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Extending the Connection

NUCLEAR REACTIONS
You have read that most of the energy received at Earth’s surface comes from the Sun. How is 
the Sun able to be a source of energy? Special conditions in the Sun’s interior create extremely 
high pressures and temperatures that have a major effect on atoms in the Sun’s core. An atom’s 
structure includes a nucleus made up of protons and neutrons (nucleons). These nucleons are 
held tightly together with a specific binding energy per nucleon. To free a nucleon requires an 
input of energy equal to this binding energy per nucleon. The high pressures and temperatures 
in the Sun’s core cause hydrogen atoms to come apart and their nuclei (the central cores of 
the atoms) to fuse or combine. This is how the Sun generates energy—a process called nuclear 
fusion. In this way, the Sun has provided energy to Earth for over five billion years.

Nuclear Fusion
Nuclei of relatively light elements with smaller mass than iron have less 
binding energy per nucleon. This makes nuclear fusion as an energy source 
possible. In nuclear fusion, two lighter nuclei fuse together to produce a 
larger nucleus. The larger nucleus has a greater average binding energy 
per nucleon than the original smaller nuclei. Energy is therefore released 
in the creation of the larger nucleus. However, to achieve fusion, high 
temperatures must be generated. The core of the Sun is estimated to be 
15 million degrees Celsius. Nuclear fusion also requires extremely high 
confinement pressures which also exist within the Sun.

Nuclear Fission
Nuclei of elements with larger mass than iron also have less binding 
energy per nucleon than iron. This makes nuclear fission as an energy 
source possible. In nuclear fission, a heavy nucleus can break apart into 
two smaller nuclei. The smaller nuclei have a greater average binding 
energy per nucleon and energy is therefore released. For example, the 
fission of uranium-235 with the absorption of a neutron yields two 
(sometimes three, the average is about 2.2) additional neutrons.
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The discovery of this reaction, with the formation of its two neutrons, has had an important 
impact on society, politically and culturally. This is the main reaction involved in two modern 
technologies—nuclear power and nuclear bombs. 

The uranium-235 nucleus absorbs one neutron, but gives off two neutrons. In a chain reaction, 
each of those two neutrons can be absorbed and more uranium-235 can undergo fission. With 
each fission reaction, more energy is released. In a matter of a millionth of a second, a huge 
fission explosion can take place. This fission explosion is what occurs in the detonation of a 
nuclear bomb. However, the fission chain reaction can also be controlled. By removing neutrons 
before the other uranium absorbs them, a controlled reaction takes place. In a nuclear power 
plant, the control rods absorb these neutrons, and the uranium is more dispersed, so that the 
uncontrolled chain reaction that results in a nuclear explosion cannot take place.

Radioactive Decay
Radioactive decay is the process by which the nucleus of an unstable atom spontaneously loses 
energy by emitting particles. As a result of this process, the nucleus becomes the nucleus of 
another atom. The original nuclei of the atoms before they undergo decay are called 
parent nuclei. Daughter nuclei are the nuclei of atoms that have undergone decay.
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The Sun is expected to produce 
energy through the fusion of 
hydrogen into helium for another 
five billion years.
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Three ways in which unstable nuclei decay are alpha, beta, and gamma emission. In alpha 
decay, an unstable heavy nucleus “shakes off” some of its excess energy by emitting an 
alpha particle (helium-4 nucleus). In beta decay, the neutron in an unstable nucleus turns 
into a proton plus electron (beta particle). In gamma decay, an excited nucleus emits some 
of its excess energy in the form of a high-energy photon (gamma particle). It is impossible to 
predict when a given atom will decay, but radioactive decay of large numbers of nuclei occurs 
with incredible precision. Radioactive decay can be used as a “clock” to date items. You will 
learn more about this in other chapters.

Benefits and Risks Involved With the Use of Nuclear Energy
There are benefits to the use of nuclear energy but there are also risks involved. Nuclear 
energy is used in numerous states to produce electricity. However, nuclear fission does create 
some major problems. These problems include security, safety, radiation, removal of spent 
rods, and disposal of waste. 

Alpha, beta, and gamma emissions can be a health risk or a medical therapy. Used as a 
medical tool, radiation has extended the lives of many cancer patients. Although radiation 
can be used to kill cancer cells, it can also destroy healthy cells. 

As the global demand for energy increases, ongoing scientific research is needed to deal with 
the benefits and risks of the use of nuclear energy. Numerous universities and government 
facilities are trying to improve the efficiency 
of nuclear fission and at the same time trying 
to develop nuclear fusion for commercial use. 
This research is expensive and depends on the 
government, industry, and other organizations 
for continued support. Studies and applications 
of nuclear energy must themselves be directed 
by a careful risk-benefit analysis. These include 
scientific assessments as well as political 
considerations of what society needs. Nuclear 
radiation can be both extremely beneficial and 
extremely dangerous. It just depends on how 
you use it.

126

EC_Natl_SE_C1.indd   126EC_Natl_SE_C1.indd   126 7/11/11   12:13:34 PM7/11/11   12:13:34 PM




