g’&: fl}e'MosI Interesting Facts and Theories of

W A Modern Science EXpIumed for the Layman

UNE TWO THREE--INFINIT

Facts and Speculations of Science

GEORGE GAMOW

Author of The Birth and Death of the Si»

ol Merlor Peok



Science for th
Can space be bent? B,
Why does a rocket shrink? :

These, and hundreds of other provocatlve questx
answered by an eminent scientist in his most stnn
ing book, one which takes the reader on an ex
tour of our universe.

As in his earlier and highly popular books, Bit
of the Earth and The Birth and Death of the
‘ - George Gamow translates into fluent, easily und
- language, some of the most complex scxentlﬁc fact
concepts. And in One Two Three . . . Infini
goes beyond these two previous works in the Ia

‘his interests. In brief, he attempts to assemble the
mterestmg facts and theorles of modera science
a way as to give the reader a general picture
universe as it presents itself to the eye of the

today. He discusses a myriad of fascinating subj
such as the laws of numbers, the relativity of space
time, and most important, he develops his own
theory of stellar explosions and an entirely new. ex
planation of the origin of the solar system.

R—

The text is lavishly illustrated with more than a
. dred of the author’s engaging and informative draw
and six pages of photographs.

" “Succeeds where others fail because of his remark
ability to combine technical accuracy, choice o
£ terial, dignity of expression and readabzltt-y e

- day Review :




MENTOR Books You Will Enjoy
: 35 cents each

-

’HY OF THE EArTH (Revised)

by George Gamow
fascinating life story of the planet Earth, pro-
usely illustrated. (#M27)

: Bikta AND DEATH OF THE SUN by George Gamow
. a.foreword by Albert Einstein #
icid explanation of stellar evolution and atomic |
‘tracing the anatomy of matter as modern
cs has explored it. Illustrated. (#M77) S

e
Umvini;; Dr. EinsteIN by Lincoln Barnett,
clear analysis of time-space-motion concepts and of
: structure of*atéms, which explores the relationship
¢ I'gen,_.'.gl:;ilosoghy and modern science. (#M71)

JNDERSTANDING ScIENCE by James B. Conant
ge;ed educator, diplomat and atomic physicist ex-
18 the scope of science in our modern world, and
 an historical view of its growth. (#M68)

2
S

& MeANiNG oF Evorurion (Revised and abridged) y

by George Gaylord Simpson ,:‘

The principles and human meaning of evolution, tra- ;

g the entire span of life on earth and its ethical s
plications for mankind. (#M66)

To Our READERS

' welcome your comments about SIGNET or MENTOR
, as well as your suggestions for new reprints. If
dealer does not have the books you want, you may
them by mail, enclosing the list price plus 5c a
er mailing costs. Send for a copy of our com-
gue. The New American Library of World

ic., 501 Madison Avenue, New York 22, N.Y,
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“The time has come,” the Walms 'said,
“To talk of many things” . i
Lewis Carroryr, Through the Lookmg-Gla:: Ene

Preface L

. . . of atoms, stars, and nebulae, of entropy and genes; and

whether one can bend space, and why the rocket shrinks. And =~

- indeed, in the course of this book we are going to discuss all =
these topics, and also many others of equal interest. * T

The book originated as an attempt to collect the most in- :
teresting facts and theories of modern science in such a way =
as to give the reader a general picture of the universe in its
microscopic and macroscopic manifestations, -as it presents -
itself to the eye of the scientist of today. In carrying out this
broad plan, I have made no attempt to tell the whole story, :
knowing that any such attempt would inevitably result in an.
encyclopedia of many volumes. At the same time the subjects .
to be discussed have been selected so as to survey briefly the
entire field of basic scientific knowledge, leaving no corner = =
untouched.

Selection of subjects according to their importance and
degree of interest, rather than according to their simplicity,
necessarily has resulted in a certain unevenness of presenta-
tion. Some chapters of the book are simple enough to be =
understood by a child, whereas others will require some little =
concentration and study to be completely understood. It is
hoped, however, that the layman reader will not encounter
too serious difficulties in reading the book. =

It will be noticed that the last part of the book, which dis-
cusses the “Macrocosmos,” is considerably shorter than the
part on “Microcosmos.” This is primarily because I have
ready discussed in detail so many problems pertam' ) the
macrocosmos in The Birth and Death of the Sum; and Biog-
raphy of the Earth' and further detailed discussmn ‘here

. would be a tedious repetition. Therefore i this part I have

* The Viking Press, New York, 1940 and 1941, respectively; New Amer-
ican lerary Mentor editlons, 1945 and 19484 res) ely.




general account of physical facts

- world of planets, stars, and nebulae and th
~govern them, going into greater detail only in dis-
oroblems upon which new light has been shed by the i
of scientific knowledge during the last few years.
ving this principle I have given especial attention to the

v1ews according to which vast stellar explosions,
as “supernovae,” are caused by the so-called “neu-
”’ the smallest particles known in physics, and the new
ary theory, which abolishes the currently accepted
that planets originated as the result of collisions be-
the sun and some other stars, and re-establishes the ~
forgotten views of Kant and Laplace.
- to express my thanks to numerous artists and illus-
whose work, topologically transformed (see Section
IT), has served as the basis for many illustrations
g the book. Above all my thanks are due to my young
Manna von Neumann, who claims that she knows
g better than her famous father does, except, of

, mathematics, which she says she knows only equally
\fter she had read in manuscript some of the chapters
book, and told me about numerous things in it which
| not understand, I finally decided that this book is
children as I had originally intended it to be.

G. Gamow

Washington University
ngton, D. C.
ber 1, 1946



Big Numbers
: . Natural and Artificial Numbers

Unusual Properties of Space
The World of Four Dimensions

Relativity of Space and Time

PART III. MICROCOSMOS

Descending Staircase

- vir. Modern Alchemy
vizr. The Law of Disorder
- 1x. The Riddle of Life

PARTEIV: MACROCOSMOS
X. Expandmg Horizons
: The Days of Creation
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viir. The Crab Nebula

. The first three infinite numl

Lllustrations
PLATES (between pages 160 end 161) :

1. Hexamethylbenzene Molecule
11. A. Cosmis Ray Shower
B. Nuclear Disintegration
m1. Transformations of Atomic Nuclei _
A. A Fast Deuteron Hits Another Deuteron
B. A Fast Proton Hits Boron Nucleus
c. A Neutron Breaks a Nucleus of Nitroge
1v. Uranium-Nucleus Fission e
V. A. and B. Photomicrographs of Fruit-Fly
Chromosomes -
c. Photomicrograph of Fruit-Fly Female
vi. Particles of Tobacco-Mosaic Virus
vii. A. Spiral Nebula in Ursa Major
B. Spiral Nebula in Coma Berenices
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An ancient Roman tries to write “one million
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The “End of the World” problem.

An automatic printing press.

An African native and Prof. G. Cantor com
their counting ability.

The number of points on a line.

The number of points in a square.

ratosthenes’ “sieve.”
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velocity.
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Water molecule.

Thomson’s conception of the atom. ;

Thomson’s apparatus for measuring atom’s
charge/mass ratio.

Rutherford’s picture of the atom.

The periodic table of elements.

Union of atoms in sodium chloride molecule. h

Electrical and gravitational attraction.

Electronic motion in the atom.

Reflection and refraction of light.

The notion of trajectory.

Prout’s hypothesis.

“Annihilation” process of two electrons gmng )
to an electromagnetic wave, and “creation’
a pair. i,

The origin of a cosmic ray shower.

Negative and positive beta decay.

The recoil problem in artillery and nuclear
physics. a7

Chart of elementary particles of modern phys
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Fission and fusion of two droplets.
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the Milky Way.
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The milestones of cosmic exploration.

Two schools of thought in cosmogony.
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Big Numbers

1. HOW HIGH CAN YOU COUNT?

THERE 1S A sTORY about two Hungarian aristocrats
decided to play a game in which the one who calls the lar
number wins.
“Well,” said one of them, “you name your number fi
After a few minutes of hard mental work the second
crat finally named the largest number he could think of.
“Three,” he said. '
Now it was the turn of the first one to do the thinking
- after a quarter of an hour he finally gave up.
“You’ve won,” he agreed. :
| Of course these two Hungarian aristocrats do not represen
a very high degree of intelligence! and this story is probab
just a malicious slander, but such a conversation migh:
ally have taken place if the two men had been, not Hun!
ans, but Hottentots. We have it indeed on the authori
African explorers that many Hottentot tribes do not have
their vocabulary the names for numbers larger than thr
Ask a native down there how many sons he has or how
enemies he has slain, and if the number is more than t
. he will answer “many.” Thus in the Hottentot country in
. art of counting fierce warriors would be beaten by an A
ican child of kindergarten age who could boast the abili
count up to ten!
Nowadays we are quite accustomed to the




v ditures in cents, or stellar distan
y s:mply setting down a sufficient number of zeros
right side of some figure. You can put in zeros until
nd gets tired, and before you know it you will have
er larger than even the total number of atoms in the
,2 which, incidentally, is 300,000,000,000,000,000,-
000 000, 000 000,000,000,000, 000 000 000 000 000 -
,000,000,000, 000. :
. Or you may write it in this shorter form: 3-10™.

Here the little number "¢ above and to the right of 10
s that there must be that many zeros written out, or,
her words, 3 must be multiplied by 10 seventy-four

“arithmetic-made-easy” system was not known
e:it times. In fact it was invented less than two thou-
years ago by some unknown Indian mathematician.
¢ his great discovery—and it was a great discovery,
h we usually do not realize it—numbers were written
g a special symbol for each of what we now call deci-
nits, and repeating this symbol as many times as there
'units For example the number 8732 was written by

nt Egyptians:

YT LI CECCCCENNNNN

z a clerk in Caesar’s office would have represented it
is form:

MMMMMMMMDCCXXXII

e latter notations must be familiar to you, since Roman
als are still used sometimes—to indicate the volumes
apters of a book, or to give the date of a historical event
pompous memorial tablet. Since, however, the needs of

nt accounting did not exceed the numbers of a few .
nds, the symbols for higher decimal units were non-
t, and an ancient Roman, no matter how well trained
etic, would have been extremely embarrassed if he
1 asked to write “one million.” The best he could
 comply with the request, would have been to
d M’s in succession, which would have'
f hard work (Figure 1).




