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Chapter 44 
Nuclear Structure  

 
• 44.1  Some Properties of Nuclei  
• 44.2  Nuclear Binding Energy  
• 44.4  Radioactivity  
• 44.5  The Decay Processes  
• 44.6  Natural Radioactivity  
• 44.7  Nuclear Reactions  
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44.1 Some Properties of Nuclei  
• All nuclei are composed of two types of particles: protons 

and neutrons.  
•  The only exception is the ordinary hydrogen nucleus, 

which is a single proton.  
• We describe the atomic nucleus by the number of protons 

and neutrons it contains, using the following quantities: 
•  The atomic number Z, which equals the number of protons in the 

nucleus (sometimes called the charge number)  
•  The neutron number N, which equals the number of neutrons in 

the nucleus  
•  The mass number A = Z + N, which equals the number of 

nucleons (neutrons plus protons) in the nucleus  
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44.1 Some Properties of Nuclei  
• A nuclide is a specific combination of atomic number and mass 

number that represents a nucleus.  
•  In representing nuclides, it is convenient to use the symbol        

to convey the numbers of protons and neutrons, where X 
represents the chemical symbol of the element.  

•  For example,           (iron) has mass number 56 and atomic 
number 26; therefore, it contains 26 protons and 30 neutrons.  

• We omit the subscript Z because the chemical symbol can 
always be used to determine Z.  

4 



Isotopes 
•  The nuclei of all atoms of a particular element contain the same 

number of pro- tons but often contain different numbers of 
neutrons. Nuclei related in this way are called isotopes. The 
isotopes of an element have the same Z value but different N 
and A values.  
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•    
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Charge and Mass  
•  The proton carries a single positive charge e, equal in 

magnitude to the charge -e on the electron (e = 1.6 x 10-19 C).  
•  The neutron is electrically neutral.  
•  The proton is approximately 1 836 times as massive as the 

electron, and the masses of the proton and the neutron are 
almost equal.  

•  The atomic mass unit u 
1 u = 1.660 539 x 10-27 kg 

•  The proton and neutron each have a mass of approximately 1 u.  
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Charge and Mass  
•   It is often convenient to express the atomic mass unit in terms of 

its rest-energy equivalent. For one atomic mass unit, 

• where we have used the conversion 1 eV = 1.602 176 x 10-19 J. 
 

• Based on the rest-energy expression, nuclear physicists often 
express mass in terms of the unit MeV/c2.  
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•    
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The Size and Structure of Nuclei  
•  In Rutherford’s scattering experiments, positively 

charged nuclei of helium atoms (alpha particles) 
were directed at a thin piece of metallic foil.  

•  As the alpha particles moved through the foil, they 
often passed near a metal nucleus. Because of the 
positive charge on both the incident particles and 
the nuclei, the particles were deflected from their 
straight-line paths by the Coulomb repulsive force.  

•  Rutherford concluded that the positive charge in an 
atom is concentrated in a small sphere, which he 
called the nucleus, whose radius is no greater 
than approximately 10-14 m.  

•  Because such small lengths are common in nuclear 
physics, an often-used convenient length unit is the 
femtometer (fm), which is sometimes called the 
fermi and is defined as  

1 fm = 10-15 m  
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The Size and Structure of Nuclei  
• Since the time of Rutherford’s scattering experiments, a 

multitude of other experiments have shown that most nuclei are 
approximately spherical and have an average radius given by  

• where a is a constant equal to 1.2 x 10-15 m and A is the mass 
number.  
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•    
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