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Alpha, beta, and gamma emission 

Specification references: 

 P4.1.2 Mass number, atomic number and isotopes 

 P4.2.1 Radioactive decay and nuclear radiation 

 P4.2.2 Nuclear equations 

 MS 3c 

 WS 1.2, 4.1 

Aims 

In this activity, you will learn about the three types of nuclear decay, and practise 
writing and interpreting isotope symbols and decay equations. 

Learning outcomes 

After completing this activity you should be able to: 

 identify the type of nuclear decay taking place from a nuclear equation 

 complete decay equations for alpha and beta decay 

 explain that in a decay, particles are ejected from an unstable nucleus so that 
it becomes more stable 

 describe the changes in the nucleus that occur during decay 

 write full decay equations. 

Task 

Answer the following questions. You will need a copy of the periodic table, which 
shows the atomic numbers of the atoms. 

Questions 

1 State the meaning of the term ‘isotopes’. 

 

 (1 mark) 

 
2 This symbol represents a particular isotope of carbon: 

 6

14C 

 a The number 6 is the ‘atomic number’. What does it tell us about this isotope? 

  (1 mark) 
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 b The number 14 is the ‘mass number’. What does it tell us about this isotope? 

  (1 mark) 

 
 c How would you calculate the number of neutrons in this isotope? 

  (1 mark) 

 
3 Complete this statement. 

 An alpha particle is identical to the nucleus of an atom of 

 (1 mark) 

 
4 a Describe the effect of alpha emission on an atom’s atomic number. 

  (1 mark) 

 
 b Describe the effect of alpha emission on an atom’s mass number. 

  (1 mark) 

 
 c Explain why alpha emission changes an atom into an atom of a different element. 

  (1 mark) 

 
5 a Complete the atomic numbers and mass numbers in this alpha decay equation: 

  84

__Po®
__

__He +
___

204Pb
 

(2 marks) 

 b Complete this alpha decay equation: 

  
®

89

227 Ac +
 

(3 marks) 

 c Write a decay equation for the decay of gold-172 by alpha emission. 

 

     (4 marks) 

 
6 In beta decay, a neutron inside a nucleus changes into a proton and an electron. 

The proton stays in the nucleus and the electron is emitted. This fast-moving 
electron is called a beta particle. 

 a Describe the effect of beta emission on an atom’s atomic number. 

  (1 mark) 
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 b Describe the effect of beta emission on an atom’s mass number. 

  (1 mark) 

 
 c Explain why beta decay changes an atom into an atom of a different element. 

  (1 mark) 

 
 d Suggest why a beta particle is written with: 

  i 0 as the mass number 

   (1 mark) 

 
  ii −1 as the atomic number. 

   (1 mark) 

 
7 a Complete the atomic numbers and mass numbers in this beta decay equation: 

  53

__I®
__

131Xe +
__

__ e
 

(2 marks) 

 
 b Complete this beta decay equation: 

  
®

3

6Li+
 

(3 marks) 

 
 c Write a decay equation for the decay of iron-59 by beta emission. 

 

     (4 marks) 

 
8 An unstable nucleus may also emit gamma radiation. This lowers the energy 

of the nucleus, making it more stable. Gamma radiation is electromagnetic 
energy, so the nucleus does not lose any particles by doing this. 

 a Describe the effect of gamma emission on an atom’s atomic number. 

  (1 mark) 

 
 b Describe the effect of gamma emission on an atom’s mass number. 

  (1 mark) 

 
 c Suggest why equations are not usually written for gamma decays. 

  (1 mark) 
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Student follow up 

When an isotope is written as, for example, ‘potassium-42’, the number is the 
mass number. 

1 Write decay equations for the nuclear decays below. 

 a the decay of potassium-42 by beta emission 

  

     (4 marks) 

 

 b the decay of uranium-238 by alpha emission. 

 

     (4 marks) 

 
2 State the type of emission, alpha or beta, that occurs when: 

 a americium-241 decays into neptunium-237 

  (1 mark) 

 
 b sodium-22 decays into neon-22 

  (1 mark) 

 
 c plutonium-240 decays into uranium-236. 

  (1 mark) 

 
3 In some cases, the nucleus that is created when a decay happens is itself 

unstable and will decay. 

 a Radium-226 decays by alpha emission, and the resulting isotope also decays 
by alpha emission. Write the symbols, including the atomic and mass numbers, 
for the first and second isotopes produced by these two decays. 

  

  (2 marks) 

 
 b Lead-210 decays by beta emission, and the resulting nucleus also decays 

by beta emission. Write the symbol, including the atomic and mass 
numbers, for the first and second isotopes produced by these two decays. 

  

  (2 marks) 
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Extension 

4 When an unstable atom undergoes beta decay, another particle is emitted in 
addition to the beta particle. This particle has no charge, extremely low mass, 
and hardly interacts with other matter. It is called an ‘anti-electron neutrino’. 

 a Suggest why the emission of this particle does not affect the make-up of 
the nucleus. 

  (1 mark) 

 
 b Suggest why this particle was not detected until many years after beta 

emission was first detected. 

  

  (2 marks) 
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