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Radioactivity      

Radioactive decay  is the spontaneous release off energy from heavy 

atoms into: 

• New element by emitted α, β-, β+, proton. 

• New isotope by emitted neutron. 

• The same isotope of the element by emitted gamma. 

 

 

 

    

 

Activity: 

It's the number of atoms decay per unit time (disintegrations /s), it's 

measured by curie (Ci) or Becquerel (Bq). 

Curie: 

It is the activity of one gram of pure radium. It's the old unit of 

activity .It is a very large amount of activity, so the sub-multiples of curie 

are commonly used; mCi, µCi,nCi , pCi . 

Becquerel:  

Becquerel is disintegration per second (dps) or (d/s).It is a very 

small unit, so the multiples of Becquerel are commonly used: 

1kBq =103 Bq   ,1 MBq = 106 Bq,  1 GBq =109Bq. 

 
Note: 1Ci =3.7x1010Bq. 
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Law of radioactive decay : 

Unstable nuclei decay spontaneously and randomly, this process 

doesn't occur quickly, if it was done quickly, there were no radioactive 

elements heavier than lead on the earth's surface. 

The higher the number of the non-decadent nucleus, the greater 

the radioactivity of the nucleus. This mean the radioactivity or the 

disintegration rate relative to time (dN/dt) is proportional to the number 

of radionuclides remain without disintegration (N) after time (t). 

 

-dN/dt α N                     the negative sign means N decrease as time increase. 

dN/dt  = - λN               (λ) is the decay constant in(s-1), and constant for isotope. 

ʃdN/N = - ʃλdt                 by the integration .  

ln [N]  =  - λdt 

ln(N) –ln(N0)  = - λt 

ln N/N0   =  - λt 

    N/N0  =  e-λt 

   N(t) = N0e
-λt                ….(1)            law of radioactive decay                   

  

Where: 

 N(t):  number of radionuclides remaining without disintegration at any time(t).  

 N0 :  is the initial number of radionuclides at  t = 0. 
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The activity  A(t):  

It’s the number of nucleus disintegrate in one second, it decreases 

exponentially with time, and It defines as the radioactivity of the sample. 

  A(t) = - dN(t)/dt 

  A(t) = - d(N0.e
-λt)/dt                                         by substituting N with eq.(1)     

  A(t) =  λN0. e
-λt            ….(2)                     by differentiation.      

  A(t) = λN(t)                  ….(3)                      by substitute N0.e
-λt  with  N(t).      

  A(t) = A0 .e
-λt                .…(4)                     because  A0 = λN0 at   t=0 .  

    Where A0 :is the initial activity of the sample at t=0. 

   A(t) = 100 -  N(t)                 .…(5) 

 
The half-life (t½): 

The half-life is the time required to decrease the activity of any 

radionuclide to one-half of its initial value. It's ranged from microseconds 

to billions of years. Radium has a half-life of 1620 years; therefore, 

starting with 1Kg of radium, 0.5Kg remains as radium after 1620 years, 

0.25Kg after 3240 years and so on. 
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Using equation (1):  N(t) = Nᵒ e
-λt         

        N(t½) = Nᵒ e
-λt½  = Nᵒ . ½     →    since : e-λt½  =  ½        at    t = t½                                                   

    - λt½ = ln ½   = -ln2          →  t ½ =  ln2 /λ 

        t½ = 0.693 / λ                    ….(6)       because ln(2)=0.693 
 
 
Mean or average life (Ƭ): 

It is the summation of the lifetimes of the individual atoms divided 

by the total number of atoms originally present.  

         Ƭ = 1/ λ            or         Ƭ λ=1 

         Ƭ =     t½           or           Ƭ =  1.45      or    Ƭ t½= 1.45       
                0.693                               t½ 
 

Specific activity (SA): 

Specific activity is the activity per unit mass, it's measured by Bq 

(or ci) / mass (or volume). The activity of radionuclides element is 

compute by: 

   A (activity) =  λN , 
   
Where N is the number of atoms and calculated by: 
 
   N =  (6.03x1023 atoms/mole)  x   W (g)  .      
           a (atomic mass number) g/mole                                                                            
                                             
 Where W is the weight in (g), a is the atomic mass number in (g/mole), 
thus specific activity is: 
 
S.A.  =    A   =    λN     = _λ_   x   6.03x1023  Bq/g x w(g)        
              W         W         W(g)                a 
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S.A. =  λ x  6.03x1023 Bq/g                                      
                          a  
 SA =  0.693 x 6.03x1023     ,          
             t½           a                                     
  
SA  =  4.18x1023 Bq/g              … (7) λ and t½ are given in seconds.  
                 t½ x a 
 

 

Q1: what is the difference between N(t) and A(t)? 

Q2: what is the difference between (t½) and Ʈ? 

 

 

Examples 

Q1: Calculate the decay contact and the activity fo r one microgram 

(10-6g) of radium, if it's emit 3.7×10 4 alpha particles /second.  

Sln: 

In this case:  dN = 3.7×104   ,   dt= 1second,   

N=   number of radium atoms  =     Avogadro's number                
             Mass of one mole (M)           1 Microgram                      
 
N    =    6.03×1023   atoms/mole x W(g) 
                  a (atomic no. (g /mole)) 
   

Where    :a = 226   the atomic weight of radium. 

               W = 1 x10-6 g   the weight of the radium sample. 

 
N =  (6.03 ×1023)  × 10-6   =  2.66x1015 atoms 
            2.26x102 
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The decay constant, therefore is: 

 
λ =  dN/N  =   3.7 x104 atoms/2.66x1015 atoms  = 1.39 x 10-11 sec-1 
         dt                           1sec 
 

A = λN = 1.39 × 10-11 s-1 x 2.66 ×1015 atoms= 31.414 X 104 atom/s.                

 That is, the number of atoms decays /second in one microgram of 

radium are 314140. 

 

Q3: What is the percentage of a given amount of rad ium will decay 

during 1000year, if λ= 1.39x10-11(s-1)?  

sln: 

  λ t =  1.39x10-11(s-1)x 1000 y x 365d/y x24h/d x3600s/h 

       = 1.39x10-11 x1000x31536000 

       = 43835040x10-8 

       = 0.4383504 

      N(t) = N0e
-λt  

      N(t)/N0 =  e-λt  = e-0.438 =0.645 =64.5% 

The percentage (A/A0) that was transformed or decay during (1000year) 

period, therefore, is:   A(t)/ A0  =  100%  - N(t)/N0 

                    A(t)/ A0  =  100%  -  64.5% = 35.5%                                

                     

Q4: If the decay constant ( λ) of Ra-226 is 4.38x10 -4 /year, calculate 

the half –life ( t½)?                

Sln: 

  t½ = 0.693 / λ =0.693 /4.38x10-4 yr-1 = 1.6 x 103 years. 
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Q5: compute the S.A.  of radium if a =226 gm/mole, t½ =1600y. 

Sln:   

A = λN        

N = 6.03x1023 atoms/mole x 0.693  x   1y  x  1d_  x    1h  x     1m  
                    226                      1600y    365d     24h    60min     60sec 
 

S.A. =  3.66 x1010atoms  =  3.66 x1010  Bq 
                 g.sec                        g 
 

S.A = 3.66 x 1010 Bq/g  = 
 
3.7 x 10

10 
dps =1Ci exactly. 

 

 

Q6: What is the remaining mass of a 100 of a U-232 after 250 

years? If you know that the half-life of uranium-23 2 is 68.9 years. 

Sln: 

    A(t) = A0 .e
-λt                 

    A(t) = 100 .e
-(0.693/68.9)x250 

    A(t) = 100 .e
-0.01x250       ,  A(t) = 100 .e

-2.5     

    A(t) = 100 ×0.082   = 8.2  gm 

     

Q7: A radioactive material of 30gm and half-life of  1day. How much 

grams of sample will remain after 5days? 

Sln 1:  

N(t) = N0 e
-λt  ,N=30× e-(0.693/1 )×5 =30× e-3.465  =30×0.03127 = 0.938gm 

 

Sln2:                      

            1day                  1day                  1day                1day               1day 

 
30gm 15gm 7.5 3.75 1.875 0.9375 
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Q8: Calculate the decay constant for a Radionuclide hav ing a 

radioactivity of a 5000 d/s when measured at the be ginning of 

time and a 1500 d/s after 90 seconds time.  

Sln:     
A(t) = A0 .e

-λt  ,   1500=5000 e-λ90   ,1500/5000 =  e-λ90      ln0.3=-90λ 
 
 λ =   -1.203/ - 90 = 0.0133  

                                    

Q9: A radioactive material of 20gm, have 12.5 years. Who much gm of the sample 

will remain after 50years? 

Q10: Nobelium-259 has a half-life of 58minutes. How much remains of 1kg 

sample after 1days? 

Q11: A certain container has a 0.56 g of 90Sr . Calculate the activity of the material 

in units of curies? 

Q12: A 30gm sample of Po-239 will decay by one Kg in 1180years. What is the 

half-life of Po-239? 

      

 

 

 

 

 


