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Understanding nuclear weapons and
ballistic missiles

SUMMARY

Nuclear weapons and ballistic missiles need to be understood if the risks and
challenges they entail are to be grasped. This understanding starts with two processes
discovered in the last century – nuclear fission and nuclear fusion – that have the
ability to release a significant quantity of energy from a very limited amount of matter.

On the one hand, these reactions can be used to produce energy. Controlled nuclear
fission is the process on which nuclear power plants are based. Nuclear fusion,
meanwhile, requires the ability to control a reaction that occurs at temperatures of
millions of degrees. The control of nuclear fusion for energy production is the
objective of the ITER project.

On the other hand, uncontrolled nuclear fission and fusion reactions can be used to
design nuclear weapons whose destructive power is far greater than traditional
weapons. The first atomic bombs were produced and used during World War Two
and based on nuclear fission. Since then, the design of nuclear weapons has been
modified to include nuclear fusion reactions, leading to a sharp increase in the yield
of nuclear bombs. The development of nuclear weapons requires mastery of
technologies for the production of nuclear fuels (enriched uranium and plutonium),
making access to these weapons limited.

Advances in the production and design of nuclear weapons have made them smaller
and suitable for mounting in the warheads of ballistic missiles. These missiles, whose
functioning is similar to space rockets, can deliver their charge at a very long range
(up to 15 000 km for intercontinental ballistic missiles).
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Nuclear fission and nuclear fusion
Two key reactions can alter the nucleus of an atom. First, a single nucleus can be split into
two smaller ones, producing two new atoms out of the first one (See Figure 1). This
process is called nuclear fission and occurs spontaneously for some heavy elements such
as uranium (U235) and plutonium (Pu239). Alternatively, the nuclei of two atoms can merge
together to create a single heavier element (See Figure 2). This process is called nuclear
fusion; it takes place at the heart of stars and is at the origin of the creation of all atoms
heavier than hydrogen in the universe.

Figure 1 – Nuclear fission of U235 Figure 2 – Nuclear fusion
of deuterium and tritium

Source: © natros / Fotolia. Source: Fusion for Energy.

In both processes, part of the mass of the initial nuclei is transformed into energy
following Einstein's famous formula: E = mc2.1 Nuclear reactions, when controlled, can
then be a source of energy.

Nuclear reactions for energy production
Existing nuclear power plants are based on nuclear fission: the fission reaction is
sustained and maintained under control in order to heat water that is used to produce
electricity through a turbine. Nuclear fusion could be used in power plants in the same
way. However, the fusion process requires the fuel (Deuterium (D) and Tritium (T)) to be
raised to a temperature of around 150 million degrees Celsius. In order to control the
process, the light atoms have to be confined in a donut-shaped electromagnetic chamber
called 'tokamak'. The use of nuclear fusion for energy production is the objective of the
international ITER project in which the EU is taking part. An experimental fusion reactor
is currently being built in France.

How nuclear bombs work
When used in an uncontrolled way, the nuclear fission chain reaction liberates a large
quantity of energy in a very short time, so it can be used to produce a powerful bomb.
This was the objective of the Manhattan project that was conducted by the USA from
1942 to 1946 and that led to the production of the first atomic bomb (nuclear bomb or
A-bomb). The A-bomb used on Hiroshima was a uranium bomb (U235) while the A-bomb
used on Nagasaki was a plutonium bomb (Pu239).

The second generation of atomic bombs is based on a combination of fission and fusion
reactions. These bombs are known as thermonuclear bombs or hydrogen bombs
(H-bombs). Current nuclear bombs are mostly H-bombs based on the Teller-Ulam design,
which was tested for the first time in 1952 and creates a three-step fission-fusion-fission
process.

https://www.britannica.com/science/atom
https://www.britannica.com/science/nuclear-fission
http://fusionforenergy.europa.eu/understandingfusion/
http://fusionforenergy.europa.eu/understandingfusion/
http://fusionforenergy.europa.eu/understandingfusion/
https://www.nrc.gov/reactors/pwrs.html
https://www.iter.org/sci/whatisfusion
https://www.iter.org/
https://www.britannica.com/event/Manhattan-Project
http://www.cnduk.org/campaigns/global-abolition/effects-of-nuclear-weapons/item/444-how-do-nuclear-weapons-work
https://www.quora.com/What-is-the-secret-of-the-Teller-Ulam-design-What-are-the-details-of-the-thermonuclear-weapon
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Figure 3 – The different steps in the detonation of an H-bomb

Source: Teller-Ulam hydrogen bomb firing sequence, modified from Howard Morland, The Secret that Exploded
(Random House, 1981) © Dake

In an H-bomb, a first reaction based on fission is used as a detonator to compress and
heat a tube containing nuclear fusion fuels (See Figure 3). After the explosion of the
detonator, the fusion of the fuel – D and T – contained in a cylinder made of uranium or
plutonium starts producing a large quantity of energy, which is the main source of the
destructive power of the bomb. The fusion reaction also liberates neutrons that will
trigger the fission of the uranium or plutonium cylinder that contained the fusion fuel.
The destructive power of the H-bomb is increased further with this third step. All these
processes occur in a few microseconds. The first atomic bombs had a yield of 10 to
20 kilotonnes of TNT.2 Current H-bombs have a yield thousands times larger, in the order
of 50-100 megatonnes of TNT.

What is needed to develop a nuclear bomb
One of the main obstacles to the production of a nuclear bomb is the supply of fuel
materials. The uranium ore is 99 % composed of U238 and contains only about 0.7 % of
the U235. Uranium has to be enriched in U235 in order to be used as a nuclear fuel. For
industrial applications, the concentration of U235 is usually around 5 %. For military
applications, the concentration of U235 is usually above 85 %. To produce a nuclear bomb
it is necessary to master one of the techniques to produce enriched uranium.

The U235 can be replaced by Pu239 which presents better fissile properties than U235.
However, this element cannot be found in nature.3 It is produced in nuclear reactors.
Hence, there is a need to master nuclear power technologies in order to be able to
produce this plutonium. The production of Pu239 fuel is cheaper than the production of
enriched U235 fuel. This presents an advantage for military applications that otherwise
require a highly enriched uranium. Improvements in the production of the materials to
build the different parts of a nuclear bomb allow for a reduction in the size and weight of
the bomb, making it suitable to be mounted on intercontinental ballistic missiles.

Ballistic missiles
Ballistic missiles are rockets whose trajectory, after a propulsion phase, is unpowered.
This trajectory – referred to as ballistic – is only dependent on the force of gravity and
resistance due to the friction with the atmosphere. The free fall follows a parabolic curve
whose range depends on the initial speed and the propulsion angle (See Figure 4). Ballistic
missiles are classified by their range. The tactical ones have a low range of 150-300 km
while the intercontinental ballistic missiles (ICBM) have a range greater than 5 500 km.
ICBM are composed of different components that are fired up successively for propulsion,
similarly to the launch of a space rocket. These missiles are able to carry a warhead made
of conventional or nuclear weapons.

https://commons.wikimedia.org/wiki/File:BombH_explosion.svg
http://www.popularmechanics.com/military/a23306/nuclear-bombs-powerful-today/
http://www.world-nuclear.org/information-library/nuclear-fuel-cycle/conversion-enrichment-and-fabrication/uranium-enrichment.aspx
https://www.nrc.gov/materials/fuel-cycle-fac/ur-enrichment.html
http://uk.businessinsider.com/intercontinental-ballistic-missiles-science-2017-7?r=US&IR=T
http://www.alternatewars.com/BBOW/ABM/BM_Classes.htm
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Ballistic missiles present key advantages
(See Table 1) compared with cruise missiles
(the latter are propelled until impact and
include a guidance system). Ballistic missiles
can reach a longer range with lower fuel in a
relatively short time (around 30 minutes for an
ICBM). Their very high speed in the ballistic
phase also makes them harder to intercept and
destroy, even if they are easily detected. For
these reasons, cruise missiles have not
replaced ballistic missiles for carrying nuclear
weapons at long range even if cruise missiles
provide better precision and are harder to
detect due to their low altitude trajectory.
Nevertheless, the cost of developing ballistic
missiles and the infrastructure they require
make them much more expensive than cruise
missiles.

Table 1 – Key characteristics of ballistic and cruise missiles
Characteristics Ballistic missiles Cruise missiles

Range From low to very high
Up to 15 000 km

Mostly around 1 000 km
Up to 4 000 km

Altitude High
Easily detectable

Low
Hard to detect

Precision Low – around a few hundred metres
Fit for large targets

High – a few metres
Fit for small and mobile targets

Speed Up to 25 000 km/h at impact
Very hard to intercept

Around 1 000 km/h
Possibility to intercept

Data source: EPRS.

Endnotes
1 E is the energy produced, m is the mass difference and c is the speed of light.
2 Trinitrotoluene (TNT) is an explosive chemical compound. The explosive yield of TNT is the standard unit for measuring

the energy released by an explosion.
3 Pu239 radioactively disintegrates into U235 with a half-life of 24 110 years, meaning that after this period half of the

plutonium atoms would have disintegrated into uranium atoms. As the Earth is 5 billion years old, the limited Pu239

atoms originally present in the Earth crust have disintegrated.
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Figure 4 – ICBM trajectory

Source: BBC.

https://defencyclopedia.com/2014/08/01/explained-how-cruise-missiles-work/
http://www.bbc.com/news/world-asia-39911530
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