
Chapter 32 

Ionizing Radiation, 

Nuclear Energy, and 

Elementary Particles 



32.1 Biological Effects of Ionizing Radiation 

Ionizing radiation consists of photons and/or moving particles that have 

sufficient energy to knock and electron out of an atom or molecule, thus 

forming an ion. 

 

Exposure is a measure of the ionizing radiation produced in air by X-rays 

or γ-rays. 

 

In passing through the air, the beam produces positive ions whose total 

charge is q.  Exposure is the charge per unit mass of the air. 
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32.1 Biological Effects of Ionizing Radiation 

For biological purposes, the absorbed dose is a more suitable quantity 

because it is the energy absorbed from the radiation per unit mass of 

the absorbing material: 
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32.1 Biological Effects of Ionizing Radiation 

To compare the damage produced by different types of radiation,  

the relative biological effectiveness (RBE) is used. 
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32.1 Biological Effects of Ionizing Radiation 

The product of the absorbed dose and the RBE is the biologically 

equivalent dose: 
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32.2 Induced Nuclear Reactions 

A nuclear reaction is said to occur whenever the incident nucleus, 

particle, or photon causes a change to occur in the target nucleus. 



32.2 Induced Nuclear Reactions 

Example 3  An Induced Nuclear Transmutation 

 

An alpha particle strikes an aluminum nucleus.  As a result, 

an unknown nucleus and a neutron are produced. 
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32.2 Induced Nuclear Reactions 

An induced nuclear reaction in which 

uranium is transmuted into plutonium. 



32.3 Nuclear Fission 

A slowly moving neutron causes the uranium nucleus to fission 

into barium, krypton, and three neutrons. 



32.3 Nuclear Fission 

Conceptual Example 5  Thermal Neutrons Versus Thermal 

Protons or Alpha Particles 

 

Why is it possible for a thermal neutron to penetrate a nucleus, whereas 

a proton or alpha particle would need a much larger amount of energy? 



32.3 Nuclear Fission 

A chain reaction 



32.3 Nuclear Fission 

In a controlled chain reaction, 

only one neutron, on average, 

causes another neutron to fission. 



32.4  Nuclear Reactors 

A nuclear reactor consists of fuel elements, control rods, and 

a moderator. 



32.4  Nuclear Reactors 

The moderator slows neutrons and the control rods absorb neutrons. 



32.5 Nuclear Fusion 

Two nuclei of very low mass can combine to generate energy.  This 

process is called nuclear fusion. 



32.5 Nuclear Fusion 



32.6 Elementary Particles 



32.6 Elementary Particles 

Pion production through p-p collision. 



32.6 Elementary Particles 

Antiparticles, like positrons, can be used in positron emission tomography, 

or PET scans. 



32.6 Elementary Particles 



32.6 Elementary Particles 

Mesons consist of a quark-antiquark 

pair, while baryons consist of three 

quarks. 



32.6 Elementary Particles 

The current view of how matter is composed of basic units. 



32.7 Cosmology 

Hubble’s law Hdv 
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32.7 Cosmology 


