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The story of atomic energy tcday in industry,

farming, medicine, and the space program —
and how it may be used in the future. With 48
color stamps and line drawings on every page.

BOHR MODEL OF URANIUM ATOM



A’I‘ﬂhﬂﬂ energ}r is a source of power far greater than any that
mankind has known before. In this hook you will learn how
atomic energy was discovered, and how it is being used today
for peaceful, constructive purposes. You will see and read
a omic power plants and how their reactors provide
-ﬂlﬂlﬂlm:mr for homes and industries; how radioisotopes are
produced and used; and how atomic reactors supply power for
ships such as the Nautilus, the submarine that traveled under
the polar ice pack to the North Pole,

Text and pictures also show you the projects on which
nuclear scientists are now at work. And finally yai will see how
atomic energy may someday help man reach neighboring
: plqnets

| o use this stamp book, first separate, the gummed stamps,
Then find the page where each stamp belungq and place the
staxnpin the space marked for it,




e

T T e

R TR

tdNl{denima

AT ST

L R R R R R R R R T

EEmEEE

ST T e 4 g A

ATOMS RELEASE MORE ENERG‘!‘ THAN FI.FEI.S

pREdR T o r R &e )

i T

L TR

A

s e

CF

B T B L T P SR

s 8 ey

'

DEMOCRITUS" IDEA OF ATOMS

e Ll e Y T LT

ATOMIC MERCHANT SHIP

TIT RS

GLOWING REACTOR

EAE -

e

CREATING NEW ELEMEN'I'S FRC‘M THE ATOM CARMOTITE A.ND COBALT

- o T » ¥ . PR TN T ORI N . - S sy

n
s

CORE

ATOMIC PLANT IN PENMNSYLVAMIA

5 BT

oy

-

PR ST T

ey

e L L LT L T T T e ey

TONS OF CIIIE YIELD DLINEES OF LI 235

ATOMIC SUBMARIME UMDER WORTH POLE

- "l
mila Mbe w n LR T A e e RS EETEE TR e R e e el e e i 0 i, W e B Pl il ' _L:



NP e

ATOMIC BATTERY USED IN 5PA = PATIENT GETTING RADIOCOBALT TREATMENT © RADIDACTIVE TRACE|

T e T I T T T =

R IN MOLECULE

srsdseanEsnlmEdE R WHSRCE U ELEE E TS . B SRR L SEETEENE

cAERR R AR EREEY R o

i FEE e

=il

IZED ATOMS

L e el R |

MODEL OF BREEDER REACTOR HEAVY WATER HAS HEAVIER HYDROGEN A'EU.M.S-:_ TRACKS OF ION

- o
Fabde e @Sy R R AL e T & % e L At Eg rEra=

DISCHARGE OF [ONIZED ATOMS

M IT TP

‘SIMKING ATOMIC WASTES IN THE SEA GAMMA RAYS SHOW DEFECTS IM STEEL

SCIENTISTS DOING RESEARCH OM THE ATOM




TESTING ATOMIC ROCKET MOTOR, . .:

R N

=
-
-
¥
-
"

CYCLOTRON ' ALBERT EIMSTEIN

PR R R el L Ry

THE SEA 15 A SOURCE OF HEAVY HYDROGEN

-

SHIELDED ROBOT DEVICE FUSION RELEASES MORE ENERGY THAN FISSION STERILIZING FDOD BY RADIATIONS




b R e N e R e e R e i i e R R i T R TTI v T or T T - =

e w

FAFSABRS s gER s pE R RE TR R P EE e

THE DISCOVERY OF RADIUM : RODS IN REACTOR COMTROL CHAIN REACTION

sd e ReERtiagnRE

FUSION TAKES PLACE IN THE SUN

ChNs RN B AR R ESS LR

-
ErammAEE R BN FEe

i P . o eww Wl

e

MAGNETIC BOTILE




PLACE THE STAMP HERE

BOHR MODEL OF URANIUM ATOM

A GOLDEN STAMF’ BOOK

© ATOMIC
'ENERGY

Color lllustrations by GEORGE SOLONEVICH
Black and White Drawings by MIKE STRAUSS

Here is a list of the stamps, with the pages on which they should be placed.

Albert Eingtein , .., ........ 4 DModel of Breeder Reactor ... 27
An Atomic Pile ,.........,. & Nike Atomic Rockets ...... 14
Atomic Agriculture ... ... 37 il Released from Shale
Atomic Battery Used by Atomic Blast .. ... ... 45
in Space Program ... ..... 41  Only the Very Heavy
Atomic Bomb Test . ...... .. 9 Atoms Fission . ... ....... 15
Atomic Plant in England ... . 30 Patient Getting
Atomic Plant in India . ... .. 31 Radiocobalt Treatment . ... 35
Atomic Plant Radicactive Oil
in Pennsylvania ....... .. 29 Tracer in Motor .. ....... 36
Atomic Merchant Ship .. .. .| 44 Radioactive Tracer i
Atomic-powered Spaceship . . 47 inMolecule .. .......0000a 39
Atomic Submarine Reactor in Submarine . ... ... 42
under North Pole . ..., ... 43 Rodsin Reactor
Atoms for Peace Exhibit ... 32 Control Chain Reaction.. .. 26
Atoms Release More Scientists Doing
Energy than Fuels ....... 24 Research on the Atom ..., 48
Bohr Model of Uraniim Atom 1 Shielded Robot Device . ... .. 34
Carnotite and Cobalt ... .. .. 23 Sinking Atomic
Creating New Elements Wastesinthe Sea . ....... 16
from the Atom .......... 13 Sterilizing Food
.12 [ 5 R e et o o 12 by Radiations ...... e 33
Democritus’ Idea of Atoms... 2 Testing Atomic
Discharge of Jonized Atoms 10 Rocket Motor . ce.. . A6
Fusion Releases More The Discovery of Radlum P
Energy than Fission ... . 18 The Sea Is a Source
Fusion Takes Place of Heavy Hydrogen ... ... 22
intheSon .............. 17 The Uranium Atom Splits ... &
Gamma Rays Show Tons of Ore Yield
Defectsin Steed .. ... .. 40 Ounces of U-235 .. ...... 7
Glowing Reactor Core ...... 25 Tracks of Ionized Atoms .... 35
Heavy Water Has Underwater Hydrogen
Heavier Hydrogen Atoms . 20 Bomb Test ......cc0m. 19
Installing a Reactor ... ... .. 28 Van De Graaff Atom Smaaher 11
Magnetic Bottle . .......... 21 Working with Radicisotopes 33

GOLDEN PRESS (&) NEW YORK

Copyright- 1940 h Gelden Prass Im'.. All righis 'ruunuld Encludl il af un:ndl,tﬁqu 1]
hh”w-!n part s ' ht-. rud ard prmﬁgl:l ¥ Artlsts on 'i'l'rlimwhul Ime, Priated s
the US4 Weileen P ﬂ rephil L Publishod Galdan Pross, !m.'- H.ik!-lr
Cander, How 20, . ¥ | similhereous r mw by The Mussen Baok Campeny, Lid,, Toresle,



PLACE THE STAMP HERE I

DEMOCRITUS' IDEA OF ATOMS

Miels Bohr described the atom as being mainly empty space.

The Beginning

In Greece, about 600 B.C., a philosopher
named Thales first proposed the idea that
all objects were made up of tiny bits of
matter which could not be broken up into
any smaller units. These bits were named
atoms, a word meaning “cannot be divided.”

A century later, also in Greece, a philoso-
pher named Democritus drew sketches of
atoms, which he imagined as being of many
different sizes and shapes.

In 1803, John Dalton, an English chemist,
gave a more scientific description of atoms.
He said they had round shapes. He also said
that, though their sizes were about the same,
their weights were very different.

Other scientists agreed and eventually
listed exactly 92 kinds of atoms that made up
92 different elements, or substances that

could not be changed into other substances.
These basic atoms combine to form millions
of kinds of molecules—groups of atoms—
which make up all the substances we know.

But Dalton believed the atoms were solid.
This concept changed at the end of the 19th
century when the electron was discovered.
Later Niels Bohr of Denmark drew models
of atoms showing that they were mostly
empty space. Electrons revolved around
heavy, little protons in the nucleus, like plan-
ets around a sun. In the lightest element,
hydrogen, only one electron circles one pro-
ton. The heaviest natural atom, uranium, has
92 electrons circling a group of nucleus
particles.

This is the picture of the atom that science
follows today.
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THE DISCOVERY OF RADIUM
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Madame Curie and her husband, Pierre

The Discovery of Radium

Until 1898, it was thought that no ele-
ment’s atoms could change into another
element’s atoms. Then Becquerel discovered
that uranium breaks up spontaneously. Later
Madame Curie, a brilliant woman scientist,
discovered the radioactive element radium.
Radium gave off heat and also radiations
called alpha, beta, and gamma rays.

Further study proved the alpha rays were
streams of high-speed helium ions, the beta
rays were electrons, and the gamma rays
were pure energy waves. Madame Curie sug-
gested the name “radioactivity” for this proc-
ess, which was caused by the radium atoms’
breaking down to form lead atoms.

It was therefore not true that elements
never changed. Other heavy elements such as
radon (#86), actinium (#89) and thorium

(#90) also proved to be “unstable,” by con-
stantly breaking down.

A fixed rule of radioactivity is that half of
any radioactive element will change to an-
other element in a certain period of time. In
the case of radium, half of it will change in
1,700 years; half of what is left will change in
the next 1,700 years, and so forth. The time it
takes for this change is called the element’s
half-life. Each radioactive element has a dif-
ferent half-life.

Each speck of radioactive elements gives
off an enormous amount of energy. Radium
first gives off helium ions followed by elec-
trons. In this process of breaking down to
lead, some of the nuclei that are formed give
off gamma rays which are much more power-
ful than X-rays.
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Einstein's formula says that matter can turn into energy.

Einstein’s Formula

Radioactivity brought up two questions.
As radium broke down, the combined prod-
uct of the decay lost mass. How could solid
matter vanish? And where did the great en-
ergy come from?

In 1905, Albert Einstein found the answer
when he said the lost mass caused the great
energy. His famous formula, E = mc’, says
that matter can turn into energy.

And this lost mass created a very large
amount of energy, far more than that ob-
tained from burning coal, oil, or from explo-
sives like TNT. In fact, scientists concluded
from Einstein’s formula that weight for
weight, radioactivity was more than a million
times greater than any other kind of power
we knew.

But it was not easy to release this energy
locked up within the heart of the atom. Scien-
tists tried but failed in their attempts to speed
up radioactivity and to make more radium

4

atoms burst apart. Nor could they slow the
radioactivity down either. There seemed to
be no way to change the natural process of
radioactivity. For many years, nobody could
find a way to tap the energy within the mighty
atom, even though scientists knew it was
there.
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Inside the Atom

Meanwhile, chemists were puzzled as to
why atoms weighed more than they should.
The theory was that for every circling elec-
tron with a negative charge, there must be
one nucleus proton with a positive charge.
Why then did helium, with only two elec-
trons, have an atomic weight four times that
of hydrogen? Hydrogen, the simplest atom,
has one proton and one electron. If there
were four protons in the nucleus of helium,
why weren’t there four circling electrons?

Other elements were equally puzzling.
Uranium, for instance, with 92 electrons, had
an atomic weight of 238. That meant its
nucleus held 146 extra protons, which was
impossible. Something was wrong with the
scientists’ picture of the atom’s core.

In 1932, Sir James Chadwick of England
and Joliet-Curie and his wife in France found
the answer when they determined the exact
nature of the neutron. This was a particle
equal in weight to a proton, but neither neg-
atively nor positively charged. Therefore,
any neutrons in the nucleus did not require
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TRACKS OF IOMIZED ATOMS

any orbiting electrons to balance the elec-
trical charges of the whole atom.

That explained helium which had the
atomic weight of 4. It had two protons plus
two neutrons in its nucleus. Yet it needed
only two electrons. And uranium had only 92
protons for its 92 electrons, plus:146 extra
neutrons. That cleared up the riddle of the
overweight atoms and gave scientists a new
picture of the atom’s inner core.

Sir James Chadwick,
discoverer of the neutron




The Atom Splits

The neutron was the key which unlocked
atomic power.

Previously, nuclear scientists had tried to
use high-speed protons to smash atoms apart,
but these protons were repelled by the pro-
tons in the atom’s nucleus. According to the
laws of electricity, like charges repel each
other, and all protons are positively charged.

But the neutron, which has no electric
charge, might be sent straight into a nucleus.
Various scientists had tried this but had ob-
tained puzzling results.

In 1939 two scientists working in Ger-
many—Otto Hahn and Fritz Strassmann—
shot neutrons into uranium atoms, splitting
them with a great release of energy. Lise

Otto Hohn and Fritz Sirossmann
split uranium atoms.
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Meitner, the great woman physicist, sug-
gested to Niels Bohr of Denmark that the
result of this was uranium fission. This was
proved to be true. Atomic energy had been
achieved at last.

When World War II broke out, nuclear sci-
entists working in the United States realized
that uranium fission might be used as a mili-
tary weapon. They wanted this country to
win the race in getting such a weapon. Fi-
nally, with Einstein acting as spokesman,
they appealed to President Roosevelt,

Within a few years several atomic projects
had been launched in the United States. One
of these was the Manhattan Project which
started the first nuclear chain reaction.
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Atomic plant at Oak Ridge, Tennessee.

The Manhattan Project

Beginning in 1940, two billion dollars
were poured into the program to make the
atomic bomb. Among the scientists working
on this project were twenty Nobel Prize win-
ners in science. They faced a hard task.

First, they had to find out how to release
atomic energy in large amounts. Previously a
few dozen uranium atoms had been split.
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TONS OF ORE YIELD OUNCES OF U-235

Now atoms had to be split by the trillions to
get worthwhile amounts of atomic power.

Also, at that time, uranium was a scarce
metal. Ores had to be shipped in from such
faraway places as the Belgian Congo in
Africa. A plant was built at Oak Ridge, Ten-
nessee, to work the ores and produce purified
uranium in far greater amounts than had ever
existed before.

This was necessary because ordinary ura-
nium is a mixture of two atoms of different
atomic weights. These are called U-238 and
U-235. All wranium is radioactive but only
U-235 is fissionable by neutrons. And U-235
was less than one percent of the total refined
metal. So, many tons of uranium were needed
in order to secure a few pounds of U-233,
which could produce atomic energy.

It took more than two years to produce the
uranium needed, as well as other special
products including graphite and zirconium
metal, to make an atomic pile.

7



Fermi's atomic pile ai the University of Chicage
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The First Atomic Pile

On December 2, 1942, in a laboratory at
the University of Chicago, the atomic scien-
tist Enrico Fermi put up his hand for a signal.
He was the chief of the project at Chicago.

His staff had built an atomic pile, 15 feet
long and 15 wide, by piling up bricks of
graphite and pure uranium. The metal alone
totaled 500 tons,

The outside surface of the pile was
punched with many holes through which
cadmium rods extended into the core. These
were control rods that could absorb neutrons
given off by the radioactive U-235. As Fermi
signaled, his men slowly pulled the rods
out, allowing neutrons to fly all around
through the core. The graphite acted as a
moderator to slow down the neutrons that
pierced it, The slower the neutrons went,
the more chance they had of striking ura-
ninm nuclei.

More and more neutrons in the atomic pile
began to smash uranium atoms. But now
thousands of atoms were being split . . . then

8
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AN ATOMIC PILE

millions . . . then countless billions. The
needle of a power gauge swung up. It finally
passed a red line. Now atoms were splitting
faster than in any natural radioactive
element.

It was a big moment, for the atomic pile
had *“gone critical.” That meant, for the first
time in history, that a chain reaction had
been started. Thirty-seven years after Ein-
stein’s formula had showed the way, scientists
had unlocked atomic power.



The Atom Bomb

Fermi had released atomic energy, but it
took another two years to make an atomic
bomb. This called for a fissioning fuel that
would release its energy in one blast instead
of slowly as the fuel did in the atomic pile.

One such fuel was found in the core of the
first atomic pile. It was a new element called
plutonium, Pu-239. It had been created by
changing radioactive uranium atoms.

Plutonium was an artificial element that
had never existed on the earth. It had been
produced before only in scientific experi-
ments. Atomic piles were built to produce
plutonium. Nuclear calculations showed that
a racing chain reaction could explode it.

Meanwhile, atomic plants had purified an-
other fuel, U-235, for a bomb. To “go criti-
cal,” a certain exact amount of U-235 was
required. Less than that “critical mass”
would not explode. Scientists had to invent a
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ATOMIC BOME TEST

device that would jam several pieces of
U-235 together with clockwork precision to
make an explosion.

In July, 1945, at Los Alamos, New
Mexico, the first atomic bomb in history was
exploded. The great fireball mushrooming in
the sky proved that one atomic bomb had
more power than 10,000 tons of TNT.




FLACE THE STAMP HERE

DISCHARGE OF IONIZED ATOMS

The AEC

On August 6, 1945, the first atomic bomb
was used in the war against Japan, destroying
half of the city of Hiroshima. On August 9,
the second atomic bomb was dropped on
Nagasaki. No more atomic bombs were used,
Japan surrendered on August 14, 1945,

Now research into the peaceful uses of
atomic energy could be started, The Atomic
Energy Commission was formed in the
United States on August 1, 1946, to explore
all the ways of using atomic power for peace-
ful purposes. The clumsy atomic piles were
not built anymore; they were replaced by
smaller and more useful reactors, The atomic
cores of the reactors used only a few tons of
uranium and gave more power than the 500-
ton atomic pile.

Many experimental reactors were de-
signed, in an effort to find better ways to har-
ness atomic power so it could be used to run
machines. Under the research program of the
AEC, in December, 1951, the reactors of the
Arco Atomic Plant, in Idaho, produced the
first experimental electricity in the world to
come from the atom.




Preparing target for atom smasher

The Atom Smashers

Nuclear scientists had begun atom-smash-
ing on a small scale long before the day of the
atomic reactors. They unlocked some of the
innermost secrets of the atom.

In the early 1930, Ernest O. Lawrence,
of the University of California, perfected the
cyclotron. It was shaped like a large, covered
frying pan. The air was pumped out of the
cyclotron to leave a partial vacuum, and pro-
tons were sent in through a central opening.
A powerful magnetic field then made the pro-
tons spiral outward in a widening circle. They
gained speed as an alternating electrical coil
gave the particles a “push” each time they
went around.

The cyclotron could make the particles
gain speeds of thousands of miles a second,
faster than anything except light waves. This
high speed gave the protons great energy.
These speeding protons were then let out of a
slit to strike a target, such as metal foil, and
to smash its atoms.

The smashing of the atoms gave added
proof to the scientists that atomic nuclei were
not solid but were composed of groups of
tightly packed protons and neutrons. And the
smashing of atoms also created and released
previously unknown particles. Nuclear scien-
tists were now able to get a clearer picture of
the mysterious heart of the atom.
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More Aiom Smashers

Lawrence’s first cyclotron was only a few
feet wide and produced 80,000 electron-
volts. An electron-volt is the energy one elec-
tron gains when it is acted on by one volt in
the electrical field through which it moves.

Bigger atom-smashing machines were
built. Today, there is a giant bevatron, 140
feet in diameter, which is producing six bil-
lion electron-volts. A synchrotron is now
being built that is 700 feet wide and will pro-
duce up to thirty billion electron-volts.

Bevatron, synchrotron, and cosmotron are
names for the new atom-smashing machines.
They work differently but they all do the
same job—smashing atoms apart. With these
machines scientists have found that the nuclei
of atoms are much more complex than they
first thought. This may help to explain the
mystery of why such great energy comes out
of such tiny bits of matter.

When the protons and neutrons are
smashed apart, in the nucleus of most atoms,
other subatomic particles called mesons are
released. A dozen or more kinds of these par-

ticles exist. They are called mu-mesons, pi-
mesons, theta-mesons, and so on. They are
thought to be the source of the powerful
binding force that holds together the many
parts of the nucleus.

Altogether, 21 or more different kinds of
particles are now known to come out of the
nuclei of atoms. Some scem to be created
only when nuclei are smashed. The list will
probably keep growing:
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Artificial Atoms

The first atomic pile created large amounts
of two new elements, neptunium and pluton-
ium, each heavier than uranium in atomic
weight. These are called the trans-uranium
elements. They are synthetic elements, made
by man.

Glenn T. Seaborg, a member of Law-
rence’s stafl, then began “discovering” more
new elements by creating them, extending the
atomic table from #95 to #102. He used a
cyclotron to fire protons and neutrons into
plutonium, £ 94, until it was built up into the
heavier atoms of #95. Then he built up #95
into #96, and so forth. Each time he added
one proton and several neutrons he had a
new element.

The international committee for naming
new elements called # 95 americium to honor
America for giving the world atomic energy.
Then #96 became curium to honor Madame
Curie, who discovered radium. In honor of
Seaborg and Lawrence, #97 became berke-
lium, after their city of Berkeley, while #98
became californium for their state.

Elements #99 and #100 were named
einsteinium and fermium in honor of Ein-
stein and Fermi. Mendelevium, #101, is
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CREATING MNEW ELEMENTS FROM THE ATOM

named for Mendeleev, the Russian chemist
who first fitted all elements into the atomic
table back in 1869. Finally, # 102 became
nobelium, named after the donator of the
famous Nobel Prizes.

Of the ten new clements beyond #92, or
uranium, all, except for plutonium and nep-
tunium, have been made only in tiny amounts.
They are so radioactive that they break down
almost immediately. Element #103 and
others beyond will probably also be created
as time goes on.

Artificial radiooctive elements have bean
created by scientists in laboratories.

i3



Post-War Atomic Tests

After the war, the United States contin-
ued to make atomic bombs for national de-
fense. Atomic tests were carried out in the
Pacific Ocean among uninhabited or evacu-
ated islands.

The power of atomic bombs was rated by
the kiloton, which is equal to 1,000 tons of
TNT. The Los Alamos bomb was of 10 kilo-
tons power—equal to 10,000 tons of TNT.
Bombs of twice that power, or 20 kilotons,
were used in 1946. Exploding in the air, one
of these bombs sank five out of ninety old
warships anchered in Bikini Lagoon and
used as targets. The rest of the warships were

badly damaged. Later, an underwater bomb
sank eleven ships and hurled the rest of the
ships on the beach as wreckage.

The power of atomic bombs being made
rose to 120 kilotons by 1948, to 250 kilotons
in 1951, and finally to 500 kilotons by 1953.
These giant atomic bombs were equal to fifty
of the type of bomb used at Los Alamos.

Smaller bombs were also developed for
tactical, or small target purposes. Their
power ranged from 5 to 25 kilotons. These
were small enough to be packed into shells,
or to be used as warheads for short range
rocket missiles.
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Testing atomic artillery shells
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Nucliear Myths

The general public had some needless fears
about the atomic bomb. One such fear was
that a very big atomic bomb would start a
chain reaction in the carth itself and make
the whole world blow up.

Scientists have proved this could never
happen. Only very special radioactive sub-
stances, such as U-235 or plutonium, have
ever been made to explode.

If water, sand, salt, or pebbles are dumped
on an ordinary fire, the flames go out. Sim-
ilarly, if water, sand, salt, or rocks—the sub-
stances of which the earth is mainly com-
posed—were put in an atomic bomb casing,
they would also put out the atomic “fire” of
the uranium. The earth is the wrong “fuel”
for nuclear explosions.

Another fear was that an atomic bomb,
accidentally dropped from a plane, would
blow up anything it hit below. Such an acci-
dent happened, but there was no atomic blast.
Only the TNT “trigger” went off, not the
atomic bomb. Each atomic bomb has a com-
plex internal mechanism that must be set
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before it can explode. Atomic bombs being
transported during peacetime are never set to
explode. They are no more dangerous than
a shipment of dynamite.

Nor can the atomic plants that are now
being built ever blow up, even though tons of
uranium are used in their reactors. If a reac-
tor did go wild, it would only create great
heat and melt itself. The molten uranium
would become contaminated with graphite
and metals in the reactor and go “dead.”
Only highly purified uranium can fission.

15



Atomic Safeguards

Some real problems did arise with the com-
ing of atomic power, but scientists are trying
to solve them.

After the early atomic bomb tests, it was
found that these explosions hurled radioac-
tive particles into the air. This fallout, as it is
called, is dangerous in concentrated form.
For this reason all atomic tests are made in
deserts or at sea, far from populated centers.

Getting rid of the atomic wastes that came
out of atomic plants was another problem.
Certain liquids and “ashes” from the reactors
remain “hot,” or radioactive, for long periods
of time. This atomic garbage is buried under
the ground or is sunk at sea after being placed
in steel drums encased in concrete.

The workers at atomic plants are safe-
guarded from receiving dangerous nuclear
radiations. Each worker wears a small strip
of photographic film in his lapel. This film
is checked regularly for “fogging.” The film
is fogged if any gamma rays touch it. If this
should occur the worker can be referred im-
mediately to a doctor for treatment,

16

Workers in atamic plant are protected
from radioactive materials.

PLACE THE STAMP HERE

SINKING ATOMIC WASTES IN THE SEA

Also, the workers must file past a Geiger
counter at regular intervals. If the Geiger
counter clicks rapidly, it means that a work-
er’s clothing is contaminated by radicactive
material. The clothing is then immediately
replaced by clean and safe garments. Many
of the atomic scientists wear special clothing
into which leaden threads are woven. Lead,
being dense, stops radiations.

Because of careful regulations, workers in
atomic plants have a lower accident rate than
in most other industries in the United States.



Atomic Fusion
Having finally discovered how to bring

about atomic fission, the nuclear scientists
began to look for ways to bring about atomic
fusion. Fission means splitting heavy atoms
into lighter atoms. Fusion means just the op-
posite, building up light atoms into heavier
atoms.

The clue to fusion was our own sun, which
is a giant nuclear reactor. If it were made of
coal, the sun would have burned itself out in
a few million years. What has kept it pro-
ducing light and heat for five billion years?

The answer to this question is the nuclear
burning of hydrogen gas. Hydrogen gas com-
poses over ninety percent of the sun. In the
sun’s hot interior, hydrogen atoms are fused
into helium, which is another element. Four
hydrogen atoms join together, under great
heat, to form one helium atom. But the heli-
um atom formed always weighs somewhat
less than the four hydrogen atoms. The lost

The sun s a giant nuclear reactor,
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FUSION TAKES PLACE IN THE SUM

weight is matter that turns into energy. This
process follows Einstein’s formula, E = mc®,
So much energy is released by this fusion that
the sun will be able to stay hot for at least
another ten billion years.

Atomic fusion is also called thermonuclear
reaction. “Thermo™ means heat. The sun’s
high internal temperature of 13 million de-
grees or more makes fusion take place.

17



Dr. Teller suggested using the alamic bamb
as o trigger for the hydrogen bomb.
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—  The Hydrogen Bomb
In order to make a hydrogen or thermo-
nuclear bomb, scientists faced the task of
duplicating the sun’s great heat on the earth.
This seemed impossible until Dr. Edward
Teller, a scientist who came to the United
States from Hungary, suggested using the
atomic bomb as a trigger.
Dr, Teller’s idea was that a hollow bomb
¥ would not only make an explosion, a blast
- force going outward, but also an implosion,
"j a blast force going inward. His plan was fol-
lowed. Fusion fuel was packed within a hol-
low fission or atomic bomb. This bomb’s
powerful implosion, along with its explosion,
heated the hydrogen core by millions of de-
grees. Then, only millionths of a second later,
the hydrogen atoms fused into helium, just
as they do in the sun.

This fusion released far greater energy
than that released by the atomic bomb.
PLACE THE STAMP HERE Weight for weight, the atomic fusion of hy-
. drogen is many times more powerful than
the atomic fission of uranium. And, because
hydrogen atoms are so light, a large number
of them could be packed in a bomb, Atomic
bombs are limited by the weight of the critical
mass they carry.

FUSION RELEASES MORE ENERGY THAN FISSION
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Hydrogen Bomb Tests

The first hydrogen bomb was exploded
in November, 1952, during a secret test near
Eniwetok Island in the Pacific Ocean. Even
the nuclear scientists underestimated the
bomb’s great power. They had to rate it by
megatons instead of kilotons, each megaton
being equal to a million tons of TNT.

The first hydrogen bomb of five megatons
had the blasting power of five million tons of
TNT, or ten times more power than the big-
gest atomic bomb of 500 kilotons.

As time passed, the fusion bombs became
even more powerful. On March 1, 1954, an
island called Bikini Atoll was completely
destroyed by a 15-megaton bomb.

The earliest hydrogen bombs required
complicated electronic devices, timing mech-
anisms, and other equipment. Since they were
too heavy for a bomber plane to carry, they
were exploded on the ground by remote-con-
trol. It was not until May, 1956, that a hy-
drogen bomb had been made light enough
to be carried by plane.

Hydrogen bomb test

PLACE THE STAMP HERE

UNDERWATER HYDROGEN BOMB TEST

Now, hydrogen bombs of power up to 50
megatons have been built. Though the details
are secret, it is said that such bombs are
packed with a large amount of uranium as
well as the fusion fuels. Fission and fusion
happen at the same time in these bombs. This
fission-fusion bomb is neither an atomic
bomb nor a hydrogen bomb. It is more prop-
erly called the nuclear bomb.
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Heavy Water

The hydrogen bomb does not use ordinary
hydrogen gas for atomic fusion into helium.
Instead, it uses a special kind of hydrogen
that occurs in a rare form of water called
“heavy water.”

The molecules of heavy water contain
hydrogen and oxygen—like ordinary water—
but the hydrogen atoms are of a special heavy
type, known as deuterium.

In deuterium atoms, the nucleus contains
both a proton and a neutron. In an ordinary
hydrogen atom there is only a single proton.
This makes the deuterium atom twice as
heavy or doublé the atomic weight of the
usual hydrogen atom.

Atomic plants also make tritium-hydrogen,
in which the atoms are triple the weight of
regular hydrogen atoms. In tritium, each
nucleus combines two extra neutrons with
one proton.

Tritium is very radioactive and unstable.
It is ideal for thermonuclear reactions since
it will fuse readily with deuterium. Dissolved
lithium-6, a radioactive form of the metal
lithium, is “also used along with the heavy
water in hydrogen bombs.

Deuterium, trittum, and lithium-6 create

PLACE THE STAMP HERE

HEAVY WATER HAS HEAVIER HYDROGEN ATOMS
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the vast explosive power of the hydrogen
bomb. A uranium-fission atomic bomb is used
as the trigger to furnish enough heat to start
off the fusion chain reaction.

In millionths of a second, with an atomic
bomb acting as a fuse, the deuterium-tritium-
lithium core of the hydrogen bomb achieves
atomic fusion. The two explosions are almost
simultaneous.

Three Types of Hydrogen Atoms

1. light hydrogen

electron

nucleus .

nucleus contains 1 proton

2. heavy hydrogen

nucleus n

electron

nucleus contains 1 proton and 1 neviron
3. triple-weight hydrogen

nwml&

alectron
s 5

nucleus contains 1 proton and 2 nevtrens
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FPower From Atomic Fusion

Someday we will use atomic fusion for
power. However, this is not nearly as easy as
using atomic fission. Thermonuclear fusion
reaction starts only at heat of more than ten
million degrees, the same degree of heat
found in the sun’s molten center.

Any metal, glass, plastic, or ceramic we
know would instantly melt and vaporize at
this degree of heat. How could any container
or reactor hold up in that extreme tempera-
ture? It seemed impossible until scientists in-
vented a magnetic bottle.

A magnetic bottle is a glass tube into
which ionized, or electrified, hydrogen gas
is pumped. Surrounding the tube is a power-
ful magnetic field that makes the ions, or
charged atoms, shrink away from the glass
walls and pinch close together in the center.
This is called the “magnetic pinch effect.”

Very high-voltage electricity is then shot
into the tube, raising the temperature of the
gas ions to millions of degrees. These ions
do not melt the glass tube because they are
not touching the glass walls. The very high

temperature, plus the magnetic pinch pres-
sure, are supposed to start atomic fusion.

However, this sudden flash heat can only
be kept up a few thousandths of a second at
a time. It is not enough to start a chain
reaction that will produce steady power.

British, American, and Russian scientists
are all experimenting with atomic fusion, but
it may take years of research to release this
power for practical use.

FLACE THE STAMP HERE .

MAGHNETIC BOTTLE
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Heavy water plant

The Cheapest Fuel

When fusion reactors are invented, their
fuel will be the deuterium in heavy water.
Heavy water is now produced for $28.00 a
pound. Pure wranium-2335, needed for fission
reactors, costs $12,000.00 a pound. The fuel
for fusion reactors will be much cheaper than
that for fission reactors.

PLACE THE STAMP HERE

THE SEA IS A SOURCE OF HEAVY HYDROGEN
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Also, deuterium is much more plentiful
than uranium. In sea water, one out of each
6,000 molecules is composed of heavy water
which contains deuterium. Since the oceans
cover almost three fourths of the earth’s sur-
face, the total amount of deuterium in all the
world’s sea water is many trillions of tons.

Countries bordering on the sea could build
plants to distill heavy water from sea water.
They could then sell this heavy water to in-
land nations. Thus, no matter how poor a
nation was in its supplies of coal, oil, or ura-
nium, it could use deuterium for fusion re-
actors to obtain electrical power.

Each pound of heavy water now costing
$28.00 will produce electrical power equal
to $5,000.00 worth of coal. It will be cheaper
when mass-produced in the future, The deu-
terium from two gallons of heavy water
would produce enough electricity to light
your home for 9,000 years.



Nuclear Treasure

The world will be using atomic energy
from fissioning uranium a long time before it
can use energy obtained from atomic fusion.

After the war, large quantities of uranium
were needed to develop peacetime reactors.
Prospectors all over the world began hunting
for uranium.

Uranium ores were found in many sec-
tions of the earth but the richest deposits
were in Australia, Portugal, the Belgian
Congo, Canada, Russia, and North America.
In the United States, uranium is plentiful
only in the West. Colorado has the major sup-
ply of these ores.

The uranium prospector has to use a spe-
cial device called the Geiger counter. This
is an electronic instrument that is sensitive to
the radiations—the alpha, beta, and gamma
rays—given off by any radioactive mineral.

When the Geiger counter makes loud
clicks, the prospector knows that uranium
ore is nearby, either in the rocky ground or
in a cliff. The number of clicks per second
tells the prospector how rich the ore is, and
how much of it lies at that spot.

PLACE THE STAMP HERE

CARNOTITE AND COBALT

After 1948, many uranium strikes were
made by prospectors. One man who found
uranium sold his claim for $9,000,000.
Others have also struck it rich, but many
failed, for good uranium ores are almost as
hard to find as gold is.

By federal law, the United States govern-
ment is entitled to buy all uranium ores mined
in this country. These ores are refined for use
by the AEC. Today, over a billion dollars’
worth of uranium is mined each year.

Mill for refining uranium ore
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ATOMS RELEASE MORE EMERGY THAM FUELS

Matter is Energy

The United States government has spent
billions of dollars buying uranium for the
AEC. It is well worth it, however, when we
realize the huge amount of power locked up
in the atom.

One pound of uranium metal makes a cube
one inch square, which is about the size of an
ice cube. If all of its atoms were split, that
one pound of uranium could produce 11
million kilowatt hours of electricity worth
$500,000.00. Yet one pound of uranium (in
which U-238 and U-235 are mixed) costs
only about $15.00.

In present reactors, only part of the atoms
are fissioned and the rest are wasted. Even
50, one pound of uranium can give us energy
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equal to five tons of coal, or 1,000 gallons of
gasoline. What makes this great difference?
The burning of coal is a chemical process,
in which the atoms of the coal combine with
atoms of oxygen to produce heat, The com-
bustion turns the coal and carbon into carbon
dioxide gas. The atoms themselves are not
changed because their nuclei are untouched.
On the other hand, fission changes ura-
nium atoms by splitting their nuclei into
smaller, different atomic nuclei. This causes
a loss of mass which turns into energy.
From the chemical burning of coal, or any
fuel, we get only low-grade heat-energy. It
is a million times less than the nuclear energy
obtained from splitting the nuclei of atoms.



Inside the Reactor

The reactors built by the AEC were great
improvements over Fermi’s first atomic pile
of 1942. Many different reactors were de-
vised, but they have several basic features in
common. {

All reactors have a core containing the
fission fuel. The fission fuel may be U-238
plus U-235, plutonium, thorium, or combi-
nations of these clements.

Within this core is a moderator that slows
down the neutrons. Slow neutrons are more
effective in penetrating a nucleus of an atom,
and thus starting a chain reaction.

The moderator must be a substance that
lets neutrons pass through it, and come out at
a slower speed. Graphite and heavy water
are good moderators, but a metal called

PLACE THE STAMP HERE

GLOWING REACTOR CORE

zirconium is the best moderator. This metal
is lighter than steel, resists corrosion, and
will not melt under heat of 3,452 degrees.

When the chain reaction starts and the
reactor goes critical, great heat is produced.
This heat would soon melt the core unless
the core is cooled. The cooling is done with
pipes through which a coolant flows, absorb-
ing and removing the heat. Plain water is
often used for the coolant. Metals with low
melting points like sodium and potassium
are also used.

In a reactor everything is done on a large
scale. The core may contain more than 100
tons of fission fuel, which calls for many tons
of moderators, and thousands of gallons of
circulating coolant.

Loading fuel into a reactor
25



Taming the Atom

The core, moderator, and coolant system
are only parts of the reactor. Surrounding
the reactor is the shield which stops the dead-
ly radiations. The shield may be a very wide
jacket of water, or heavy steel armor rein-
forced with lead, or ten-feet-thick concrete.
It takes such materials to stop the powerful
rays hurled out from the reactor’s core.

Finally, extending from the core out
through the shield, are the control rods with
which the scientists regulate the reactor.

The control rods are made of cadmium,
steel, boron, or a metal called hafnium. The
rods can absorb and stop neutrons. Thus,
when they are thrust deeper into the core,
they take enough neutrons out of action to
slow down or to stop the chain reaction.
When they are pulled out, the core fissions
more and more rapidly.

The control rods are necessary to keep the
reactor running steadily and to prevent its
fissioning too rapidly. However, should the
fission occur too rapidly, the reactor would

PLACE THE STAMF HERE

RODS IN REACTOR CONTROL CHAIN REACTION

not blow up like an atomic bomb. The run-
away reaction would create intense heat and
most likely would melt the uranium, graphite,
zirconium, and other core materials into a
“non-critical” mass. But, it would ruin the
reactor. The AEC has seen that safeguards
are taken so that an atomic plant can never
explode.

Including all the parts and the huge shield,
the typical reactor plant is very large, often
fifty or a hundred feet wide.

Diagram of a Reactor
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A breeder reaclor

The Fuel that Increases

When coal is burned, only ashes that can-
not be used again are left. But the “ashes”
from a certain type of atomic reactor can
actually contain more fission fuel than was
originally put in the reactor. This type of re-
actor is called the breeder reactor.

In all reactors, only a small part of the
uranium is used up, the U-235 breaking down
into light atoms, the U-238 building up into
plutonium.

By using fast neutrons for bombardment,
the breeder reactor not only breaks down as
many atoms as is necessary to produce atomic
energy, but also increases the percentage of
plutonium formed. This fast-neutron process,
as it is called, thus increases the overall effi-
ciency of the reactor.

After it has been operating for a while, the
breeder's core can be opened and the freshly
made plutonium extracted in large amounts.
Month after month, this reactor creates new
radioactive fuel in its “ashes” so that its fuel
cost is actually zero. During all this time, the

reactor has been producing atomic power,
too.

In the future, when atomic energy is used
throughout the world, countries that have
small supplies of uranium oré can use the
breeder reactor to their advantage. They will
have to import the original uranium core,,
but, when that is gone, they will have a supply
of plutonium on hand to furnish more power.

PLACE THE STAMP HERE

MODEL OF BREEDER REACTOR
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Atomic Power Plants

The research laboratories of the AEC
have developed over 30 types of reactor sys-
tems for producing industrial power in the
future. These reactors have many variations
of fissioning cores, moderators, coolants,
control rods, and shielding. Yet, they all do
the same job.

It is only the heat from the atomic reactor
that is used for power. And this heat simply
runs a conventional steam engine, or its
equivalent.

Some of the reactor systems heat ordinary
water to produce ordinary steam. This is
done by running water pipes through the hot
core. But this heated water becomes radio-
active and therefore dangerous to the work-
men in the plant. It is used only to heat other
water in a boiler. This type of reactor system
is called a heat exchanger. The secondary
water in the boiler then turns to uncontami-
nated steam,

Instead of water, some reactor systems
use a metal, like sodium, that melts easily.

— water

electric power to
homes and industries

condenser
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INSTALLING A REACTOR

It is run through the pipes in the core, and
then used to heat up the boiler. Molten metals
can get hotter than water and thus produce
higher steam pressure.

There are many other ways of using atomic
heat, but once the steam is produced, the end
result is the same. The steam is used to run
electric turbine generators, just as the steam
from coal is now used.

The big difference is that, at the present
time, one pound of uranium produces as
much steam as 10,000 pounds of coal. As
yet, reactors use only a small fraction of the
power in fission fuels, while the rest of the

fuel becomes atomic waste. If all the atomic
energy in a pound of uranium were released,
it would equal 2,600,000 pounds of coal.
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