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Introduction

ABOUT THIS BOOKLET

Unlocking the seerets of the atom was the
litework of many great men in the past, En-
suring the continued productive application
of atomic energy also requires the work of
many dedicated persens now and in the fu-
ture. For atomic energy, properly utilized,
hoids out the promise of abundant power—
the key to economic progress—as well as the
promisce of more food, better health, and
greater productivity——the key's to social
progress.

Many nations throughout the world, in-
JInding the United States, have honored the
Jram, its applications, and its famous scien-

ists with special postage stamps. This collec-
tion of “atomic postage stamps’” was prepared
to aelp tell the story of the atom—a story
thut includes its discovery, current applica-
tons. and future potential.
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Although cvery effort has been made o
include as wide and interesting a collection of
postage stamps as possible, this collection
cannot be considered complete since new
stamps are being issued almost daily through-
out the world. But that is precisely the plea-
sure associated with philately, which is the
hobby of collecting postage stamps. It, like
the story of the atom itselt, is a dynamic,
constantly growing and developing process.

Therefore, whether vou are a scientist or
lavman, stamp collector or noncollector. it is
hoped that this short comprehensive visit to
the world of the atom through the use of
selected atomic postage stamps will be both
enjoyvable and informative. It you want to
lcarn more about nuclear energy, vou might
wish to consult the books on page 75,

Stamps used as illustrations in this booklet
are marked with a number and asterisk in the
list beginning on page 78; the number is the
page on which the stamp appears.

6
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How To Mount A Stamp

Collectors usually  moant
stamps i albumes with stamp
hinges or  special mounts
avatlable from stamp dealers
and some stationery stores,

The hinge is usnally flat
and yumined on one side. It is
prepared  for use by (1)
folding it about one-third of
1its length with the gummed
side out. (2) The short end is
then moistened  slightly and
applied te the stamp so that
the folded edge is just below
,the perforations at the top.
(3} Next, the long end is
lightly moistened and the
stamp is placed in its proper
position over the lines in the
album. Hinges of this type
are peelable when dry. There-
fore, if you need to reposi-
tion tke stamp in your album,
be sure to wait until the
gum on the hinge has be-
come thoroughly dry; other-
wise, either the page cr the
stamp may be damaged.
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ABOUT STAMP COLLECTING

The noncollector who wants to hegin the
hobby of stamp collecting should read onc or
morce of the stamp colleeting guidebooks,
which are listed on page 76. These books pro-
vide an excellent in-depth introduction to the
entire ficld of philately.

Sceond, i possible, visit a stamp dealer in
vour area, He is usually a dedicated profes-
stonal who will not only supply you with the
stamps and aceessories neeessary to start your
hobby, but will also provide mucl valuable
advice on the development of your collection
and the care of vour stamps.

Spaces tor stimps have been provided
throughout the text. tnaddition, several blank
pages in the back of the booklet may be used
to mount and displiy other atomic postage
stamps. A WORD OFF WARNING! Do NOT
sceure your stamps in this booxlet or any
other place with paste, glue, transparent tape,
metal staples, or by moistening the glue on
unused stamps. Any of these actions will per-
manently affix these stamps and possibly
destroy any value they might have. Stamps
should be mounted and sceured with e‘ther
stamp hinges or other special mounts pro-
vided by stamp dealers.

For the stamp collector who wishes to
build an atomic stamp collection, a listing of
most of the world’s atomic stamps is in the
appendix beginning on page 78.
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Comutry: Greece Year: 1901 Colors:
vose Dlacand deep lilae rose. Denon-
ination: 25 drachina. Subject: The
Democritines Nuclear Research Center
A companion stamp s on page S,

Cowmtry:  Diorkey, Years iv03. De-
nomtination: SO kwrnsh, Colors: red

S nwi'm wnisi browen, and black. Subject: The design
8 s featioresan o atomic symbol  super
E ieposed ona map of Turkey, Part of a
s set that conmmenorated the first anni-

cersary of the Tiokish Nuclear Re-
search Center. A companion stamp (s

o page 39.

Country: Czechoslovakia. Year: 19603
Colors: gray brown and light green.
Denowmination: 1.00 korwna. Subject:
A nclear rocket approaching  the
planet Jupiter. Part of a set honoring
space flight. Issued as a companion to

next stanip.

Counntry: (zechoslovakia, Year: 1963,
Colors: yellow and dark purple. De-
nomiation: 2 Loruna. Subject: A
nuclear rocket approaching the planet
Satiurn.
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Discovering the Atom

The story of nuclear energy centers
around the curiosity of people about the very
nature and structure of matter, Especially in
the fast few decades, man has made great
progress in unlocking the seerets of the atom,
Although the complete story involves the
work of thousands of persons, only a few of
the more famous atomic scientists, who have
been honored by special postage stamps, will
be discussed in this booklet, For additional
information about the lives and contributions
of these scientists as well as the many others
who have contributed to atomic research but
are not mentioned here, see the reading list at
the end of the booklet and Aiomic Pioneers:
Books 1-3. The First Reactor, A 3ibliography
of Basic Books on Atomic Energy, and Worlds
Within \We, [he Story of Nuclear Energy,
other bookies in this series

Cowntry: l'ederal Republic of (West)
Gernny. Year: 1955 Denoimination:
20 pfenntg. Color: rose brown. Sub-

ject: Nuclear research.
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THE GREEKS HAD A WORD FORIT

As far as we can tell, the theory of
“atomism’ —-that is, that all matter consists
of minute, indivisible particles—originated
with the ancient Greeks. The Greek School of
Atomism is believed to have been founded at
Abdera in the 5th century B.C. by Leucippus.
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However, the waork of Feucippus was over
Ahadowed by that ot his brillint student
Demouritis,

Democritus was born around 400 B.Cin
Abdera, Thrace, and died about 380 B.C
place unknown. He was perhaps the greatest
of the Greek atomistic philosophers and is
often called “the father of ancient atomic
theory ™, For Democritus the universe con-
sisted of only two basie things: The fullness
of matter and the vacuinm of empty space. All
matter was actually composed of tiny parti-
cles, called atoms, which were considered to
be cternal, unchanging, indestructible, and
indivisible, Like all of his contemporaries,
Democritus based his ideas strictly on deduc-
tive reasoning without recourse to experimen-
tation. His views of the universe, crude of
course by modern standards, were nonctheless
far closer to present concepts than those of
most of the other Greek philosophers, includ-
ing Socrates, Plato, and Aristotle,

Country: Greece, Year: 1961 Denom-
ination: +4.50 drachbma. Colors: pale
violet blue and violet blue. Subject:

Democritus,

A WORLD OF AIR, EARTH, FIRE, AND
WATER

Although the idea thar matter is com-
poscd of atoms originated with the ancient
Greeks some 2500 years ago, it was not untit
the scientific revolution, which began in the
16th and 17th centuries, that man began to

11
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exanine his world experimentatly and renew
his nterestam atomie theary A the harth of
modern seienee, the concept ot the atom, as
an clementary part of matter, was revived by
such preat screntists as Galileo Galiled, Tsaae
Newtot, and Robert Bovie, trom the ex-
tremely thinand tennous pathoat ad tolfowed
through the intervening centuries from
ancient Greece,

Up until that thime scientists were appar-
cutly content with the Aristotelian interpreta-
tion of the “four-clement iniverse”’, which
stated that all matter was composed of i,
carth, fire, and water, However, even to such
great thinkers as Galileo, Newron, and Boyvle,
the atom remained a rather vague and general
concept, Itwas left to John Dalton, an carly
Foth-century Englishi chemist, to begin the
experiments by which the atom became a
concerete, identitiable, and wniversally ac-

cepted scientitic entity.

THE PERIODIC TABLE

John Dalton and others in the carly part
of the 19th century developed the conceept
that all matter consisted of a relatively small
number of chemical elements, cach of which
was made up of uny, identical, indivisible
atoms. Molecules were considered to be atoms
combined in detinite proportions. However,
by the mid-19th century the ficld of chemis-
try was in a state of chaos and contusion, duc
to a general lack of agreement on how to
determine the atomic weights of different
clements.,

12
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{n 1858 the Italian scientist Stanislao
Canaizzaro recognized and brought attention
to the significance of the work of another
Italian scientist, Amedeo Avogadro. More
than 40 years earlier in 1811 Avogadro had
formulated two key hypotheses concerning
the nature of molecules: (1) All gases under
the same conditions of temperature and pres-
sure contain the same number of molecules,
and (2) A molecule may consist of more than
one atom. This work proved to be a catalyst
that inspired the Russian chemist Dmitri
Mendeleev to successtully devise the Periodic
Table of the Elements, which established a
plausible relationship between the clements in
cach group and their chemical and physical
properties,

Dmitri Mendeleev was born in Tobol’sk,
Siberia, in 1834 and dicd in St. Petersburg
(now called Leningrad) in 1907, In 1869 he
published his Periodic Table of the Elements,
which was arranged by atoinic weight. He
continued to improve this table and in 1871
published a revised version in which he left
gaps tor elements not yct discovered but
whose existence he then boldly predicted.
Within 15 years three of these clements—
gallium, germanium, and scandium—all
having propertics predicted by Mendcleev
were actually discovered.

Mendeleey’s Periodic Table helped to or-
ganize the chaotic concepts of the chemical
clements. Through his work the idea of
atomic chemistry, originally proposed by
John Dalton, was eventually expanded into a
complete theory of the nature of matter by

13



Country: Poland. Year: 1959. Color:
olive gray. Denomination: 40 groszy.
Subject: Dmityi Mendeleee,

the end of the 19th century. In his honor the
synthetic transuranic clement with atomic
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numbar 101 was called mendelevium (symbol
Md) in 1955,

X RAYS ARKE DISCOVERED

The German physicist, Wilhelm Konrad
Roentgen, was born in Lennep, Prussia, in
1845 and died in Munich, Germany, in 1923.
During the initial part of his professional
carcer he was a professor of physics at several
German universities. In 1885 he became the
director of the Physical Institute at the Uni-
versity of Warzburg, and it was here that
Roentgen discovered X rays.

This discovery occurred in the fall of
1895, while Roentgen was investigating the
luminescence that cathode rays produced in
certain chemicals. Luminescence may be de-

Country: Danzig. (Danzig was cstab-
lished as a Free City State in 1920,
seized by Germany in 1939, and
became a Polish Province in 1945.)
Year: 1939. Denomination: 25
pfennig. Color: dark olive green. Sub-
ject: Wilbelm Roentgen.
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fined as the emission of light produced by the
action of chemical or biological processes, by
radiation, or by other causes except high tem-
perature (which produces incandescence).
Roentgen darkened the laboratory in order to
better observe the luminescence phenomenon
and saw chat a distant sheet of paper, coated
with barium platinocyanide, was glowing.

This sheet continued to remain lumincs-
cent, despite the fact that the cathode-ray
tube itself was covered with heavy black
paper during its operation. When the tube wes
shut off, the sheet of barium platinocyanide
no longer glowed; but when the current of the
cathode-ray tube was restored, the coated
paper again glowed. Roentgen concluded that
some type of mysterious, invisible radiation,
which had great penetrating power and was
different from cathode rays, was being
emitted from the cathode-ray tube.

Using the conventional mathematical sym-
bol X for an unknown quantity, he called
these mysterious rays X rays. In fact, X rays
are a penctrating form of electromagnetic
radiation, which are emitted cither wher. the
inner orbital electrons of an excited atom
return to their normal state (these are called
characteristic X rays) or when a metal target
is bombarded with high-speed electrons (these
are called bremsstrahlung).

For his discovery of X rays Wilhelm
Roentgen was awarded the first Nobel Prize in
physics in 1901. This discovery was not only
a great aid to the practice of medicine, but
also led to new insights into the structure of
the atom. For example, within months after
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Conntry: rwice Year: 1940, Denom-
tmation: 2+ 3 franes. Color: violet,
Subject: [itticth anniversary of the
discovery ot radioactivity by Henrd
Becquerel.

Rocntgen's discovery, the phenomenon of
radioactvity was discovered by the French
physicist Antoine Henri Beequerel.

THE DISCOVERY OF RADIOACTIVITY

The French physicist Antoine Henri
Beequerel was born in Paris in 1852 and died
at Croisic in Brittany in 1908. For his discov-
erv of radivactivity he shared the 1903 Nobel
Prize in physics with Picrre and Marie Curic,

Scveral months atter Roentgen's discovery
of X rays, Beequerel began to study fluores-
cent materials, such as potassium uranyl sul-
fate (a uranium sz2lt), to sec if penetrating rays
like Roentgen’s X rays were emitted from
them. Many substan ~e< can absorb cnergy in
the form of X rays, - - :tive particles, or
ultraviolet light, and . : immediately emit
this energy as an electromagnetic photon
(often called a photon of visible light). This
emission is called fluorescence and the emit-
ting substances are said to be fluorescent.

In February 1896 Becquerel placed a thin
crystal of the uranium salt on a photographic
plate, which had been wrapped in black
paper, and then exposed this package to sun-

16
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light. Several davs of cloudy weather pre-
vented him from continuing his sunlight-
exposure experiments and he put the
apparatus away for a few davs. When he re-
turned to the laboratory, he developed the
wrapped photographic plate, which had been
stored near some uranium salt but didn’t ex-
peet to find anything. To his surprise the
photographic plate showed a degree of dark-
ening far greater than previously achieved in
his carlier experiments.

Although neither Beequerel nor anyone
clse at that time understood the process of
radiouctive decay, he concluded that the radi-
ations given off by the uranium salt did not
depend on sunlight and were not associated
with fluorescence. Subsequent investigation
showed him that these mysterious rays pene-
trated matter and were emitted continuously
by the uranium salt. These new radiations
were called “‘Becquerel rays™ until about
1898, when the emussion of this type of radia-
tion was called radioactivity by Pierre and
Marie Curie.

Radioactivity is the process whereby an
unstable atomic nucleus spontaneously decays
or disintegrates. This decay is usually accom-
paniced by the emission from the nucleus of
three common types of radiation called alpha
particles, beta particles, and gamma rays.

The alpha particle (symbol @) is a posi-
tively charged particle made up of two pro-
tons and two neutrons bound together and is
therefore identical with the nucleus of a he-
lium atom. It is the least penetrating of these
three types of radiation.

17
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‘The beta particle (symbol 8) is another
clementary particle that can be emitted from
the nucleus during radioactive decay. A nega-
tively charged beta particle is identical to the
cleetron; while a positively charged beta parti-
cle is called a positron. Although more pene-
trating than alpha particles, beta particles arc
stopped by athin sheet of mertal.

The gamma ray (symbol ) is high-energy,
short-wavclength electromagnetic radiation.
Gamma ravs are essentially similar to X rays.
However, they are usually more energetic
than X ravs and are nuclear in origin, Gamma
ravs arc very penetrating and are stopped by
dense mureriads such as lead.

RADIUM AND POLONIUM

The French physicist, Pierre Curie, was
born in 1859 and met an untimely death at
the age of 47 in a Parisian strect accident in
1906, As pa:t ot his doctoral degree studies,
Picrre Curic investigated the magnetic proper-
tics of metals. One of his outstanding contri-
butions to the field of physics was his discov-
ery that the magnetic properties of certain

Country: Sweden. Year: 1963, De-
nomination: 50 ore. Color: chocolate.
Subject: The three winners—Henri
secquerel, Pierre Curie, and Marie
Curie-—of the 1903 Nobel Prize in
Physics.
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Conntry: France. Year: 1967. Colors:
dark blue and ultramarine. Denomina-
tion: 60 centimes. Subject: Centenary
of the birth of Marie Curie. The design

mecescscsccansasn.

mctudes a glowiig bow! of radium.

materials change at a critical temperature,
which was later called the Curie point. Above
the Curie point, ferromagnetism suddenly
disappears or is greatly reduced.

Despite his earlier scientific achievements,
Pierre Curie became known predominantly
for his work on radioactivity, which he car-
ried out jointly with his wife the French-
Polish chemist, Marie Sklodowska Curie, She
was born in Warsaw in 1867 and died in
Haute Savoie, France, in 1934, While studying
in Paris in 1894 she met Pierre Curic and they
were married a year later. They had two
Jdaughters, Eve and Iréne. Iréne Joliot-Curie
and her husband Frederic Joliot were also
scientists and received the Nobel Prize in
chemistry in 1935.

Roentgen’s discovery of X raysin 1895
and Becquerel’s discovery of the radioactive

Country: Central African Republic.
Year: 1968. Colors: brown, bright
blue, and violet. Denomination: 100
francs. Subject: Marie Curie. In the
design is the zodiacal symbol of can-
cer (representing the disease) being
destroyed by an arrow (representing
radiation).
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Country: Monaco  Year: 1967
Colors: olice. ultranarine, and browan.
Denomination: 1 frauc. Subject: The
centenary of the birth of Marie Curie.
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propertics of uranium in 1896 so intrigued
Maric Curic that she immediately began
studying the radioactivity of uranium, Later
her husband, Prerre, joined in these experi-
ments and together they earried on a system-
atic investigation ot the radioacetive proper-
tics of the mineral picchblende, @ uranium
ore.

rand il 22 X R R R R R R AR AR N R X

OISR
Country: 'olanl Year: 1963 Denoni-

mation: o) groszy. Color: blie. Sub- -
ject: Marie i, L emaRa
curg
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They performed these experiments in a
wretched trtle shed that the School of Phys-
ics had given them, Tt was suffoceatingly hot in
summer, brutally cold in winter, and the roof
leaked. Their precision instruments were
often atfected by the humidity and the tem-
perature changes,
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Country: 'rauce. Year: 1938, Denom-
ination: 1.75 + 0.50  francs. Color: |
deep wltramarine. Subject: Fortieth |

anniversary of the discovery of radinm
by Pierre and Marie Curie.

o
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Marie Curic has said of this ttme . . . And
vet it was in this miscrable old shed that the
best and happicest vears of our life were spent,
entirely consecrated to work. I sometimes
passed the whole day stirring a mass in ebulli-
tion, with an iron rod nearly as big as myself.
In the evening I was broken with fatgue.” “In
our poor shed there reigned a great tranquil-
lity: sometimes, as we watched over some
operation, we would walk up and down, :alk-
ing about work in the present and in the fu-
ture; when we were cold a cup of hot tea
taken near the stove comforted us. We lived in
our single preoccupation as if in a dream.”

In 1898 they announced the discovery of
two new radioactive elements, which they had
extracted after years of grueling experiments
in their shed. From the pitchblende these new
clements were called polonium, in honor of
Marie Curic’s native country of Poland, and
radium.

Picrre and Maric Curie jointly shared with
Becquerel the 1903 Nobel Prize in physics for
the discovery of radioactivity. When her hus-
band was tragically killed in 1906, she suc-
cceded him as profescor of physics at the Sor-
bonne, a university in Paris, and became the
first woman ever to teach there. In 1911 she
was awarded a second Nobel Prize (this time
in chemistry) for her work on radium and its
chemical compounds.

In honor of the Curies the synthetic trans-
uranic element with atomic number 96 was
named curium (symbol Cm). In addition,
the basic unit describing the radioactive inten-
sity in a sample of material is called the curie.

21
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Onc curic (symbol ¢) is equal to 37 billion
disintegrations per sccond, which is approxi-
mately the rate of radiouctive decay of one
gram of radium.

QUANTUM THEORY

The German phy‘sicﬁt, Max Planck, the
formulator of the quantum theory, was born
in Kiel, Schleswig. in 1858 and dicd in Gottin-
e, Germany, in 1947,

At the time, there was a tendency among
scientists to belicve that the laws of physics
had all been discovered. This artitu e 1s well
illustrated by the following advice that Max
Planck reccived when he was 17 year: old
from a physics professor: “Physics is a branch
of knowledge that is just about complete. The
important discoverices, all of them, have been
made. It is hardly worth entering physics any-
more.”

Country: West  Germany  (Berlin).
Year: 1953, Denomination: 30 pfen-
nig. Color: brown violet. Subject: Max
Planck.

DEUTSCHE POSI
A major problem that baffled physicists in

the late 19th century was the evaluation of

the spectral distribution of the thermal radia-

tion emitted by a black body. Thermal radia-

tion is the energy transferred by electromag-

netic waves, which originate from a body by

virtue of its temperature. This thermal radia-

tion is usually associated with molecular rota-

22
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tion and/or molecular vibration. A black body
is a perfect absorber and a perfect radietor of
thermal radiation.

At the turn of the century excellent ex-
perimental thermal radiation data could not
be reconciled with the various theoretical
radiation energy distribution cquations that
had been developed. Some of these theoreti-
cal models were valid at long wavelengths,
while other theoretical models were valid only
at short wavelengths. Then in 1900 Max
Planck proposed an equation that accurately
described the distribution of thermal radia-
tion over the entire range of wavelengths
(both long and short). However, Planck’s ther-
mal radiati~n distribution function required
that radiant energy be absorbed or emitted by
the perfect (black body) system only in sepa-
rate energy packets, which he called quanta
(from the Latin word quantus, meaning “how
much”). This model seemed very strange at
the time and many scientists were slow to
realize fully its significance.

Max Planck’s application of his quantum
theory concept to the problem of thermal
radiation from a black body proved to be a
satisfactory theoretical interpretation of the
experimentally observed phenomena. The
energy (E), associated with cach quantum, is
given by the equation:

E =hy
where E = the energy of the quantum or of a
photon (which is the carrier of a

quantum of electromagnetic radia-
tion).
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v = the frequency of the radiation.
Planck’s constant (a fundamental

coastant of the universe).

=
H

Because of the revolutionary impact that
Planck’s quantum theory had on the field of
physics, its significance was not really firmly
established until after Einstein successtully
applied quantum theory to the problem of
photoelectric emission and Nicls Bohr used
quantum theory to develop his theory of
atomic structure and spectra. By 1918, how-
ever, the value of the quantum theory had
becomie apparent ©o all and Max Planck was
awarded the Nobel Prize in physics that year.

MASS AND ENERGY ARE EQUIVALENT

Albert Einstein, the great German-Ameri-
can physicist, was born in Ulm, Germany, in
1879 and died in Princeton, New Jersey, in
1955.

As a child he was a slow learner, and at
one point he dropped out ot school. Before
he lett, one of his teachers said, *“You will
never amount to anything, Einstein.”

In 1901 the father of a friend got him a
jeb in the patent office in Bern, Switzerland.
‘this position left him ample time to develop
some of the most profound concepts in theo-
retical physics, which he published in 1905
when he was 26 years old. Each of these
works contained a great discovery in theoreti-
cal physics. These were: (1) the creation of
the Special Theory of Relativity, which in-
cluded the cstablishment of the mass-cnergy
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cquivalence; (2) the development (based on
Planck’s Quantum Theory) of the photoclec-
trie effeet and of the photon theory of light;
and (3) the theorv of Brownian motion,

Country: Ghana. Year: 196+, Colors:
claret and  Prussian blue.  Denon-
ination: 1 shilling. 3 pence. Subject:
Albert FEinstein.

KITHEREY 1833

which concerns the irregular motion of micro-
scopic particles suspended in a gas or liquid.

In 1909 he was protessor of theoretical
physics at the University of Zurich, and in
1914 he became professor at the University of
Berlin and director of the Kaiser Wilhelm
Physics Institate.

In 1916 Einstein greatly expanded his
Special Theory of Relativity when he pub-
lished his General Theory of Relativity, which
contained a radically new concept of gravita-
tion. He was awarded the Nobel Prize in phys-
ics in 1921 for his development of the photo-

Country: Poland. Year: 1959. Color:
claret. Denosmination: 60 grossy. Sub-
ject: Albert Einstein.

clectric law and for his work in theoretical
physics.

Increasingly apprehensive over the rise of
Hitler in Germany, Einstein was visiting the
United States in 1933 when the Nazis confis-
cated his property and took away his job and
citizenship. He had already been offered the
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directorship of the school of mathematics in
the newly created Institute of Advanced
Study in Princeton, New Jersey. He accepred
the position and remained there undil his
death.

Country: Israel. Year: 1950, Color:
brown  Denomination: 350 prutot.
Subject: Albert Einstein,

Einstein was a humanist as veell as a physi-
cist. He devoted many days to helping indi-
viduals and mankind in general.

When he died, Einstein left physics a
vastly changed science as a result of his own
contributions. His Theory of Relativity,
which constitutes one of the great theoretical
foundations ot 20th-century physics, has had
profound effects in mechanies and clectro-
magnetism, and has led to new insights into
the nature of time and space. Perhaps one of
the most important consequences of Ein-
stein’s work in the field of nuclear science is ]

Country: The United States. Year:
1966, Color: violet. Denomination: 8
cents. Subject: Albert Einstein.

the principle of the equivalence of mass and
energy':

Fo=mc*?

where E = energy

m

~
N

mass
speed of light squared

¢

23

ERIC

Aruitoxt provided by Eic:



“ew e

24

This mass-energy equivalence helps to explain
tirc vast amounts of energy produced when
the atomic nucleus is split in nuclear fission or
when atomic nuclei combine in nuclear fu-
sion.

In his honor a synthetic transuranic cle-
ment of atomic number 99 was named cin-
steinium (symbol Es).

THE ATOMIC NUCLEUS

The brilliant British physicist, Ernest
Rutherford, has often been called the “‘father
of nuclear science”. The identification of
alpha particles, the modern theory of radio-
activity, the concept of the atomic nucleus,
and the achievement of the first man-made
nuclear reaction are among his outstanding
contributions to nuclear science.

Ernest Rutherford was born in 1871 near
Nelson, New Zealand, and died in 1937 in
Cambridge, England. After graduating from
Canterbury College in New Zealand, he won a
scholarship at Trinity College, Cambridge
University, where he worked for several years
under the British physicist ]. J. Thomson.

In 1898 Rutherford accepted a position as
professor of physics at McGill University in

Country: Canada. Year: 1971. Colors:
red, orange, and black. Denowmination:
6 cents. Subject: The centenary of the
birth of Ernest Rutherford.
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Ernest Rutberford. His gold foil ex-
perinent, upon which e based bis

theory of the atomic nucleus, is in the
design.

Montreal, Canada. It was here that he began
his great contributions to nuclear science. At
McGill University Ruthertord worked for
ncarly a decade studving radioactivity. To-
gether with the Britsh chemist, Frederick
Soddy, he published a series of papers that
helped create the modern theory of radio-
activity. Rutherford first carefully determined
the difterence between alpha and beta radia-
tion and then used these distinctions to study
the process of radioactive decay.

In the course of his investigations of
radioactivity he aiso demonstrated that alpha
particles were reallv helium “atoms” (later
realized to be the nuclei of helium atoms).
The nucleus is the small, positively charged
core of an atom. It is only about %0000 the
diameter of the atom but contains nearly all
the atom’s mass. All nuclei contain both pro-
tons and neutrons, except the nucleus of ordi-
nary hydrogen, which consists of a single pro-
ton. The term nuclide is a general expression
that pertains to all the isotopic forms of all
the clements. Nuclides are distinguished by
their atomic number, atomic mass, and energy
state.

1A\Y]
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Rutherford returned to England in 1907
to accept a professorship in physics at Man-
chester University. In 1908 he was awarded
the Nobel Prize in chemistry for “his investi-
gations of the chemistry of radioactive sub-
stances’’. Following his rcturn to England, he
established a center for the study of radio-
activity at Manchester.

One of his experiments had a most pro-
found effect on the theory of atomic struc-
ture. In this experiment a stream of alpha
particles was directed at a thin piece of gold
foil. Some of the alpha particles were de-
flected at very sharp angles. “It was quite the
most incredible event that ever happened to
me in my life. It was almost as incredible as if
you fired a 15-inch shell at a piece of paper
and it came back and hit you”’. Based on this
experiment Rutherford proposed the nuclear
concept in which each atom has all of its posi-
tive charge and virtually all of its mass con-
centrated in a tiny space at its center.

In 1914 Rutherford was knighted. After
World War I he achieved the first man-made
nuclear reaction, when he bombarded nitro-
gen atoms with alpha particles and produced
protons. This reaction, which involved the
first artificial transmutation of one element
into another, was:

4 14 17 1
‘He+ '4N—>170+!H

where 3 He = the alpha particles (helium atom
nuclei), which werc used as “nu-
clear bullets”.
13N = the nitrogen nuclei, which were
the “nuclear targets’’.
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20 = the nuclei of the oxygen isotope
produced in the experiment.
| H = the proton (hydrogen atom nu-
cleus), which was also produced
in the reaction.

Rutherford was a marvelous teacher and
infected his students with his own enthusiasm
for scientific research. Among his many illus-
trious students were Hans Geiger, Ernest Wal-
ton, Otto Hahn, Frederick Soddy, James
Chadwick, etc. His students said of him, “He
F.1d none of the meaner faults and was just as
v illing to artend to the youngest student and
if possible learn from him as. . .to listen to
any recognized scientific authority, He made
us fecl as if we were living very near the cen-
ter of the scientific universe.”

He had a short temper, which he some-
times displayed when experiments were not
going to his satisfaction. When things ran
smoothly, he would walk through the labora-
tory singing “Onward Christian Soldiers”.

Rutherford was president of the Royal
Society trom 1925 until 1930 and was madec
First Baron Rutherford of Nelson in 1931.

THE BOHR ATOM

The Danish physicist, Niels Bohr, was
born in Copenhagen, Denmark, in 1885 and
died there in 1962. His quantum theory of
atomic structure, which is called the Bohr
atom, is often considered a cornerstone of
modern atomic physics.

]
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Onc of Bohr's old schoolmates was asked.
“What characteristic ot Niels Bohr do you
rate the highest?”’ He answered, “His good-
ness. . .Let us not give examples. Bohr would
not care for that. ¥ou must be satisfied with
my word when I tell you that he is as good in
big things as in small. I am not exaggerating
when I say that I consider him the best
human being in the world.”

In 1911 the University of Copenhagen
awarded Bohr his doctorate. Upon graduation
he left Denmark to join the British scientist,

Country: Denmark. Year: 1963.
Color: dark blue. Denomination: 60
ore. Subject: Niels Bohr. In the de-
sign are an electron in orbit around a
nucleus and Bobr's electron orbital
energy equation. Part of a set honor-
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ing Niels Bobr on the 50th anniversary
of his formulation of the “Bobhr
Atom” model.

Sir J. J. Thomson, at the Caveadish Labora-
tory in Cambridge, England. Bohr, always
modest and unassuming, wrote to his fiancée
about his first meeting with Thomson: “He
was extremely kind. I believe he thought
there was some sense in what I said. . .”, Bohr
then journeyed to Manchester in 1912 to
work with Ernest Rutherford, who said of
him, “This young Dane is the most intelligent
chap I've ever met.” It was through this asso-
ciation that Niels Bohr considered combining
the Rutherford model of the atomic nucleus

o
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and Max Planck’s quantum theory to create a
quantum theory of atomie structure, which
would satisty the experimental data relating
to atomic structure, particularly the hydrogen
atom spectrum. The hydrogen atom spectrum
(or actually the spectrum of any chemical
clement in monatomic gascous form) is com-
posed ot a group of sharp, discrete lines. Each
spectrum is characteristic of the particular
chemical element. For example, the hydrogen
atom, excited by high temperatures or electric
discharge, emits a characteristic set of fre-
quencics, called the emission spectrum. When
a continuous frequency band of clectromag-

Country: (ireeniand. Year: 1963,
Color: red brown. Denomination: 35
ore. Subject: (Same description as

previous stamp.)

netic radiation is sent through the hydrogen
gas, this same set of frequencies is also ab-
sorbed.

Nicls Bohr was able to explain the experi-
mentally observed spectrum of hydrogen by
developing the Rutherford nuclear atom
model with the following modifications:

(1) the electron makes a circular orbit around
the nucleus; (2) only certain discrete (quan-
tized) electron orbits are allowed; and (3) an
electron going from a high energy orbit (E,)
to a lower encrgy orbit (E; ) gives up energy
in the form of a photon according to the con-
servation of energy principle. From these
assumptions Bohr developed his formula:
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he = E. - E,

where v+ the frequency of the electromag-

netie radiation associated with the
photon.

I:, = the electron energy in lower energy
orbit,

I, = the clectron energy in higher energy
orbit,

h = Planck’s constant.

With this radical atomic model Bohr was
able to caleulate the frequencies of the entire
spectrum of the hydrogen atom. The basie
assumptions of the Bohr atom model are still
fundamental considerations in present-day
theories of atomic structure.

Nicls Bolhr was appointed dircctor of the
Insticute for Theoretical Physics at the Uni-
versity of Copenhagen in 1920. Two years
later he received the Nobel Prize in physics
for his work on atomic structure as developed
in the Bohr atom modecl. He also developed
the basic ideas for the “liquid drop model of
the nueleus”—a model that makes the fis-
sioning of a heavy nucleus analogous to the
rupturing of a liquid drop. In 1943 he fled his
native land of Denmark, which was then
under Nazi occupation, and escaped to the
United States, where he worked as an advisor
to the Manhattan Project (the seeret project
that developed the world’s first atomic bomb
for the United States). After World War 1 he
returned to the Institute of Theoretical Phys-
ics in Copenhagen.,

J. Robert Oppenheimer summed up
Bohr’s contribution in this way: “Our under-
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standing of atomic physics, of what we call

the quantum theory of atomic systems, had

its origins at the turn of the century and its
great synthesis and resolutions in the nine-
teen-twenties. Lo was a heroice time. It was not
the doing of any one man; it involved the
collaboration of scores of scientists from
many different lands, though from first to last
the deeply creative and subtle critical spirit of
Nicls Bohr guided, restrained, deepened. and
finallv transmuted the enterprise, It was a
pertod of patient work in the laboratory, of
crucial experiments and daring action, of
many false starts and many untenable conjec-
tures. Tt was a time of carnest correspondence
and hurried conjectures, of debate, criticism,
and brilliant mathematical improvisation. For
those who participated, it was a time of crea-
tion; there was terror as well as exaltation in
their new insight. It will probably not be re-
corded very completely as history. As history,
its re-creation would call for an art as high as
the story of Ocdipus or the story of Crom-
well, vet in arealm of action so remote from
our common expericncee that it is unlikely to
be known to any poct or historian.”

THE NUCLEAR AGE IS BORN

Otto Hahn was born in Frankfurt-am-
Main, Germany, in 1879 and died in Got-
tingen, West Germany, in 1968, For his work
on uranium tission he received the Nobel
Prize in chemistry in 1944,
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Iahn received his Ph. D. from the Univer-
sity of Marburg in 1901. He began to study
radioactive materials with William Ramsay at
the University of London and continued at
McGill University in Montreal under Ernest
Rutherford. He returned to Germany in 1912
to work at the Kaiser Wilhelm Institute. He
became its director and much of his work on
the atom was done there. In 1918 together
with Lise Meitner he discovered the new ele-
ment protactinium, They continued to col-
laborate during the next 15 years.

Country: Federal Republic of Ger-
many (West). Year: 1964 Colors:

Deriomination: 15 pfennig. Subject:
Twenty-fifth anniversary of the dis-
covery of uranium fission by the
German scientists, Otto Habn and Fritzs
Strassmann. The stamp shows the core
of a nuclear reactor, including the
characteristic blue glow of Cerenkov
radiation. '

In the 1930s Hahn and Meitner became
intrigued with experiments performed by the
Italian physicist Enrico Fermi. Fermi had
bombarded uranium with neutrons and the
products from this experiment led him, and
others, to believe that artificial elements had
been formed.

Meitner and Hahn began experiments in
this area in 1938, but, before they could
finish she was forced to flee Germany because
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of the Nazi perscecution of Jews, Hahn and
another rescarcher, Fritz Strassnunn, contin-
ued this work.

In the fall of 1938 Hahn and Strassmann
bombarded uranium with neutrons from a
radium-bervilium source. To their surprise
the clement barium was found in the residue
from the experiment. The differences be-
tween the atomic masses of bartum and ura-
nium caused a great deal of exeitement in the
laboratory. They wondered where the barium
came from! Hahn speculated that the radio-
active barium which had been discovered
might have been produced as a result of the
splitting of the uranium atom itself. (This
process would Liter be called nuclear fission.)
However, the concept of splitting a nucleus
wis so novel to Hahn thar he hesitated to give
it a detailed theoretical interpretation.

Hiahn and Strassmann told Lise Meitner of
their observations and also that they were
hesitant to publish their findings. Together
with her nephew, Otto Frisch, who was work-
ing with Nicls Bohr, she immediately gave a
theoretical interpretation to the experiment
and published a paper to this effect in Janu-
ary 1939,

This paper described the fission of a heavy
nucleus into two unstable fission fragments,
which would then undergo radioactive decay.
This fission process was also accompanied by
the release of a large amount of cnergy, repre-
senting some of the mass of the uranium nu-
cleus that had ““disappeared” in the fission
reaction. Using Einstein’s mass-energy equiva-
lence formula:
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I = me?

this expected energy release was caleulated by
Mcitner and Frisch to be about 200,000,000
clectron volts per uranium nucleus fissioned.
(The clectron vole is the amount of Kinctic
energy gained by an clectron when it is accel-
erated through an clectric potential difference
of 1 volt.)

Frisch told Bohr about this e¢xciting news
just as he (Bohr) was leaving for a meeting in
Washington, D. C. Bohr discussed it with
FFermi, who met him at the New York harbor,
and also announced it at the mecting. It
created a sensation and the scientists rushed
home to confirm it with experiments of their
own! In these conversations with Bohr, Fermi
suggested the possibility that neutrons might
be released in the fission process and the con-
cept of the neutron chain reaction began to
form in their minds.

Enrico Fermi was born in Rome in 1901
and died in Chicago in 1954. In 1922 he grad-
uated from the University of Pisa. In 1934
Fermi began to bombard uranium with ncu-
trons and thereby created many artificial
radioactive isotopes. It was not until several
years later that anyone, even Fermi himself,
realized that the process of nuclear fission had
actually occurred in some of these carly ex-
periments. For his work on artificial radio-
active substances Fermi was awarded the
Nobel Prize in chemistry in 1938. He cleverly
used the trip to Sweden to receive this award
as a way to escape with his family from Fas-
cist Italy. He then came to the United States
and taught at Columbia University.
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Bohr, Fermi, and many other scientists
who had fled the Nazis were afraid that Ger-
many would pursue nuclear fission research
and possibly develop a super weapon. The
knew that a number of German scientists
were studying nuclear fission, and that the
Nazis had attempted to speed up the produc-
tion of heavy water in a Norwegian plant.
They believed that this heavy water was being
accumulated as a moderator for a plutonium-
producing nuclear pile. A letter to President
Roosevelt stating this situation was drafted
and Einstein, as the most prominent scientist
in the country, was asked to sign it.

Becausc of this, the Munhattan Project
was organized. The purpose of this top secret
program was to try to beat the Germans in
the race to develop the new weapon using
nuclear fission.

As part of that effort, Enrico Fermi
headed a team of scientists at the University
of Chicago that was attempting to create
man’s first controlled, self-sustaining neutron
chain reaction. A chain reaction is a rcaction
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thae stimulates its own repetition, Ina fission
cham reaction, a fissionable nucleus absorbs
neutron and splits or tissions, subsequently
releasing additional neutrons, These neutrons
in tarn can be absorbed by other fissionable
nucled, releasing still more neutrons, The
chain reaction is called self-sustaining when
the number of neutrons released ina given
time cquals or exeeeds the number of neu-
trons lost by absorption and leakage,

At 3:36 p.m. (Chicago time) on Decen-
ber 2, 1942, the Nuclear Age was born!
Fermi’s group achieved the world’s first self-
sustained neutron chain reaction and Chicago
Pilc One (CP-1), as Fermi's experimental as-
sembly of uranium and graphite blocks was
called, became the world’s first nuclear reac-
tor, Arthur Compton, onc of the selentsts at
Chicago, immediately telephoned a colleague,
James B. Conant, at Harvard, Their code was
not prearranged.

““I'he Tralian navigator has landed in the
New World,” said Compton,

“IHow were the natives?”” asked Conant.

“Very friendly.”

After World War Il Fermi returned to
teach at the University of Chicago. Two days
before he died in 1954 he received an award
(subsequently named after him) from the
U. S. Atomic Energy Commission for his out-
standing achievements in the field of nuclear
energy. In his honor the transuranic clement
of atomic number 100 was called Fermium
(svymbol Fm).
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Using Atomic Energy

This portion of the booklet covers radio-
1sotopes, nuclear explosives, nuclear reactors,
and atomic energy organizations, While vou
explore the dynamice world of atomic phi-
lately you will also discover the fascinating
world of the atom and the potential it ofters,
IFor additional information on the material
covered in this section, see the books in the
reference list and Rudioisoto pes in Medicine,
Radioisotopes on Industry, Nuclear Pozwer
Plants, Atoms in Agricudture, Preserving Food
with Atonne Evergy, Atomic Enerey and
Your World, Power from Rudioisotopes, and
Worlds Withor Worlds. The Story of Nuclear
Energy, other booklers in this series.

RADIOISOTOPI:S

The existence of the radioisotope was
discovered abour 1913, after more than 10
years of experimentation with naturally radio-
active materials. When two or more atoms
with the same atomic number have different
atomic weights, they are called isotopes. The
atomic number is the number of protons in
the nucleus of an atom and also its positive
charge. The atomic weight of an atom is its
mass in relation to other atoms. The atomic
mass number is the sum of the number of
neutrons and protons in a nucleus and is the
nearest whole number to the atomic weignt.

a0

37



38

O

ERIC

Aruitoxt provided by Eic:

For example, 233U, 233U, 233U, and

239 arce all isutopes of the chemical element
uranium (symbol U). ‘The subscript (92) is the
common atomic number, while the super-
scripts (233, 235, 238, and 239) are different
mass numbers (the approximate atomic
weights of these uranium isotopes). A radio-
isotope is an unstable isotope of an clement
that disintegrates or decays spontancously
while emitting radiation. More than 1400
natural and artificial radioisotopes have been
discovered and identified.

Radioisotopes have unstable nuclei and
undergo spontancous disintegration (decay).
They differ from cach cther in the rate at
which they decay and in the type of radia-
tions they emit when they decay. This rate of
decay is usually measured in terms of the time
required for half the unstable nuclei to dis-
integrate. This characteristic time is called the
radioisotope’s half-life. Half-lives can be as
short as millionths of a second and as long as
billions of years. For example, 233U hasa
half-life of 9.3 minutes; 23} U a half-life of

Country: Russia (USSR). Year: 1962.
Colors: orange, brown, yellow, and
black. Denomination: 4 kopecks. Sub-
ject: Applications of radioisotopes in
medicine, research, agriculture, and
industry. This stamp features an atom
superimposed on an outline of the
Kremlin. On cither side are symbols of
the various fields in which radioiso-
topes are used. Part of a set honoring
the concept of “Atoms for Peace’.
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4.2 days; * 32U halfHlife of 72 years; and

*o 53U half-life of some 713,000,000 years,
All these radioisotopes belong to the same
chemical clement, uranium (mass number 92).
The variation in stability of the radioisotopes
results from a ditference in the number of
neutrons in the nucleus, as indicated by the
different atomic masses; for example, in the
case of uranium, the atomic masses are 228,
231,232, and 235,

We use the characzeristic decay of
radioisotopes in several difterent ways. When-
cever a radioisotope decays, measurable
amounts of radiation—alpha particles, beta
particles, or gamma rays— are emitted. This
radiation can be traced casily withi radiation
detection equipment. Investigation of he
movement of a radioisotope that is chemically
identical to the material under study also
reveals the movement ot its nonradioactive
isotope.

As radiation passes through matter it loses
cnergy until it is eventually stopped or weak-
cned. How far a particular type of radiation
penctrates depends on the thickness, density,
and atomic number of the absorbing material
as well as on the energy of the radiation itsclf.

g 2
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As radiation passes through matter it loses
intensity and the energy associated with this
energy loss appears as the energy of the ex-
cited electrons of the absorbing material’s
atoms and as heat. Thus the thickness and in
some cases the composition of a substance
may be determined by measuring the radia-
tions thut pass through that substance.

RADIOISOTOPES IN INDUSTRY

Radioisotopes are used in industry pri-
marily in processing, measuring, and testing.
An unusual property, which makes them use-
ful in many industrial applications, is that
they are detectable in extremely small quanti-
ties. For example, it is possible to detect as

Country: France. Year: 1965. Colors:
bright blue and black. Denomination:
60 centimes. Subject: Twentieth anni-
versary of the French Atomic Lnergy
Commission. The design is a compos-
ite showing a nuclear reactor sur-
rounded by the symbols of industry,
agriculture, and medicine.

little as 4 X 1077 ounce of radioactive iron-
59. This isotope is used frequently as a tracer
in mechanical wear-test programs. Isotopes
with short half-lives are the most desirable
tracers for short experiments because radio-
activity soon decays to negligible quantities
after the isotope has done its job. On the
other hand, when radioisotopes are used in
long experiments, for example, as heat
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sources, power sources, in radiography, or in
chemical analysis, long-lived radioisotopes
(that is, those with long half-lives) are desir-
able so that frequent and costly replacements
of the isotope are avoided.

While there arc some naturally occurring
radioisotopes, such as potassium-40, which
make up a small portion of all potassium,
most industrially used radioisotopes are pro-
duced in nuclear reactors or with particle
accelerators. Although nearly 1500 different
radioisotopes have been discovered and identi-
fied, only about 100 of these are produced
regularly for specific applications. Most of the
remainder have half-lives that are far too short
to be uscful in commercial or industrial appli-
cations.

Country: Canada. Year: 1966. Color:
deep ultramarine. Denomination: 5
cents. Subject: The peaceful uses of
nuclear energy. The design contains a
drawing of the Douglas Point Nuclear
Power Station, Lake Huron, Ontario; ~—C
a microscope: a dove (symbol of
peace): and an atomic symbol.
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Radioisotope thickness gauges have been
developed that detect, record, and even make
possible automatic control of the thickness of
a manufactured product. The gauge consists
of a radioisotope source (for example, cobalt-
60 or cesium-137), a radiation detector, and
an indicator. The material passes between the
radiation source and the radiation detector,
and the amount of radiation measured by the
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detector and recorded by the indicator is pro-
portional to the thickness and the density of
the material. Using this technique, the thick-
ness of something like paper can be controlled
within fine tolerances even under high-speed
production.

Radiography is the process or taking pic-
tures with radiation other than visible light.
For example, a dental X ray is a radiograph.
Usually radiographs are made with X or
gamma rays. These “pictures” are not photo-
graphs in the ordinary sense but are shadow-
graphs. A shadowgraph results when an object
stops part of the X or gamma rays. The varia-
tion in intensity of the emerging radiation is,
of course, proportional to the thickness, den-
sity, and atomic number of the intervening
object. That is, where the object is thin, less
dense, or of lower atomic number, more radi-
ation passes through, and this can activate
that part of the radiation absorbent material
in an X-ray film pack. The opposite is true for
areas where the object is thick, dense, or has a
higher atomic number. Thus a detailed picture
of an object’s interior can be made without
opening it.

X rays are frequently produced by bom-
barding solid, heavy-metal targets (such as
copper, tungsten, or tantalum) with high-
speed electrons. These electrons are then de-
flected by the heavy nucleus and emit high-
frequency electromagnetic radiation, which is
called X ray, or bremsstrahlung (a German
word that means ‘‘braking radiation”). X rays
are not nuclear in their origin, although they
may be produced as a by-product of nuclear
cvents.
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On the other hand, gamma rays occur
when unstable nucler undergo radioactive
decay and some of the reaction cnergy ap-
pears as very high-frequency electromagnetic
radiation. Radioisotones, like cobalt-60 and
cesium-137, provide an economical and porta-
ble source of gamma radiation with which to
perform such industrial activities as radio-
graphic inspections. These inspections are
used in a wide variety of commercial situa-
tions, such as hull inspecting in the ship-
building industry, ensuring vacuum seal integ-
rity in the canning business, and checking
welds in the construction trade.

RADIOISOTOPES IN MEDICINE

Radioisotope use in medicine began in
1901 with radium. As a matter of fact, until
about 1946. radium was the most important
medical radioisotope. In that year artificially
produced radioisotopes became abundant,
and since then the use of radioisotopes in
medicinc has grown very rapidly. Their
unique attributes have become more apparent
to greater numbers of physicians and scien-
tists for medical research, therapy, and diag-
nosis. Over a dozen different radioisotopes in
various forms are used in medical procedures
today.

The field of biomedical research that uses
radioisotopcs as tools is so large that detailed
coverage is required to do it justice. Thus, the
use of radioisotopes in medicine for diagnosis
and for therapy will be discussed only briefly
here.
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Country: Japan. Year: 1966. Colors:
multicolored. Denomination: 15+5
yen. Subject: Medical X rays.

In medical diagnosis radioisotopes are
used as tracers. In this role, small, essentially
harmless quantities of the radioactive tracer
atom aid the diagnostician in obtaining infor-
mation about normal and abnormal life pro-
cesses. A radioactive tracer corresponds in
chemical nature and behavior to the element
it traces. For example, a molecule of hemo-
globin, containing some radioactive iron-59
atoms, is still hemoglobin and it is treated by
the body just as if it were nonradioacrive (or
“‘untagged”) hemoglobin. However, with
some radioactive iron-59 atoms in the hemo-
globin molecule, the diagnostician can, with
proper radiation detection equipment, follow
these molecules wherever they go in the body.
And thus he can study the general flow char-
acteristics of the hemoglobin and observe
normal and abnormal bodily processes.

In therapy, radioisotopes are used pri-
marily as radiation sources. In this application
the choice of the radioactive isotope is

Country: Japan. Year: 1966. Colors:
orange, black, and yellow. Denomina-
tion: 7+ 3 yen. Subject: The role of
radioisotopes in radiation therapy. A
modern cobalt-60 treatment facility is
in the design. Part of a set com-
memorating the Ninth International
Anticancer congress beld in Tokyo.
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Subject: Norwegiun Radiun Hospital.

governed largely by the type and energy of
the emitted radiatien and by its range (dis-
tance traveled) in the body tissues or organs
being subjected to the radiation therapy. In
radiotherapy, a radioactive material emits
radiations that can destroy existing cells and
prevent the formation of new ones in an or-
gan or tissuc of the body. Thus, this therapy
is used when u diseased tissue or organ is
causing physiological harm to the rest of the
bady through overactivity or when extensive
cellular metabolic malfunctions are occurring.

The use of cobalt-60 to destroy malignant
tumors is one of the most well-known forms
of radiotherapy. Another example of radio-
therapy is the use of iodine-131 to treat cases
ot hyperthvroidism (that is, an overactive
thyroid gland). In this case therapeutic doses*
of 121 uecumulate in the diseased thyroid

*A therapeutic dose uses much higher conceentrations of

the radioisotope than are used in diagnostic tests.

Country:  The Republic of Niger.
Year: 1966, Colors: brown, violet,
deep claret, and blue green. Denom-
tnation: 100 francs. Subject: Ninth
[nternational  Anticancer Congress
beld in Tokyo. In the design atomic
radiation  symbolically destroys the
sodwacal symbol of cancer (represent-
mg the Jisease).
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gland, irradiate the thyroid cclls from within
the gland, damage and destroy the thyroid
tissuc, and thereby reduce the activity of the
overactive thyroid. This procedurc is, of
coursc, a far more desirable mode of radio-
therapy than bombarding the diseased thyroid
with an external radiation source (such as
cobalt-60), since there is less danger of radia-
tion damage to the surrounding healthy tis-
sues.

RADIOISOTOPES IN AGRICULTURE

In an effort to reduce crop losses due to
weeds, insects, and disease and to raise the
standard of living, agricultural research has
become a complex science, which includes the
usc of radiation sources and radioisotopes as
tracers. Nuclear techniques are used to study
soils, plants, microbes, insects, farm animals,
and the preservation of foodstuffs. Radio-
active atoms are used in agricultural research
conducted by various government and private
groups throughout the world; from such re-
search efforts come improved agricultural
techniques, materials, and products that are
then used by the farmers.

In agricultural research, scientists study
plant nutrition and metabolism using radio-
active tracers. Photosynthesis is the process
whereby green plants use energy from the sun
to convert simple compounds from air (car-
bon dioxide) and soil (water and minerals)
into complex, energy-rich substances; it has
been called the most important chemical reac-
tion in the world. It is the basis for man’s
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entire food and much of his fiber supply and,
except for nuclear energy and hydroelectric
power, all significant fuel as well. Radioiso-
tope tracer techniques have greatly expanded
and accelerated the research efforts on photo-
svnthesis. In addition, radioactive tracers have
also been used to study plant diseases and
weeds, animal nutrition and metabolism, and
insecticides.

Radioisotopes are also used in agriculture
as radiation sources. In the past, one very
interesting question arose: Can radiation pro-
duce new plants? After more than three de-
cades of scientific study, certain conclusions
have emerged concerning this intriguing ques-

Country: Israel. Year: 1969. Colors:
violet blue and multicolored. Denom-
mation: 1.15 Israeli pounds. Subject:
Twenty-fifth annwersary of the Weiz-
mann lustitute of Science. The stamp
depicts an atom “flowering” on a
test-tube plant.

tion. High-energy radiations can cause heredi-
tary changes (mutations) in any living thing:
Mammal, insect, microbe, and plant. Any
feature of a plant subject to hereditary con-
trol, such as root, shoot, leaf, flower, or fruit,
can be altered by radiation.

Over 100 new types of economically use-
ful plants have been produced by mutation
breeding. Of these, 69 came from X-ray treat-
ment, 18 from gamma rays, and 13 from neu-
trons. Each type has some unique effects and
is useful for different plants and different
purposes.
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Onc of the advantages of mutation breed-
ing is that it spceds up the time required for
the breeding program. This is because a num-
ber of mutations are produced at once. Con-
ventional cross breeding usually takes scveral
generations tonger because the desirable gene
has to be transferred to the commercial vari-
ety from another and often less desirable
type. (Most mutations are not desirable and a
considerable amount of sclection is involved.)

Another advantage concerns a phenome-
non called linked genes: The desirable char-
acteristic may be controlled by a gene located
on the same chromosome with one or more
genes that cause undesirable characteristics. It
is difficult with normal breeding techniques
to separate such linked genes located close
together on the chromosome. This is easier in
mutation breeding. In effect the desired gene
is freed from its unwanted associates.

High-energy radiation can also be used to
preserve foodstuffs, although this technique
will probably be used in the immediate future
only as a supplement to the conventional
methods of heating and freezing, or in places
where refrigeration is not readily available.
“Pasteurizing’’ with radiation to destroy most
but not all of the microbes in meat, vege-
tables, or fruit can be accomplished with less
than 5% of the dosage required for “steril-
izing” with radiation. In addition such treat-
ment does not alter appreciably the flavor or
texture (as does sterilization) so that it could
be used to prolong the shelf life of many fresh
foods.

An ingenious application of the atom in
agriculture concerns the screwworm fly. This
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insect pest lays its eggs in the open wounds of
livestock and the burrowing maggots inevita-
bly kill or disable the animal. The entomolo-
gists involved in this scheme used the follow-
ing approach. In the late 1950s some two
billion radiation-sterilized screwworm flies
were deliberately released from airplanes over
Florida, Georgia, and Alabama at a rate of
some fifty million weekly. Soon the area was
smothered with sterile flies and the number of
eggs that hatched (from normal, unirradiated
native flies) rapidly fell to zero. This program
was conducted for some 18 months and in
that uume the insect pest was eliminated in
that area of the United States.

Indeed, one can say that the radioisotope,
particularly when used as a tracer or radiation
source, has become an indispensable servant
to all phases of agricultural research.

RADIOISOTOPES IN SPACE

Radioisotope thermoclectric generators to
provide auxiliary power systems were
explored jointly by the U. S. Atomic Energy
Commission (AEC) and the National Aero-
nautics and Space Administration (NASA).
These systems, designated SNAP (Systems for
Nuclear Auxiliary Power) are compact, light-
weight, and reliable sources of electric power
for remote area application.

The radioisotope generator thermoelectric
elements produce electricity directly from the
heat created by the decay of a radioisotope. A
typical thermoelectric element as used in a
radioisotope generator consists of a positive
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component and a negative component. Ior

: the positive components the flow of elecoons
is toward the hot junction. For the negative
components the flow of electrons is away
from the hot junction. The name RTG
(Radioisotop¢ Thermoclectric Generator) is
frequently given to radioisotope generators
that use thermoclectric elements to produce
clectricity.

The RTG consists of four basic compo-
nents: a shell or housing, a heat shield or insu-
lation, the encrgy conversion elements, and
the radioisotope fucl capsule. The outer shell
is usually a metal case designed to protect the
RTG from exposure to its operational en-
vironment (e.g., outer space, the polar re-
gions, underwater, etc.). This shell also serves
additionally as a radiator of ‘‘waste heat”

R issmmssccanssa

Country: Republic of Togo. Year:
1964. Colors: yellow, green, and vio-
let. Denomination: 20 francs. Subject:
International Quiet Sun Year
(1QSY). In the design are sev-
eral spacecrafts launched by
the United States. The Nimbus
weather satellite (left) uses a
radioisotope power generaLor
to supplement its solar cell electric

power supply
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The principle of RTG operation is simple.
Essentially all the nuclear radiations emitted
by the decay of the alpha emitting radioiso-
topes are absorbed within the fuel capsule
itself. As these radiations are absorbed, the
capsule material is heated and this heat flows
away from the hot fuel capsule and through
an array of thermoclectric elements, which
convert a portion of this heat directly into
clectricity. However, because of the low-

Country: United Strtes. Year: 1969.
Colors: multicolored. Denomination:
10 cents. Subject: Aan’s first moon
landing.  The Apollo 11 astronauts
carried two plutonium-238 radioiso-
tope beaters to the moon and used
them for their Early Apollo Scientific
Experiment Package (EASEP). The
Apollo 12 crew and all subsequent
lunar explorers bave deployed SNAP-
27 radioisotope power generators for
their Apollo Lunar Scientific Experi-
ment Packages (ALSEPs).

energy conversion efficiencies associated with
present-day thermoelectric elements, only
some 5 or 10% of the total heat passing
through these elements is actually converted
into electricity. The remaining amount of
heat flows to the outer shell of the RTG,
where it is radiated away to space as “‘waste
heat””. The radiator rejects waste thermal en-
ergy and »ot nuclear radiation.
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In June 1961 a Department of Defense
“Transit navigation satellite was placed into

Earth orbit. The satellite carried a radioiso-
tope thermoelectric generator on board as a
supplementary source of clectricity for its
communication system. The auxiliary nuclear
power system was called SNAP-3A and it had
a power output of 2.7 watts (clectric) and was
fucled with plutonium-238. The successful
launching marked the first use of atomic elec-
tric power in space by the United Statcs.
Since that time other Transit satellites have
used improved radioisotope generators (the
SNAP-9A device) and a NASA Nimbus
weather satellite has flown with the SNAP-19
on board. The Nimbus weather satellites pro-
vide useful meteorological information. The
carly Nimbus spacecraft were powered exclu-
sively by solar cells. However, Nimbus 3,
launched in May 1969 carried a pair of radio-
isotope power generators to supplement the
solar cell electric power system. In this way
the SNAP-19 device has extended the useful
mission lifetime of the Nimbus weather satel-
lite.

In 1969 the Apollo 11 astronauts, on
mankind’s first voyage to the moon, set up
the Early Apollo Scientific Experiment Pack-
age (EASEP) at their Sea-of-Tranquility base.
Two 15-watt (thermal) plutonium-238 heaters
were used to keep the EASEP operating dur-
ing the long lunar night, which is approxi-
mately two earth weeks in duration. The
Apollo 12 aswonauts and later Apollo crews
have their Apollo Lunar Scientific Exper-
iment Packages (ALSEP) powered by SNAP-
27 devices. The SNAP-27 uses plutonium-238
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as its fuel and creates about 70 warts of elec-
tric power. The SNAP-27 will continue to
power many valuable lunar experiments long
after the astronauts themscelves have lett the
lunar surface.

Space missions of the late 20th and early
21st centurices will require even larger radio-
isotope power generators, The radioisotope
has just begun its role in helping mankind
explore the vast regions ot space.

NUCLEAR EXPLOSIVES

An atomic bomb is one whose energy
comes from the fission (splitting apart) of
heavy elements such as uranium or pluto-
nium. When an atomic bomb is “ignited”,
more and more neutrons are released in an
uncontrolled chain reaction. These neutrons
produce many fissions in a very short period
of time. Since so many nuclei of uranium-235
or plutonium-239 are fissioned, very large
amounts of energy are released, creating ex-
tremely high temperatures that cause the
bomb materials to vaporize; very large pres-
sures are developed and a powerful explosion
results. This is the fundamental principle of
the fission (atomic) bomb.

The world’s first atomic bomb was devel-
oped by the United States during World
War II through a special, super-sccret organi-
zation called the “Manhattan Project”, which
was under the command of Major General
Leslie R. Groves. On July 16, 1945, at 5:30
a.m., the world’s first atomic explosion oc-
curred at Alamogordo, New Mexico. The
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Conntry: The United Nations. Year:
190, Colors: dark brown and dark
red. Denomination: 5 cents. Subject:
The Nuclear Test Ban Treaty.

“Trinity”” explosion, as it was code-named,
was built and developed at the Los Alamos
Scientific Laboratory in New Mexico, and it
marked the first use of plutonium. On Au-
gust 6 (Japanese time) 1945 the first atomic
bomb cver to be used in warfare was dropped
on Hiroshima, Japan. This explosion was an-
nounced as having a yield of about 20 kilo-
tons. One kiloton (kt) is the amount of a nu-
clear explosive equivalent to the dctonation
of 1000 tons of TNT. On August 9 (Japanese
time) 1945 a sccond atomic bomb was
dropped on the Japanese city of Nagasaki.
“The war between the United States and Japan
came to a swil't conclusion on August 14,
1945, In 1946 two more nuclear tests were
conducted as part of the Manhattan Project at
the Bikini Atoll in the Pacific Ocean. On
January 1, 1947, the U. S. Atomic Energy
Commission took over responsibility for
weapons testing and development. (The re-
scarch and development programs of the AEC
have now been absorbed by the Energy Re-
search and Development Administration.)

Country: Japan. Year: 1949. Color:
green. Denomination: 8 yen. Subject:
The naming of Nagasaki as the Inter-
national City of Culture. Issued as a
companion to the following stamp.
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The development of American nuclear
explosive technology progressed until the
AEC test-fired a thermonuclear device, code-
named “Mike”’, on November 1, 1952 (local
time) at Eniwetok Atoll in the Pacific Ocean.
‘Thermonuclear refers to the process or pro-
cesses in which very high temperatures are
used to bring about the fusion (joining to-
gether) of light nuclei. Fusion is the nuclear
process whereby the nuclei of light elements,
especially the isotopes of hydrogen called
deuterium uand tritium, combinc to form the
nucleus of a heavier element with the subse-
quent release of substantial amounts of en-
crgy. The nuclear explosion based essentially
on the fusion reaction is commonly called a

Country: Japan. Year: 1949. Color:
vellow brown. Denomination: 8 yein.
Subject: The naming of Hiroshima as
the City of Eternal Peace.
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“hydrogen bomb”. A fission bomb is used to
trigger a hydrogen bomb.

Thus there are essentially two types of
nuclear explosives: One in which the cnergy is
produced by nuclear fission and one in which
the energy is mainly produced by nuclear
fusion.
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Country: Gernman Democritic Repub-
lie  (East Germany),  Year: 1959,
Color: bluck, red, and orange yellow.
Denomination: | mark. Subject: The
10th  wnniversary  of  the Gernan
Democratic Republic. East Germany's
first nuclear reactor is in the design.

Country: Japan. Year: 1957, Color:
dark purple. Denomination: 10 yen.
Subject: Japan’s first nuclear reactor
at Tokai-Mura.

Country: Belgium. Year: 1961. Color:
red lilac. Denomination: 3 francs.
Subject: European Nuclear Research
Center at Mol. Belgium. The core of
the Belgian Reactor 3 is the design.
Issued as a companion to the Belgian
stamp on the top of page 64.
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HOW A NUCLEAR REACTOR OPERATES

A nudlear reactor is simply a device in
which a self-sustained neutron chain reaction
can take place ina controlled manner. The
basis tor energy production in a reactor is the
process of nuclear fission. This splitting of a
heavy atomic nucleus is accompanicd by the
release of a large amount of energy—approxi-
mately 200 million electron volts for ura-
niuin-235 —and, in general, onc or more necu-
rrons. o maintain a stable selt-sustained
chain reaction in a nuclear reactor, every fis-
sion must produce exactly one neutron that
eventually suceeeds in causing another fission
reaction. Under this condition the number of
fissions occurring per unic time within the
reactor is constant and the reactor is de-
scribed as critical.

In general, reactors are controlled by regu-
lating the neutron population within the cen-
tral part of the reactor, which is called the
core. The centrol rods contain neutron-
absorbing materials such as boron or hafniurn.
These control rods regulate and control the
power level of the reactor. Neutrons, ab-
sorbed by the control rods, cannot cause
other fission reactions.

The use of a reactor often determines its
power output requirements and t'ereforc its
temperature characteristics. For example,
research reactors are frequently operated at
such low power levels tiat they usually do
not require a cooling system. The characteris-
tic operating temperature for ti:s ‘‘zero
power”’ reactor is then fairly low and usually

()
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tess thun 200°1F (93°C). On the other hand,
reactors used tor electrie power production
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desalting must operate at high power levels,
since the heat that is carried away from the
core by the coolant is their primary “prod-
uct”. Consequently, power reactors have high
operating temperatures, often in excess of
SO0°F (260°C).

Although there are many applications for
the heat generated within, and the radiations
emitted by, a nuclear reactor, this booklet
will be limited to a discussion of the following
reactor applications: (1) naval propulsion
systems and (2) clectric power production
systems.
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REACTORS AT SEA
Naval

Betore the first nuclear submarine became
a fact, the submarine was at best a hybrid. It
was a small surface ship that could submerge
for very short periods of time. In 1950 the
submergence time and the average submerged
speed of a submarine were not much greater
than those of submarines in use 30 years car-
licr.

Pre-nuclear submarines using traditional
fucls required oxygen to operate and to keep
their crews alive. Oncee submerged, that oxy-
gen supply was cut off, The boat was depen-
dent for its power on short-lived electric bat-
teries, its crew dependent upon the air
trapped within the hull or carried in bottles.

The nuclear reactor climinated (1) the
combustion engincs that limited a submarine’s
range and speed, (2) the need for a large
amount of space to store oil, and (3) the
necessity for surfacing to recharge batteries.

The introduction of the nuclear-powered
submarine, with the launching of the USS
Nawutilus, transformed undersea warfare tac-
ties and national defense strategics. The com-
pactness of the nuclear reactor and its fuel
coupled with the fact that the reactor—
unlike the conventional diesel engine—
requires no oxygen for operation, means that
nuclear powered submarines can operate sub-
merged, at high speeds for very long periods
of time. For cxample, fleet ballistic sub-
marines, such as the USS George Washington,
usually remain on submerged patrol for 60 to
70 days at a time.
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The advantages of nuclear power in pro-
viding high speed and virtually unlimited pro-
pulsion endurance have also proved of great
value in surface warship applications. Toduy
the U. S. Navy has a nuclear-powered flect
consisting of 105 submarines, 1 deep sub-
mergence rescarch vessel, and 6 surface ships.

Of particular importance is the develop-
ment of long-life reactor cores for naval use.
At present, cores are being installed in the
Navy’s nuclear ships that will provide for over
10 years of normal operation. This means that
a submarine could travel some 16 times
around the world without refueling—a dis-
tance of more than 400,000 miles!

Nuclear submarines have not been the
only vessels to demonstrate by their extended
operations the value and capability of nuclear
propulsion at sea. In 1964 the carrier Enter-
prise, the cruiser Long Beach, and the frigate

Country: The United States. Year:
1959. Color: bright gre:nish bluc.
Denomination: 4 cents. Subject: The
conquest of the North Pole by land in
1909 by Admiral Peary and by sea in
1958 by the USS Nautilus, the first
nuclear-powered submarine.
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Comntry: Rosaa (USSR) Year: 1958,
Colors: Dlack, bistre, ved, and greenish
Dlue. Denomination: 40O kopecks. Sub-
ject:  Nuclear-powered  icehreaker
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Bainbridge participated in Operation Sea Or-
bit, a 65-day cruise around the world. This
“nuclear task foree™, completely free of re-
fucling or logistic support ot any kind, suc-
ccssfully covered over 30,000 miles of ocean,

Nuclear attack submarines of new design,
including the celectric drive submarine
CGlenard P Lipscomb and the Los Angeles
Class of high-speed attack submarines, are
being developed. Work has also started on the
Trident Class of ballistic missile firing sub-
marines. In surface ships the Nimitz Class of
two reactor carriers is under construction s
are the California and Virginia Classes of
nuclear powered frigates.

Civil Maritime

“Yhe nuclear reactor has not been used at
sea exclusively for warships. On Ocrober 15,
1956, President Eisenhower directed the

Country: Sharjah. Year: 19605, Colors:
brown and blue grecn. Denomination:
5 naye paise. Subject: First nu-

clear-powered  merchant  ship,
the NS Savannah, [ssued as
part of a set commemo-
rating transportation.
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Department of Commerce and the Atomie
Frnerpy Commission to develop and construct
the world's first nuclear-powered merchant
ship, the NS Savannal, The Savannal was
small in size (595 feet long and displacing
some 22,000 1ons) and intended to tunction
as a nuclear demonstration model, This
unigue ship with its imited cargo space
crossed the oceans of the world from 1962
and 1971, constantly demonstrating the
satety and practicality of nuclear power for
merchant ships, In 1971, because of heavy
dollar losses incurred by the ship’s successtul
but uncconomic operations, the Savaiiah was
retired. She is now in Savannah, Georgia.

Nonctheless, the Sazaniah was a flawless
success. In nearly 10 years of sailing she never
had an accident and never developed prob-
lems with radioactivity. Thus she served her
purposc well as a demonstration model of the
potential cconomic advantages of nuclear
propulsion for commercial vessels. Two of
these advantages are: (1) availability of more
cargo space by eliminating fucl storage arcas;
and (2) improved ship utilization, due to
higher cruising speeds and the elimination of
the need for frequent refueling. Therefore,
based on the valuable experience acquired
from the operation of the Savannah, future
nuclear merchant vessels such as large con-
tainer ships or tankers can be designed to take
advantage of nuclear propulsion and yet be
cconomically competitive with conventionally
fucled ships.

Other nations have also used the nuclear
reactor to propel ships. For example, in 1957



O

ERIC

Aruitoxt provided by Eic:

the Soviet Union Ironched the nuclear-
powered icebreaker, Lenin, which was the

world’s first nuclear surface ship to put to sea.
The Lenin is approximately 440 feet long,

displaces some 16,000 tons, and is powered
by three pressurized-warer reactors, In 1968
construction was completed on the Federal
Republic of Germany's first nuclear-powered
merchant ship, the Otto Habn, which is a
15,000-ton orc carrier powered by a pressur-
ized-water reactor. Finally, Japan's first
nuctear-powered merchant vessel, the 8,000-
ton research cargo ship Mutsu, was launched
in 1969.

Many maritime nations are investigating
future applications of the nuclear reactor for
merchant shipping. These investigations in-
clude such coneepts as a fleet of nuclear-
powered freighter or tanker submarinces, high-
speed nuclear passenger liners, and highly
automated nuclear-powered container vessels.
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Country: Belgnon. Year: 1961, Color:

dark bluc green. Denomination: -+

centimes. Subject: Belgan Reactor 2

I BELGI -TIE LGIOUE
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REACTORS FOR ELECTRIC POWER
PRODUCTION

From the dawn of history man has  sed
energy. Without energy he cannot survive, In
the beginning man had only the energy de-
rived from his food; this “biological™ energy
allowed him to perform work with the power
of his own muscles. In time he discovered the
existence of other energy sources and fearned
to control these sources so that the power of
his own muscles was greatly enhanced and he
was able to accomplish more and more work.
Progress in man’s discovery and application of
energy is continuing even today. Modern man
lives in a highly complex, highly technical
socicy, which is dependent for its func-
tioning and perhaps its very survival upon
cnergy, and in particular upon electricity.

When a nuclear reactor is used to generate
clectricity, the system is called a nuclear
power plant. In this system the thermal en-
ergy neeessary to generate the steam that

Country: lIsrael, Year: 1960. Colors:
red, blue, and black. Denomination:
50 agorot. Subject: The (nustallation of
the first muclear reactor in Israel.

C"‘~
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Conntry: Russia (USSR) Year: (Y50,
Colors: mudtecoloyed. Denomitnation:
o0 kopecks, Subgect: The fost Russian
dtonie clectric station,

voPeoe e e e - - -

drives the nirbogencrator, which produces
clectricity is provided by means ot a con-
trolled nentron fission chain reaction, In
other words, in a nuclear power plant the
miclear reactor replaces the conventional
fossil-luct-fired boiler of the steam power
plant. With the nuclear reactor used as the
source of heat the thermal energy is released
in i clean, efficient manner and the world’s
rapidly dwindling supply of precious fossil
fuels is conserved for other, more important
applications. Of course, clectricity is clee-
tricity, regardless of whether it is generated by
falling water (a hydroclectrie plant), burning
coal (2 conventional steam plant), or splitting
atoms (a nuclear power plant). Just a few
vears ago commerceial nuclear power was sim-
plv an exotie idea of the scientific commun-
ity Today the atom is working around the
world to help satisfy man’s growing need for
clectricity.

Country: (reat Britain. Year: 1966,
Colors: wmuldticolored. Denomination:
I shilling and 6 pence. Subject: Ad-
vanced gas-cooled Windscale reactor.
Part of a set bonoring British technol-
ogy.
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THE INTERNATIONAL ATOMIC
ENERGY AGENCY (1AEA)

On December 8, 1953, President Dwight
D. Eisentower proposed to the United Na-
tions the cstablishment of an agency devoted
exclusively te the peaceful uses of the atom.

Country: Belgiunm. Year: 1958. Color:
red brown. Denominztion: 10 francs.
Subject: International Atomic Energy
Agency. Part of a set honoring various
international agencies related to the
United Nations.

Before this international age ¢y could be
organized, the United Statc initiated its own
action to implement the spirit of President
Eisenhower’s proposal by creating the
“Aroms-for-P;ace”” Program in 1955. Through
this program the United States ~xchanges

Country: Federal Republic of Came-
roun. Year: 1967. Colors: emerald
and ultramarine. Denomination: 50
franc:. Subject: International Atoinic
Energy Agency.

mmwmtmmm ]
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information on the peaceful uses of atomic
energy with other nations and groups of na-
tions and sells nuclear fuels abroad for both
research and power reactors. Thirty-four
agreements for cooperation thatare in effect
with other nations or groups »f nations pro-
vide the framework for cooperative activities
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carricd out under the program. An important
part of cach agreement is the establishment of
procedures to .ssure that the materials or
equipment supplied will not be diverted from
peaceful to military purposes. v

Nuclear information was also freely ex-
changed by scientists from around the world
at the International Conferences on Peaceful

ENEE

Country: The United Nations. Year:
1958. Color: olive. Denomination: 3
cents. Subject: Titernational Atomic

NATIONS NS
.7

Euergy Agency.

il T
L OLBL WIBEHHI T )

Uscs of Atomic Energy that the United Na-
tions conducted in Geneva, Switzerland, in
1955, 1958, 1964, and 1971. The 1955
Geneva Conference is particularly significant,
since it represented the first time in man’s
“Nuclear Age” (which began on December 2,
1942) that scientists from many nations met

Country: Monaco. Year: 1962.
Colors: bistre, violet, and blue. De-
nomination: 10 francs. Subject:
The IAEA laboratory in Monaco.

openly to discuss nuclear energy. At the 1955
and subsequent Geneva Conferences a great
dcal of previously classified information was
released for public use,

The Internaniunal Atomic Energy Agency
(IAEA), officially created in 1957, is an au-
tonomous intergovernmental organization
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that, ““under the aegis of the United Nations,
is responsible for international activities con-
cerned with the peaceful uses of atomic en-

ergy’’.

The objectives of the IAEA are . .. to
seek to accelerate and enlarge the contribu-
tions of atomic encrgy to peace, health and
prosperity throughout the world” and *“. . . to
ensure that assistance provided by it or at its
request or under its supervision or control is
not used in such a way as to further any mili-
tary purpose”’.

Country: Russia (USSR). Year:
1962. Colors: black, orange, red,
and ultramarine. Denomination: 6
kopecks. Subject: In the design is
the word ‘“‘peace’ in ten languages
and a large diagram of an atom
superimposed on a map of Russia.
Part of a set bonoring the concept
of “Atoms for Peace’.

The IAEA Headquarters is located in
Vienna, Austria, and more than 100 nations
are members. In its daily activities the IAEA
fosters and encourages the peaceful and bene-
ficial uses of nuclear energy in scientific re-
search and application (for electric power,
agriculture, biology, medicine, hydrology, and
industry) throughout the world. Through its
safeguards system the IAEA seeks to prevent
the harmful global consequences that would
result if nuclear material or equipment, in-
tended for peaceful purposes, was diverted to

=1
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military applications. The IAEA also func-
tions as a guide and advisor by helping the
developing nations of the world plan and
establish nuclear programs and safety stan-
dards for various nuclear operations.

Therefore, the programs of the IAEA
enter many scientific fields, extend to many
nations, and usc many techniques. For ¢xam-
ple, the IAEA operates laboratorics in Vienna
and Scibersdorf, Austria, and a third in

Country: The Republic of Rwanda.
Year: 1966. Colors: red lilac and dark
blue. Denomination: 15 francs. Sub-

modern industry and technol-
ogy. Part of a set commemo-
rating the twentieth anniver-
sary of UNESCO (the United
Nations Educational, Scien-

tion). The stamp features the
UNESCO emblem, an atomic symbol,
and a laborer operating a power drill.

Monaco. At the two laboratories in Austria,
work is donc for the safeguards program in
the fields of metcorology and chemical analy-
sis and for the agricultural program in the
research and training areas. The laboratory in
Monaco, established in 1961 at the Oceano-
graphic Insttute, studies such topics as the
development of reference methods and tech-
niques for investigating the effect of radio-
activity on marine life and the fate and effects
of radioactivity in the sea,

~1
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THEY SHALL BEAT
THEIR $WORDS
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Country: The United Nations, Y(uﬂ
19607 Colors: nadticnlored. Dewoin-
ination: O cents. Subject: The U N
General Assembly's resolutions for the

suspension of nnclear weapois (ests

and for disarnameit.

The majority of the 1A EA’s members arc
developing nations and the Agency’s most
direct channel of assistance to such countrics
s its technical assistance program, ir. ~hich
expert scientific advisors, cquipment grants,
loans, and training opportunitics arc provided.
In addition. the Ageney’s rescarch contract
program and its programs of scientfic mecet-
ings and technical information compilation
and dissimination benefit its entire member-
ship, including the U. S Allits valuable work
is accomplished by the IAEA in close cooper-
ation with many other organizations, both
national and international. From the begin-
ning, the U. S. has been the IAEA's largest
contributor and onc of its most influential
members.

One of the IAEA’s most important func-
tions is to establish and ensurce through its
safeguards system tha nucear material or
cquipment intended for peaceful applications
is not diverted to military purposes. As of
Junc 30, 1972, IAEA safeguards have been
applicd to almost 250 nuclear facilities of all
types around the world, including some 130
nuclear reactors. Any nuclear project that has
been set up with IAEA assistance must aceept
IAEA safeguards; this system is also applied
upon request. 1959, Japan became the first

]
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v Cowittry:  Afghamstan. Year: 1958

Color: bluc. Denorination: 50 pouls.
Subject: “Atowms-for-Peace” Program.

natics to aceept INEA safeguards over a sin-
gle facility, and in 1968 Mexico became the
Yirst country o plice its entire nuclear pro-

gram under IAEA safeguards.

The INEA safegrards system is one of
strice statisticn! acecounting ti:at involves four
basic steps: (i) nuclear science experts from
the INEA review the design of the nnclear
facility to be safeguarded solely to determine
if it can be cffectively controiled; (2) the na-
rion requesting the INEA safeguards is re-
quired to keep a detailed record of the racil-
ity's operation and of its nuclear material
inventory; (3) the government of the country
must supply periodic reports to the IAEA
concerning those nuclear facility records
maintained as part of Step Two of the safe-
guards svstem; (4) the IAEA maintains the
right to send inspectors for on-the-spot checks
of the safeguarded facility. It is this complex
program of accurate data collection and evalu-

Cowutry:  Switzerland.  Year: 1958.
Colors: yellow, red. and blue. Denom-
mation: 40 centisnes. Subject: Second
Interaational Conference on Peaccful
Uses of Ntomic Energy conducted by
the United Nations in Geneva, Swit-

serlind.
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ation by which the IAEA is able to detect
accidental loss or intentional diversion of
nuclear materials.

In summary, the IAEA with all of its
diversc and bencficial activities may be called
a truly worldwide organization dedicated to
the concept of “man helping man to utilize
the atom in peaceful, productive ways”.

CERN

The “Conscil Européen pour la
Recherche Nucléaire” (European Council for
Nuclear Research) is an advanced research
organization with its headquarters and main
laboratory at Meyrin, near Geneva, Switzer-
land. CERN, as it is called, has 12 European
nations as members who conduct fundamen-
tal research through the coopcrative pooling
of scientific efforts and financial.support.
These nations are Austria, Belgium, Denmark,
Federal Republic of Germany, France,
Greece, Italy, The Netherlands, Norway,
Sweden, Switzerland, and the United King-
dom. .

It is interesting to notc that the CERN
site itself involves some 107 acres in Switzer-
land and an adjacent 103 acres in France. This
makes CERN the first international nuclear
organization to actually cross an international
boundary and erase the visible fences.

After World War II the nations of Western
Europe were faced with the possibility of
losing many of their scientists to other coun-
tries since so little effort at that time could be
devoted to fundamental research. Therefore,

VO
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Conntry:  Switzerland. Year: 1966,
Colors: black and wmalticolored. De-
nomination: 50 centinies. Subject:
European Orgamization for Nuclear
Research (CERN). The design con-
tains a background of atomic particle

tracks npown which are superimposed

the flags of the member states.

concerned with assuming a permanently in-
ferior scientific position, it was suggested in
1948 that an international center, dedicated
to fundamental rescarch, be created by pool-
ing scientific efforts and financial resources,
and so, in February 1952, CERN was created.

CERN is independent of all other national
and international organizations, although it
cooperates and coordinates its efforts as far as
possible with the various laboratories and
institutes located in member states. It is
governed by a Council, which is composed of
two delegates (usually one scientist and one
administrator) from cach member state. Zach
state has one vote in this Council.

From its very beginning, CERN was dedi-
cated to the joint pursuit of pure, fundamen-
tal research. The main interest of CERN is the
science of sub-nuclear physics. But to perform
these studies the particles of subnuclear phys-
ics (c.g.. the neutrino, the antineutrino, the
muon, the antimuon, ctc.) must first be
produced and sorted.

The most readily available and the sim-
plest of the larger elementary particles is the
proton, [f its structure is to be studied, it

73
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Country: France. Year: 1959. Colors:
red brown and bright carmine. De-
nomination: 20 francs. Subject: Mar-
coule Atomic Center. Part of a set
honoring French technical achieve-
e nts.

must be taken apart. At CERN this is accom-
plished using powerful particle accelerators.
in these machines the protons are given very
high encrgies and then are made to strike a
target, producing secondary particles, which
are then separated and examined (often by
using these secondary particles as projectiles
against still other targets). In the end the the-
oretical physicist examines the experimental
results and attempts to unravel the mystery of
the basic structure of matter.
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The following publications are available from
the American  Topical  Association, Mil-
waukee, Wisconsin:

Stamp Publication Handbook, numbers HB31
($4.00), HB40 ($5.00), and HB74 (53.00)
on Atomic Energy and Radiology.

Topical Time issues number 108, 109, and
134 (@$1.00); issue number 145 (@$1.25),

Stamps Muagazine (weekly), H. L. Lindquist
Publications, New York, $5.90 per year.
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Appendix-List of Nuclear Stamps

This listing is alphabetical by issuing country. The catalog
numbers are from the 1975 edition ot Scott’s Standard Post-
age Sty Catalogue and the Minkus New 1973 World Wide
Stamp Catalogs. These numbers are the copvrighted property
of the Scott Publishing Company and Minkus Publications.
tnc.. and are presented here with permission of those com-
panies.

An entry with catalogue numbers such as 462-63 and
422-23 means that there are two stamps for that entry. An
entry with catalogue numbers such as 538-40 and 1435-37
means that there are three stamps for that entry.

A number and asterisk preceding the stamp’s name indi-
cate that it has been used as an illustration in this booklet;
the number is the page on which the stamp may be found.

Please note that this list of nuclear stamps is not

complete.
Country of Issue Scott Catalogue  Minkus Catalogue
and Description Year of Issuc Number Number
AFGHANISTAN 1938 RA2 216

Pierre & Marie Curne
TI*AFGHANISTAN [O35R 462-63 422-23
Atoms for Peace
ALGERIA 1970 430 629
Atomic Symbol, Educa-

tional Symbol and

Blackboard
ARGENTINA 1969 Clle 1278
Atucha Nuclear Center
66°BELGIUM 1958 C20 1306

International Atomic
Fnergy Agency

56,64+°*BELGIUM 1961 538-40 1435-37
Atomic Research Center
at MOL
78
]
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Country of Issue Scott Catalogue  Minkus Catalogu=
and Description Yeur of Issue Number Number

BELGIUM 1966 6212 1617
Atom Symbol and

Retorr (Atomic

Research Center at MOLD

BRAZIL 1903 Vo3 1161
Symbols of Atomic

Energy, Agricul-

ture, and Industry
BULGARIA 1957 957 1145

Pierre Curie

CAMEROUN 1938 131 162
Picrre and Marie

Curie
66 TCAMEROUN 1967 458 575

International Atomic

Energy Agency
F1°CANADA 1960 449 516
Atoms for Peace,

Douglas Point

Reactor

24*CANADA 1971 534 642
Ernest Rutherford

CENTRAL AFRICAN 1965 27 197
REPUBRLIC

Nimbus Weather Satel-
lite (Radioiso-

topes in Space)

16°*CENTRAL AFRECAN 1968 C57 293
REPURLIC

Marie Curic

CEYLON 1969 436 426

Uranium atom diagram

CHINA (NATIONALIST) 1961 1331-33 $79-81

Nuclear Reactors

CHINA (NATIONALIST) 1970 1652 822

Nimbus 111 Satellite
(Radioisotopes in
Space)

&2 0

ERIC

Aruitoxt provided by Eic:



Country of Issuc Scott Catalogue  Minkus Catalogue
and Description Year of Issue Number Number

CONGO, DFMOCRATIC 1964 472-79 56%-76
REPUBLIC OF (ex-
Belgian) (Country re
named Zaiee i 197D
Atom Symbol,
Ist African Reactor

CONGO, PEOPLI'S 1900 38 290
REPUBLIC OF (ex-
French)

Atom Symbol and
Grain

CUBA 1938 BI-2 $13-

[
Ja

Picrre and Marie Curie

C2ZECHOSLOVAKIA 1958 sSel 1216

Nuclear Reactor

6*CLECHOSLOVAKIA 1963 1173.74 1526, 27
Nuclear Rockets
CZECHOSLOVAKIA 1963 1210 1569
Atom Diagram andg Head
CZECHOSLOVAKIA 1964 T 1624
Nuclear Power Plant
CZECHOSLOVAKIA 1966 1413 1777
Joachimsthal, where

pitchblende was dis-

covered
DAHOMEY 1938 B2 176
Picrre and Maric Curic
DAHOMEY 1965 197 310
Nimbus Weather Satel-

lite (Radioiso-

topes in Space)
11°DANZIG 1939 240 409
Wilhelm Roentgen
28°DENMARK 1963 409-10 584-85
Nicls Bohr
FINLAND 1970 494 698
Nuclear Data Con-

ference

.3
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Country of lssue Scott Camlogue  Minkus Catalogue
and Description Year of Joue Number Number

FINLAND 1970 501 700
Strategic Arms Limi

tation Talks (U

L SSR)Y
17*FPANCE 1938 B70 574
Pierre and Marie Cuerie
FRANCE 1946 paol 8K
13*Antome Henr

Beequerel
74 FRANCE 1059 921 1410
Marcoule Atomie

Center
40 FRANCE N 1135 1731
Nuclear Reactor
16* FRANCE 1967 1195 1806
Marie Curie
FRANCE 1969 1259 1890
Nuclear Subymarine

l.e Redoutable
FR, EQUATORIAL AFRICA 1938 Bl 93
Pierre and Marie Curie
FRENCH GUIAN 193 B3 208
Picrre and Marie Cunie
FRENCH GUINEA - 1938 B2 196
Pierre and Marie Curid
FRENCIHINDIA 1938 Beo 133
Pierre and Marie Curic
FRENCH POLYNESIA 1938 B5 146
Pierre and Muarie Curie
FRENCH SUDAN 1938 B1 195
Picrre =i 1 Marte Curic
GABON . 1966 182 269
Uramum Mining
GABON 1965 216 324

International Atomic

Energy Agency
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Country of Issue

and Description
GERMAN", LAST
Max Plar

GERMANY, EAST

Nuclear Explosion

GERMANY, EASNT

Max Planch, Quantum

Theory

GERMANY, EAST

Atomic Bomb

S6*GERMANY, EAST

Nuclear Reactor
GERMANY, EAST
Wilhelny Roentgen
GERMANY, EALT
Muarie Curie
GERMANY, WEST
Wilhelm Roentgen

7*GERMANY, WEST
Atom Symbol and Globe

32°GERMANY, WEST

Nuclear Reactor,

Fission

19°GERMANY/BERLIN,

WEST
Mo .nck

GHANA
Nuclear Explosion
22*GHANA

Albert Einstein

GIBRALTAR
Nuclear Submarine
HMS “readnought

GREAT BRITAIN

Dounrecay Nuclear Reactor

65*GREAT BRITAIN

Windscale Nuclear

Reactor

82

Year of Issue

195G

1950

1958

1959

1965

1967

1951

1955

1360

1953

1962

1964

1967

1964

1966

Scott Catulogue
Number

63

73

383-84

3045

465

~
wn
v

937

686

731

893

9N92

116

190

197

413

469

Minkus Catalogue
Number

153

583-84

656

1016

1210

1366

1433

1666

110

298

377

203



Country of Issue Scott Catalogue  Minkus Camlogue

and Deseription Yeir of [ssue Number Number
08 GRERCE 100l T16-17 ©57-58
Democritus Nuclear
£ .

Center
QOCGRFENLAND 1903 57-58 7374
Niels Bohr
GUADELOUPI 193K 133 194
Pierre and Marie Curnie
HU S GARY 10606 1763 2570
Dubina Nuclear Institute
INDIA 19635 422 68O
Trombay Aronue Center
INDIA 1900 337 Tul
Atomic Reactor, Homi

Bhat:na eserentist)
INBYEA 1968 476 704
Marnie Curne
INDOCHIN A 1oty B4 348
Perre amd Mane Cune
INDONESES 1962 578-80 1277 79
Atom Dugoen
23°ISRALI 1956 117 155
Albert Finstein
64 ISRAKL 1060 Ex2 241
Nuclear Reactor
ISRALL 1968 €45 347
Radiotsotopes
47 ISRALL 1969 $00 90
Atom Duagram, Test

Tube, Plant
ALY 1956 71 1174
Amedeo Avogadro
ISCITALY 1967 976 1455
Foreo Fernu, First

Nuclear Reactor
IVORY COAST 1938 B2 197

Picere and Marie Curie
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Country of Issue

und Deseription

340 TAPAN

Thro ova, Nagasaki

SOIAPAN

N lear Rews ten

CAAN

Py Ageney

44 JAPAN

Medieal Moravs,
vobalt-600 Treat-

pent

60 JAPAN

Nuclear Merchant Ship

Mutin

JUGOSLAVIA

Atomic Acccierator,

Generator, Nuclear

Reactor

JUGOUSLAVIA

International Atomic

nergy Agency
KOREA, SO
Nuclear -
A AN T
oo 0w agram and
“mbols uf
'Ug‘rck'.\'

POV A

1 eernatinnal Ao

Energy Agency

KUWALT
Atom Diagram and

Vs ot b oas

tton

LIBFREA
Atom Diagram and
UN Emblem

MADAGASCAR

pierre and Maric Curic

84

trerng” COAtoT

Scott Catalogue

Year of Issue Number
1034 465-00
tus7 638
1965 848
1966 1332-33
[y 991
1960 582-84
19061 596
1962 349
1968 604
1971 776
1965 283-85
1970
1938 B2

Minkus Catalogue

Number

498-99

V67

1020-21

1104

1181-63

1199

366

615

308-10



Country of fssue Scort Catalogue  minkus Catalogue

and Deseription Year of lssuc Number Number

MADAGASCAR 1962 335 526
Nuclear Reactor

MARTINIOQUE 193K i 208
Prerre oond Starie Curte

MAURTEANIA 1938 N: 103
Picrre aid Marie Curie

MAURITANIA 1067 Cot 390
International Atomic

Fnere Agency
MONACO 1938 B24 2006

Mierre ond Marie Curie

67*MONACO 1962 Co62 775
AR O canographic

bryaper,ee
F7°MONACH 1967 673 932
Mane ¢ unie
NEAW CALEDONIA 1938 B4 257
Pierre andd Marie Curice
NLEW ¢ WL EDONIA 1960 €39 475
Nimb: . cather Saicl-

lite (Radioiso-

topes in Space)

25*NEW ZEALAND 1971 487-88 79394
Ernest futhertord

Nt R 1938 Bl 108
Picrre and Marie Curie

45°NIGER 1966 C66 308
Nuclear Medicine

45°NORWAY 1931 Bt 192
Nuclear Medicine

PAKISTAN 1966 223 314
Nuclear Reactor

PANAMA 1939-49 RA1-4,6-18, 341-62
Pierre and Maric Curie 24-27,30

POLAND 1947 401 582

Marie Curie
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e Carie
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Nuddear-powered
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USSR
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N, ear Reactor

ROMANTA

Murne Curie

ROMANIA
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Dinnery Mendeleey
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Prerre Curle
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Scott Catalogue

Number

410

881

BR2

1240
1518-20
1669
34

1126

1159-60

12906

1360

1944

530-39

179490
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57
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1913-15
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RUSSEY USSED 1057 V06 2029

Divate:s Moo e

RUSSEN (ESSHO TOUSK 2077 2212
Voot o

2% S E N TR U NN 1958 2162 2208
Nuclea-Powere e

breaber e

RUSSEA - Uss g 1usY 1230 1381
Nso b, Wity

I armers
RUSSEN (USSHO Vol 2304 2657
Arom Doy Bodkee

I av n
LS o b st a2 2atd 2771
Atom Homb
R E N A 1 A 1962 2025-26 J7RR-89
Atoms tor Peg
RESSTA (USSR 063 2721 2886
Atom syt

Poraer Tane
REUSSTA USSR 1903 2811 2075
Nucle o Test Ban Treaty
RUSSEN (USSEY 19635 RAJUISY 3269
Nucleas Posvesed Toe

breaber e
RSN 1907 200 3448
St Fession
RUSSIA (LSS 1960 3007-8 3761-62
Dimirre Menderoey
RU S~y 7 SR 1970 3750 3907
e « ~chmanioe

et oo et

RUSSEA VUSSR 1971 3IRSK 4033
Ernest Buthertord
RWANDA 1966 170-75 174-79
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Country of Issue

and Description Y car of lwsue

6O RWANDA IR
Atom Diagraman i Power
Dl (Radioiso-

topes m industryd

ST PHCRRE & MIQUETLON 1934

Pierre and Marie Curie

SENTFGAL 1938

Prerre and Marie Curie

61 *SHARJAH & DEPEN- 1967
DENCIES

Nuclear Merchant Ship
NS Savannah
sy

SOMALL COABT 1938

Pierre and Marie Curie

SPAIN 1967

Withelm Roentgen

SWIEDEN 1901
Wilhelm Roentygen

(with 1901 Nobel

Prize Winners)

15°SWEDEN 1963
Reequerel, Prerre &

Marie Curnie (1903

Nobel Price)
SWEDIEN 1966
Joseph John Thomson

(with 1906 Nobel

drize winners)

SWEDEN 19638
trnest Rutherford

(o izh 1908 Nobel

Drize winners)
71 SWITZERLAND 1958
Nuclear Fission, 2nd

CGeneva Conference
SWIT7Z ¢ WILAND 1965
Atom Diagram and

I'TU Emblem

- o
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Country of Issuc

und Deseription

73°SWITZERLAND

Europein Organization
for Nuclear Re-
search (CERN)

TOGO

Pierre and Marie Curie

TOGO

Atom Diagram and
Microscope

50°TOGO

Nimbus Weather Sarel-
lite

TOGO

Nuclear Merchant Ship
NS Savanmnah
s

50070060

Apollo Astronauts on
Moon (Radioisotopes
in Space)

TOGO

Wilhelin 1 Cen

TURKEY

Marie Curic

AROSTURKEY

Nuclear Rescarch Center

TURKEY
Atom Diagram and
University

UNITED ARAB REPUBIIC

Atom Diagram and
Education Symbols

UNITED ARAB REPUBLIC
Atom Diagram and Rocket

o07*UNITED NATIONS
International Atomic
Energy Agen |

Yeur of Lawue

19060

1938

1961

1904

1908

1969

1909

1935

1963

1966

Y0l

1962

1958

Scote Catalogue
Namber

475

BI1

502.8

o2

67477,
ClO7-8

nY2. G113

Bo7

1584-86

1722

540

567

59-60

32

Minkus Cawdogue
Number

994

784 119

810-11

1167

234749

2533

S10

840

64-65
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54 *UNITED NATIONS
Nuclear Explosion
FO*UNITED NATIONS
Suspension of Nuclear
Testing
UNITED NATIONS
Nuclear Non-Prolifer-
ation Treaty, Nu-
clear Explosion
UNITED STATES
Atoms for Peace
UNITED STATES
Atom Diagram and Map
of Oklaboma
UNITED STATES
Surface of Sun
(Fusion Reaction)
H0*UNITED STATES
Nuclear Submarine
USS Nautilus
UNITED STATES
Atomic Energy Act
23*UNITED STATES
Albert Einstein
51 *UNITED STATES
Apollo Astronaut
{Radioisotopes in
Space)
VIETNAM, SOUTH
Nuclear Reactor
ZAMBIA
Nimbus 111 Weather
Satellite
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1972 227(10.80

23 (Swins)

1955 1070
1957 1092
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1959 1128
1962 1200
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A word about ERDA .

The mission of the U, S Energy Besearch & Development Admims:
ration (ERDA) 1 to develon all energy sources, to make the Nation
bsreally selfsufficiont in enerqy, and to protect public health ard
weltare and the cavitonment. ERDA programs are divided into six
majnr categories:

e CONSERVATION OF ENERGY  More efficient use of existing
eneorgy sources, development of alternate fuels and  engines for
automobiles to reduce dependence on petroleum, and elimination »f
wasteful habite of energy consumption,

e FOSSII, ENERCY FExpansion of coal production and the
development of technologies for converting coal to synthetic gas and
liquid fuels, improvement of oil drilling methods and of techniques for
converting shale deposits to usable oil.

e SOLAK, CEOTHERMAL, AND ADVANCED ENERGY
SYSTEMS  Roesearch on solar energy to heat, cool, and eventually

‘tiory, rildings, on conversion of underground heat sources to gas
ad e wicity, and on fusion reactors for the generation of electricity.

e ENJVIRONMENT AND SAFETY - Invesugation of health,

v and mvironmentai cffects of the development of energy

aologies, and research on management of wastes from energy

>duction.

e NUCLEAR ENERGY - Exj.. fing medical, industrial and re-
~arch avplications and upgrading reactor technologies for the gen-
cration of electricity, particil. Iy using the breeder concept.

o NATIONAL SECURITY. Production and administration of
nuclear materials serving both civilian and military neo!:.

ERDA programs are carried out by contract ai. cooperauon with
industry, university communities, and other government agencies. For
more information, write to USERDA ~Technical Information Center,

P. O. Box 62, Oak Ridge, Tennessee 37830.

United States
Energy Research and Development Administration
Office of Public Affairs
Washington, D.C. 20545
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