




The Nuclear (Strong) Force 
 Short Range, only a few fm 

Nuclear Matter is uncompressible ; repulsive at very short range (< 1 fm) 
Attractive over a range of a few fm 

 a given nucleon only interacts with its next neighbors in the nucleus 
 
 Negligible at long distances 
 
 Same force for protons and neutrons 

uncompressible 





Units and Dimensions 

Enrico Fermi 

Atom Nucleus 

Force Coulomb Strong 
Binding Energy The hydrogen 

atom: 13.6 eV 
2H:   2.2 x 106 eV  
         2.2 MeV 

Size: the order of magnitude is 1fm = 10-15m (a femtometer or fermi) 
Radius (assuming nucleus = sphere): R = R0.A1/3 with R0 = 1.2 fm 
 
Nuclear Density: 1017 kg/m3  100 million tons per cm3 !!! 
   density found in the core of a neutron star 
Nuclear matter is uncompressible (properties of the strong force) 
 
Energy: 
units: 1eV = 1.602 x 10-19 J   energy gained by a single unit of electronic charge 
         when accelerated through a potential of one volt  
 
Binding energy: mass of the constituents – mass of the product 



How to calculate  
the binding energy ? 

The hydrogen atom:   
we win energy by bringing together the proton and the electron (13.6 eV) 
 
 Equivalence Energy  Mass: E = m.c2 

  
 Binding energy (B) = mass of the constituents – mass of the product 
   = (mpc2+mec2) – mHc2 

   = 13.6 eV 
     with: mpc2 = rest mass of the proton = 938.28 MeV 
  mec2 = rest mass of the electron = 0.511 MeV = 511 keV 
  the Hydrogen atom weighs less than its constituents 
  One needs to provide 13.6 eV to take the hydrogen atom apart 
 
 Binding energy is also called Mass deficiency 
 
Any atom (defined by Z): B = mNucleusc2 + Z. mec2 – mAtomc2 
 

     How do we calculate mNucleusc2 ? 



Binding energy of the nucleus 
The nucleus: 
 1H nucleus = free proton  Binding energy = 0 (but still has a rest mass) 
 2H (deuterium) = one proton and one neutron 
   B = (mpc2+mnc2) – mDc2 = 2.2 MeV 
 
 A

ZX : B = (Z.mpc2+N.mnc2) – mXc2  
  
Example: 
 56Fe (Z=26)  
  m56Fe = 55.934969 u (or amu, atomic mass unit = 931.5 MeV/c2) 
  with: mp = 1.007825 u & mn = 1.008665 u 
 
 B(56Fe)  = 26 x 1.007825u.c2 + 30 x 1.008665u.c2 – 55.934969u.c2 

  = 0.528461u.c2 = 492.3 MeV 
   Very large number compared to B’s in atomic physics 
 
1g of 56Fe broken into protons and neutrons per second would generate 8.5.1011 Watt !!! 
          850 GWatt 



Average Binding Energy 
(how tightly are nucleons held together?) 

Average binding energy produced by the strong force can be expressed by 
dividing the total Binding Energy of the nucleus by its mass number (B/A) 
 B/A ~ 7-8 MeV is a typical value 
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