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The fig. above shows a decay scheme for germanium  𝑮𝒆𝟑𝟐𝟕𝟐   

isotope.  The excited state (𝟎+) decay to the ground state 

(𝟎+) transferring of type (E0) , and with a half – life of 

(0.42𝝁s) , and in this case the transition will be internal 

conversion (E0) , while the near level from it in the 𝟐+      

(half – life of 3.1 ps) , and it can be decayed to the ground 

level by emission of  𝜸 − 𝒓𝒂𝒚𝒔  , with a transition of (E2) and 

with a very short time. Also , it can be decayed with internal 

conversion of coefficient (𝛂(𝐄𝟐) = 𝟒𝟗 ×  𝟏𝟎−𝟒). 

for (E0) transition 𝛄 = 0 

𝒕𝒐𝒕. = 𝒆 = 𝜶(𝐄𝟎) = 𝟎. 𝟔𝟗𝟑 𝒕𝟎⁄                    (7.33) 

and for (E2) transition (from eq. (7.28)) 

𝒕𝒐𝒕. = 𝛄(1 + 𝜶) = 𝜸(E2)[1 + 𝜶(E2)] = 
𝟎.𝟔𝟗𝟑𝒕𝟐                   (7.33) 

From these two equations [7.32 , 7.33] we can get the 

relation by which internal conversion coefficient type is  

(E0) can be calculated. 𝜶(𝐄𝟎)
𝒕𝒐𝒕.  = 

𝟎.𝟔𝟗𝟑 𝒕𝟎⁄𝟎.𝟔𝟗𝟑 𝒕𝟐⁄  = 
𝒕𝟐𝒕𝟎 
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 ∴  𝛂(E0) = 
𝒕𝟐𝒕𝟎 × (E2)[𝟏 +  𝜶(𝐄𝟐)]                  (7.34) 

Where (E2) can be calculated from the relation  

              (E2) = 7.28 × 𝟏𝟎𝟕 𝐀𝟒 𝟑⁄  𝐄𝟓 

And by substituting in eq. (7.34) with the given values , we 

can calculate the value of 𝛂(E0). 

 

 242)مثال محلول في كتاب الفيزياء النووية صفحة (

: calculate the internal conversion coefficient for       Example

                    the transition (E0) of  𝑮𝒆𝟑𝟐𝟕𝟐  nucleus , if you know   

                    that the internal coefficient for 𝟐+ → 𝟎+ transition 

                    is (4.9 × 𝟏𝟎−𝟒) , A = 72 , 𝒕𝟐 = 3.1 × 𝟏𝟎−𝟏𝟐 sec ,       

                    𝒕𝟎 = 0.42 × 𝟏𝟎−𝟔 sec , E = 0.834 MeV. 

E0                 : The internal conversion coefficient for  Solution

                    transition from 𝟎+ →  𝟎+ can be calculated               

                    from eq. (7.34) 𝛂(E0) = 
𝒕𝟐𝒕𝟎 × (E2)[𝟏 +  𝛂(𝐄𝟐)]                                

                          (E2) = 7.28 × 𝟏𝟎𝟕 𝐀𝟒 𝟑⁄  𝐄𝟓  

                                       = 7.28 × 𝟏𝟎𝟕 × (72)𝟒 𝟑⁄  × (0.834)𝟓 

                                       = 7.28 × 𝟏𝟎𝟕 × (3× 𝟏𝟎𝟐) × (0.4) 

                           (E2) = 8.8 × 𝟏𝟎𝟗 𝒔𝒆𝒄−𝟏 

                       ∴ 𝛂(E0) = 
𝟑.𝟏 × 𝟏𝟎−𝟏𝟐𝟎.𝟒𝟐 × 𝟏𝟎−𝟔 × 8.8 × 𝟏𝟎𝟗[1 + 4.9× 𝟏𝟎−𝟒] 

                                       = 64.95 × 𝟏𝟎𝟑 + 31.8 



                                       = (𝟔𝟒. 𝟗𝟓 + 𝟎. 𝟎𝟑𝟏) × 𝟏𝟎𝟑 

                          𝛂(E0) = 6.5 × 𝟏𝟎𝟒 

                          as it is expected  𝛂(E0) ≫ 𝛂(E2) 

 

 243 – 244)مثال محلول في كتاب الفيزياء النووية صفحة (

     : calculate the internal conversion coefficient        Example

                     𝛂𝑲(E2) for K – shell and (E2) transition , for the   

                     two decays of energy 1.72 MeV and 1.22 MeV of  

                     the two nuclei  𝑵𝒆𝟏𝟎𝟐𝟐  ,  𝑾𝟕𝟒𝟏𝟖𝟐   alternatively and       

                      then prove that the ratio of the two coefficients is 

                      equal approximately to the ratio between their     

                      atomic numbers. 

is an electric so we can use             : As the transition Solution

                    eq.(7.45) , where n = 1 for K – shell , as the             

                    transition type is (E2) , L = 2 

 𝛂𝑲(E2) = 
𝒁𝟑𝒏𝟑 × 

𝑳𝑳+𝟏 × ( 𝟏𝟏𝟑𝟕)𝟒 × (𝟐𝒎𝒆𝒄𝟐𝑬𝒊− 𝑬𝒇)𝟐+𝟓 𝟐⁄
 

For  𝑵𝒆𝟏𝟎𝟐𝟐  nucleus , 𝛂(E2) is equal  𝛂𝑲(E2) = 
(𝟏𝟎)𝟑𝟏𝟑  × 

𝟐𝟐+𝟏 × ( 𝟏𝟏𝟑𝟕)𝟒 × (𝟏.𝟎𝟐𝟐𝟏.𝟐𝟕 )𝟗 𝟐⁄
 

                                 = 𝟏𝟎𝟑 × 
𝟐𝟑 × (0.28 × 𝟏𝟎−𝟖) × (0.376) 

                                 = 0.07 × 𝟏𝟎−𝟓 

                  𝛂𝑲(E2) = 7 × 𝟏𝟎−𝟕 

                 For  𝑾𝟕𝟒𝟏𝟖𝟐   nucleus 



 𝛂𝑲(E2) = 
(𝟕𝟒)𝟑𝟏𝟑  × 

𝟐𝟐+𝟏 × ( 𝟏𝟏𝟑𝟕)𝟒 × (𝟏.𝟎𝟐𝟐𝟏.𝟐𝟐 )𝟗 𝟐⁄
 

                                  = 4.05 × 𝟏𝟎𝟓 × 
𝟐𝟑 × (0.28 × 𝟏𝟎−𝟖) (0.45) 

                   𝛂𝑲(E2) = 0.34 × 𝟏𝟎−𝟑 = 3.4 × 𝟏𝟎−𝟒 

 

Now we prove that the ratio between the two conversion 

coefficients is equal to the ratio between the atomic 

numbers of the two nucleus 

 𝜶𝑲( 𝑵𝒆𝟏𝟎𝟐𝟐 )𝜶𝑲( 𝑾𝟕𝟒𝟏𝟖𝟐 ) = (𝒁𝟏𝒁𝟐)𝟑
 

𝟕 × 𝟏𝟎−𝟕𝟑.𝟒 × 𝟏𝟎−𝟒 = (𝟏𝟎𝟕𝟒)𝟑
 

2 × 𝟏𝟎−𝟑 ≅ 2.4 × 𝟏𝟎−𝟑 


