
Home	Work	2	

Problem 1: From the general equation for momentum of an electron in the 
Drude model 

  
1) Solve for p(t)  
2) Calculate the following quantity:   

 
3) From 2 what is the physical meaning of T? 

	

Problem 2:  

	
Hint: Color is a good measure of the energy gap  in the interband transition 
ωo. 

402 4 Transport and Equilibrium Properties

The properties of electric current in metals is now being investigated. First, con-
sider the density of conduction electrons in metals. In the simplest approach, this
is

n =
ρ
M
NAZ, (4.55)

where ρ is the material density, M the molecular weight, NA the Avogadro number,
and Z the valence of the given atomic species. Insertion of typical numbers yields
electron densities of the order of n∼ 1022 cm−3 in most metals.

As to the electric conductivity, this has already been derived from (4.45) or
(4.47), leading to expression (4.50) in the special case of an isotropic mass tensor
M.

The physical meaning of the scattering parameter τ is an additional useful infor-
mation. Consider the case, typical enough, in which the scattering event lasts a very
short time on the scale of the average time between two scattering events: it turns
out that

Concept
Besides representing the average time between two scattering events, τ−1 mea-
sures the probability per unit time that an electron be scattered.

Indeed, starting from expression (4.47), one may calculate the average momen-
tum of the electrons p(t + dt) at time t + dt, once p(t) is known. This is:

p(t + dt) =
(

1− dt
τ

)
p(t) + f(t)dt + O(dt2). (4.56)

Here, 1−dt/ τ represents the probability that an electron be not scattered during the
time dt, and f(t)dt the impulse impressed by the external force f(t) during time dt.
Neglecting terms with higher than linear order in dt, one has

dp

dt
≃−p

τ
+ f(t), (4.57)

that is the same expression as (4.45). According to this relation, τ represents also
the average time between two scattering events. Indeed, the probability P(t + dt)
that the particle be not scattered in the time interval (0, t + dt) is:

P(t + dt) = P(t)
(

1− dt
τ

)
,

with P(t) being the probability that it is not scattered in the interval (0, t). One
therefore has:

dP(t)
dt

= −P(t)
τ

,

that, after time integration yields

P(t) = P(0)e−t/ τ .

4.3 Metals 403

The average time between two scattering events is by definition:

T =
P(0)

∫ ∞
0 te−t/τdt

P(0)
∫ ∞

0 e−t/τdt
= τ. (4.58)

Definition
The average distance traveled by electrons between two scattering events is con-
veniently introduced, that is named mean-free path, ℓ = vτ , in terms of the av-
erage particle velocity v and of τ .

The equation of motion (4.57) can be used to calculate physical quantities that
are relevant to characterize the transport behavior of metals. The general idea is that

Concept
The characteristic properties and behaviors of materials can be probed by ob-
serving the response of the system to external disturbances driving that given
property. To this aim, the type and symmetry of the external disturbance is to be
chosen so that it is suited to excite a fluctuation about the average value of that
given property. The wavelength and frequency of the external disturbance are
conveniently tuned to be on the length and time scales of the investigated fluc-
tuation. The way the system responds, reveals information on the interactions
between the particles, their statistical behavior, their effective dimensionality.

In addition,

Concept
When the external disturbance can be considered as slowly varying on the length
and time scale of typical dynamical processes that are probed into the material,
collision events are so frequent that each appropriately small sample volume
reaches almost instantaneously conditions of local thermodynamical equilib-
rium. In this highly collisional, so-called hydrodynamical regime, the thermo-
dynamical quantities such as temperature and chemical potential have a local
definition, they being almost uniform across each of the small sample portions.

The concepts above are extensively used in the following, under common enough
conditions in which the response of the system is linear in the external disturbance,
which in turn is slowly-varying on both the time and space scale of the microscopic
process under consideration.
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Hint for (b) and (c) -  For any  finite T τ is  finite.  However, at  zero  temperature 
τ goes to infinity. 


