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Chapter 44 
Nuclear Structure  
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• 44.7  Nuclear Reactions  
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44.5  The Decay Processes  

•    
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44.6  Natural Radioactivity  
• Radioactive nuclei are generally classified into two groups:  
•  (1) unstable nuclei found in nature, which give rise to natural 

radioactivity, and  
•  (2) unstable nuclei produced in the laboratory through nuclear 

reactions, which exhibit artificial radioactivity.  
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44.6  Natural Radioactivity  
•  There are three series of naturally occurring radioactive nuclei. Each 

series starts with a specific long-lived radioactive isotope.  
•  The three natural series begin with the isotopes 238U, 235U, and 232Th, 

and the corresponding stable end products are three isotopes of lead: 
206Pb, 207Pb, and 208Pb.  

•  The fourth series begins with 237Np and has as its stable end product 
209Bi.  

•  The element 237Np is a transuranic element (one having an atomic 
number greater than that of uranium) not found in nature. This element 
has a half-life of “only” 2.14 x 106 years.  

•  Because of these radioactive series, our environment is constantly 
replenished with radioactive elements that would otherwise have 
disappeared long ago.  
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44.7 Nuclear Reactions  
• We have studied radioactivity, which is a spontaneous process in 

which the structure of a nucleus changes.  
•  It is also possible to stimulate changes in the structure of nuclei 

by bombarding them with energetic particles. Such collisions, 
which change the identity of the target nuclei, are called nuclear 
reactions.  

• Consider a reaction in which a target nucleus X is bombarded by 
a particle a, resulting in a daughter nucleus Y and an outgoing 
particle b:  
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44.7 Nuclear Reactions  
•  The reaction energy Q associated with a nuclear reaction as 

the difference between the initial and final rest energies resulting 
from the reaction:  

• As an example, consider the reaction 7Li(p, α)4He. The notation 
p indicates a proton, which is a hydrogen nucleus. Therefore, we 
can write this reaction in the expanded form  

•  The Q value for this reaction is 17.3 MeV.  
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44.7 Nuclear Reactions  
•  For which Q is positive, is called exothermic.  
• A reaction for which Q is negative is called endothermic.  
•  To satisfy conservation of momentum for the isolated system, an 

endothermic reaction does not occur unless the bombarding 
particle has a kinetic energy greater than Q.  

•  The minimum energy necessary for such a reaction to occur is 
called the threshold energy.  
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44.7 Nuclear Reactions  
•  If particles a and b in a nuclear reaction are identical so that X 

and Y are also necessarily identical, the reaction is called a 
scattering event.  

•  If the kinetic energy of the system (a and X) before the event is 
the same as that of the system (b and Y) after the event, it is 
classified as elastic scattering.  

•  If the kinetic energy of the system after the event is less than that 
before the event, the reaction is described as inelastic 
scattering.  
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44.7 Nuclear Reactions  
•  The energy and momentum, the total charge and total number of 

nucleons must be conserved in any nuclear reaction.  
•  For example, consider the reaction 19F(p, α)16O, which has a Q 

value of 8.11 MeV. We can show this reaction more completely 
as  

•  The total number of nucleons before the reaction (1 + 19 = 20) is 
equal to the total number after the reaction (16 + 4 = 20). 
Furthermore, the total charge is the same before (1 + 9) and 
after (8 + 2) the reaction.  
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