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Magic Numbers: 
 
The binding energies predicted by the Liquid Drop Model underestimate the actual binding 

energies of “magic nuclei” for which either the number of neutrons N = (A - Z) or the 

number of protons, Z is equal to one of the following “magic numbers” 

2, 8, 20, 28, 50, 82, 126. 

 

This is particularly the case for “doubly magic” nuclei in which both the number of neutrons 

and the number of protons are equal to magic numbers. 

For example for 56 28Ni (nickel) the Liquid Drop Model predicts a binding energy of 477.7 

MeV, whereas the measured value is 484.0 MeV. Likewise for 132 50 Sn (tin) the Liquid Drop 

model predicts a binding energy of 1084 MeV, whereas the measured value is 1110 MeV. 

 

 

Nuclear Shell Model: 

 
It has been found that the nuclei with proton number or neutron number equal to 

certain numbers 2,8,20,28,50,82 and 126 behave in a different manner when compared to 

other nuclei having neighboring values of Z or N. Hence these numbers are known as magic 

numbers. This is found to be in accordance with the observed nature of elements with filled 

shells. Thus Physicists looked at such a possibility in case of filling of nucleons in the nucleus. 

Thus a new model of nucleus has emerged. This model is known as the Shell model. 

 

Experimental evidences for the existence of magic numbers; 

 

1. The binding energy of magic numbered nuclei is much larger than the neighboring 

nuclei. Thus larger energy is required to separate a single nucleon from such nuclei. 

2. Number of stable nuclei with a given value of Z and N corresponding to the magic 

number are much larger than the number of stable nuclei with neighboring values of Z 

and N. For example, Sn with Z=50 has 10 stable isotopes, Ca with Z=20 has six stable 

isotopes. 

3. The neutron (proton) separation energies (the energy required to remove the last 

neutron (proton)) peaks if N (Z) is equal to a magic number. 
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4. If N is magic number then the cross-section for neutron absorption is much lower than 

for other nuclides. 

 
5. Three naturally occurring radioactive series decay to the stable end product Pb with 

Z=82 in three isotopic forms having N=126 for one of them. 

6. Nuclei with the value of N just one more than the magic number spontaneously emit a 

neutron (when excited by preceding beta-decay) E.g., O-17, K-87 and Xe-137. 

7. Electric quadrupole moment of magic numbered nuclei is zero indicating the spherical 

symmetry of nucleus for closed shells. 

8. Nuclei with magic numbers of neutrons or protons have their first excited states at 

higher energies than in cases of the neighboring nuclei.                    
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 Independent particle model 
 
Harmonic oscillator potential: 
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 Spin – orbit potential 
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