


At a temperature of about a million degrees, some nuclei are
moving fast enough to overcome electrical repulsion and slam
together, but the energy output is much smaller than the energy used
to heat the plasma. Even at 100 million degrees, more energy must
be put into the plasma than will be given off by fusion. At about 350
million degrees, the fusion reactions will produce enough energy to
be self-sustaining. At this ignition temperature, nuclear burning yields
a sustained power output without further input of energy. A steady
feeding of nuclei is all that is needed to produce continuous power.

The State of Fusion Research Fusion has already been achieved

in several devices, but instabilities in the plasma have thus far pre-
vented a sustained reaction. A big problem is devising a field system
that will hold the plasma in a stable and sustained position while an
ample number of nuclei fuse. A variety of magnetic confinement
devices are the subject of much present-day research.

< FIGURE 40.19
In fusion with multiple laser
beams, pellets of frozen
deuterium are rhythmically
dropped into synchronized
laser crossfire.

Another promising approach bypasses magnetic confinement
altogether with high-energy lasers. As Figure 40.19 shows, one tech-
nique is to aim an array of laser beams at a common point and drop
solid pellets composed of frozen hydrogen isotopes through the syn-
chronous crossfire. According to plan, the resulting heat will be car-
ried off by molten lithium to produce steam. Figure 40.20 shows the
pellet chamber at Lawrence Livermore Laboratory.

Other fusion schemes involve the bombardment of fuel pellets not
by laser light but by beams of electrons, light ions, and heavy ions.

As this book goes to press, nations in Europe, China, India, Japan,
Korea, the Russian Federation, and the United States have agreed to
build an international fusion research center to develop nuclear fusion
as a practical energy source. We are still looking forward to the great
“Break-Even Day” when one of the variety of fusion schemes will sus-
tain a yield of at least as much energy as is required to initiate it.

/Fusing hydrogen

releases less energy per
nucleus than fissioning
uranium. But since there
are more atoms in a
gram of hydrogen than
in a gram of uranium,
gram for gram, fusion
releases more energy.
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FIGURE 40.20 A

In the pellet chamber

at Lawrence Livermore
Laboratory, the laser source
is Nova, the most power-
ful laser in the world, which
directs 10 beams into the
target region.

FIGURE 40.21 >

In the fusion reactions of
hydrogen isotopes, most of
the energy released is car-
ried by the lighter-weight
neutrons that fly off at high
speeds.
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A Potential Energy Source Fusion power
is nearly ideal. Fusion reactors cannot become
“supercritical” and get out of control because
fusion requires no critical mass. Furthermore,
there is no air pollution because the only
product of the thermonuclear combustion is
helium (good for children’s balloons). Except
for some radioactivity in the inner chamber of
the fusion device because of high-energy neu-
trons, the by-products of fusion are not radio-
active. Disposal of radioactive waste is not a
major problem.

As Figure 40.21 shows, the fuel for nuclear fusion is hydrogen—in
particular, its heavier isotopes, deuterium (H-2) and tritium (H-3).
Hydrogen is the most plentiful element in the universe. The thermo-
nuclear reaction that occurs most readily at an achievable tempera-
ture is the so-called D-T reaction, in which a deuterium nucleus and
a tritium nucleus fuse. Both of these isotopes are found in ordinary
water. For example, 30 liters of seawater contains 1 gram of deute-
rium, which when fused releases as much energy as 10,000 liters of
gasoline or 80 tons of TNT. Natural tritium is much scarcer, but given
enough to get started (it can be made in a fission reactor), a con-
trolled thermonuclear reactor will breed it from deuterium in ample
quantities. Because of the abundance of fusion fuel, the amount of
energy that can be released in a controlled manner is virtually unlimited.
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The development of fusion power has been slow and difficult,
already extending over fifty years. It is one of the biggest scientific
and engineering challenges that we face. Our hope is that it will be
achieved and will be a primary energy source for future generations.

Humans may one day travel to the stars in ships fueled by the
same energy that makes the stars shine.

CONCEPT: Why are thermonuclear fusion reactions so difficult

CHECK:: to carry out?





