EXERCISE C A nuclear-powered submarine needs 6000 kW input power. How many

“3U fissions is this per second?
Atom Bomb
The first use of fission, however, was not to produce electric power. Instead,
it was first used as a fission bomb (the “atomic bomb™). In early 1940, with
Europe already at war, Germany’s leader, Adolf Hitler, banned the sale of
uranium from the Czech mines he had recently taken over. Research into the
fission process suddenly was enshrouded in secrecy. Physicists in the United
States were alarmed. A group of them approached Einstein—a man whose
name was a household word—to send a letter to President Franklin Roosevelt
about the possibilities of using nuclear fission for a bomb far more powerful
than any previously known, and inform him that Germany might already have
begun development of such a bomb. Roosevelt responded by authorizing the
program known as the Manhattan Project, to see if a bomb could be built. Work
began in earnest after Fermi's demonstration in 1942 that a sustained chain
reaction was possible. A new secret laboratory was developed on an isolated
mesa in New Mexico known as Los Alamos. Under the direction of . Robert
Oppenheimer (1904-1967; Fig. 31-9), it became the home of famous scientists
from all over Europe and the United States.

To build a bomb that was subcritical during transport but that could be
made supercritical (to produce a chain reaction) at just the right moment,
two picces of uranium were used, each less than the critical mass but together
greater than the critical mass. The two masses, kept separate until the
moment of detonation, were then forced together quickly by a kind of gun,
and a chain reaction of explosive proportions occurred. An alternate bomb
detonated conventional explosives (TNT) surrounding a plutonium sphere to
compress it by implosion to double its density, making it more than critical
and causing a nuclear explosion. The first fission bomb was tested in the New
Mexico desert in July 1945. Tt was successful. In early August, a fission bomb
using uranium was dropped on Hiroshima and a second, using plutonium,
was dropped on Nagasaki (Fig. 31-10), both in Japan. World War II ended
shortly thereafter.

Besides its great destructive power, a fission bomb produces many highly
radioactive fission fragments. as does a nuclear reactor. When a fission bomb
explodes, these radioactive isotopes are released into the atmosphere and are
known as radioactive falloutr.

Testing of nuclear bombs in the atmosphere after World War 11 was a cause
of concern, for the movement of air masses spread the fallout all over the globe.
Radioactive fallout eventually settles to the Earth, particularly in rainfall, and is
absorbed by plants and grasses and enters the food chain. This is a far more
serious problem than the same radioactivity on the exterior of our bodies, since
« and B particles are largely absorbed by clothing and the outer (dead) laver of
skin. But once inside our bodies via food, the isotopes are in direct contact with
living cells. One particularly dangerous radioactive isotope is 3Sr, which is
chemically much like calcium and becomes concentrated in bone, where it
causes bone cancer and destruction of bone marrow. The 1963 treaty signed by
over 100 nations that bans nuclear weapons testing in the atmosphere was moti-
vated because of the hazards of fallout.

m Nuclear Fusion

The mass of every stable nucleus is less than the sum of the masses of its
constituent protons and neutrons. For example, the mass of the helium isotope
3He is less than the mass of two protons plus the mass of two neutrons, as we
saw in Example 30-3. Thus, if two protons and two neutrons were to come
together to form a helium nucleus, there would be a loss of mass, This mass loss
is manifested in the release of a large amount of energy.
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FIGURE 31-9 I Robert
Oppenheimer, on the left, with
General Leslie Groves, who was the
administrative head of Los Alamos
during World War [1. The photo-
graph was taken at the Trinity site
in the New Mexico desert. where
the first atomic bomb was exploded.

FIGURE 31-10 Photo taken a
month after the bomb was dropped
on Nagasaki. The shacks were
constructed afterwards from debris
in the ruins.
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