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Exercise 22 (2+1+1+1P)

In Aluminium (Debye-temperature θ = 428K, density ρ = 2.7 g/cm3, molar mass M=27 g/mol), three elec-
trons per atom contribute to the electron gas.
a) Determine the ratio between the phonon part Cph (Debye-model) and the electron part Cel (free electron
gas) of the heat capacity for T � θ.
b) Determine the Fermi-temperature TF of Aluminium.
c) At which temperature is Cph(T ) = Cel(T )?
d) What is the ratio at room temperature? (Use the high-temperature value for Cph, i.e. Dulong-Petit)

Exercise 23 (4P)

Use the internal energy U = V
∫ EF
0 D(E)EdE to deduce a relation between the pressure and the volume of

a non interacting free electron gas at 0K.
How large is this pressure for Copper (electron density: nCu = 8.47 × 1028m−3)?
Advice: Use the thermodynamical relation p = −(∂U∂V )T,N .

Exercise 24 (3P)

The speci�c resistance of aluminium is ρ = 2.65 × 10−8 Ωm at 300K. Aluminium has a face centered cubic
structure with a lattice constant of a = 0.405 nm. (Advice: 3 electrons per atom participate in the electron
gas. Use the free electron mass for the e�ective mass m*)
Calculate:

a) The relaxation time, and
b) the drift velocity of the electrons vD in a wire with a pro�le of 1mm2 and a �owing current of 1A.


