
Chapter 41

Conduction of Electricity in Solids



41.1: The Electrical Properties of Solids:

The electrical properties of solids can be categorized into following classes:





Energy Levels in a Crystalline Solid:

If we bring the atoms of Fig. 41-2a close together, their 

wave functions will overlap, beginning with those of the 

outermost electrons. Then we have a single two-atom 

system; here the system contains 2 x29 =58 electrons. 

If we bring up more atoms, we gradually assemble a lattice 

of solid copper. If the lattice contains N atoms, then each 

level of an isolated copper atom must split into N levels in 

the solid. 

Thus, the individual energy levels of the solid form energy

bands, adjacent bands being separated by an energy gap,

with the gap representing a range of energies that no 

electron can possess.







Insulators:





Metals:

If the electric potential energy U of a conduction 

electron is uniform throughout the lattice, let’s set 

U = 0, so that the mechanical energy E is entirely 

kinetic. Then the level at the bottom of the partially 

filled band of Fig. 41-5 corresponds to E =0. The 

highest occupied level in this band at absolute zero 

(T =0 K) is called the Fermi level, and the energy 

corresponding to it is called the Fermi energy EF; 

for copper, EF =7.0 eV.

The electron speed corresponding to the Fermi 

energy is called the Fermi speed vF. For copper the 

Fermi speed is=1.6 x106 m/s. All motion does not 

cease at absolute zero; at that temperature the 

conduction electrons are stacked up in the partially 

filled band of Fig. 41-5 with energies that range 

from zero to the Fermi energy.



Metals: How Many Conduction Electrons Are There?








