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Chapter 5

The Atomic Nucleus
THE MAIN IDEA

^ What do volcanos and the Sun have in common? Both their energy sources are nuclear.

The atomic nucleus is the source of nuclear energy, 
which comes to us in different forms.
Radioactivity is nuclear energy that occurs naturally in 
the air we breathe, in the rocks around us, and even in 
the food we eat. Some nuclear energy is human-con-
trolled and is an important part of medical diagnostics 
and radiation therapy. Another source of nuclear 
energy is nuclear power plants, which transform 
nuclear energy into electricity. Of course, a nuclear 

bomb is another form of nuclear energy. Our most 
significant source of nuclear energy, however, is the 
Sun. We’ll see in this chapter how solar energy comes 
from thermonuclear fusion and how it relates to 
Einstein’s famous equation, E = mc2. In this nuclear age 
it makes good sense to have a basic understanding of 
the atomic nucleus and how it gives rise to the various 
forms of nuclear energy.

5.1 Unstable Nuclei

As we learned in Chapter 4, atoms are made of electrons, 
neutrons, and protons. The neutrons and protons are at the 
highly dense center of each atom—its nucleus. Most atoms 
have stable nuclei, which means they hold together well. 
This stability is due to an optimal balance of the number of 
protons with the number of neutrons. These stable nuclei 
remain unchanged.
 Some atoms, however, have nuclei that are unstable 
because they contain “off-balance” numbers of protons and 
neutrons. They may either contain too many neutrons and 
not enough protons or vice versa. Sooner or later, these nuclei 
spontaneously change to a more stable composition. For 
example, excess neutrons may transform into protons to pro-
vide a better nuclear balance. During these transformations, 
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tremendous amount of energy.
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the nucleus ejects highly energetic particles while also emitting 
highly energetic electromagnetic radiation.

A material containing unstable nuclei undergoing these 
sorts of transformations is said to be radioactive. The high-en-
ergy particles and radiation emit- ted by a radioactive substance 
is called radioactivity. Notably, a radioactive nucleus disinte-
grates as it emits radioactivity. In other words, after emitting the 
radioactivity, the radioactive nucleus is no longer what it was. 
We say that the nucleus has “decayed,” which is why the process 
of emitting radioactivity is often called radioactive decay.

Radioactive atoms emit three distinct types of radiation, 
named by the first three letters of the Greek alphabet, α, β, γ 
—alpha, beta, and gamma. Alpha rays carry a positive electric 
charge, beta rays carry a negative charge, and gamma rays carry 
no charge. The three rays can be separated by placing a magnetic 
field across their paths (Figure 5.1).

What types of radiation 
are emitted by the nuclei 
of radioactive elements?

READING CHECK

Figure 5.1 > 
In a magnetic field, alpha rays bend one way, beta rays bend the other way, and gamma rays don’t bend at all. 
Note that the alpha rays bend less than the beta rays. This occurs because alpha particles have more inertia (mass) 
than beta particles. The combined beam comes from a radioactive material placed at the bottom of a hole drilled 
in a block of lead.
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Alpha radiation is a stream of alpha particles. An alpha 
particle is the combination of two protons and two neutrons (in 
other words, it is the nucleus of the helium atom, atomic number 
2). Alpha particles are relatively easy to shield against because of 
their relatively large size and their double positive charge (+2). For 
example, they do not normally penetrate such lightweight mate-
rials as paper or clothing. Because of their great kinetic energies, 
however, alpha particles can cause significant damage to the sur-
face of a material, especially living tissue. When traveling through 
only a few centimeters of air, alpha particles pick up electrons and 
become nothing more than harmless helium. As a matter of fact, 
that’s the origin of the helium in a child’s balloon—practically all 
Earth’s helium atoms were at one time energetic alpha particles.

Beta radiation is a stream of beta particles. A beta particle 
is merely an electron ejected from a radioactive nucleus. We will 
discuss in Section 5.3 how an electron arises from the nucleus. For 
now, just keep in mind that a beta particle is a fast-flying electron. 
A beta particle is normally faster than an alpha particle, and it car-
ries only a single negative charge (–1). Beta particles are not as 
easily stopped as alpha particles, and they are able to penetrate 
light materials such as paper or clothing. They can penetrate fairly 
deeply into skin, where they have the potential to harm or kill living 
cells, but they are unable to penetrate even thin sheets of denser 
materials, such as aluminum. Beta particles, once stopped, simply 
become a part of the material they are in, like any other electron.

Gamma rays are the high-frequency electromagnetic radi-
ation emitted by radioactive nuclei. Like photons of visible light, a 
gamma ray is pure energy. The amount of energy in a gamma ray, 
however, is much greater than that in visible light, ultraviolet light, 
or even X rays (Figure 5.2). Because they have no mass or electric 
charge, and because of their high energies, gamma rays are able to 
penetrate through most materials. However, they cannot easily pen-
etrate very dense materials, such as lead. Lead is commonly used as 
a shielding material in laboratories or hospitals, where there can be 
much gamma radiation. Delicate molecules inside cells throughout 
our bodies that are zapped by gamma rays suffer structural damage. 
Hence, gamma rays generally cause more damage to our cells than 
does alpha or beta radiation.

Figure 5.3 shows the relative penetrating power of the three 
types of radiation. Figure 5.4 shows an interesting practical use for 
gamma radiation.

^  Figure 5.2
A gamma ray is simply electro-
magnetic radiation, much higher 
in frequency and energy than light 
and X rays.

^  Figure 5.3
Alpha particles are the least pen-
etrating and can be stopped by a 
few sheets of paper. Beta particles 
will readily pass through paper but 
not through a sheet of aluminum. 
Gamma rays penetrate several cen-
timeters into solid lead.
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C O N C E P T   C H E C K
Pretend that you are given three radioactive rocks. One is an alpha emitter, one is a beta emitter, and 
one is a gamma emitter, and you know which is which. You can throw away one, but of the remaining 
two, you must hold one in your hand and place one in your pocket. What can you do to minimize 
your exposure to radiation?

CHECK  YOUR  ANSWER   Throw away the gamma emitter, because it would penetrate your body 
from any of these locations. Hold the alpha emitter in your hand, because the skin on your hand 
is enough to shield you. Put the beta emitter in your pocket, because beta particles will likely 
be stopped by the combined thickness of your clothing and skin. (Ideally, of course, you should 
distance yourself as much as possible from all of the rocks.)

Most helium atoms pro-
duced within the Earth find 
their way to the surface and 
then upward to outer space. 
Some helium, however, 
collects within natural gas 
deposits, which can contain 
as much as 7 percent helium. 
Most helium used in the 
world is isolated from the 
natural gas reserves of the 
Great Plains of the United 
States. Prior to World War II, 
the United States stopped 
supplying helium to the 
Germans, who then needed 
to use combustible hydro-
gen gas to fill their large 
zeppelin airships. One such 
airship, the Hindenburg, 
famously exploded in 1937.

FOR YOUR
INFORMATION

^ Figure 5.4  
The shelf life of fresh strawberries and other perishables is 
markedly increased when the food is subjected to gamma rays 
from a radioactive source, which kills the microorganisms that 
normally lead to spoilage. The strawberries are only a receiver of 
radiation and are not transformed into an emitter of radiation, 
as can be confirmed with a radiation detector.


