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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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44.4 Radioactivity  
•  In 1896, Becquerel accidentally discovered that uranyl potassium 

sulfate crystals emit an invisible radiation that can darken a 
photographic plate even though the plate is covered to exclude 
light.  

•  This process of spontaneous emission of radiation by uranium 
was soon to be called radioactivity.  

• Additional experiments, including Rutherford’s famous work on 
alpha-particle scattering, suggested that radioactivity is the result 
of the decay, or disintegration, of unstable nuclei.  
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44.4 Radioactivity  
•  Three types of radioactive decay occur in radioactive 

substances:  
•  alpha (α) decay, in which the emitted particles are 4He nuclei;  
•  beta (β) decay, in which the emitted particles are either electrons or 

positrons;  
•  and gamma (γ) decay, in which the emitted particles are high-energy 

photons.  
• A positron is a particle like the electron in all respects except 

that the positron has a charge of +e. (The positron is the 
antiparticle of the electron) The symbol e- is used to designate 
an electron, and e+ designates a positron.  

•  The three types of radiation have quite different penetrating 
powers.  
•  Alpha particles barely penetrate a sheet of paper,  
•  beta particles can penetrate a few millimeters of aluminum,  
•  and gamma rays can penetrate several centimeters of lead.  
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44.4 Radioactivity  
•  If N is the number of undecayed radioactive 

nuclei present at some instant, the rate of 
change of N with time is  

•  where λ, called the decay constant, is the 
probability of decay per nucleus per second. 
The negative sign indicates that dN/dt is 
negative; that is, N decreases in time.  

•  where the constant N0 represents the number 
of undecayed radioactive nuclei at t = 0.  

•  The number of undecayed radioactive nuclei in 
a sample decreases exponentially with time.  
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44.4 Radioactivity  
•   The decay rate, which is the number of decays per second.  

• where R0 = λN0 is the decay rate at t = 0.  
•  The decay rate R of a sample is often referred to as its activity.  
• Note that both N and R decrease exponentially with time. 

Another parameter useful in characterizing nuclear decay is the 
half-life T1/2:  
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44.4 Radioactivity  
•  To find an expression for the half-life, we first set N = N0/2 and  
  t = T1/2  

 
• After a time interval equal to one half-life, there are N0/2 

radioactive nuclei remaining; after two half-lives, half of these 
remaining nuclei have decayed and N0/4 radioactive nuclei are 
left; after three half-lives, N0/8 are left; and so on.  

•  In general, after n half-lives, the number of undecayed 
radioactive nuclei remaining is 

• where n can be an integer or a noninteger.  
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44.4 Radioactivity  
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