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This booklet presents a brief profile on the
physics activities and involvement in these
fields of the Physics Section, IAEA. The
principal responsibilities of the IAEA are
transferring technologies, co-ordinating
scientific research, managing specialized
projects and maintaining analytical quality
control.

Physics is the study of matter and energy in
sound, light, heat, mechanics, electricity,
magnetism, atoms and nuclear reactions,
Physics explores the universe on time-scales
from triilionths of a second to billions of years
and on size scales ranging from atomic
nuclei up to the size of the universe, The
laws of physics are the foundation of all
modern technology, such as aeroplanes,
automobiles, computers, lasers,
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space travel, telephones and television.
The nuclear technologies that we use today,
such as medical imaging and nuclear
power, resulted from basic research; and
new benefits will come in the future from
today's research.

WHAT ARI
THE PHYSICS ACTIVITIES
The IAEA has activities in nuclear energy, f~*Sr
nuclear safety, safeguards, technical co- ^—^«
operation, and applications of nuclear
technology. The physics programme of the
Agency helps Member States with
applications in nuclear instrumentation,
nuclear fusion research, utilization of research
reactors and utilization of accelerators, and
also assists technical co-operation projects
in these areas,
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Reliable instruments are essential to the
successful utilization of nuclear technology.
The accurate measurement of nuclear
radiation makes it possible to use nuclear
technology safely in applications such as
nuclear medicine and nuclear power plants
Some common types of nuclear radiation
are alpha particles (helium nuclei), beta
particles (electrons), gamma rays and
neutrons. These radiations can be measured
by a variety of nuclear instruments, such as
Geiger counters, scintillation detectors and
neutron detectors.
The IAEA physics programme helps people
in Member States learn to select, operate
and maintain nuclear instruments. The
Agency also provides some spare parts that
could otherwise have lengthy delivery times
Without this assistance, many nuclear
instruments could become inoperable, and
the corresponding benefits of nuclear
technology would be lost. During 1996 the
Agency held training courses or workshops
on nuclear instrumentation in Ethiopia,
Nigeria, Zambia, El Salvador, Slovenia,
Myanmar, Chile, Brazil, Panama, Uruguc
Viet Nam, Sri Lanka, Sudan and Thailan I

There are 273 operational research reactors
in the world, including 85 in developing
countries. Some reactors were built without
a clear utilization plan and are not fully used.

In order to promote more effective utilization,
the Agency provides expert advice,
equipment, training and fellowships through
Technical Co-operation projects in many
Member States. These projects are
supported technically by the physics
programme, which also sponsors technical
meetings on reactor utilization and publishes
documents that explain how reactors can
be used for many applications, such as:
I I Analysis of the structure of matter, to
develop better materials for use in engine
parts, better magnetic materials, better
superconductors and better materials for
other applications,
11 Analysis of material compositions for
archaeology, art, medicine, law and materials science, For example, by using neutron
activation analysis the compositions of paints
can be measured to determine whether a
work of art is authentic or a forgery.
I I Radiation damage studies to develop
better materials for nuclear applications.
H Production of isotopes that are used in
biology, medicine, industry, hydrology and
research,
View into the core of a fission reactor.

l i Training of students and technicians in
support of the nuclear power industry,
The Agency maintains a database of all
research reactors and publishes this
information annually.

Right side:
Detector system for heavy ion products.
Courtesy of GSI, Darmstadt, Germany.
Below:
SIS synchrotron accelerator.
Courtesy of GSI, Darmstadt, Germany.
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In addition to research reactors, there are
also many low energy (below 100 MeV) and
some high energy particle accelerators for
basic research used by Member States
around the world. Linear electrostatic
accelerators, such as Van de Graaff
accelerators, produce low current beams
of protons or heavier ions at accelerating
potentials of up to several million volts. They
can be used for
II Ion implantation for materials
modification, with applications in the
semiconductor industry, metallurgy and the
production of novel materials, such as biomaterials.
I I Ion beam analysis of materials with fine
spatial resolution. Very small quantities of
materials can be characterized in fields such
as metallurgy, semiconductors, biology,
medicine, agriculture, geology, art,
oceanography and environmental science.
Cyclotrons are accelerators where protons
or heavier ions are accelerated by radio-
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Van de Graaff tandem accelerator.
Courtesy of Accelerator Laboratory,
Garching, Germany.

frequency potentials as they go around in
a circular path many times, with their curved
path controlled by a magnetic field. The
beam currents and energies are generally
higher than those of Van de Graaff
accelerators. Proton beams are widely used
for medical applications, especially isotope
production for medical diagnostics, such as
positron emission tomography (PET).
Linear accelerators (linacs) send ions through
regions of oscillating electric fields, where
the alternating electric field becomes
positive as the ion bunch passes through
each electrode region, pushing it to higher
energies. Beams from linacs are used for
medical isotope production, radiation
therapy, neutron activation analysis, high
energy ion implantation for metal surface
modification (to reduce wear and corrosion)
and neutron radiography.
Electron linacs are compact, reliable, safe
and comparatively inexpensive, so they are
becoming widely used for medical and
industrial applications.
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Insioe view into the
UNILAC accelerator.
Courtesy of GSI,
Darmstadt, Germany.

Several thousand electron
accelerators are being
used around the world for
applications such as food
n
preservation, sterilization of
medical products, radiation processing of materials such as plastic
packaging, removal of sulphur and nitrogen oxides from
coal smoke, and removal of organic pollutants from water.
Neutron generators can produce neutrons by accelerating deuterons into
a target containing deuterium or tritium. Sealed tube neutron generators
can be small and of light weight. The neutrons they produce are useful
for oil well logging and mineral prospecting; for detection of explosives,
narcotics and fissile materials; for bulk analysis of coal, cements, glass and
metals; and for environmental monitoring.
Many developing Member States are using accelerators, and 113 IAEA
Technical Co-operation Projects have dealt with accelerator utilization.
The IAEA publishes an accelerator newsletter and is building a database of information on existing accelerators. The Agency also trains
accelerator users, and sponsors meetings where users can learn from
each other,
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Inside view of the TEXTOR tokamak
showing the hot plasma.
Courtesy of IPP, Forschungszentrum Juliet
Germany.

WHAT IS
NUCLEAR
FUSION?
When two heavy
hydrogen nuclei
collide at high speed,
they may fuse together
into a heavier nucleus,
releasing nuclear energy.
Similar fusion reactions generate the enormous energy radiated by the sun and other stars.
The goal of nuclear fusion research is
to develop fusion power plants to generate electricity. The main fuels
would be deuterium and tritium, isotopes of hydrogen. Deuterium
constitutes 0.0153% of natural hydrogen and can be extracted
inexpensively from water. Tritium can be made from lithium, which is also
abundant. The deuterium in one litre of water could produce as much
energy as the combustion of 300 litres of gasoline, so there is enough
deuterium in the oceans to last for millions of years.
The task of building fusion power plants is a great challenge, however,
because the deuterium - tritium fuel must be heated to about one hundred
million degrees centigrade in order to achieve fusion ignition. At these
temperatures the fuel becomes a 'plasma' (a fully ionized gas). There are
two general methods under study: (1) magnetic confinement and (2)
inertial confinement. Both methods produce heat that could be used to
generate electricity.
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What is magnetic
Magnetic confinement uses extremely
powerful electromagnets to contain and
insulate the fuel plasma. In experiments of
the 'tokamak' type, a very high current is
induced in a ring shaped plasma, and
auxiliary heating (by microwaves, radiowaves or accelerated atom beams) is used
to reach temperatures of several hundred
million degrees centigrade for several
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Main components of a magnetic confinement system
of the 'stellarator' type (Wendelstein 7-AS).
Courtesy of IPP, Garching, Germany.

seconds. These values are close to what is
needed for a fusion power plant. At present
a more powerful experiment is being
designed to achieve 'ignition' conditions,
where fusion reaction products can sustain
the plasma temperature.
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Cdtav a/ v\ew or he coro carr o ITJ-V
Courtesy of the ITER Joint Central Team, San Diego,
United States of America.

The Engineering Design Activity of the^ International Thermonuclear
Experimental Reactor (ITER) is an activity carried out through an
agreement among the European Atomic Energy Community
(Euratom), the Government of Japan, the Government of the
Russian Federation and the Government of the United States of
America, in about ten years time, if ITER is built it will demonstrate
controlled ignition and extended energy production. The next
step would be a demonstration fusion power plant. The IAEA
assists the ITER activity with meetings, publication of documents,
a newsletter and management of the joint fund.
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Schematic view of a fusion
power plant based on a
diode-pumped solid state
laser driver.
Courtesy of LLNL, Livermore,
United States of America.
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Inertial confinement uses intense ion beams
or laser beams to compress a pea sized
pellet to extremely high densities, at which
shock wave heating would ignite the pellet.
When the fuel pellet is compressed, its inertia
holds it together long enough for many fusion
reactions to occur. Fusion power plants
using this technique would ignite fuel pellets
several times per second in a large chamber,
and the resulting heat would be used to
generate electricity.

Fusion chamber
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::sp¥ihpr:S::C©:-ordiridfed:research projects to

aWeiop:hew knowledge and organizes
technical meetings to share information.
About six hundred scientists from around the
world gather biennially for the IAEA Fusion
Energy Conference, The Agency aiso
publishes reports and books, such as the
monthly research journal Nuclear Fusion and
the book Energy from Inertial Fusion, a n d

helps developing Member States improve
their fusion research capabilities.

SUMMARY
As we move into the 21st Century, nuclear
technology is on the verge of rejuvenation
in advanced Member States and of
expansion in developing Member States.
The IAEA physics activities provide assistance
with nuclear instrumentation, promote more
effective utilization of research reactors
and accelerators, and facilitate global
co-operation in nuclear fusion research.
These activities will help Member States
improve their standards of living through the
benefits of nuclear technology.
For further information contact:
Physics Section,
IAEA, P.O.Box 100,
A-1400 Vienna, Austria
Telephone: (431) 2060-21755
FAX (431)20607
Internet: t.dolan@iaea.org
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