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Alpha Decay and Smoke Alarms 
Handout 

 
Alpha (α) Decay 
 When a nucleus decays by the Alpha (α) decay process the resulting daughter nucleus 
will always have an atomic mass four lower than the parent nucleus and the atomic number will 
always be two lower than the parent nucleus.  This is because the decay process ejects a Helium 
nucleus, called an α particle.  A helium nucleus is simply the helium atom without its electrons, 
and therefore shares the same atomic number and atomic mass as the original helium nucleus, 
which can be easily remembered or at least referenced on the periodic table.  Off with this 
helium nucleus goes the missing four from the atomic mass and the missing two from the atomic 
number.  The decay equation is balanced, as it must be since both charge and mass must be 
conserved.   
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Mass  238 = 4 + 234   Charge 92  = 2 +  90 
  238 = 238   92  = 92 
  
 The easiest way to recognize the α decay process is to notice the He nuclei and/or the 
numerical decrease in each number (i.e. the atomic mass and the atomic number) when 
comparing the original parent nucleus to the resulting daughter nucleus after the decay. 
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Smoke Detectors 
 An example of an every day device that uses alpha decay is a standard home smoke 
alarm.  The smoke alarm contains a small amount of americium-241, a radioactive isotope of 
americium-243.  This isotope undergoes alpha decay and the smoke alarm uses the emitted alpha 
particles to detect smoke in the air. 
 The smoke alarm contains an ionization chamber and two charged metal plates, one with 
a positive charge and one with a negative charge.  The emitted alpha particles are directed to 
travel between these two plates as seen if Figure 1. 
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Figure 1.  Inside a common smoke detector with a close-up of the ionization chamber 

 
 When air (diatomic nitrogen and diatomic oxygen) passes between these plates and are 
struck by the alpha particles, the nitrogen and oxygen molecules lose electrons and become 
ionized.  The lost electrons travel towards the positive plate and the ionized oxygen and nitrogen 
travel to the negative plate.  This produces a small but steady flow of electrical current in the 
smoke detector circuitry. 
 When smoke enters the ionization chamber with the air, it reduces the number of ions that 
flow to the plates and the electrical current drops.  When the electrical current drops below a 
lower limit the alarm circuit is triggered and the smoke alarm sounds off. 
 

 
 
  
Figure 2.  (a) Ionization of the nitrogen and oxygen in air and (b) smoke particles entering the 
detector and lowering the current and setting off the alarm. 


