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Chapter 1

What are nuclear weapons?

In 1951, the newly established US Federal Civil Defense 
Administration (FCDA) commissioned production of a fi lm to 
instruct children how to react in the event of a nuclear attack. The 
result was Duck and Cover, a fi lm lasting nine minutes that was 
shown in schools throughout the United States during the 1950s 
and beyond. It featured a cartoon character, Bert the Turtle, who 
‘was very alert’ and ‘knew just what to do: duck and cover’. At 
the sound of an alarm or the fl ash of a brilliant light signalling a 
nuclear explosion, Bert would instantly tuck his body under his 
shell. It looked simple enough. And everyone loved the turtle.

Other FCDA initiatives of the early 1950s led to the creation of 
the Emergency Broadcast System, food stockpiles, civil defence 
classes, and public and private bomb shelters. The FCDA 
commissioned other civil defence fi lms, but Duck and Cover 
became the most famous of the genre. In 2004, the US Library 
of Congress even included it in the National Film Registry of 
‘culturally, historically or aesthetically’ signifi cant motion pictures, 
a distinction it now shares with such feature-fi lm classics as 
Birth of a Nation, Casablanca, and Schindler’s List. As I look 
back at the time I was fi rst introduced to Bert the Turtle, in the 
early 1950s, while attending primary school on the north side 
of Chicago – America’s third largest city and long a favourite 
hypothetical nuclear target – I realize of course that Bert the 
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Turtle had little to do with culture, history, or aesthetics and much 
to do with propaganda. America’s schoolchildren would never 
have known what hit them. 

The science of nuclear weapons

Atomic energy is the source of power for both nuclear reactors 
and nuclear weapons. This energy derives from the splitting 
(fi ssion) or joining (fusion) of atoms. To understand the source of 
this energy, one must fi rst appreciate the complexities of the atom 
itself.

An atom is the smallest particle of an element that has the 
properties characterizing that element. Knowledge about the 
nature of the atom grew slowly until the early 1900s. One of the 
fi rst breakthroughs was achieved by Sir Ernest Rutherford in 1911 
when he established that the mass of the atom is concentrated in 
its nucleus; he also proposed that the nucleus has a positive charge 
and is surrounded by negatively charged electrons. This theory 
of atomic structure was complemented several years later by 
Danish physicist Niels Bohr, who placed the electrons in defi nite 
shells or quantum levels. Thus an atom is a complex arrangement 
of negatively charged electrons located in defi ned shells about a 
positively charged nucleus. The nucleus, in turn, contains most of 
the atom’s mass and is composed of protons and neutrons (except 
for common hydrogen, which has only one proton). All atoms are 
roughly the same size.

Furthermore, the negatively charged electrons follow a random 
pattern within defi ned energy shells around the nucleus. Most 
properties of atoms are based on the number and arrangement 
of their electrons. One of the two types of particles found in the 
nucleus is the proton, a positively charged particle. The proton’s 
charge is equal but opposite to the negative charge of the electron. 
The number of protons in the nucleus of an atom determines what 
kind of chemical element it is. The neutron is the other type of 



3

W
h

at are n
u

clear w
eap

o
n

s?

particle found in the nucleus. Discovered by British physicist Sir 
James Chadwick, in 1932, the neutron carries no electrical charge 
and has the same mass as the proton. With a lack of electrical 
charge, the neutron is not repelled by the cloud of electrons or by 
the nucleus, making it a useful tool for probing the structure of 
the atom. Even the individual protons and neutrons have internal 
structures, called quarks, but these subatomic particles cannot be 
freed and studied in isolation. 

A major characteristic of an atom is its atomic number, which is 
defi ned as the number of protons. The chemical properties of an 

1. An atom consists of electrons, protons, and neutrons. The protons 
and neutrons make up the dense atomic nucleus whilst the electrons 
form a more dispersed electron cloud surrounding the nucleus
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atom are determined by its atomic number. The total number 
of what is called nucleons (protons and neutrons) in an atom is 
the atomic mass number. Atoms with the same atomic number 
but with different numbers of neutrons and, therefore, different 
atomic masses are called isotopes. Isotopes have identical 
chemical properties, yet have very different nuclear properties. 
For example, there are three isotopes of hydrogen: two of these 
are stable (not radioactive), but tritium (one proton and two 
neutrons) is unstable. Most elements have stable isotopes. 
Radioactive isotopes can also be treated for many elements. The 
nucleus of the U-235 atom (the chemical sign for uranium is U) 
comprises 92 protons and 143 neutrons (92 + 143 = 235) and is 
thus written U235.

The mass of the nucleus is about 1% smaller than the mass of its 
individual protons and neutrons. This difference is called the mass 
defect, and arises from the energy released when the nucleons 
(protons and neutrons) bind together to form the nucleus. This 
energy is called binding energy, which in turn determines which 
nuclei are stable and how much energy is released in a nuclear 
reaction. Very heavy nuclei and very light nuclei have low binding 
energies; this implies that a heavy nucleus will release energy 
when it splits apart (fi ssion) and two light nuclei will release 
energy when they join (fusion). The mass defect and binding 
energy are famously related to Albert Einstein’s E = mc2. 

In 1905, Einstein developed the special theory of relativity, one 
of the implications of which was that matter and energy are 
interchangeable with one another. This equation states that a 
mass (m) can be converted into a tremendous amount of energy 
(E), where c is the speed of light. Because the speed of light is a 
large number (186,00 miles a second) and thus c squared is huge, 
a small amount of matter can be converted into a tremendous 
amount of energy. Einstein’s equation is the key to the power of 
nuclear weapons and nuclear reactors. Fission reaction was used 
in the fi rst atomic bomb and is still used in nuclear reactors, while 
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fusion reaction became important in thermonuclear weapons and 
in nuclear reactor development.

What is the practical signifi cance of a nuclear weapon, then? 
And how does it differ from what came before? The fundamental 
difference between a nuclear and conventional weapon is, simply 
put, that nuclear explosions can be many thousands (or millions) 
of times more powerful than the largest conventional explosion. 
To be certain, both types of weapons rely on the destructive force 
of the blast or shockwave. However, the temperatures reached in 
a nuclear explosion are very much higher than in a conventional 
explosion, and a large proportion of the energy in a nuclear 
explosion is emitted in the form of light and heat, generally 
referred to as thermal energy. This energy is capable of causing 
severe skin burns and of starting fi res at considerable distances; 
in fact, damage from the resulting fi restorm could be far more 
devastating than the well-known blast effects. 

Nuclear explosions are also accompanied by radioactive fallout, 
lasting a few seconds, and remaining dangerous over an extended 
period of time, potentially lasting years. The release of radiation 
is, in fact, unique to nuclear explosions. Approximately 85% of 
a nuclear weapon produces air blast (and shock) and thermal 
energy (heat). The remaining 15% of the energy is released as 
various types of radiation. Of this, 5% constitutes the initial 
nuclear radiation, defi ned as that produced within a minute or 
so of the explosion, and consisting mostly of powerful gamma 
rays. The fi nal 10% of the total fi ssion energy represents that of 
the residual (or delayed) nuclear radiation. This is largely due to 
the radioactivity of the fi ssion products present in the weapon 
residues, or debris, and fallout after the explosion.

Equally important is the amount of explosive energy that a 
nuclear weapon can produce, usually measured as the yield. The 
yield is given in terms of the quantity of conventional explosives 
or TNT that would generate the same amount of energy when it 
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explodes. Thus, a 1 kiloton nuclear weapon is one that produces 
the same amount of energy in an explosion as does 1,000 tons 
of TNT; similarly, a 1 megaton weapon would have the energy 
equivalent of 1 million tons of TNT. 

The uranium-based weapon that destroyed Hiroshima in August 
1945, the energy of which resulted from splitting (fi ssion) of 
atoms, had the explosive force of 20,000 tons of TNT; the 
thermonuclear or hydrogen bomb tested by the United States in 
the Pacifi c in October 1952, the energy of which came from joining 
(fusing) of atoms, had a yield estimated at 7 megatons or 7 million 
tons of TNT and the production of lethal radioactive fallout from 
gamma rays. This thermonuclear test was matched by the Soviet 
Union in August 1953, launching the Cold War superpowers into 
a deadly race up the nuclear ladder that lasted until the demise of 
the Soviet Union in December 1991.

Unfortunately, the peaceful end of the Cold War did not mean 
the end of nuclear threats to global security. Or, to quote former 
British Prime Minister Tony Blair’s defence of his government’s 
plan to update and replace the United Kingdom’s Trident 
nuclear weapons system (see Chapter 7): ‘there is also a new 
and potentially hazardous threat from states such as North 
Korea which claims already to have developed nuclear weapons 
or Iran which is in breach of its non-proliferation duties’, not 
to mention the ‘possible connection between some of those 
states and international terrorism’. Add to this stateless terrorist 
organizations bent on acquiring the means of mass murder and 
black-market networks of renegade suppliers only too willing 
to deal in the materials and technical expertise that lead to 
nuclear weapons, and the picture becomes clearer. The ensuing 
nightmare of responding to the humanitarian, law and order, and 
logistical challenges of a nuclear detonation could materialize 
quite unexpectedly and spectacularly, in any large city, paling the 
experience of 9/11.
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New York City scenario

For example, a relatively small nuclear weapon – say, in the order 
of a 150 kiloton bomb – constructed by terrorists, detonated in the 
heart of Manhattan, at the foot of the Empire State Building, at 
noon on a clear spring day, would have catastrophic consequences. 
At the end of the fi rst second, the shockwave, causing a sudden 
change in ambient pressure of 20 pounds per square inch (psi) 
at a distance of four-tenths of a mile from ground zero, would 
have destroyed the great landmarks of Manhattan, including the 
Empire State Building, Madison Square Gardens, Penn Central 
Railroad Station, and the incomparable New York Public Library. 
Most of the material that comprises these buildings would remain 
and pile up to the depth of hundreds of feet in places, but nothing 
inside this ring would be recognizable. Those caught outside the 
circle would be exposed to the full effects of the blast, including 
severe lung and ear drum damage, as well as exposure to fl ying 
debris. Those in the direct line of sight of the blast would be 
exposed to the thermal pulse and killed instantly, while those 
shielded from some of the blast and thermal effects would be 
killed as buildings collapse: roughly 75,000 New Yorkers would 
be killed in these ways. During the next 15 seconds, the blast 
and fi restorm would extend out for almost 4 miles, resulting in 
750,000 additional fatalities and nearly 900,000 injuries. And 
this would just be the beginning of New York’s problems.

The task of caring for the injured would literally be beyond the 
ability, and perhaps even the imagination, of the medical system 
to respond. All but one of Manhattan’s large hospitals lie inside 
the blast area and would be completely destroyed. There aren’t 
enough available hospital beds in all of New York and New Jersey 
for even the most critically wounded. The entire country has a 
total of only 3,000 beds in burn centres; thousands would die 
from lack of medical attention. Meanwhile, most of New York 
would be without electricity, gas, water, or sewage. Transportation 
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of the injured and the ability to bring in necessary supplies, 
people, and equipment would be problematical. Tens of thousands 
of New Yorkers would be homeless. The tasks of the emergency 
responders, in areas that remained dangerously radioactive, would 
pose possibly insuperable problems. 

The terrorists’ explosion would have produced much more 
early radioactive fallout than a similar-sized air burst in which 
the fi reball never touches the ground. This is because a surface 
explosion produces radioactive particles from the ground as well 
as from the weapon. The early fallout would drift back to earth 
on the prevailing wind, creating an elliptical pattern stretching 
from ground zero out into Long Island. Because the wind would 
be relatively light, the fallout would be concentrated in the area 
of Manhattan, just to the east of the blast. Thousands of New 
Yorkers would suffer serious radiation sickness effects, including 
chromosomal damage, marrow and intestine destruction, and 
haemorrhaging. Many would die of these conditions in the days 
and the weeks ahead. Each survivor of the blast would have on 
average about a 20% chance of dying of cancer of some form, and 
another 80% probability of dying instead from other causes such 
as heart disease or infection. The impact on the next generation 
would come in the form of hereditary illness and birth defects.

In January 2007, the scientists who tend to the Doomsday 
Clock moved it two minutes closer to midnight, the ultimate 
symbol of the annihilation of civilization. The Bulletin of the 
Atomic Scientists, which created the clock in 1947 to warn of the 
dangers of nuclear weapons, advanced the clock to fi ve minutes 
to midnight. ‘We stand at the brink of a second nuclear age’, 
the group said in a statement, pointing to North Korea’s fi rst 
test of a nuclear weapon in 2006, Iran’s nuclear ambitions, US 
fl irtation with atomic ‘bunker busters’, and the 27,000 operational 
nuclear weapons available to the nuclear club. The scientists also 
reminded us that only 50 of today’s nuclear weapons could kill as 
many as 200 million people.
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Since it was set to seven minutes to midnight in 1947, the hand 
of the Doomsday Clock has moved 18 times. It came closest to 
midnight – two minutes away – not surprisingly, in early 1953, 
following the successful test of America’s hydrogen bomb, 
code-named ‘Mike’, which somehow managed to vaporize the 
Pacifi c island test site. This was about the same time that I was 
fi rst introduced to Bert the Turtle and his sombre warning, ‘duck 
and cover’. Little has changed.




