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and world scientists suffered a heavy loss
on 14 December 1966 when the outstanding Soviet
theoretical physicist, Academician Isaac Yakovlevich
Pomeranchuk, died at 54 after a heavy illness.

Pomeranchuk's contribution to the development of
physics is very large. He discovered, i.e., theoret-
ically predicted, many interesting phenomena which,
some immediately and others after a number of years,
depending on the degree to which the experimenters
and their instruments were ready, were observed
experimentally and served as a basis for further r e -
search. Such "Pomeranchuk effects" are found in
solid-state physics, in low-temperature physics, in
electrodynamics of electrons, positrons, and mesons,
and in other branches of physics.

When nuclear physics became a separate branch
and acquired tremendous practical significance,
Pomeranchuk's work served as a basis for the de-
velopment of the theory of neutron reactors in our
country. When elementary-particle physics came
into being and started to develop rapidly, Pomeran-
chuk devoted himself completely to its difficult prob-
lem. It was there that he initiated a new trend in
science - the physics of extremely high energies.

Pomeranchuk's work, both recent and earlier,
his problems, his effects, his remarkable " theorem,"
are alive now and will remain alive long not only in
the history of science but in the daily work of physi-
cists, both theoretical and experimental.

Pomeranchuk's importance to science is far from
limited to these results. Pomeranchuk belonged to
that rare and valuable group of scientists, without
which science could not rise or, as stated by Einstein,
could not make a forest out of isolated t rees . For
people of Pomeranchuk's type science is an direct
all-absorbing organic necessity. The value of such
persons was tremendous at all times, and becomes
even more considerable in our day, when science has
attracted a large number of people, and when science
has broadened so much. Pomeranchuk was that pure
tone, which by its sound alone rendered inestimable
service to all physicists, both young and mature.
Pure tone is not produced by pulses. Pomeranchuk's
whole life produced such a tone.

Pomeranchuk was born on 20 May 1913 in Warsaw.
His father, Yakov Isaakovich, was a chemical engineer,
his mother, Amaliya Davydovna, was a physician.
During the time of the first world war the family
moved to Rostov, and then to Rubezhnyi in Donbass,

where Pomeranchuk finished the 7-year school in
1927 and the 12-year FZU school of the Rubezhnyi
Chemical Plant in 1929. After serving as a worker in
this plant for two years, he entered in 1931 as a
first-year student of the Ivanovo Chemical-technolog-
ical Institute. In the second year he transferred to
the Physico-chemical Department of the Leningrad
Polytechnic Institute, from which he was graduated
in 1936.

His scientific activity began in 1935 at the
Physico-technical Institute in Khar'kov, under the
leadership of L. D. Landau. He reported to Landau in
Khar'kov as a student finally resolved to engage in
theoretical physics. The dean's standard answer to
young people wishing to specialize in theory was that
"Einstein worked in the patent bureau, and Dirac
finished a technical school," followed by a refusal.
Pomeranchuk reacted simply - he went to Khar'kov
without permission. In two months he passed the
examination for the minimum theoretical require-
ments, just introduced by Landau. Landau exerted a
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deep influence on the development of Pomeranchuk as
a scientist, and the friendship with Landau lasted all
his life. When already a mature theoretician, always
rich with new ideas, Pomeranchuk loved most of all
to " t ry them out on the teacher."

His first investigation, carried out together with
A. I. Akhiezer and L. D. Landau and published in
August 1936 in "Nature ," was devoted to the question
of scattering of light in the case when the energy of
the colliding photons is much larger than the electron
mass . In the same 1936, Landau and Pomeranchuk
published a paper in which they considered for the
first time effects connected with the interaction be-
tween the conduction electrons of a metal; prior to
this paper, the aggregate of conduction electrons was
always regarded in the electron theory of metals as a
gas whose particles interact only with lattice vibra-
tions. The main result of this paper was that the in-
fluence of the electron interaction on the electric
resistance leads to a T2 dependence of the resistance
of the pure metal at low temperatures.

Out of the whole manifold of Pomeranchuk's r e -
search on solid-state physics, it is necessary to
separate two groups of papers, which have gained
him world fame and acknowledgement. We refer to
work connected with neutron scattering in crystals
and to the theory of thermal conductivity of dielec-
trics .

In the work on the theory of scattering of slow
neutrons in a crystal (1938), and in a later investiga-
tion carried out jointly with A. I. Akhiezer (1947), he
presented a general theory of inelastic neutron scat-
tering accompanied by single-phonon and many-
phonon excitations in the crystal. These papers
served in fact as the starting point for a whole num-
ber of later investigations which led, in particular, to
the creation of the method of reconstructing the pho-
non spectrum of crystals on the basis of measuring
the doubly-differential scattering cross section of
slow neutrons. The same cycle of investigations in-
cludes work on neutron refraction (1948), where a
whole number of relations very close to the optical
ones was derived for slow particles.

It should be specially noted that one chapter in a
book "Certain Problems in Nuclear Theory" (written
by Pomeranchuk with A. I. Akhiezer more than 15
years ago) is devoted to the interaction between slow
neutrons and matter, and is still the best available
introduction to this problem.

Anharmonic interactions of phonons in crystals
and the general problem of lattice thermal conduc-
tivity always were and still remain one of the most
interesting problems in solid-state physics. Pomer-
anchuk made the first major step in the development
of this field. In his doctoral dissertation, defended in
1940, he presented a detailed analysis of three-phonon
and four-phonon interactions in a crystal; he con-
structed a theory of the thermal conductivity of die-
lectrics at both low and high temperatures.

Pomeranchuk called attention to the principal
faults of earlier theories of thermal conductivity of
dielectrics. He showed that cubic anharmonicity of
the oscillations of atoms in the crystal lattice, in
spite of the prevailing opinion, is actually as a rule
insufficient for establishment of the final thermal
conductivity; to obtain the final result it is necessary
to take into account anharmonicity of higher orders.
The joint action of these anharmonicities and of other
sources of phonon scattering (impurities, reflection
from the walls of crystallites, scattering by elastic
deformations) leads to a complicated picture, which
was investigated by Pomeranchuk in exhaustive de-
tail. The laws that should govern the variation of the
thermal conductivity of dielectrics as a function of
the temperature, impurity concentration, and crystal-
lite dimensions in different ranges of values' of these
parameters and for different types of crystal s truc-
tures were determined. This cycle of investigations
is very characteristic of Pomeranchuk's entire
creativity, for here physical intuition played no less
important a role than the formal apparatus. In this
connection it is instructive, that although the entire
problem as a whole has subsequently been extensively
developed, the problem raised by him, that of the
special role of long-wave phonons in the thermal con-
ductivity of crystals, which is frequently called the
"Pomeranchuk problem," still remains timely today.

From among other work by Pomeranchuk on solid-
state physics, special note should be taken of work
devoted to the isotopic effect in the residual resis t -
ance of metals (1958). There he called attention for
the first time to the fact that although the amplitudes
for the scattering of electrons by ions of different
isotopes in a metal have the same value, violation of
rigorous periodicity in the dynamic picture of the
oscillations (as a result of the different masses of
the isotopes) leads to a finite resistance in metals
even at T = 0. This is a far from trivial effect, and
there is no doubt that it will be observed experi-
mentally in the nearest future.

Related to Pomeranchuk's research on the solid
state are his investigations on the theory of the
quantum liquid He II and He3. In work on the motion
of extraneous particles in He II, published together
with L. D. Landau in 1948, it is shown on the basis of
simple qualitative considerations that any particle
dissolved in superfluid helium should take part in the
normal (and not superfluid) motion, i.e., it should
enter into the normal component of the liquid regard-
less of the statistics that the particles obey in them-
selves. This paper was of fundamental significance;
it brought to an end the hitherto existing incorrect
notion that the part that impurities play in the super-
fluid motion depends on the statistics. It followed
from this paper, in particular, that the normal part
should include small impurities of both the isotope
He3 (which obeys Fermi statistics) and the isotope
He6 (which obeys Bose statistics), as was indeed
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confirmed by subsequent experiments.
The influence of impurities on the thermodynamic

and hydrodynamic properties of liquid helium were
subsequently investigated in detail by Pomeranchuk
in 1949.

In a paper devoted to the theory of liquid He3

(1950) he presents, for the first time, a qualitative
analysis of quantum liquids with a Fermi energy
spectrum. He shows that the viscosity of such a
liquid should increase with decreasing temperature
like l /T 2 . He also shows that in liquid He3 an im-
portant role is played by exchange effects, which lead
to unique phenomena when liquid He3 solidifies. The
presence of magnetic ordering of the nuclear spins in
the liquid and the absence of this ordering in the solid
crystal causes the entropy of the solid phase to be-
come larger (at sufficiently low temperatures) than in
the liquid phase - a situation which is the opposite of
the usual one. As a result, the existence of a minimum
on the phase equilibrium (the pT diagram) of helium
was predicted - the famous Pomeranchuk effect,
which was fully confirmed by subsequent experiments.
Most recently, this singularity of liquid He3 has been
successfully used to obtain infralow temperatures.

Pomeranchuk made a very important contribution
to the construction of nuclear reactors in the Soviet
Union. He started to work on this problem in 1943.
This year heralds the development in our country of
a broad front of scientific research devoted to the
mastery of atomic energy. As is well known, this
problem was brilliantly solved in record short time.

Pomeranchuk immediately became one of the
closest assistants of the scientific director of the
entire problem, I. V. Kurchatov, and headed the de-
velopment of the theory of atomic reactors. With the
exception of the work by Ya. B. Zel'dovich and Yu. B.
Khariton, which was performed before the War, r e -
actor theory started to become intensely developed
just in 1943, and primarily owing to the work of
Pomeranchuk.

In solving the problem of realizing a non-attenuat-
ing chain nuclear reaction (creation of the first Soviet
physical reactor), a basic role was played by the so-
called exponential experiments performed by I. V.
Kurchatov. These experiments made it possible to
determine such important quantities as the absorption
of thermal neutrons by the moderator, and the fission-
neutron moderation length. These experiments would
have been impossible without the theory of the ex-
ponential experiments, and this theory was con-
structed by Pomeranchuk who thus ensured the reali-
zation of the most important stage in the mastery of
nuclear energy in our country.

An even more fundamental contribution made by
Pomeranchuk to the theory of reactors was the theory
of resonant neutron absorption in heterogeneous
systems, which he developed. As is now well known,
only heterogeneous arrangement of uranium blocks

in the moderator makes it possible to effectively
realize an undamped chain reaction in systems of
natural uranium and a moderator. The theory of
resonant absorption in block systems, which Pomer-
anchuk developed in conjunction with I. I. Gurevich,
yields, in spite of its seeming simplicity, a deep
physical insight into the phenomenon. Pomeranchuk's
model of resonant absorption by blocks, as shown by
experimental investigations carried out much later,
turned out to be much more equivalent to the real
picture than the Wigner model which was independ-
ently developed in the USA.

Most valuable is Pomeranchuk's work on the
theory of critical dimensions. Thus, Pomeranchuk
derived a formula for the critical dimension in the
age approximation. Important work was done by him
on the theory of temperature effects in reactors.
Pomeranchuk was the first to investigate neutron
multiplication during moderation.

Being one of the creators of diffusion theory of
reactors, Pomeranchuk was the first to create the
foundations for a more exact theory, starting to em-
ploy systematically kinetic equations for the processes
of moderation and diffusion of neutrons in a reactor.

Pomeranchuk's contribution to the theory of nu-
clear reactors is not limited to his own direct par-
ticipation and his scientific papers. His brilliant
creative manner, combining clear physical thinking
with mastery of all mathematical difficulties, affected
most deeply the work of his students and successors.
One can state without exaggeration that the Soviet
school of nuclear reactors is to a considerable degree
Pomeranchuk's creation.

Several of Pomeranchuk's investigations were de-
voted to the theory of magnetic bremsstrahlung
(synchrotron) radiation, which is produced when a
relativistic charged particle moves in a magnetic
field. The first paper in this field was published in
1939. Attention was called in it to a characteristic
feature of electrons radiating while moving in a mag-
netic field: The intensity of the radiation increases
with energy, so that after the particle moves in a
magnetic field for a specified time interval, the par-
ticle energy, regardless of its initial value, tends to
a certain limit. For this reason, for example, an
electron incoming from outer space moving in the
earth's magnetic field should lose energy in such a
way that its energy on the earth's surface cannot
exceed 5 x lo1T eV. In subsequent investigations
(1945, 1946), attention was called to the important
role of synchrotron-radiation losses of energy when
electrons move in cyclic accelerators (betatron and
synchrotron), and a more detailed analysis of the
radiation was performed. Pomeranchuk did not r e -
turn to this problem subsequently, but it continued
to exist independently. This singularity in the be-
havior of charged particles in a magnetic field, dis-
covered by Pomeranchuk, turned out to hold also
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when an electromagnetic wave of sufficiently low
frequency moves in a field. This effect (the existence
of a limiting energy) is very important in the analysis
of the origin of cosmic rays.

For many years Pomeranchuk engaged in an in-
vestigation of the interaction between radiation and
matter. He performed a theoretical analysis of the
question of fluctuations of ionization ranges of
charged particles in matter. The solution of this
problem turned out to be very important for experi-
ments with cosmic rays. Investigating the radiation
of quanta by heavy particles, Pomeranchuk (together
with I. M. Shmushkevich) has shown that the presence
of exchange forces between the proton and the neutron
should lead to an appreciable increase in the intensity
of photon emission when collisions take place between
these particles or when these particles collide with
nuclei.

Very important work was done by Pomeranchuk in
conjunction with L. D. Landau on electron-cascade
processes at high energies. It was shown in their
papers that because the distances on which electron
bremsstrahlung occurs increase with increasing
electron energy, a whole aggregate of atoms of the
medium take part in the bremsstrahlung process
simultaneously if the energies are sufficiently high.
The action of a large number of atoms causes multi-
ple Coulomb scattering of the electrons during the
time of the bremsstrahlung act, and causes the
Bethe-Heitler formulas to be inapplicable at high
energies. Landau and Pomeranchuk obtained qualita-
tive estimates of the influence of multiple scattering
on bremsstrahlung and pair production. Subsequently
this problem has turned into an entire field of physics,
which has received wide development.

In 1947 Pomeranchuk calculated the cross sections
for the annihilation of positrons by electrons with a l -
lowance for polarization, and observed that two-
quantum annihilation is forbidden in the 3S state with
total spin 1. This paper was the basis of further de-
velopment of positronium theory. At the present time
the physics of positronium and its applications con-
stitute an independent discipline. The effect observed
by Pomeranchuk has made positronium a subtle indi-
cator used in various investigations.

In 1952 Pomeranchuk, together with A. D. Galanin,
considered the influence of vacuum polarization on
the level splitting of /x-mesic atoms. Unlike the or-
dinary atoms, where the contribution of the polariza-
tion of vacuum is small, in /-i-atoms, owing to their
small radius, the muon is in a region where the
vacuum polarization makes a large contribution. The
phenomenon observed in this paper is of interest from
both the theoretical point of view (the possibility of
observing polarization of vacuum) and from the point
of view of the physics of mesic atoms. Experiments
have confirmed this idea.

The early 50's - the time when mesons were be-
ginning to be artificially produced in the laboratories
- was the time when physics of elementary particles
in the modern sense of this word was created. Since
that time, Pomeranchuk's interests were concentrated
more and more on the problem of strong interactions
of elementary particles. During the first stage he de-
veloped a phenomenological approach to the theory of
strong interactions. In a cycle of his papers with
various co-authors he developed the theory of inter-
action of pions with deuterons. This theory (the so-
called impulse approximation) relates the cross sec-
tion of processes occurring when mesons collide with
deuterons, on the one hand, with the cross sections of
processes occurring when the mesons collide with
free nucleons. Pomeranchuk's analysis of deuteron
reactions is of great importance. Most information
on the interactions with neutrons at high energies are
obtained by physicists through experiments with deu-
terons. Subsequently (1958) the impulse approximation
received a different formulation on the basis of pole
diagrams.

In 1953, after it became finally clear that pions
interact strongly with nucleons and that perturbation
theory is not at all applicable to pion-nucleon inter-
actions, Pomeranchuk turned to the following funda-
mental problem: investigation of general properties
of the equations of quantum field theory in those
cases when the interaction cannot be regarded as
small. At that time Landau and his co-workers ob-
tained a solution of the equations of quantum electro-
dynamics at high energies. Pomeranchuk analyzed
this solution and showed, jointly with L. D. Landau,
that its properties lead to the possibility of neglecting,
in the Lagrangian of the system of electrons and
quanta at high energies, the action of the free elec-
tromagnetic field in that region where the effective
charge is still small. This led to the very important
conclusion that in quantum electrodynamics any arbi-
trarily large Baier charge is fully screened by
charges produced as a result of polarization of
vacuum, so that the physical charge of the electrons
observed at large distances should be equal to zero.
This indicated by the same token an internal contra-
diction in quantum electrodynamics. For electrody-
namics, problems connected with zero charge may
turn out to be significant only at energies ~mee137 ,
and do not concern the region where ordinary r e -
normalization technique, developed by Schwinger and
Dyson, is sufficient for the solution of real problems.
This may not be the case for mesonic theories with
strong coupling. Developing these ideas, Pomeran-
chuk has shown that in meson theory there should
occur a similar situation, with vanishing of the physi-
cal charge, i.e., there are serious grounds for a s -
suming meson theory to be likewise internally con-
tradictory.
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The conclusion of the internal contradiction of the
theories using the Lagrangian method has led Pomer-
anchuk to search for other approaches to the theory
of strong interactions, without using field-theory
equations. Pomeranchuk returned to a phenomenolog-
ical approach. On the basis of the general properties
of the amplitudes of quantum field theory, he showed
that the scattering phases with large orbital angular
momenta are determined by pole diagrams corre-
sponding to exchange of the easiest particle. A theo-
retical calculation of the phases due to exchange of
one and two mesons, carried out on the basis of these
considerations, has made it possible to simplify
greatly the phase shift analysis of nucleon-nucleon
scattering.

Over a long time (dating back from 1946), Pomer-
anchuk has returned many times to the model of dif-
fraction strong interaction at high energies. This
model regarded the particle as black spheres and
made it possible to predict certain properties of the
processes, without specifying concretely the interac-
tion mechanisms. Essentially, it is precisely the
diffraction concept which led him in 1956 to formulate
the prediction that in the high-energy limit the cross
sections of charge-exchange processes should vanish,
and the cross sections of elastic processes for part i-
cles from a given isotopic multiplet should not depend
on their charges. On the other hand, he was the first
to call attention to the unsatisfactory nature of the
diffraction theory. Investigating the reaction of crea-
tion of several particles at small target-recoil mo-
menta, Pomeranchuk, working with V. B. Berestetskii,
reached the conclusion that ordinary diffraction theory
leads to difficulties and calls for essential modifica-
tions.

Pomeranchuk did not turn to the field of extremely
high energies by accident. He sought in strong-inter-
action physics an object in which the most compli-
cated laws of strong interaction would become mani-
fest in simplest fashion. It is known that a decisive
role was played in the creation of quantum mechanics
by the knowledge of the properties of the simplest
quantum-mechanical system, the hydrogen atom. In
creating the theory of strong interactions, Pomeran-
chuk assigned the role of the "hydrogen atom" to in-
teraction processes at asymptotically high energies.
In 1958, on the basis of an analysis of the dispersion
relations, Pomeranchuk formulated his famous
theorem, according to which the cross sections for
the interaction of a particle and an antiparticle with
a nucleon should be the same at extremely high ener-
gies.

Pomeranchuk's theorem heralded the creation of
the new field of science - physics of extremely high
energies. In subsequent years this science experi-
enced a rapid and fruitful development. It was de-
veloped by theoretical physicists in dozens of scien-
tific centers in the entire world. The largest acceler-

ators were used for an experimental verification of
its predictions. Pomeranchuk was the acknowledged
leader of this trend. Together with V. N. Gribov,
starting in the 60's, Pomeranchuk has developed an
approach to the theory of asymptotes, based on the
mathematical apparatus of complex angular momenta,
which was introduced somewhat earlier by T. Regge.

Almost all the essential results obtained in that
field are connected with Pomeranchuk's name. In
1962-1964 he actively investigated the properties of
diffraction scattering due to one Regge pole, which
subsequently was named the Pomeranchuk pole. The
results of these investigations were important
theorems of the relations between the cross sections
of different processes, the properties of the trajec-
tories of the Pomeranchuk pole, the existence of a
maximum in backward scattering, the existence of
polarization phenomena at high energies, and others.
He simultaneously developed also the purely theo-
retical aspects of the method of complex angular mo-
menta. He established the condensation of the Regge
poles at threshold values. He observed the remark-
able property of the singularity of the partial wave at
an angular momentum equal to —1, which served as
the beginning of a new stage in the development of the
theory of complex angular momenta, namely the ob-
servation of branch points in the plane of complex
angular momenta. Pomeranchuk's work played a
major role in this stage, too. He investigated the
structure of the branch points in the complex plane
and predicted the idea that the branchings become
intensified by the pole, thus presenting an entirely
new formulation of the problem of the structure of
the diffraction cone.

Pomeranchuk attached great importance to the
method of complex angular momenta. For him this
was not only a means of describing processes at high
energies, but also a new language in the theory of
strong interactions, in which there are no particles
as an object of investigation, and their place is occu-
pied by the Regge-pole trajectories.

Pomeranchuk developed a large school of Soviet
theoretical physicists. He organized the Theoretical
Division of the Institute of Theoretical and Experi-
mental Physics and led it since the foundation of the
Institute to the last days of his life. He was the
founder and for many years the director of theoretical
groups at the Kurchatov Institute of Atomic Energy
and at the Laboratory of Nuclear Problems of the
Joint Institute for Nuclear Research; his influence
was usefully felt in the choice of the principal direc-
tion of their work. For twenty years he was professor
of the Moscow Engineering-Physics Institute.

Pomeranchuk worked much with his students,
graduate students, and young theoreticians. Many of
the presently active scientists owe their success to
his guiding attention.

For his scientific work, Pomeranchuk was twice
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awarded a state prize of first degree. He was
awarded the Order of Lenin, the Order of Labor of
Red Banner, and the Order of Merit.

In 1953 he was selected Corresponding Member of
the Academy of Sciences of the USSR, and in 1964 he
became a full member.

Pomeranchuk was modest and even shy, when it
came to his personal convenience; but he was com-
pletely transformed, becoming persistent and inflex-
ible when it came to the interests of science.

Pomeranchuk loved physics very much. He was
enthusiastically glad with each new scientific result,
regardless of to whom it belonged. The love for
physics denoted for him persistent work, continuous
intense thought on concrete problems accompanied by
mathematical derivations. Work was his greatest joy.
He was untiring. He lived with physics. He sincerely
could not understand how it is possible to waste time
on anything else. The guiding principle,for him, was
establishment of scientific truth. It was precisely
this criterion which determined his relation to physi-
cal ideas and projects, scientific articles, and people.
He always strived forward. When he was told how one
of the "Pomeranchuk effects" began to "work," he
only smiled weakly and somewhat guiltily. What of it,
if there is so much still inexplicable, so many prob-
lems for which there is no approach yet? He per-
sonally carried the burden of human thirst for know-
ledge .

Even the terrible sickness, cancer of the oesopha-
gus, did not change his behavior. Pomeranchuk con-
tinued to work intensely, literally to his very last
day. He worked while in the hospital and worked at
home. He was visited almost daily by theoretical
physicists and experimenters. He discussed scien-
tific problems; he was stimulated by everything con-
nected with the development of physics in our
country. His last scientific work - on the behavior of
the total cross section of annihilation of electron-
positron pairs into hadrons at high energies - was
completed by Pomeranchuk two days before his
death, 12 December 1966.

Pomeranchuk's bright memory will always live in
the heart of those who were fortunate to be his stu-
dents, co-workers, and in the hearts of all those who
ever communicated with him.

It is impossible to imitate such a life. But the
very existence of such a life will long serve as a real
force in the development of science.
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