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Nikolay Basov
A Brief Biographical Sketch

Nikolay Gennadiyevich Basov (Russian)
(December 14, 1922 — July 1, 2001) was a Soviet
physicist and educator. He was born in the town
Usman, now in Lipetsk Oblast. For his fundamental
work in the field of quantum electronics that lead to
the development of laser and maser, Basov shared
the 1964 Nobel Prize in Physics with Aleksandr
Prokhorov and Charles Hard Towns.

He finished school in 1941 in Voronezh. Then after
that he was called up for the military service, the
Kuibyshev Military Medical Academy. In 1943 he
left Academy and served in the Soviet Army. He
took part in the Second World War (1%t Ukrainian
Front).

Basov graduated from (1950), and then held a
professorship at the Moscow Engineering Physics
Institute, worked in the Lebedev Physical Institute,
where he defended a dissertation for the Candidate
of Sciences degree (it is equivalent to PhD) in 1953
and a dissertation for the Doctor of Sciences degree
in 1956. Later he became the Director of the Institute
(in 1973-1988). In 1962 he becomes the
Corresponding member of the USSR Academy of
Sciences (Full Member since 1966). In 1967 he was
elected a Member of the Presidium of the Academy
(1967-1990), since 1990 he was the councilor of
the Presidium of the USSR Academy of Sciences
(Russian Academy of Sciences since 1991). He was




a honorary member of the International Academy of
Science. He was the head of the laboratory of
quantum radiophysics at the Institute at the time of
his death.™

Awards and honors:
B Lenin Prize (1959)
m  Nobel Prize in Physics (1964)

m  Two times the Hero of Socialist Labor (1969,
1982)

m USSR State Prize (1989)
B Five Orders of Lenin
Books:

m  N.G. Basov, K.A. Brueckner (Editor-in-Chief),
S.W. Haan, C.Yamanaka. Inertial Confinement
Fusion, 1992, ISBN 0-88318-925-9. Research
Trends in Physics Series published by the
American Institute of Physics Press (Presently*
Springer (http://www.springer-sbm.de/
index.php?id=121&L=0), New York)

m V. Stefan and N.G. Basov (Editors).
Semiconductor Science and Technology,
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Volume 2: Quantum Dots and Quantum Wells.
(Stefan University Press Series on Frontiers in
Science and Technology) (Paperback). 1999.
ISBN 1-889545-12-0 *V. Stefan and N.G. Basov
(Editors). Semiconductor Science and
Technology, Volume 1. Semiconductor Lasers.
(Stefan University Press Series on Frontiers in
Science and Technology) (Paperback). 1999.
ISBN 1-889545-12-2

Reference:

1. ~ab“Basov Nikolay Gennadiyevich” (http://i-lasers.
com/basov.html)

External links :

m  Detailed biography (http://www.nature. ru/db/
msg.html?mid=1165378&s=120000000)
(Russian)

m  Biography (http://nobelprize.org/physics/
laureates/1964/basov-bio.html) from the Nobel
Foundation .

Source:

http://en.wikipedia.org/wiki/Nikolay _Basov
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Nicolay G. Basov
The Nobel Prize in Physics 1964
Biography

Nikolay Gennadiyevich Basov was born on
December, 14, 1922 in the small town of Usman
near Voronezh, the son of Gennady Fedorovich
Basov and Zinaida Andreevna Molchanova. His father
was a professor of the Voronezh Forest Institute
and devoted his life to investigation of the influence
of forest belts on underground waters and on surface
drainage.

After finishing secondary school in 1941 in Voronezh
Basov was called up for military service and directed
to the Kuibyshev Military Medical Academy. In 1943
he left the Academy with the qualification of a
military doctor’s assistant. He served in the Soviet
Army and took part in the Second World War in the
area of the First Ukranian Front. In December 1945,

he was demobilized and entered the Moscow
Institute of Physical Engineers where he studied
theoretical and experimental physics.

From 1950 to 1953 he was a postgraduate student
of the Moscow Institute of Physical Engineers. At
that time, Basov was working on his thesis at the
P.N. Lebedev Physical Institute of the Academy of
Sciences, U.S.S.R., under the guidance of Professor
M.A. Leontovich and Professor A.M. Prochorov.

In 1950 Basov joined the P.N. Lebedev Physical
Institute, where at present he is vicedirector and
head of the laboratory of quantum radiophysics. He
is also a professor of the department of soild-state
physics at the Moscow Institute of Physical
Engineers.




In 1952 Dr. Basov began to work in the field of
quantum radiophysics. He made various attempts
(firstly, theoretical and then experimental) to design
and build oscillators (together with A.M. Prochorov).
In 1956 he defended his doctoral thesis on the
theme “A Molecular Oscillator”, which summed up
the theoretical and experimental works on creation
of a molecular oscillator utilizing an ammonia beam.

In 1955 Basov organized a group for the investigation
of the frequency stability of molecular oscillators.
Together with his pupils and collaborators A.N.
Oraevsky, V.V. Nikitin, G.M. Strakhovsky, V.S. Zuev
and others, Dr Basov studied the dependence of
the oscillator frequency on different parameters for
a series of ammonia spectral lines, proposed
methods of increasing the frequency stability by
means of slowing down molecules, proposed
methods of producing slow molecules, investigated
the operation of oscillators with resonators in series,
realized phase stabilization of klystron frequency
by means of molecular oscillators, studied transition
processes in molecular oscillators, and designed
an oscillator utilizing a beam of deuterium ammonia.
In the result of these investigations the oscillators
with a frequency stability of 10*have been realized
in 1962.

In 1957 Basov started to work on the design and
construction of quantum oscillators in the optical
range. A group of theorists and research workers
began to study the possibilities for realization of
quantum oscillators by means of semiconductors,
and after A. Javan'’s proposal, the possibility of their
realization in the gas media was also investigated.
In 1958 together with B.M. Vul and Yu.M. Popov he
investigated the conditions for production of states
with a negative temperature in semiconductors, and
suggested utilization of a pulse breakdown for that
purpose. In 1961 together with O.N. Krokhin and
Yu.M. Popov, Basov proposed three different
methods for the obtaining of a negative temperature
state in semiconductors in the presence of direct
and indirect transitions (optical excitation, utilization
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of a beam of fast electrons and injection of carriers
through a degenerated p-n Junction).

As a result of a cooperative effort with B.M. Vul and
collaborators the injection semiconductor lasers
utilizing crystals of gallium arsenide were made at
the beginning of 1963.

In 1964 semiconductor lasers with electronic
excitation have been made (together with O.V.
Bogdankevich and A.N. Devyatkov); and somewhat
later, lasers with optical excitation were constructed
(together with A.Z.. Grasiuk and V.A. Katulin). For
these achievements a group of scientists of Lebedev
Physical Institute was awarded the Lenin Prize for
1964.

Beginning from 1961 Dr. Basov (together with V.S.
Zueyv, P.G. Krinkov, V.S. Lctokhov et al.) carried out
theoretical and experimental research in the field
of powerful lasers. There have been found the ways
of obtaining powerful short laser pulses. The nature
of appearance of such pulses in quantum oscillators
and their propagation in quantum amplifiers have
been investigated. This work resulted in the
development of high-power single-pulse Nd-glass
lasers with 30 J energy and 2*10* sec pulse duration
(in 1968 together with P.G. Krinkov, Yu.V. Senatsky
et al.) and multichannel lasers with energy 103 J
within 10 sec (in 1971 in collaboration with G.V.
Sklizkov et al.)

In 1962 N. Basov and O.N. Krokhin investigated the
possibility of laser radiation usage for the obtaining
of thermonuclear plasmas. In 1968 Basov and his
associates (P.G. Kriukov, Yu.V. Senatsky, S.D.
Zakharov) have succeeded in observing for the first
time neutron emission in the laser-produced
deuterium plasmas. The spectra of multicharged ions
CaxXVl, FeXXlll, K XIX and others have also been
observed (together with O.N. Krokhin, S.L.
Mandelshtam, G.V. Sklizkov). There has been
developed a theory of picosecond pulse formation
(together with V.S. Letokhov). In the same year
Basov and his associate A.N. Oraevsky propsed a
method of the thermal laser excitation. Further
theoretical considerations of this method by Basov,




A.N. Oraevsky and V.A. Sheglov encouraged the
development of the so called gasdynamic lasers.

In 1963 Dr. Basov and his colleagues (V.V.Nikitin,
Yu.M.Popov. V.N. Morozov) began to work in the
field of optoelectronics. They developed in 1967 a
number of fast-operating logic elements on the basis
of diode lasers. At present a logic structure of the
multichannel optoelectronic systems producing 10*°
operations per second for the optical data
processing is under the development.

The studies of the radiation of the condensed rare
gases under the action of a powerful electron beam
have been initiated in 1966 by Basov and his
collaborators (V.A. Danilychev, Yu.M. Popov), and
they were the first to obtain in 1970 the laser
emission in the vaccum ultraviolet range.

In 1968 Basov (in cooperation with O.V.
Bogdankevich and A.S. Nasibov) made a proposal
for a laser projection TV. About the same time Dr.
Basov (together with V.V. Nikitin) began the studies
of the frequency standard in the optical range (on
the basis of gas lasers). In 1970 they succeeded in
realizing a gas laser stabilized in the methane
absorption line with frequency stability 10-1.

In 1969 Basov (together with E.M. Belenov and V.V.
Nikitin) hypothesized that to obtain the frequency
standards with the stability 1022 — 10"*® aring laser
can be used with a nonlinear absorption cell.

Alarge contribution has been made by Dr. Basov to
the field of chemical lasers. In 1970 under his
guidance an original chemical laser was achieved
which operates on a mixture of deuterium, F and
CO, at the atmospheric pressure. In the same year
Basov (in cooperation with E.M. Belenov, V.A.
Danilychev and A.F.Suchkov) proposed and
developed experimentally an elion (electrical
pumping of ionized compressed gases) method of
gaslaser excitation. Using this method for a CO,
and N, mixture compressed to 25 atm., they
achieved a great increase of power of the gas laser
volume unit compared to the typical low pressure
CO, lasers.
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In the end of 1970 Basov (together with E.P. Markin,
A.N. Oraevsky, A.V. Pankratov) presented
experimental evidence for the stimulation of chemical
reactions by the infrared laser radiation.

In 1959 Dr. Basov was awarded the Lenin Prize
together with A.M. Prochorov for the investigation
leading to the creation of molecular oscillators and
paramagnetic amplifiers. In 1962 Dr. Basov was
elected a corresponding member of the Academy
of Sciences of the U.S.S.R.; in 1966, a member of
the Academy;in 1967, a member of the Presidium
of the Academy of Sciences of the U.S.S.R., and a
foreign member of the German Academy of
Sciences in Berlin; and in 1971, a foreign member
of the German Academy “Leopoldina”.

Dr. Basov is Editor-in-chief of the Soviet scientific
journals Priroda. (Nature) and “Kvantovaya
Elektornika” (Quantum Electronics); he is also a
member of the Editorial Board of “li Nuovo Cimento”.

In 1970 Dr. Basov was awarded the rank of Hero of
Socialist Labour. Dr. Basov is a member of the
Soviet Committee of the Defence of Peace and a
member of the World Peace Council.

Nikolai Basov married in 1950. His wife, Ksenia
Tikhonovna Basova, is also a physicist and is with
the Department of General Physcis of the Moscow
Institute of Physical Engineers. They have two
sons:Gennady (born 1954) and Dmitry (born 1963).

Source:

From Nobel Lectures, Physics 1963-1970, Elsevier
Publishing Company, Amsterdam, 1972

This autobiography/biography was first published in
the book series Les Prix Nobel. It was later edited
and republished in Nobel Lectures. To cite this
document, always state the source as shown above.

Nicolay G. Basov died on July 1, 2001.
Present Source :

http://nobelprize.org/nobel_prizes/physics/
laureates/1964/basov-bio.html
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BASOV, NICOLAI GENNEDIYEVICH

Soviet Physicist
A brief Profile of his work & life

While studying the interactions between incident
electromagnetic waves and matter, Basov conceived
of a method for amplifying the original waves by
having atoms or molecules release identical waves,
in phase, at a multiplying rate. This method led to
the invention by C.H. Townes of the maser, a device
for microwave amplification by the stimulated
emission of radiation. Subsequently, amplification
of visible, radiation, the laser, was achieved. The
New field known as quantum electronics —
electronics with quantum mechanics having a key
role-quickly grew out of these achievements. For
his fundamental studies in this area, Basov received
the 1964 Nobel Prize in physics, which he shared
with his co-worker. A. M. Prochorov and with Townes
of the United States.

In 1917 Einstein conducted a thermodynamic study
of the nature of the interaction between
electromagnetic radiation and atoms or molecules.
Previously, similar analyses had indicated that
amplification could never be produced by such
interactions without violating the second law of
thermodynamics. This law states that a process in
which the entropy, the degree of disorder, of an
isolated system decreases could not occur.
However, Einstein followed thermodynamic
reasoning further and derived a relationship governing
the rate of change of electromagnetic radiation
confined in a region where it interacts with a group
of molecules. The first two terms of his equation
represented the known processes of absorption and

spontaneous energy release. Einstein discovered
that the third and last term represented an unknown
type of emission from an upper energy state
produced by the mere presence of the radiation
intensity. This was called stimulated emission.

For equilibrium at any positive temperature T,
Boltzmann’s law, expressed in the equation below,
relates the probabilities N, and N, of electrons in
the quantum states A and B.

_ B, -E,(
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Here E,— E, is the energy difference between the
states under consideration, and the state B is a
higher energy state than A; is Boltzmann’s
constant; and T is the absolute temperature. This
law requires N, < N, at any positive absolute
temperature.Einstein’s discovery showed thatif N
> N,, the rate of change of radiation in the system
would always be positive. Thus the incident radiation
would become amplified. The condition N, >N, was
termed population inversion and became known as
a condition of negative temperature, since in
Boltzmann’s law it may be obtained by assuming a
negative absolute temperature.

Basov reasoned that population inversion was a
practical means for amplification of electromagnetic
radiation. He realized that, in order to make an
assembly of molecules or atoms amplify, the
equilibrium of the electrons within the energy levels




must be disturbed. The probability of finding
electrons in higher energy levels must be greater
than that of finding them in the lower levels. He
further reasoned that the crucial requirement was
to produce positive feedback of the incoming waves
to force the electrons to the higher level by some
type of resonant circuit. It was also necessary to
ensure that the gain in energy by the stimulated
transition from the higher to the lower level was
greater than the circuit losses. If these conditions
were satisfied, Basov indicated, then a mass of
certain type could be assembled that would be
sensitive to incoming waves. Electrons within the
mass would be excited into a higher energy level,
producing a population inversion, or the so-called
condition of negative temperature. The electrons
would simultaneously fall back into the original
levels, releasing waves identical to those that first
entered.

A successful device was first produced in 1954 at
Columbia University by Townes, who found a way
to assemble ammonia molecules in a resonant
chamber, such that when a radio wave at 24,000
megahertz in the radar or microwave region,
encountered the chamber, additional waves of that
frequency were produced by the ammonia
molecules. This produced a cascade effect in the
chamber, resulting in an enormous amplification of
the original wave and a confirmation of Basov's
predictions, In July 1960 T.H. Maiman announced
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the construction of a device employing the maser
principle for light waves. It consisted of a long crystal
of synthetic ruby enclosed in a spiral flashtube of
xenon. Flashes of light from the xenon excited the
electrons in the crystal and produced a population
inversion. When these electrons dropped back to
their ground state, they emitted a form of visible
radiation never seen before. The light wavelengths,
all of the same frequency, were precisely in step —
a condition known as temporal and spatial
coherency. The extraordinary properties of coherent
light were quickly put to a wide variety of tasks,
including delicate surgical operations where burning
is needed, measurements, and precise signaling.
In practice the maser and laser stimulated emission
may be obtained from the lowest radio frequencies
to the ultraviolet region.

Basov joined the Lebedev Institute, Moscow, in 1948
as a laboratory assistant. This was 2 years before
he graduated from the Moscow Engineering and
Physics Institute. In 1958 he became a deputy
director of the Lebedev Institute. He became a
member of the Communist party in 1951 and
received the Lenin Prize in 1959 for the work
described above. The degree of doctor of physical
mathematical sciences, more advanced than the
American Ph.D., was earned in 1957. He was
elected a corresponding member of the Soviet
Academy of Sciences in 1962, one step lower than
academician.
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OBITUARY

Physicist Nikolai Basov, 78; Won Nobel for Laser Research -
New York Times

By
Kenneth Chang
Published : July 3, 2001

Dr. Nikolai G. Basov, who shared a Nobel Prize in
Physics for research that led to the development of
lasers, has died, Russian news sources reported
Monday. He was 78.

The news reports did not specify when Dr. Basov
died or the cause of death.

In the 1950’s, Dr. Basov and Dr. Aleksandr M.

Prochorov, both physicists at the P.N. Lebedev
Physical Institute in Moscow, performed research
on ways to nudge electrons around atoms into
higher-energy states and reported on findings that
led to the development of the maser, a device that
emits microwave radiation of a single wavelength.
Maser is an acronym for microwave amplification
by stimulated emission of radiation. Masers can also
amplify weak microwave signals and have been used
in space research to pick up transmissions from
satellites and measure the temperature of Venus.

When the maser techniques were adapted to the
shorter wavelengths of optical light, the devices then
became known as lasers.

Dr. Basov and Dr. Prochorov, along with Dr. Charles
H. Townes, who independently developed a maser
about the same time, received the Nobel Prize in
Physics in 1964 for their research.

Dr. Basov also lent his voice to some political issues.
In 1982, he was among 97 Nobel Prize winners from
around the world who called for a freeze on the
development and deployment of nuclear weapons.
Two years later, he was one of four Soviet Nobel
Prize winners who signed a letter to President Ronald
Reagan oh behalf o Leonard Peltier, an imprisoned
American Indian activist. That letter appeared to be
part of a Soviet publicity campaign to deflect
attention from a hunger strike by Dr. Andrei D.
Sakharov, the Soviet physicist and human rights
advocate.

Just last week, Dr. Basov was among the scientists
who urged President Vladimir V. Putin of Russia to
approve a bill that would allow Russia to import
nuclear waste, discounting dangers of its storage.

Nikolai G. Basov was born on Dec. 14, 1922, in
Usman. After serving in the Soviet Army during
World War 11, he attended the Moscow Institute of
Physical Engineers, graduating in 1950. Dr. Basov
became a deputy director of Lebedev Institute in
1958 and was the institute’s director from 1973
through 1989.




