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Useful Constants

Permeability of Vacuum m, = 4p x107" Hm™
Electron charge e=1.6x10"C
Electron Mass M, =9.11x10"*"kg
Permittivity of Vacuum e, =8.85x10"*Fm™
Boltzman constant K =1.38x102JK ™
Q1. a) What is Crystallization? (2 marks)
1) Why is the Debye model for specific heat capacity of solids
preferred over Einstein’s model? (4 marks)
b) What are the limitations of the free electron model ? (3 marks)
Ii) State Curie’s law. (2 marks)
c) Explain what is meant by zero point energy and give the
mathematical expression used to calculateit. (3 marks)
I1) State two main causes of electrical resistivity in a conducting solid.
(2 marks)
d) Explain how thermal conduction takes place in solids. (4 marks)
1) What is superconductivity? (2 marks)
e) Briefly describe the following statistics:
1) Fermi-Dirac (2 marks)
i) Bose- Einstein (2 marks)
1) Maxwell’s-Boltzmann (2 marks)
Q2. a) Derive the density of statesin the form
v o(2m )2 _y
r(E)_sz[hz] e (6 marks)

I1) Using the density of states equation above show that the kinetic
energy of athree dimensional gas containing N free electrons at 0 K
isgiven by

U, = g NE, (6 marks)

b) Briefly describe the following crystal growth techniques:

1) Liquid phase epitaxy

I1) Vapor phase epitaxy

1i1) Molecular beam epitaxy

iv) Chemical beam epitaxy (8 marks)

Q3. @ Assuming afree electron model, write down the Schrodinger
eguation for this problem and obtain the general solution to the
problem by setting the correct boundary conditions, given that the
distance between the wallsisL. (6 marks)



i) Obtain the expression for the Energy eigen values. (6 marks)

b) The energy of N oscillators in the Einstein’s model of specific heat
capacity of asolidisgivenby E=N(n)aw where (n) isthe Bose-
Einstein distribution function, Show that the heat capacity at constant
volumeis given by
ebhw

(ebhw _1)2

(Assume each of the atoms N has 3N degrees of freedom)

C, = 3NKg (bAw)? (8 marks)

Q4. @) Distinguish between type | and type || superconductors. (4 marks)
i) Determine the value of the Hall constant for a sample of p-type
germanium of conductivity 100Q'm™ ( Take m, = 0.39m*vV 's™ and

m, = 0.19m?*V s for germanium) (3 marks)
111) What causes Magnetic properties in amaterial? (4 marks)
b) Discuss the following magnetic properties
1) Diamagnetism
I1) Paramagnetism
1ii) Ferromagnetism (9 marks)

Q5. a) Show that the field inside a solenoid with a soft iron coreis given by

B=mmH
where m =1+ ¢, where the symbols have their usual meanings.
(6 marks)

b) Calculation of Fermi-energy of some monovalent elements gave the
following results.

Metal | Cu Li Rb Cs Ag K

E.(eV)| 704 [474 |18 [153 |[551 |212

If the Fermi velocity of the electrons in one of the metals above
seriesis 0.73x10°m/s,

1) Identify the metal. (5 marks)

1) Compute its Fermi temperature. (3 marks)

111) Would the Fermi temperature of a metal like Ag be higher or
lower if the electrons had the same velocity? (2 marks)

¢) Name the factors that determine the value of Debye temperature of
aparticular element? (4 marks)



