
Chapter 41

Conduction of Electricity in Solids



Metals: How Many Conduction Electrons Are There?









Metals: The Occupancy Probability P(E):





Fig. 41-8 (a) The density of occupied states No(E) for copper at absolute zero. The area under the curve is the 

number density of electrons n. Note that all states with energies up to the Fermi energy EF =7 eV are 

occupied, and all those with energies above the Fermi energy are vacant. (b) The same for copper at T =1000 

K. Note that only electrons with energies near the Fermi energy have been affected and redistributed.





Metals: Calculating the Fermi Energy:

(The number of occupied states per unit volume at 

T = 0 K for all energies between E=0 and E=EF).

(Here m is the electron mass)



41.2: Semiconductors and Doping:

Fig. 41-9 (a) The band–gap pattern for a semiconductor. It resembles that of an 

insulator except that here the energy gap Eg is much smaller; thus electrons, 

because of their thermal agitation, have some reasonable probability of being able 

to jump the gap. (b) Thermal agitation has caused a few electrons to jump the gap 

from the valence band to the conduction band, leaving an equal number of holes in 

the valence band.



Semiconductors: Temperature Coefficient of Resistivity:

(Here r is the resistivity)

The resistivity of copper increases with temperature (that is, dr/dT >0) because

collisions of copper’s charge carriers occur more frequently at higher 

temperatures. This makes a positive for copper. The collision frequency also 

increases with temperature for silicon. 

In contrast, the resistivity of silicon actually decreases with temperature (dr/dT 
<0) since the number of charge carriers n (electrons in the conduction band and 

holes in the valence band) increases so rapidly with temperature. (More electrons 

jump the gap from the valence band to the conduction band.) Thus, the fractional 

change a is negative for silicon.



Doped Semiconductors:








