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SPH3U: Energy and Power 

Radioactive Decay: Alpha, Beta and Gamma Decay 
All radioactive decay processes are the result of atoms seeking stability. Early investigators didn’t observe 

the decay directly; instead, they observed the high-energy particles or rays emitted due to the decaying of 

the unstable nuclei. When they measured the properties of the emitted radiation, they identified three 

different types of decay, which are known as alpha (𝛼), beta (𝛽), and gamma (𝛾) radiation.  

 

Alpha Decay (𝜶) 

It is energetically favorable for some large nuclei to spontaneously 

break apart to form two smaller fragments. When this occurs, one of 

these fragments is almost always includes two neutrons and two 

protons, a 𝐻𝑒4  nucleus, which is significantly more stable and known 

as an alpha particle.   

 

 

 

 

Example: In your smoke detectors you will find an alpha source called Americium-241. The alpha particles 

that are emitted ionize with the surrounding air, creating a current between two charge3d plates. When 

smoke particles enter the region between the plates it interrupts the current, which triggers the alarm. 

Write the alpha decay equation for this process.  

𝐴𝑚95
241 → 

 

Notice that in the equation both the mass numbers and the atom numbers must balance (protons and 

neutrons are called baryons, this shows conservation of baryon number). The new element has lost 2 

protons and 2 neutrons. The decrease in atomic number by 2 tells us that the new product must be _________.  

 

Beta Decay (𝜷) 

Beta decay can occur two ways 

i) Negative Beta Decay (often just called Beta Decay) 

It involves the conversion of a neutron into a proton, an electron, and an 

antineutrino. The electron and antineutrino are then released from the 

nucleus. In every beta decay the following conversion occurs 

  

Note: Both charge and baryon number are conserved 

 

 

 

The last particle is the antineutrino (neutrinos are neutral particles of little or no mass that rarely interact 

with matter) 

 

 

𝑋𝑍
𝐴 → 𝑌𝑍−2

𝐴−2 + 𝐻𝑒4 + 𝑒𝑛𝑒𝑟𝑔𝑦 

𝑋𝑍
𝐴 → 𝑌𝑍+1

𝐴 + 𝑒− + �̅� + 𝑒𝑛𝑒𝑟𝑔𝑦
  OR  

𝑛 → 𝑝 + 𝑒−1
0 + �̅�1

1
0
1  



Example: Medical radiation therapy used to use cobalt-60, a beta source. Write the decay equation for 

Cobalt-60.  

       𝐶𝑜27
60 → 

   

Again, notice that both the atomic and mass numbers balance on both sides of the equation. 

 

 

ii) Positive Beta Decay (Positron Emission) 

Positive beta decay is far less common than beta-minus decay since it requires 

a proton to convert into a proton and 𝑚𝑝𝑟𝑜𝑡𝑜𝑛 < 𝑚𝑛𝑒𝑢𝑡𝑟𝑜𝑛. In every positive 

beta decay, we have the following 

 

 

Note: A neutrino rather than an antineutrino is produced 

 

 

 

Example: Sodium-22 is used as a radioactive tracer for natural sodium and undergoes beta positive 

radiation. Write the decay equation for this process.  

 

       𝑁𝑎 →11
22  

 

Gamma Decay (𝜸) 

 In most alpha and beta decays the nucleus is left with excess energy. 

Gamma radiation releases this energy, but no transmutation occurs. 

Gamma rays are only different from x-rays in the way they are produced. 

X-rays are produced by ionizing inner shell electrons while gamma rays 

are released from the nucleus. 

 

 Note: * indicates the nucleus is in an excited state  

 

 

Example: One of the most important isotopes for medical imaging is technetium-99. An excited state of 

technetium-99 is produced in the beta decay of molybdenum-99 isotope. Write the two-stage process of 

this decay.  

 

 

 

 

𝑋∗
𝑍
𝐴 → 𝑋𝑍

𝐴 + 𝛾  

𝑋𝑍
𝐴 → 𝑌𝑍−1

𝐴 + 𝑒+ + 𝜈 + 𝑒𝑛𝑒𝑟𝑔𝑦
  OR  

𝑝 → 𝑛 + 𝑒1
0 + 𝜈1

0
1
1  


