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and combining this with (6.42) we get

h̄
dk

dt
= −eE . (6.45)

This equation is quite plausible from the case of free electrons where the
momentum p = h̄k but we have already shown that h̄k is not the momentum
for Bloch electrons. Nevertheless, the equation of motion is correct. It means
that an electric field causes the Bloch electrons to change their k and the rate
of change is given by the field strength.

The situation for a partially filled band with no applied field is shown in
Fig. 6.13(a). When the field is turned on the electrons will have changed
their k by dk after some short time dt, giving rise to the more asymmetric
distribution in Fig. 6.13(b). (6.45) suggests that the distribution would
become increasingly asymmetric with time. In reality, however, there will be
an inelastic scattering mechanism with a relaxation time τ which prevents
this from happening. Such a process, shown in Fig. 6.13(b), brings back the
electrons close to kF to lower energy unoccupied states close to −kF . The
combination of field acceleration and inelastic scattering leads to a stationary
state in which the all electrons are displaced by some δk. In most cases δk
will be rather small compared to the size of the Brillouin zone. The inelastic
scattering also leads to a finite resistance.

According to (6.42) the asymmetric distribution in k corresponds to a
asymmetric distribution of the group velocities of the electrons as well. While
the whole distribution has been moved by δk, most electrons have ended up
in states which had been occupied before by other electrons and nothing
has changed. The only points where the change is important is around the
Fermi level crossings −kF and kF . In in Fig. 6.13(b) the asymmetry of the
distribution implies that there are more electrons with a group velocity to
the right than to the left, i.e. there is an electric current flowing. Obviously,
the size of the current depends on the group velocity of the electrons at the
Fermi level.

Fig. 6.13(c) and (d) illustrate the situation for electrons in a filled band.
As the field is applied, these electrons are also moved by a certain δk. But
this does not change the state at all because all electrons move into states
which had also been occupied before the field was turned on: the filled band
does not contribute to the conduction. Note that this is perfectly consistent
with the fact that h̄k cannot be interpreted as the momentum of the Bloch
electrons. Here we increase h̄k for all electrons but the average momentum is
obviously still zero. The picture is also consistent with our previous definition
of metals and insulators. In an insulator all the bands are completely filled
and hence no current can be passed through it.

It is quite instructive to combine (6.45) with (6.42) in the following way.
Consider the acceleration of an electron initially travelling with the group
velocity vg

a =
dvg

dt
=

1

h̄

d

dt

dE(k)

dk
=

1
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d2E(k)
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. (6.46)
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δk = eEτ/� ≈ 106m−1
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• put electrons into a state 
above the Fermi energy 
(they live longer).

• look at these electrons 
with photoemission.

• generate a current and 
see what happens.
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