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Nuclear Fusion

A powerful atomic process known as nuclear fusion occurs inside
the sun. Nudlear fusion is the process of combining nuclei of
small atoms to form more-massive nuclei. Fusion releases huge
amounts of energy. Nuclei of hydrogen atoms are the primary
fuel for the sun's fusion. A hydrogen atom, the simplest of all
atoms, commonly consists of only one electron and one proton.
Inside the sun, however, electrons are stripped from the protons
by the sun’s intense heat.

Nuclear fusion produces most of the sun’s energy and con-
sists of three steps, as shown in Figure 2. In the first step, two
hydrogen nuclei, or protons, collide and fuse. In this step, the
positive charge of one of the protons is neutralized as that proton
emits a particle called a positron. As a resul, the proton becomes
a neutron and changes the original two protons into a proton-
neutron pair. In the second step, another proton combines with
this proton-neutron pair to produce a nucleus made up of two
protons and one neutron. In the third step, two nuclei made up
of two protons and one neutron collide and fuse. As this fusion
happens, two protons are released. The remaining two protons
and two neutrons are fused together and form a helium nucleus.
During each step of the reaction, energy is released.

The Final Product

One of the final products of the fusion of hydrogen in the sun
is always a helium nucleus. The helium nucleus has about 0.7%
less mass than the hydrogen nuclei that combined to form it do.
The lost mass is converted into energy during the series of fusion
reactions that forms helium. The energy released during the
three steps of nuclear fusion causes the sun to shine and gives
the sun s high temperature.
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The sun's energy comes from fusion, and the mass that s lost

during fusion becomes energy. Tn 1905, the physicist Albert

Einstein, then an unknown patent-office worker, proposed that

2 small amount of matter yields a large amount of energy. At the

time, the existence of nuclear fusion was unknown. In fact, sci-

entists had not et discovered the nucleus of the atom. Einstein's

proposal was part of his special theory of relativity. This theory

included the equation £ = mc’. In this equation, E represents

energy produced; 1 represents the mass, or the amount of mat-

ter, that is changed; and ¢ represents the speed of light, which is

about 300,000 kuys. Einstein's equation can be used t0 calculate

the amount of energy produuced from a given amount of mater
By using Einstein’s equation, astronomers were able to .

explain the huge quanities of energy prodiuced by the sun. The  Fxure wver ricn s oty

sun changes more than 600 million tons of hydrogen into helium et when i phott v e

every second. Yet this amount of hydrogen is small compared  capures subatormic portices that fly

with the total mass of hydrogen in the sun. During fusion, a type 0wt of the sun during nuclear fuson.

of substomic particle, called a etrino, is given off. Neutrinos

escape the sun and reach Earth i about eight minutes. Studies

of these particles indicate that the sun is fueled by the fusion of

hydrogen into helium. One apparatus that collects these pasticles

is shown in Figure 3. Elements other than hydrogen can fuse,

t0o. In stars that are hotter thani the sun, energy is produced by

fusion reactions of the muclei of carbon, nitrogen, and oxygen.

AT How did the equation £ = mc? help scientists under-

stand the energy of the sun? (See the Appendix for answers to
Reading Checks.)

Modeling Fusion
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neutron, represents the isotope hycrogen-2, H. 1. Large amounts of energy are released when nuclei
3. To modd the next step of nudarfusion, plce a combine. How many energy-produdng reactions
third coin, P-side up, against the “H nucleus from did you model?

Step 2. This forms the isotope helium-3, or *He. 2. Create a diagram that shows the formation of ‘He.

Section 1 Structure of the Sun 757




