
V(x)=-­‐eEx	
  

No	
  

Yes	
  

E-­‐field	
  

V(x)=-­‐eEx	
  

No	
  

No	
  

Only	
  electrons	
  close	
  to	
  the	
  Fermi	
  level	
  par>cipate	
  to	
  conduc>on	
  (qualita>ve	
  argument)	
  

An	
  electron	
  can	
  only	
  jump	
  into	
  an	
  empty	
  level	
  (Pauli	
  repulsion).	
  
Further,	
  he	
  can	
  only	
  go	
  down	
  in	
  energy	
  or	
  “go	
  up”	
  into	
  a	
  level	
  located	
  within	
  kBT.	
  
Remember	
  that	
  kBT	
  <<	
  Fermi	
  energy.	
  

Metal	
  !!	
   Semiconductor	
  or	
  Insulator	
  !!	
  

Energy	
  gap	
  between	
  occupied	
  	
  
and	
  unoccupied	
  levels:	
  
	
  	
  
kBT	
  =	
  25	
  meV	
  	
  (room	
  temperature)	
  
Silicium	
  gap	
  =	
  1.2	
  eV	
  (semiconductor)	
  
Diamond	
  gap	
  =	
  5.5	
  eV	
  (insulator)	
  

e-­‐	
   ?	
   If	
  there	
  is	
  a	
  large	
  energy	
  gap	
  between	
  the	
  
highest	
  occupied	
  energy	
  level	
  and	
  the	
  lowest	
  
unoccupied	
  level,	
  conduc>on	
  is	
  impossible.	
  



Recall that although TF is called the Fermi temperature, it is not the electron
temperature, but only a convenient reference notation.

Experimental Heat Capacity of Metals

At temperatures much below both the Debye temperature ! and the
Fermi temperature TF, the heat capacity of metals may be written as the sum
of electron and phonon contributions: C ! "T " AT3, where " and A are con-
stants characteristic of the material. The electronic term is linear in T and is
dominant at sufficiently low temperatures. It is convenient to exhibit the ex-
perimental values of C as a plot of C/T versus T2:

(37)

for then the points should lie on a straight line with slope A and intercept ".
Such a plot for potassium is shown in Fig. 9. Observed values of ", called the
Sommerfeld parameter, are given in Table 2.

The observed values of the coefficient " are of the expected magnitude,
but often do not agree very closely with the value calculated for free electrons
of mass m by use of (17) and (34). It is common practice to express the ratio of
the observed to the free electron values of the electronic heat capacity as a
ratio of a thermal effective mass mth to the electron mass m, where mth is de-
fined by the relation

(38)

This form arises in a natural way because #F is inversely proportional to the
mass of the electron, whence " ! m. Values of the ratio are given in Table 2.
The departure from unity involves three separate effects:

• The interaction of the conduction electrons with the periodic potential of
the rigid crystal lattice. The effective mass of an electron in this potential is
called the band effective mass.

mth
m  ! 

"(observed)
"(free)

 .

C/T ! " " AT2 ,
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Figure 9 Experimental heat capacity values for potassium, plotted as C/T versus T2. (After 
W. H. Lien and N. E. Phillips.)
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Experimental	
  specific	
  heat	
  (Ki\el,	
  Chapter	
  6,	
  Free	
  Electron	
  Fermi	
  gas)	
  

Fermi-­‐Dirac	
  distribu>on	
  (Ki\el,	
  Chapter	
  6)	
  	
  


