
Name: ___   Date: ___   Period: _______  
 

Page 1 of 3 
© 2004 High School Technology Initiative (HSTI) Educational Materials: The ATOM: Nuclear 

Fission and Fusion Weapons  
Handout 

 
Principles of Nuclear Weapon Design 

Nuclear bombs rely on the release of energy from atomic nuclei either through the 
processes of fission or fusion.  To build an atomic bomb, you need a fissionable or fusionable 
fuel source, a triggering device, and a controlling device to allow the majority of fuel to react 
before the explosion. 
 
Fission Bombs 

Fission bombs rely on elements like uranium-235 to create a nuclear explosion.  U-235, 
when exposed to a free neutron, will absorb the neutron and split its nucleus in picoseconds.  As 
a result, enormous amounts of heat and gamma radiation are released when the lighter daughter 
nuclei is formed.  The weight lost in the fission reaction is converted into energy according to the 
equation, E=mc2.  The energy released is tremendous; a pound of uranium-235 will produce as 
much energy as a million gallons of gasoline. 

In a fission bomb, the uranium fuel must be kept in separated sub-critical masses, 
amounts that do not support fission chain reaction, which prevents the premature detonation of 
the bomb.  In order to detonate the bomb, the subcritical masses must be brought together to 
form a critical mass. Next, free neutrons are introduced to start the decay reactions, and the 
material must be allowed the react before explosion.  The two methods for bringing sub-critical 
masses together are gun triggered and implosion.  Both of these processes are discussed below. 

To introduce free neutrons, a neutron generator consisting of polonium and beryllium 
separated by foil, is used.  The foil is broken when the subcritical masses unite causing polonium 
to emit alpha particles.  The alpha particles collide with the beryllium to cause the release of free 
neutrons, which then initiate the fission reaction. 

The fission reaction is confined within a dense material, or tamper, which expands when 
heated.  This expansion exerts backwards pressure on the fission core thus slowing the reaction 
and allowing for the buildup of energy before detonation. 
 
Gun-Triggered Fission Bombs 

To unite the subcritical masses, the simplest method is to use a gun which fires one mass 
into the other.  In this method, a ball of uranium-235 is made around the neutron generator and a 
bullet of uranium-235 is removed.  The bullet is located at the end of a tube with explosive 
materials behind it and the uranium ball is located at the other end.  To unite the masses, a 
barometric sensor determines the appropriate detonation altitude (by measuring atmospheric 
pressure) and sets off the following sequence of events: 

1. The explosives are detonated and propel the bullet down the tube. 
2. The bullet strikes the uranium ball and generator thus starting the reaction. 
3. The bomb explodes. 

A familiar example of a gun-triggered fission bomb is “Little Boy” which was detonated over 
Hiroshima, Japan in 1945. 
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Implosion-Triggered Fission Bombs 

A second method of uniting subcritical masses relies on compressing the masses together.  
The implosion device consists of a ball of urnaium-235 and a plutonium-239 core surrounded by 
explosives.  When the bomb is detonated the following sequence occurs: 

1. The explosives fire and create a shock wave. 
2. The shock wave compresses the core together. 
3. The fission reaction begins. 
4. The bomb explodes. 

A familiar example of an implosion-triggered fission bomb is “Fat Man” which was detonated 
over Nagasaki, Japan in 1945 resulting in the surrender of the Japanese during World War II.  
Later modifications to the implosion-triggered bomb included the addition of a 
beryllium/polonium center. 
 
Fusion Bombs 

Although fission bombs worked, they were not very efficient.  Fusion bombs, or 
thermonuclear bombs, promised higher explosive yields and greater efficiencies.  However, the 
design of a fusion bomb presented the following problems: 

1. The fuel, deuterium and tritium are hard to store. 
2. Tritium is in limited supply and has a short half-life, which means that the fuel 

would have to be continuously replenished. 
3. Deuterium and tritium have to be compressed at high temperatures to initiate the 

reaction. 
Deuterium is an isotope of hydrogen that has 1 neutron in addition to the 1 proton. Deuterium 
has an atomic mass of 2 and is written 2

1 H . Tritium is another isotope of hydrogen that has 2 
neutrons in addition to its 1 proton.  Its atomic mass is 3 and is written 3

1 H . The first of these 
problems was overcome by combining deuterium with lithium to produce lithium-deuterate, 
which is easy to store.  The issue of tritium was solved by the realization that tritium could be 
produced from the fission of lithium and neutrons thus meaning tritium would not have to be 
stored in the fusion bomb.  Stanislaw Ulam, who recognized that the radiation given off by a 
fission reaction could produce the high temperatures and pressures necessary to initiate a fusion 
reaction, overcame the last problem.  The result is an implosion fission bomb with a cylinder 
casing of uranium-238 (tamper).  Within the tamper is the lithium-deuterate fuel and plutonium-
239.   
 
Detonation of the bomb occurs by the following sequence: 

1. The fission bomb implodes thus giving off radiation such as X-rays. 
2. The X-rays heats the interior of the bomb. 
3. The heat causes the tamper to expand and burn away, causing inward pressure 

against the lithium-deuterate. 
4. The lithium-deuterate is squeezed and the compression shock wave initiates the 

fission reaction in the plutonium rod. 
5. The fission reaction releases heat, radiation, and neutrons. 
6. The neutrons enter the lithium-deuterate and combine with the lithium to produce 

tritium. 
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7. The high temperature and pressure cause the fusion of deuterium and tritium to 
occur, thus releasing more heat, radiation, and neutrons. 

8. The neutrons released induce fission in the uranium-238 producing even more 
heat and radiation. 

9. The bomb explodes.  
 

A sample of the Teller-Ulam fusion bomb was tested on Elugelap Island in 1952.  The result was 
an explosion, which was 700 times greater than the Little Boy explosion over Hiroshima. 

 
Summary of Nuclear Bombs: 
 

Types of Bombs Examples Energy Produced 
Gun-Triggered Fission Bomb Little Boy 14.5 kiloton 
Implosion –Triggered Fission 
Bomb 

Fat Man 23 kiloton 

Fusion Bomb Teller-Ulam Bomb 10,000 kiloton 
 
Consequences of Nuclear Explosions 

The detonation of a nuclear bomb results in immense damage.  At the hypocenter, or 
ground zero, of the blast, the high temperatures vaporize everything.  Expanding outward from 
the hypocenter, most casualties are caused by burns from the heat, injuries from flying debris and 
collapsed buildings due to shock waves, and acute exposure to radiation.  Beyond the immediate 
blast area, the heat, radiation, and fires resulting from the heat wave caused casualties.  Long-
term effects from the radioactive fallout include contamination of water supplies and food 
supplies.  Health conditions resulting from this fallout include nausea, vomiting, diarrhea, 
cataracts, hair loss, and loss of blood cells.  High exposure to radiation often results in the 
increase of leukemia, cancer, infertility, and birth defects.   These long-term effects are being 
studied on Japanese survivors.  
      

The detonation of many nuclear bombs could result in a nuclear winter.  In this scenario, 
the explosion of many bombs would cause large clouds of dust and radioactive material that 
become trapped in the Earth’s atmosphere.  These clouds would block out sunlight, thus 
lowering the temperature of the planet and reducing photosynthesis.  The reduction in 
photosynthesis would disrupt the food chain and could result in mass extinction of the planet. 


