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 The year 1896 marks the birth of nuclear physics when 
French physicist Antoine-Henri Becquerel (1852–1908) 
discovered radioactivity in uranium compounds. 

 Ernest Rutherford showed that the radiation emitted from 
radioactive substances is of three types alpha, beta, and 
gamma rays classified according to the nature of their 
electric charge and their ability to penetrate matter and 
ionize air.  

 After alpha-particle scattering experiments, subsequent 
studies revealed the presence of a new type of force, the 
short-range nuclear force, which is predominant at particle 
separation distances less than approximately 10-14 m and is 
zero for large distances. 



Some Properties of Nuclei 

All nuclei are composed of two types of 

particles: protons and neutrons 

1- Charge and Mass 
The proton carries a single positive charge e, 

equal in magnitude to the charge -e on the 

electron (e = 1.6 × 10-19 C).  
The proton is approximately 1 836 times as 
massive as the electron, and the masses of the 
proton and the neutron are almost equal. 

The atomic mass unit u is defined in such a way 

that the mass of one atom of the isotope 12C is 

exactly 12u, where (1 u = 1.660539×10-27 kg) 

which is equal to the proton or neutron mass.  



How six protons and six neutrons, each having a mass larger than 1 u, can be 

combined with six electrons to form a carbon-12 atom having a mass of exactly 12 u? 

The bound system of 12C has a lower rest energy than that of six separate protons 

and six separate neutrons. According to Equation (E = mc2), this lower rest energy 

corresponds to a smaller mass for the bound system. The difference in mass accounts 

for the binding energy when the particles are combined to form the nucleus. 



2- The Size and Structure of Nuclei 

Rutherford used, in scattering experiment, the isolated system 

(energy) analysis model to find an expression for the 

separation distance d at which an alpha particle approaching 

a nucleus head-on is turned around by Coulomb repulsion.  

Rutherford found that the alpha particles approached nuclei to within 3.2 ×10-14 

m. Rutherford concluded that the positive charge in an atom is concentrated in a 

small sphere, which he called the nucleus, whose radius is no greater than 

approximately 10-14 m (                     ) 



3- the volume and density 

In the early 1920s, it was known that the nucleus of an atom contains Z protons and 

has a mass nearly equivalent to that of A protons, where on average A ~ 2Z for lighter 

nuclei (Z ≤20) and A < 2Z for heavier nuclei.  

To account for the nuclear mass, Rutherford proposed that each nucleus must also 

contain N-Z neutral particles that he called neutrons. In 1932, British physicist James 

Chadwick discovered the neutron. 

 Other experiments have shown that most nuclei are approximately spherical and 

have an average radius given by  
 
 

where a=1.2×10-15 fm  

Because the volume of a sphere is proportional to the cube of its radius, it follows that 

the volume of a nucleus (assumed to be spherical) is directly proportional to A, the 

total number of nucleons. This proportionality suggests that all nuclei have nearly the 

same density. When nucleons combine to form a nucleus, they combine as though 

they were tightly packed spheres.  





4-Nuclear Stability 
 The nuclear force is a very short range (about 

2 fm) attractive force that acts between all 

nuclear particles. The protons attract each 

other by means of the nuclear force, and, at 

the same time, they repel each other through 

the Coulomb force. 

The nuclear force is independent of charge. 

The depth of the n–p potential energy well is 

40 to 50 MeV, and there is a strong repulsive 

component that prevents the nucleons from 

approaching much closer than 0.4 fm  



• The existence of the nuclear force 

results in approximately 270 stable 

nuclei; hundreds of other nuclei have 

been observed, but they are unstable. 

N= Z for light nuclei. Also notice that in 

heavy stable nuclei, the number of 

neutrons exceeds the number of protons: 

above Z=20, the line of stability deviates 

upward from the line representing N =Z? 
• Eventually, the repulsive Coulomb forces 

between protons cannot be compensated by 
the addition of more neutrons. This point 
occurs at Z=83, meaning that elements that 
contain more than 83 protons do not have 
stable nuclei. 






