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At first glance it is surprising that any material obeys Ohm’s law since in the presence 
of an electric field, a free electron experiences a force of magnitude e. If this were 
the only force acting on the electron, it would have acceleration e>me and its veloc-
ity would steadily increase. However, the agreement of Ohm’s law with experiment 
implies that there is a steady-state situation in which the drift velocity of the electron 
is proportional to the field  because the current I is proportional to both  and vd, that 
is, vd = j>ne = sE>ne. In the classical model, it is assumed that a free electron is 
accelerated for a short time and then collides with a lattice ion. After the collision, the 
velocity of the electron is assumed to be completely unrelated to that before the colli-
sion. The justification for this assumption is that, as we have seen, the drift velocity is 
very small compared to the average thermal velocity With the average speed given by 
Equation 10-9 and the mean free path by Equation 10-12, the resistivity has been 
expressed in terms of the properties of metals, which was the objective of the classical 
theory of conduction. According to Ohm’s law, the resistivity is independent of the 
electric field . The only quantities in Equation 10-13 that might depend on the elec-
tric field are the average speed 〈v〉 and the mean free path l. As we have seen, the drift 
velocity, a result of the applied electric field, is very much smaller than the average 
thermal speed of the electrons in equilibrium with the lattice ions. Thus, the electric 
field has essentially no effect on the average speed of the electrons. The mean free 
path of the electrons depends on the size of the lattice ions and on the density of the 
ions, neither of which depends on the electric field . Hence, the classical model pre-
dicts Ohm’s law with the resistivity as given by Equation 10-13.

Although successful in predicting Ohm’s law, the classical theory of conduction 
has several defects. We saw from Example 10-5 that the magnitude of the resistivity 
of copper calculated from Equation 10-13 is about 7 times the measured value at T  
300 K. The temperature dependence of r is also not correct. Experimentally, the resis-
tivity varies linearly with temperature over a wide range of temperatures. The tem-
perature dependence of resistivity in Equation 10-13 is given completely by the speed 
〈v〉, which according to Equation 10-9 is proportional to T

1
2. Thus, this calculation 

does not give a linear dependence on temperature. Finally, the classical model says 
nothing about why some materials are conductors, others insulators, and still others 
semiconductors.

In the quantum-mechanical theory of electrical conduction, which is discussed in 
Section 10-4, the resistivity is again given by Equation 10-13, but the average speed 
and the mean free path are interpreted in terms of quantum theory. We discovered in 
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Section 8-5 that the average energy of the electrons, hence their average speed, is not 
proportional to T

1
2, but is approximately independent of T because electrons do not 

obey the Boltzmann distribution law, but instead obey the Fermi-Dirac distribution. 
Also, in the quantum-mechanical calculation of the mean free path the wave nature of 
the electron is important and must be taken into account.
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