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“High Joe ! You, and your damned molecular models ! Today | got a whole box of them to
build such a simple thing as DNA molecule (i.e. two Ribosephosphate chains with few
Adenines, Thymines, Guanines, and Cytosines between them), and to see if the 20 amino
acids would fit into the loops like a key into a lock. And | cannot even build a sugar ! How do
you make [drawing of a molecule here] for example ? Yours, (s) Geo. P.S. Rho is fascinated
by that game and asks you to send her as a present ten (10) boxes of atoms”.

Letter from George Gamow to Joe Hirschfelder . October 22, 1953.
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George Gamow
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Gamow, George (04.03.1904-19.08.1968), Russian-American theoretical
physicist and author, b. Odessa. A nuclear physicist, Gamow is better known to the public for
his excellent books popularizing abstract physical theories. He did his earlier research at the
Univ. of Copenhagen, Cambridge Univ., and the Univ. of Leningrad, where he was professor
(1931-33). He then came to the United States, where he taught at George Washington Univ.
(1934-56) and the Univ. of Colorado (from 1956) and served with U.S. government agencies.
He formulated (1928) a theory of radioactive decay and worked on the application of nuclear
physics to problems of stellar evolution. He was one of the first proponents of the “big bang”
theory of cosmology. In 1954 he proposed an important theory concerning the organization
of genetic information in the living cell. His writings include Constitution of Atomic Nuclei
(1931; 3d ed., with C.L. Critchfield, Theory of Atomic Nucleus, 1949), Mr. Tompkins in
Wonderland (1939), One, Two, Three.. Infinity (1947, rev. ed. 1961), The Creation of the
Universe (1952, rev. ed. 1961), Mr. Tompkins Learns the Facts of Life (1953), The Atom and
Its Nucleus (1961), and Gravity (1962).

See his autobiography , My World Line (1970).
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Biographical Sketch :

George Gamow (Georgi Antonovich
Gamow, “Geo” for his friends) was a great
physicist, and one of the scientists who formulated
the theory of the Big Bang. He was born on the 4th
of March, 1904 in Odessa, Russia. His father
Anthony M Gamow was a professor of school of
secondary education. His mother was Alexandra
Lebedinzeva. Very early, in his student days, he was
fascinated by astronomy and, when he was thirteen
years of age, his father gave his first telescope to
him, with which he studied stars patiently. This
helped in arousing great passion of a scientist in
him.

In 1922, he started his university studies. First
in the University of Novorossia, his native city. Later,
in 1923, he enters the University of Petrogrado
(ahora Leningrad) where he studied optics and
cosmology, withdrawing from that establishment of
superior education in the year 1928. In 1926, he
attended the school of summer of the University of
Gottingen in Germany. Already, in that time, his
formation was solid and could give to answers and
demonstrable solutions to ten mysterious
phenomena of the natural radioactivity. Like

example, we can indicate among others, the
formulation that he developed of the quantum theory
of the radioactivity, the first guessed right
explanation of the behavior of the radioactive
elements, some of which decay in seconds,
whereas others do it in thousands of years. Gamow
obtained a significant advance of the investigation
in Gottingen. Using the theories ondulatorias of
Schrédinger, demonstrated that the particles, in
certain excited states of energy, can, to all the
effects, to lay way until outside the nucleus. The
work attracted the attention of many physicists,
including Niels Bohr and Ernest Rutherford.

After receiving his graduation in 1928,
accepting an invitation of Niels Bohr, he travels to
Copenhagen. Bohr was very much interested in his
work and, for that reason, offered a scholarship to
him of the Real Danish Academy of Sciences to
study a year in the Institute of Theoretical Physics.
And, it was when he was granted a scholarship of
that institute, Gamow proposed the hypothesis that
the atomic nuclei can be dealt with like small gotitas
of “Nuclear fluid”. More than a hypothesis, it was a
discovery that lead to the present theory of the fusion
and the fission.




The fame of physicist Gamow began with his
theory that explained the radioactive decay of the
alpha particle of the atomic nucleus. In 1929, he
obtained a Rockefeller scholarship of the University
of Cambridge. There, Gamow cooperates with F.
Noutermans and R. Atkinson, in the attempt to apply
his formula to calculate the inductive index of
nuclear transformations (thermonuclear reactions)
inside stars. It is a formula that is used successfully
until today to design hydrogen pumps, and in the
studies of possibilities of controlled thermonuclear
reactions, fusion. Being in Cambridge, he also
concurs to the Cevendish Laboratory, wherein he
attends to Ernest Rutherford and he investigated
with his equipment. Rutherford requested him that
he investigated if, since the particles could be come
off the nucleus, they could be induced of some way
to penetrate in it, and thus to escindir itself.

To the suggestion of Rutherford, Gamow
considered the effects to bomb atomic nuclei with
protons artificially accelarated at enormous speeds
in a magnetic field of high energy. Their due time,
their calculaltions showed that it was possible to
penetrate in the nucleus, and that the accelerated
protons could stick to it, forming new nuclei. Still
more, he determined that the necessary
acceleration did not need to be as high as the
required one under the laws of the classic physics,
a discovery that animated to the investioadores in
Cavendish to also construct a particle accelerator.
In 1932, this instrument was able to disintegrate
light lithium and other nuclei with protons, a great
advance that opened the doors to the study of the
nuclear physics. In 1931, after his stay in
Cambridge, Gamow returned to the Soviet Union
where he was assigned as the investigator of the
Academy of Sciences of Leningrad. In that same
year he married to Luybov Vokhminzeva, and
divorced her in 1956. The pair had a son who was
born in 1935, called Rustem Igor.

Gamow, during a pair of years, was retained
in his country. Irritated before the limitations imposed
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by more and more the repressive estalinista regime,
he decided to look for intellectual fortune elsewhere.
In 1933, the frustrated scientist was able to persuade
to the authorities that they let to him attend the
Congress of the Solvay University in Brussels with
his wife Luybov in quality of secretary, it opened the
doors to them to escape to the west. Being still in
Europe, they visited the Institute Pierre Curie and,
at the same time, Gamow became visiting professor
of the University of London. After several months
of teaching and traveling in Europe, Gamow was
able to get an invitation to give a lecture, in 1934,at
the University of Michigan. Instead of returning to
Europe, Gamow settles down in the U.S.A., where
he happened to comprise himself with - the
educational body of the George Washington
University in Washington, D.C. In that paradise he
extended during the following two decades his
contemplations of atoms bombed until the very
same origins of the universe.

In that Mount Olympus that was for the Russian
theoretician his residence in the country of the north,
he concentrated his investigations in the atom
primigenio conceived by the theoretician-Belgian
priest the Georges Lemaitre. Gamow called to that
atom the cosmic singularity. If matter and energy
were interchangeable, like it was demonstrated by
Einstein in his famous equation E= mc?, the
enormous densities and the high temperatures at
the beginning of the time and of the space - that
Gamow nicknamed the Big Squeeze, the Great
Estrujon - could have erased the distinction among
them. The main component of that ardent stew
matter-energy, suggested Gamow, would have been
the radiating energy. Soon, while the universe began
to expand and to cool off, the first matter in emerging
would have done it in form of elementary particles :
protons, neutrons and electrons. One of the later
collaborators of Gamow, Ralph Alpher, gave the
name of “ylem”, a term taken from Aristotle, to this
fundamental matter. Of his studies in Cavendish,
Gamow had learned that the neutrons, although
are stable within the atomic nuclei, are distintegrated




quickly when they are by his account. A solitary
neutron has life expectancies of only thirteen
minutes before it becomes a proton and an electron.
In the ardent density of the young universe, the
decomposition of neutrons had to be balanced by
the production of new neutrons arisen from the
collision of protons and electrons.

But, as “ylem” cooled off and it became less
dense, every time less collisions took place and less
neutrons were created. At the same time, there was
a reduction in the radiation of high energy, which
allowed existing neutrons to begin to be combined
with protons, forming atomic nuclei since they had
done in the particle accelerator of Cavendish. The
solitary protons attracted electrons to create
hydrogen atoms, and the heaviest nuclei also
reunited their greater electron complements. The
Big Squeeze could today be the crucible of all the
elements observed in the universe.

During World War - II, Gamow was referred
to the Manhattan project, to develop the atomic
pump. Gamow among other physicists contributed
with the investigation in the Poplars, that finally lead
to the production of the hydrogen pump.

Once the war was over, Gamow ratakes his
investigations on the formation of the elements that
tolerates the universe. Form equipment with Alpher,
then a student graduated at George Washington,
to carry out the difficult calculations that gave
support to their theory.

Gamow and Alpher produced a monumental
test, but they made a somewhat outlandish debut
with a letter that, by coincidence, appeared on the
April Fools’ Day (first of April, the day of innocents
in the United States) of 1948 in the newspaper
Physical Review. Gamow, joking dedicating, added
to the article the company/signature of the famous
atomic physicist Hans Bethe, although Bethe had
not had anything to do with the project. (Luckily,
Bethe took the joke well.) The resulting list of
authors- Alpher, Bethe and Gamow - were a
retruecano corresponding to the three first letters
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of the Greek alphabet, alpha, beta and gamma.
Soon Robert Herman added itself to the pair, a
colleague of Alpher, and formed a work trio that even
lasted after Gamow was transferred to the University
of Colorado in 1956.

The joke of Gamow in the Physical Review
was appropriate, since the letter to the newspaper
presented/displayed a hypothesis on the creation
of the first elements of the periodic table. It outlined
the process according to which the neutrons and
protons collided, they were crowded together and
they were reshapeed to form, first, heavy hydrogen
(a neutron plus a proton) and soon tritium (two
neutrons plus a proton). In the following step, when
one of neutrons of the tritium nucleus was disturbed
in a proton and an electron escaped, the tritium
nucleus was transformed into an isotope form called
helium-3. To add another neutron to helium-3
produced the isotope helium-4.

It was just like in the alchemy : In ylem, a
substance was transformed into another one. Since
then the elaborations of other investigators have
revealed how the events described by gaomw and
Alpher took place within the first minutes of the
cosmic expansion. The processes outlined by them
produced the abundance of hydrogen and helium
that constitutes ninety and nine percents of all the
matter of the universe.

Gamow also explained the distribution that can
be observed of the masses in the space. During
the first million years, he said, the radiation governed
the universe. At that time sufficient matter had
formed so that it became predominant, and about
240 million years later great gas expansions began
to coagulate. The mass of anvil gas clouds,
calculated, was more or less equivalent to the one
of the today galaxies.

On the other hand, the investigations of
Gamow on the evolution of stars have their
departure point in the model of Hans Bethe. As
much the heat as the radiation that the stars emit
generates in its respective nuclei (thermonuclear




reactions), and it takes place through the
consumption of the “fuel” of each one of them. Once
the respective fuel of stars is exhausted, these as
well are cooled off. Gamow also developed a theory
on the internal structure of red giant stars. But in
general, the contributions of Gamow in
investigations and theories are centered in the
sustenation of the model of the Big Bang.

The theory of the Big Bang formulates that the
universe was born of a great “explosion” does
thousands of million year, and that its present
structure is a result of it like its expansion. This idea
had empecinado impugnador in the physical
outstanding English astronomer Fred Hoyle, who
refuted it until his death, happened on 20th of
August, 2001 at the age of 86 years. Hoyle,
maintaining himself in one of the weaknesses that
the hypothesis of Gamow showed on the time that
had passed from beginnings of the universe in
relation to observed expansion, a called competing
hypothesis of the sationary state used (Steady
State), supported by two colleagues of Austrian
origin, Thomas Gold and Hermann Bondi. The trio
proposed that the universe had not had a defined
principle but that was infinite, as much temporary
as space. During a program of radio in the BBC, he
introduced the theory of stationary state and coined
the pegadiza expression “Big Bang” (Great
Explosion) to describe the model of his rivals that
considered it stupid and ridiculous, thus baptizing
both sides of a dispute that would continue during
two decades. Nevertheless, since then people have
thought that, that name is most appropriate to
describe what meant the theory, although one says
that Gamow in no case was “the contemptuous”
source of the name assigned by Hoyle.

Throughout the course of his race, the
inclination of Gamow towards giving a slight touch
to all the things was worth a considerable success
to him in the world of books and, in the process, he
removed his esoteric theory outside his ivory tower
and he made it penetrate in the public conscience.
“The creation of the universe”, published in 1952,
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became best-seller. His own personage created, Mr
Tompkins, an absolutely singular man, with whom
Gamow described his arguments. He explained,
through the pen, complex and difficult theories of a
simple way and; he only used mathematics, when
it was really essential. For example, in his work
“Tompkins in the country of the wonders”, in which
he explained the general theory of relativity, for the
readers it was not only book of cultural extension, if
not that also of relaxation and joy. In a poem directed
to his wife and inserted in that book, in that he
describes the aversion of Fred Hoyle towards his
proposals, it leaves of manifesto the literary abilities
of Gamow.

GEORGE GAMOW AND THE DNA :

Gamow in his last years, focused his
investigations and experiments towards Biology.
Between one of his contributions to that discipline,
is the solution of the mysteries of the system of
codification of the DNA. In 1954, he proposed an
important theory referring to the orgnization of the
genetic information in the alive cell. In her, he
described the possible structure of the DNA. In
addition, he was first in suggesting nucleotides
tolerated the information based for the protein
generation.

On the other hand, Gamow also previewed that
the relation between the structure of the DNA and
the synthesis of proteins formed a quantitative
problem of cryptographic analysis. Gamow
conjectured that the goal of scientists was to learn
how one releases sequence of 4 nucleotides which
determines the allocation of the long protein
sequences integrated by 20 amino acids. Gamow
published one tastes in the Nature magazine, in
October of 1953, in which the “code proposed the
application of a called solution makes shine like
diamonds”, overlapped a triple code based on the
combination of a scheme in which three of four
nucleotides would at the same time predetermine
the specification of 20 amino acids. One was a
restrictive and highly hypothetical code, based on




the knowledge that was had then on the behavior
of nucleic acids and proteins.

The scheme of the code of Gamow woke up
a great enthusiasm between the scientists. In order
to foment the communication and the camaraderie,
Gamow founded the Club of Necktie RNA (Tie Club
RNA), formed by twenty well-known scientists that
would be led the problem of the codification, and
whose humber corresponded to the 20 amino acids.
Of course, that everything was not study and
investigation, also there were meetings of eminently
social character. To each member of the club the
sobrename of one of the amino acids was assigned
to him, and all appeared to the meetings with a
diagram, devised according to precise specifications
given by Gamow, in the head of a necktie pin.
Although geographically their members were
dispersed, the club of the necktie arranged to work
together to physical scientists and biologists in one
of the problems of greater challenge and importance
of modern science.

In the middle of 1954, Gamow recognized that
his code makes shine like diamonds was not exact;
however, as much he as the other members of the
club, they continued deliberating on several other
codes elaborated by other different investigators.
In truth, the notice of a “code” as key of information
transference were not published publicly until end
of 1954, when Gamow, Martynas Ycas, and
Alexander Rich published an article who defined
itself, for the first time, the characters of the code,
since superficially they had been previously only
mentioned in a publication conducted by Watson
and Crick, in 1953.
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In 1956, Gamow received the Kalinga Prize
of UNESCO for his great scientific diffusion. In
the same year he was named professor in the
University of Colorado, where he remained until his
death,which happened on the 19th of August of
1968. One comments that before it happened he
said that “finally my liver is presenting/displaying the
account”, summarizing a life to drink very carefreely,
to eat, of the good humor, of sports and a friendly
and unusual egotismo. His attitude with respect to
the physical one was than manifest more, and their
investigative qualities were recognized to him to find
conceptually simple solutions front to a variable
range of scientific problems.

In 1958, Gamow married Barbara Perkins
(“Perky”), his Publisher from Viking Press.

Gamow was an imposing figure at six feet,
three inches (190.5cm) and over 225 pounds
(102)kg) but was known for his impish sense of
humour . He was once described as “the only
scientistin America with a real sense of humor”
by a United Press International reporter

He was highly regarded in the Soviet
Union before his defection, and had once been
a commissioned officer in the Red  Army, a fact
which likely prevented the US from putting him
to work on the Manhatt an project during W orld
War 2. The Americans were app arently not
swayed by the arguments that Gamow was only
given officer status so that he could teach
science courses to soldiers and that the USSR
had sentenced him to death for his defection.

In his book “My W orld Line”, George Gamow who had been the first af

ter Hubble’ s discovery\

to propose a Big Bang (although not using the term), recalls a conversation with Albert Einstein
during a walk through the streets of Princeton, on the apparent negative relationship between

the energy of gravity & the energy of matter . At one point of the conversation Gamow raised the
question of a star being created out of nothing, if positive and negative terms exactly would
cancel each other out. The consequence of that innocent remark was a minor traffic jam, since
Einstein stopped, contemplating, right in the middle of the street. This little story may provide
some consolation for the ‘normal” thinker |, that he is in best comp any feeling perplexed when

taking higher mathematics at its words.
N\ J
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Position held & other Honours

Visiting Professorship s

University of Michigan
Ohio State University

University of California at Berkeley, and later
at Santa Barbara.

In 1965 Gamow was elected on Overseas
Fellow of Churchill College, Cambridge,
England.

Consultantships :

U.S. Navy Bureau of Ordance

Air Force Scientific Advisory Board
Army Office of Operation Research
Los Alamos Scientific Laboratory

Convair (San Diego, Calif.)

Professorships :

University of Leningrad (1931-33)
The George Washington University,

Washington, D.C. (1933-55), including period
of military consultantships.

University of Colorado, Boulder, Colorado
(1956 to date), including faculty fellowship for
lecturing in Japan, India and Australia

Other Honours :

The

(membership canceled on Gamow'’s leaving

Soviet Academy of Sciences

Russia)

The Royal Danish Academy of Sciences
The National Academy of Sciences (USA)
The International Astronautical Academy

The American Ass'n for the Advancement of
Science

The American Physical Society

The American Geophysical Union
Sigma Xi Honorary Society

The Washington Philosophical Society
The Washington Academy of Sciences

The Kalinga Prize, awarded by UNESCO in
1956, for the Popularization of Science

Gamow’s papers and correspondence are
being collected by the Library of Congress of
the United States of America. Over 100
scientific and popular articles.
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Bibiliography

Gamow wrote 3 monographs (books on scientific
subjects) in nuclear physics which are outdated now
after 50-70 years.

At the time they were written (1931, 1937 and 1949)
they were important contributions to the research
on the structure of atomic nuclei, radioactivity and
nuclear energy sources.

He wrote two (educational) text books aimed for
college students : Matter, Earth & Sky (1958, rev
1965) and with J.M. Cleveland : Physics :
Foundations & Frontiers (1960, rev 1969).

He worked on a third book : Basic Theories in
Modern Physics with Richard Blade but it was not
completed before he died.

Scientific books :

1. The Constitution of Atomic Nuclei and
Radioactivity, Clarendon Press 1931.

2. Structure of Atomic Nuclei and Nuclear
Transformations, Clarendon Press 1937

3. Theory of Atomic Nucleus and Nuclear Energy
Sources (with C. Critchfield), Clarendon Press
1949.

Educational text books :
1. Matter, Earth & Sky (1958, rev 1965).

2. Physics : Foundations & Frontiers (with J.M.
Cleveland), Prentice-Hall (1960, rev 1969).

3. Basic Theories in Modern Physics, not
published by Academic Press 1968.

Science for the layman :

1.  Mr. Tompkins in Wonderland, Cambridge
University Press 1939.

2. The birth and death of the Sun, Viking Press
1940.

3. Biography of the Earth, Viking Press 1941.

4.  Mr. Tompkins Explores the Atom, Cambridge
University Press 1944,

5. Atomic Energy in Cosmic and Human Life,
Cambridge University Press 1947.

6. One Two Three... Infinity, Viking Press 1947.

7. The Creation of The Universe, Viking Press
1952.

8. Mr. Tompkins Learns the Facts of Life,
Cambridge University Press 1953.

9.  Moon, New York-Henry Schuman 1953.

10. Puzzle-Math (with M. Stern). Viking Press
1958.

11. The Atom and Its Nucleus, Prentice-Hall 1961.
12. Biography of Physics, Harper & Row 1961.
13. Gravity, doubleday & Co. 1962.

14. APlanet Called Earth, Viking Press 1963

15. A Star Called the Sun, Viking Press 1964.

16. Mr. Tompkins in paperback, Cambridge
University Press 1965.

17. Thirty Years That Shook Physics, Doubleday
& Co. 1966.

18. Mr. Tompkins Inside Himself (with M. Ycas),
Viking Press 1967.

19. My World Line : An Informal Autobiography,
Viking Press 1970.

Articles :

Gamow wrote about 100 scientific articles in
different journals like The Physical Review (25),
Nature (22), Scientific American (11), The
Astrophycal Journal (7), Zeitschrift fur Physik (8)
and Physikalische Zeitschrift (4). Most of them he
wrote alone, but among his collaborates we should
mention Edward Teller, R. Herman and a couple of
Ph.D students : Ralph Alpher and M. Schoenberg.

Nature :

1. Successive Alpha-Transformations, Nature
Vol 123, 606, Apr 20, 1929




10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Fine Structure of Alpha-Rays, Nature Sep 13,
1930.

Radioactive Disintegration and Nuclear Spin,
Nature Mar-26, 1932.

Mechanism of gamma Excitation by beta
Disintegration, Nature Jan 14, 1933.

Nuclear Energy levels, Nature Mar 25, 1933.

Fundamental State of Nuclear Alpha-Patrticles,
Nature Apr 29, 1933.

Internal temperature of Stars (with Landau),
Nature Vol 132, 567, Oct 7, 1933.

Modern Ideas on Nuclear Constitution, Nature
May 19, 1934,

Isomeric Nuclei ?, Nature Jan 2, 1934,
The Negative Proton, Nature May 25, 1935.

The Problem of Stellar Energy (with
Chandrasekhar and Tuve), Nature Vol 141,
982, May 28, 1938.

The Expanding Universe and the Origin of the
Great Nebulae (with Teller), Nature Vol 143,
116-117, Jan 21, 1939.

The Expanding Universe and the Origin of the
Great Nebulae (with Teller), Nature Vol 143,
375 Mar 4, 1939.

Nuclear Reactions in Stellar Evolution, Nature
Sep 30, 1939.

Nuclear Reactions in Stellar Evolution, Nature
Oct 7, 1939

Rotating Universe ?, Nature Vol 158, 549, Sep
13,1946

The Evolution of the Universe, Nature Oct 30,
1948.

Mixed Types of Stellar Populations, Nature
Nov 20, 1948.

Hydrogen Exhaustion and Explosions of Stars,
Nature Vol 168, 72-73, Jul 14, 1951.

Possible Relation between Deoxyribonucleic

21.

22.
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Acid and Protein Structures, Nature Vol 173,
318, Feb13, 1954.

Case of the Vanished Correlation in Statistics
of Quasistellar Objects, Nature Nov 4, 1967.

Naming the units, Nature Vol 219, 765, Aug
17 1968.

The Physical Review :

1.

10.

11.

12.

13.

14.

Negative Protons and Nuclear Structure, Phys.
Rev. (May 15 1934).

Selection Rules for the beta Disintegration
(with Teller), Phys. Rev. 49, 895-899 (Jan 15
1936).

Possibility of Selective Phenomena for Fast
Neutrons, Phys. Rev. (Aug 1 1936).

Some Generalizations of the Transformation
Theory, Phys. Rev. (Feb 15 1937).

Nuclear Energy Sources and Stellar Evolution,
Phys. Rev. 53, 595-604 (Apr 1 1938).

The Rate of Selective Thermonuclear
Reactions, Phys. Rev. (Apr 1 1938).

Tracks of Stellar Evolution, Phys. Rev. (Jun 1
1938).

Tentative Theory of Novae, Phys. Rev. (Sep
15 1938).

On the Origin of the Great Nebulae (with
Teller), Phys. Rev. 53, 654-657 (Apr 1 1939).

Physical Possibilities of Stellar Evolution, Phys.
Rev. 53 (Apr 15 1939).

Energy Production in Red Giants, Phys. Rev.
53, 719 (Apr 15 1939).

Evolution of Red Giants, Phys. Rev. 53 (Apr
15 1939).

The Possible Role of Neutrinos in Stellar
Evolution (with Scoenberg), Phys. Rev. 58, 117
(Dec 15 1940).

Neutrino Theory of Stellar Collapse (with
Scoenberg), Phys. Rev. 59, 539-547 (Apr 1
1941).




15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Relative Importance of Different Elements for
Neutrino Production, Phys. Rev. (Apr 1 1941).

The Evolution of Contracting Stars, Phys. Rev.
(Jan 1 1944).

Probability of Nuclear Meson-Absorption,
Phys. Rev. (Apr 15 1947).

The Origin of Chemical Elements (with Alpher
and Bethe), Phys. Rev. 73, 803-804 (Apr 1
1948).

The Origin of Elements and Separation of
Galaxies, Phys. Rev. (Aus 18 1948).

Thermonuclear Reactions in the Expanding
Universe (with Alpher and Herman), Phys. Rev.
(Nov 1 1948).

Problem of Red Giants and Cepheid Variables
(with C. Longmire), Phys. Rev. (Aug 15 1950).

The role of Turbulence in the Evolution of the
Universe, Phys. Rev. (Apr 15 1952).

Electricity, Gravity and Cosmology, Phys. Rev.
Letters (Sep 25 1967).

Electricity, Gravity and Cosmology, Phys. Rev.
Letters (Oct 23 1967).

Observational Properties of the Homogeneous
and Isotropic Expanding Universe, Phys. Rev.
Letters (Jun 3 1968).

The Astrophysical Journal :

1.

A Star Model with Selective Thermo Nuclear
Source, Astrophys. J. 87, p206 (1938).

The Energy Producing Reaction in the Sun,
Astrophys. J. (Oct 1 1938).
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The Shell Source Stellar Model (with
Critchfield), Astrophys. J. 89, p244 (Mar 1939).

Contractive Evolution of Massive Stars,
Astrophys. J. (Nov 1943).

On WC and WN Stars, Astrophys. J (Nov
1943).

Recent Progress in Astrophysics (with Hynek),
Astrophys. J. (Mar 1945).

On Stellar Dynamics of Spherical Galaxies
(with Belzer and Keller), Astrophys. J. (Jan
1951).

Scientific American :

1
2
3
4,
5
6

10.

11.

Galaxies in Flight, July 1948. Vol 179-1.
Origin of Ice, Oct 1948. Vol 179-4.
Supernovae, Dec 1949. Vol 181-6.
Turbulence in Space, Jun 1952. Vol 186-6.
Modern Cosmology, Mar 1954. Vol 190-3.

Information Transfer in the Living Cell, Oct
1955. Vol 193-4.

Evolutionary Universe, Sep 1956. Vol 195-3,
p136-154.

ARocket around the Moon, Jun 1957. Vol 196-
6.

The Principle of Uncertainty, Jan 1958. Vol
198-1, p51-57.

The Exclusion Principle, Jul. 1959. Vol 201-1,
p74-86.

Gravity, Mar 1961. Vol 204, 3, p94-106.
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