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BY L. HILLETH THOMAS

LEON BRILLOUIN was born on August 7, 1889, at Sevres,
Seine-et-Oise, France. His father, Marcel Brillouin, was

a professor of theoretical physics at the College de France,
and many other members of the family had had academic
careers as well. He first met physics in high school ("lycee"),
and his interest was captured by a book of Blaise Pascal's
letters, which he read at his father's suggestion. He complet-
ed his education in Paris at the Lycee Henri IV and the Lycee
Louis le Grand. In 1908 he passed the examination for the
Ecole Normale Superieure (University of Paris).

During his undergraduate career he listened to lectures
at the Sorbonne and at the College de France given by H.
Poincare, P. Langevin (anticipating Einstein's work on the
special theory of relativity), H. A. Lorentz, and A. Einstein
himself. He worked in 1911 in Perrin's laboratory for a
Diplome d'Etudes on Brownian movement, published as his
first scientific paper in 1912. He spent the academic year
1912-1913 studying with Sommerfeld in Munich. Back in
Paris, he published notes on the scattering and dispersion of
light and on the thermal conductivity and viscosity of mon-
atomic liquids and an important theoretical paper on light
diffraction problems discussed by the method of steepest
descents (1916).
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He was in the middle of his Ph.D. research when the First
World War broke out in 1914. He spent the war years, first
as a private and then as a lieutenant in the French Signal
Corps, in the laboratory of General Ferrie, where he invent-
ed the first resistance amplifier and designed and built all
sorts of equipment for electrical measurement for radio
reception and for control by radio signals. This work was to
continue at the French Arsenal at Toulon until 1922, and
brought him the French Legion d'Honneur from the navy.
The results of his investigations gave rise to numerous
papers, published from 1919 on. During this time he also
started important theoretical work on the radiation resist-
ance of transmitters, treated by retarded potentials (pub-
lished in 1922).

After the First World War, Brillouin returned to his
Ph.D. work, and in 1928 published his thesis, in which he
discussed in detail the interaction of radiation quanta and
solids. For this purpose he developed a consistent interpreta-
tion of the thermal properties of solids, including their
dilatation, and thermal conduction, starting with the specific
heat theory of P. Debye and M. Born. He also gave a
complete rediscussion of radiation stresses, written in tensor
notation. The whole theory, for nonlinear conditions, ap-
plied to all kinds of elastic and electric waves. The theory
included properties that could be described as Bragg reflec-
tions of the EM wave on the wave planes of the elastic wave,
with a frequency shift depending on the angle of incidence.

Brillouin lectured on radio at the Ecole Superieure
d'Electricite from 1921 to 1931. He published many papers
extending the theory of the interaction of radiative quanta
and matter during this time, including scattering at sum and
difference frequencies, the Brillouin doublet, which antici-
pates the Raman effect.

Other papers included a new definition of group velocity,
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a general discussion of statistical thermodynamics, the exten-
sion of the Brillouin doublet theory to the Bragg-Laue spots,
relativity and quanta for philosophers, and an attempt to
explain viscosity and surface tension in the general theory of
his thesis; later came papers on the invention of electronic
equipment producing square pulses of known intensity with
durations from 10~6 to 1 second.

During this period he won international recognition. He
was selected as member and secretary of the second, third,
fourth, and fifth Solvay Congresses (1921, 1924, 1927, 1930)
and attended many international conferences from 1924 on.
He became a full professor of theoretical physics at the
University of Paris (Institut Henri Poincare) in 1928, and was
a visiting professor at Madison, Wisconsin, in 1928 and at a
summer session in 1929 at Ann Arbor, Michigan.

Brillouin entered the field of the new quantum mechan-
ics in 1926 with successive approximations starting from
Hamilton-Jacobi theory to build up wave mechanics. The
mathematics had first been proposed by H. Jeffries, and
Brillouin was followed by Wentzel and Kramers. This JBWK
method is of great importance in all applications from
quantum chemistry to magnetism, where Brillouin functions
extend Langevin's work. He published papers showing how
to extend the Bose-Einstein and Fermi-Dirac formulas for
statistical equilibrium to nonequilibrium cases. On the same
lines he published a book that included the extension of the
method of separation of variables from classical to quantum
mechanics.

Extending Sommerfeld's application of quantum me-
chanics to the electron theory of metals, Brillouin published
papers that led to the idea of the Brillouin zones. In the next
year (1932), he took the chair in the College de France,
where his father had been teaching for thirty-two years. The
very important idea of Brillouin zones, starting with one-
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dimensional problems soluble with Mathieu-Hill functions,
leads in three dimensions to a classification of the quantum
states in terms of a three-dimensional set of zones. This
applies to any kind of waves of light, EM waves, elastic
vibrations, electrons, waves representing any elementary
particles, in any three dimensionally periodic structures.
This was the germ of the theory extended and described by
many authors, including Mott, Jones, and Shockley, over
many years.

In the period from 1930 to 1939 he continued much of
his earlier work, extending the theory of ideal solids, giving a
new discussion of group velocity, discussing perturbation
methods for wave mechanics (including the Brillouin-
Wigner formula), going on to self-consistent fields under
various conditions, and developing the Brillouin theorem for
the best possible approximation by the Hartree-Fock meth-
od. This avoids much that can be criticized in plasma theory.
He wrote many papers explaining and applying the theory
of metals in an elementary way and summarizing the work of
his doctor's thesis on the Brillouin doublet. He was in charge
of the "Agregation" examinations in 1932, 1933, and 1934
and published discussions of the problems given in them. In
1935 he published papers discussing quantized waves and
second quantization.

From 1936 through 1940, he published many papers in
applied mathematics, acoustics, and problems of wave prop-
agation and the propagation of any of these through a
periodically stratified medium. He founded, with his brother
Jacques, Revue d' Acoustique, and used it as the vehicle for the
publication of a number of his own papers. He considered
the diagrams of thermodynamics as a simple example of
affine geometry and published a textbook on the subject of
tensors. He distinguished surface tension of films from that
of liquids and generalized radiation stress theory. He dis-
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cussed in many papers the guiding of waves, the perturba-
tion of proper vibrations by a changing shape of the bound-
ary, extending the work first presented at the Solvay
Conference 1921. He received an honorary fellowship of the
Indian Academy of Sciences in 1938.

In the spring of 1939, Brillouin spent two months on a
lecture tour of the United States, during which he noted the
poor reception of the French foreign broadcasts and com-
mented on this when he returned to France. An important
paper in which the idea of the magnetron originated was
published in 1940. He accepted the position of general
director of the French National Broadcasting System and
supervised its operation during 1939 and 1940, and oversaw
the destruction of broadcasting stations throughout north-
ern France during the German invasion. He escaped to
Portugal in January 1941 and landed in New York in May as
a visitor to the United States.

Brillouin taught at the University of Wisconsin in 1941
and 1942, at Brown University in Rhode Island in 1942 and
1943. He joined with some French refugees on occasional
visits to New York to organize a free French University (The
Ecole Libre des Hautes Etudes). He restarted important
theoretical work on magnetrons, concluding correctly that
the whole space charge would rotate as a fluid mass in a
magnetic field, a solution now called the Brillouin flow, an
extension of Larmor's method, and later played an impor-
tant part in plasma theory. When his visitor's visa was
changed to an immigration visa in 1943, he joined the Panel
of Applied Mathematics at Columbia University, and during
the next four years he published some dozen papers on the
magnetron. At the same time he returned to war work on
antennas, reducing the simplest formulation to an integral
equation, and other problems published in three papers. He
also published a technical paper on how to build a coil
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yielding a single dipole moment for an instrument of high
precision.

In an important theoretical paper he reconsidered the
scattering of electromagnetic waves, which had been dis-
cussed in 1905 by Mie and in 1918 by Watson. For a sphere
of large radius (a) compared to the wave length (A.), the
computed cross section is twice the geometric cross section
that would be predicted by geometrical optics. He carefully
considered the asymptotic formulas needed, showing that
the light scattered at large angles and the light scattered at
very small angles each give, at very large distances, a cross
section equal to the geometrical cross section, but that to
observe this the distance must be at least (3a2/X), so that
observation is in general impracticable. This is a typical
instance of the lack of convergence of wave mechanics or
optics to geometrical mechanics or optics.

After the Second World War, during the summer of
1945, he went to Mexico for a series of lectures and in
January 1946 to Harvard, first as a research professor at the
Cruft Laboratory and then as Gordon McKay Professor of
Applied Mathematics, a position he held until 1946. During
these years he was impressed by the first large electrome-
chanical computer (the Aiken-IBM Mark I) and published
three papers and an engineering paper showing the imprac-
ticability of a heat engine based on a cyclic, heat-generated
magnetic circuit.

He published next a whole series of papers on unrelated
applications of Mathieu-Hill equations, all more generally
using a moving rather than a static field, by successive
approximations based on the BWK method and using Flo-
quet's theorem to extend a solution from one period to the
next. He then discussed wave guides for slow waves in
connection with traveling wave tubes, where the wave veloci-
ty is decreased to match the electron velocity.
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The mechanism of interaction between waves and elec-
trons traveling together was discussed in several papers
pointing out the connection between the traveling wave
amplifier, in which an intense electron beam transfers ener-
gy to the wave, and the linear accelerator, in which the wave
is energetic and energy is transferred from it to a weak beam.
In the first case, bunching the large space charge results in a
nonlinear problem, in the second the weak bunches are
trapped by the waves and progressively accelerated. While at
Harvard he started thinking about some important funda-
mental problems, in particular the meaning of determinism
and the applicability of the second law of thermodynamics to
living organisms.

He became an American citizen in 1949 and returned to
New York as IBM director of electronic education, at first at
Poughkeepsie, but moved to the Scientific Computing Labo-
ratory at Columbia University in 1952. He was elected to the
National Academy of Sciences in 1953. During this time he
seized on C. Shannon's idea that information is related to
entropy and developed this into the Neg-entropy Principle
of Information. This at once eliminates the paradoxes of
Maxwell's and La Place's demons, and the idea was devel-
oped in many papers and books. It supplements the Heisen-
berg uncertainty principle in quantum mechanics and leads
to the impossibility of measuring exceedingly small distances
of 10~13 to ltP15 centimeters, at which distances continuous
space is found to be physically unacceptable.

He was elected in 1961 to the Academie Internationale de
Philosophic des Sciences. He took up the position of adjunct
professor at Columbia University in 1954 and held this until
his death in 1969. During this time he worked on many
problems on the interaction of waves and electrons, leading
to a theory of super-conductivity similar to Bardeen's but
avoiding some difficulties. He ventured into biophysics,
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supposing first protein chains could behave like one-dimen-
sional semiconductors. He extended Poincare's consider-
ation of the nonanalytic nature in practice of the dependence
on parameters of systems of many particles. For instance, a
displacement of one centimeter of a mass of one gram at the
distance of Sirius gives rise to a fractional variation of the
earth's field of gravitation of less than 10~100, which is,
however, sufficient to prevent us computing the motion of
the molecules of a gas for longer than a 10~6 second. Such
problems are discussed in detail in a paper in 1962, with
many simple examples of small changes in an initial parame-
ter leading to large changes.

From then on—in addition to a summary for the Acousti-
cal Society of his results on the birth and growth of Brillouin
scattering—he published seven rather mathematical and
philosophical papers concerning the connection of special
relativity theory with gravitation, the mass of potential ener-
gy, and a last paper on the experimental checks of general
relativity. He was also working on special problems for the
Navy until his death on 4 October 1969.

I knew Professor Brillouin personally from 1949 on and
can attest to the kindness and modesty that accompanied his
brilliance and intuition. He seems to me one of the greatest
applied mathematicians and theoretical physicists of his
generation, that of Dirac and Schrodinger. He knew well
how to apply his theory to practical engineering problems
and was a wonderful teacher. His name is attached to much
theory—often many years earlier than its application—in-
cluding the Brillouin doublet in 1920, the Brillouin-Wentzel-
Kramers method in 1926, the Brillouin zones in crystals in
1930, the Brillouin-Wigner formula in 1932, the Brillouin
theorem on self-consistent fields in 1933, the Brillouin flow
of particles in magnetic fields in 1940, and, last but not least,
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the connection between neg-entropy and information in
1950.

i AM GLAD TO ACKNOWLEDGE my debt to the 1962 review of his
scientific career made by Brillouin himself for the American
Institute of Physics project on the History of Recent Physics, of
which this memoir is largely a precis, with some small additions.
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