u r e m e n t is rea l ized simply;
for example, the x coordinate of a body can be
m e a s u r e d with a r u l e r taken as the sca le . "However,
s ince we a r e talking about molecular p r o c e s s e s , " he
said, " s u c h direct ions a r e unfulfillable in pr incip le ,

r a t h e r than m e r e l y in p r a c t i c e . . . . Therefore, if I
have called x a coordinate, I haven't establ ished the
relat ion of x to n a t u r e , but have only seemed to
establ i sh such a re lat ion by r e f e r r i n g to the m a c r o -
world. With such " d e f i n i t i o n s , " theory is left hang-
ing in m i d a i r . It would be b e t t e r even to call x, e.g.,
a " q u a s i c o o r d i n a t e " than a coordinate .* F u r t h e r on,
he emphas ized that the l a s t link in the d i rect ions for
m e a s u r e m e n t that we need is n e c e s s a r i l y m a c r o -
scopic, and therefore, d i r e c t m e a s u r e m e n t s a r e p o s -
sible only for free o r a lmost free par t ic le s in weak
fields. However, we need indirect m e a s u r e m e n t s to
study bound or interact ing p a r t i c l e s . " T h e pr inciple
of indirect m e a s u r e m e n t consis ts in the idea that we
make a given sys tem in which we wish to m e a s u r e
the quantity A in terac t with another m i c r o s y s t e m on
which we can make a d i rec t m e a s u r e m e n t , and then
we draw conclusions theoret ical ly on the value of
A."T Here wave mechanics o p e r a t e s with ^-functions
defining the re lat ive probabil i t ies of various quanti-
t ies c h a r a c t e r i z i n g the given s y s t e m . However, one
can speak of probabi l i t ies only as applied to a s e t or
" c o l l e c t i v i t y " , which must n e c e s s a r i l y be defined or
isolated. "We have come to a p o i n t , " said Mandel ' -
shtam, " t h a t I consider m o s t essent ia l and important .
Namely, wave mechanics a s s e r t s that in o r d e r to
define the micromechanica l collectivity to which the
г/i-function r e f e r s , it suffices to s ta te (or fix) the
m a c r o s c o p i c p a r a m e t e r s . " t

I have briefly presented the content of only the
introductory lec tures of the s e r i e s given by Mandel ' -
s h t a m . However, it s e e m s to m e that one can see
even from this how fully he anticipated the l a t e r
s tages in the development of the theory. Thus, his
ideas anticipated the theory of S m a t r i c e s (i.e.,
sca t te r ing m a t r i c e s ) developed twenty years l a t e r .
This theory s ta tes that in studying an event of col l i-
sion of e lementary p a r t i c l e s , the physical theory
m u s t be l imited to descr ibing only the actually ob-
servable phenomena, i .e. , the re lat ions between the
p a r a m e t e r s c h a r a c t e r i z i n g the freely colliding p a r t i -
cles and the p a r a m e t e r s of the free par t ic les par t ing
after the coll ision, without at all going into a detailed
s p a c e - t i m e descr ipt ion of this event itself on the
smal l s c a l e . Mandel ' shtam's ideas a r e just as close
to the l a t e r theor ies based on the fundamental un-
cer ta inty of the coordinates of e lementary p a r t i c l e s
on u l t r a - s m a l l s c a l e s , as ref lected in the non-com -
mutativity of the coordinate o p e r a t o r s .

I haven't taken up the problem of reviewing
Mandel ' sh tam's contribution to sc ience, even in the
m o s t general t e r m s . I have only wished to i l lus t ra te
the c h a r a c t e r i s t i c features of his creat ive work by

*L. I. Mandel'shtam, Polnoe sobranie trudov (Complete Col-
lected Works), Vol. 5, AN SSSR, 1950, pp. 354-355.

tlbid., p. 360.
tlbid., p. 356.
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s o m e examples . initiative he encouraged in every way, and his human
In closing, I cannot but touch upon his p e r s o n a l kindness in the highest s e n s e of the word, combined

qual i t ies . Unfortunately, t h e r e a r e fewer and fewer with s t r i c t pr inciple and inflexibility. He was truly
people who knew him personal ly , who felt the i r r e - a Man with a capital M.
s i s t ib le c h a r m of his personal i ty , his unusually a t -
tentive re la t ion to his s tudents , whose p e r s o n a l Trans la ted by M. V. King


