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The Decay Constant and Half–Life 
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The Decay Constant (λ) 
The decay constant is found by using the equation (∆N =  - λN∆t) because it has been calculated 
that the number of radioactive nuclei, ∆N, that decay in a small time interval, ∆t, is proportional 
to N, where λ is the decay constant.  
     ∆N = - λN∆t 
 
The negative sign signifies that N decreases with time - ∆N is negative. The value of λ for any 
isotope determines the rate at which that isotope will decay. 
 
The Decay Rate (R) 
 The decay rate, or activity, R, of a sample is defined as the number of decays per second.    

                             ∆NR= =λN
∆t

 

From this equation we see that isotopes with a large λ value decay at a rapid rate and those with 
a small λ value decay slowly. 
 
Half-Life (T1/2) 
 Using calculus, a general decay curve for a radioactive sample can be shown. This curve 
is based on the equation    
   N =  N0 e -λt   
  
 Where N is the number of radioactive nuclei present at time t, 

N0  is the number present at time t = 0, 
and e = 2.718 is the base of the natural logarithms. 

 
Processes that obey this equation are said to undergo exponential decay.  A more useful 
expression of radioactive decay is the half-life, T1/2. The half-life of a radioactive substance is the 
time it takes half of a given number of radioactive nuclei to decay.  A modification of this 
expression  

N = N0 e -λt  
substituting N = N0 /2   and   t = T1/2 into the equation leads to N0/2 = N0 e -λT

½   
   

which can be rewritten:   1/2
ln(2) 0.693T = =
λ λ

 

 
This is a convenient expression relating the half-life to the decay constant.  Notice that after an 
elapsed time of one half-life, N0/2 radioactive nuclei remain (by definition), after two half-lives 
N0/4 nuclei will be left and after 3 half-lives N0/8 nuclei will be left.  


