
Free electron theory 

Postulates 

1. The valence electrons of metallic atoms are free to move about the whole volume of the metals 

like the molecules of a gas in a container. The collection of valence electrons from all the atoms 

in a given piece of metal forms electron gas. It is free to move throughout the volume of the 

metal. 

2. These free electrons move in random directions and make collisions with either positive ions 

fixed in the lattice or other free electrons. All the collisions are elastic i.e., there is no loss of 

energy. 

3.  The movements of free electrons obey the laws of the classical kinetic theory of gases. 

4.  The velocities of free electrons in a metal obey the classical Maxwell-Boltzmann law of 

distribution of velocities. 

5.  The free electrons move in a completely uniform potential field due to ions fixed in the lattice. 

6.  When an electric field is applied to the metal, the free electrons are accelerated in the direction 

opposite to the direction of applied electric field (towards positive terminal of the source). The 

average velocity acquired by an electron in the presence of electric field is known as ‘drift 

velocity (vd). 

7. In the absence of the electric field, the distance traveled between two successive collisions is 

called mean free path (λ) and the time taken by an electron between two successive collisions is 

known as relaxation time (τ). The average velocity of free electrons is called ‘root mean square 

velocity, (vrms) or thermal velocity of electrons. 

 

Success of theory: It was only able to explain the properties of metals such as 

1. Electrical conductivity. 

2. Ohm’s law 

3. Thermal conductivity 

4. Wiedemann-Franz law 

5. Complete opacity of metals and their high luster. 

 

Failure of the theory 

1. It could not explained the difference between conductors, insulators and semiconductors 

2. It is found that divalent and trivalent metals are not good conductors even though the theory 

say the conductivity is proportional to the free electron concentration. Rather monovalent 

metals Cu, Ag, Au, etc are good conductors. 

3. Some of the metals exhibit positive Hall coefficients, while the free electron theory predicts 

negative hall coefficients for all the metals.  


