RADIOACTIVE DECAY

The ACTIVITY, dN = N  from Module 1.

                            dt

There is a corresponding exponential decay equation, N = Noe-

i.e. the number N of undecayed atoms left after time t is proportional to the number No you began with.

Compare this with 

Current I = dQ/dt,  so  dQ/dt = Q
                                                 RC

i.e. the rate of flow of charge is proportional to the charge Q remaining on the capacitor.

(Strictly, dN/dt is negative. If you differentiate N = Noe-

you obtain dN/dt = (No) (-)e-
                            = - Noe-

                  dN/dt = - N) 

Task 1: Starting with N = Noe-obtain a straight line graph from this equation.

Also from Module 1, Half-life, t 1/2 = ln 2/orln  t ½.    What is the definition of half-life?
Additional formula

Since the Activity, dN = N,  

                               dt

you can see that the activity (A) is proportional to the number of  undecayed atoms, N. 

This means that N = Noe- can also be written A = Aoe- , 

where A = activity at time t, Ao = activity at time t = 0    

Worked examples

1. A sample of radioactive material has an activity of 9.00 x 1012 Bq. The material has a half-life of  80.0s. How long will it take for the activity to fall to 2.00 x 1012 Bq?

Answer: A = Aoe-

e-



Take naturals logs of both sides => ln(A/Ao) = - t

       and use ln  t 1/2


   ln (2.00 x 1012 / 9.00 x 1012 ) = ( ln 2/80.0) x t



   -1.504 = 8.664 x t

                     t = 174 s

2. A sample of a radioactive material contains 10 18 atoms. The half-life of the material is 2.000 days. Calculate (a) the fraction remaining after 5.000 days and (b) the activity of the sample after 5.000 days.

Answer: (a) Since N = Noe-, the fraction, N/No, remaining after time t is given by



N/No =  e-


    t  =  (ln 2/2.000) x 5.000  =  1.7328



N/No =  e-1.7328  = 0.1768

i.e. fraction remaining after 5.000 days = 0.1768

(b)    dN = -N 

         dt

        N = 0.1768 x 1018    and    =   0.6931/(2.000 x 24 x 3600)

So    dN = - 0.6931 x  0.1768 x 1018 

         dt        2.000 x 24 x 3600


  =  - 7.092 x 1011 s-1  

Task 2: 

P 58 Ch. 11 Qn. 1, 4, 5. 

P 59 Ch. 12 Qn. 1,5 – Caps; Qn 2,3,4 – Rad decay.

sheet “Questions 52B”

P 66-7  Qn 6, 9.

