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Question one

(a) (i) Explain briefly what is meant by statistical weight of a system of particles.
(3 marks)

(i) ~ What is the significance of statistical weight as regards the properties of the
system? . (2 marks)

(b) 1) A system has 4 distinguishable particles to be distributed among 6
non-degenerate energy levels each having energy 0, €, 2€, 3€, 4€ and 5€.
Obtain the various macrostates of the system if its total energy is 5€.

(3 marks)
(i)  Find the distribution of these particles in the above example
1. if they are bosons.
2, if they are fermions.
Give reason/s for your answers. (2 + 2 marks)
(©) )] What is meant by degeneracy of an energy level? (2 marks)

(ii)  Find the degeneracy of an energy level having energy £ = kn?, & being
aconstant and v* = n. 2+ n, >+ n,2 =14,

1, n,, 1, are quantum numbers corresponding to a quantum state.

' {4 marks)

(d) 1) Define density of states of a system of parﬁcles. "~ (2 marks)

(i)  Calculate the density of states at an energy level of 2.06 eV for a system of
fermions having volume 10 m’, (4 marks)

(iiiy  Sketch a graph to show how densify of states varies with energy. (1 mark)



Question Two

(2)

(b)

The Maxwell-Boltzmann distribution function for a system of classical particles in
thermal equilibrium is

n, = g, exp(a + ﬁSS)

where the symbols have their usual meanings.

A classical non-degenerate system has 2000 particles arranged in 3 energy levels havihg
energies 1 unit, 2 units and 3 units. The total energy of the system is 2600 units.

(D Use the above distribution function to find the values of & and f for the system.
(9 marks)

(i)  Use these values and the distribution function to find the occupation
of the energy levels. (3 marks)

(ili)  Verify your results numerically by finding the total number and total energy of the
system. {2 marks)

The differential form of Maxwell-Boltzmann distribution function in terms of speed is

3/2
n(V)dv = 47N (%} e ™ Y2 oy

Use this equation to obtain
i) the mean speed and (6 marks)

(ii)  the most probable speed of the molecules in a classical gas.
(5 marks)




Question Three

(a)

(b)

©

Show that in a system of bosons, for the most probable configuration, the distribution
function can be represented as

n, = 8 where the symbols have their usual meanings.
e——(a-(—ﬁss) _ }_

' (gs -1+ ns)!
Civen: statistical weight of a system of bosons W = H

¢ (g, - in,

(12 marks)

(i) State what each symbol represents in the Bose-Einstein condensation equation

. 32
v (2 mars)
_— | == marlks
N T,
(i)  Find the relationship between the number of particles N, in the ground state and
the temperature T. (2 marks)
(iii)  Draw a sketch to show how N, varies with temperature. (2 marks)

In a Bose-Einstein condensation experiment 107 atoms of a metal having atomic weight

85.47 g/mol were cooled down to a temperature of 200 nK. The atoms were confined to a

volume of 10 1° m?>.

(i) Calculate the condensation temperature 7T, (4 marks)

(i)  Calculate how many atoms were in the ground state at 200 nK (3 marks)




Question Four

(2)

(b)

Derive the quantum mechanical expression for the spectral distribution of energy from a
black body, '

rhe  dA
E(A)dA = 25 eMMT _
where the symbols have their usual meanings. (11 marks)

(1) Use the above Planck’s distribution function to show that the total energy radiated
from the black body is proportional to the fourth power of the absolute

temperature,
(See appendix for definite integrals) (8 marks)

(1i)  Given that the proportionality constant obtained in the above expression for the
total energy is equal to & (4/c), where O is the Stefan-Boltzmann constant and ¢
the velocity of light, calculate the value of 0. (6 marks)




Question Five
(a) (i) Define Fermi energy of a system of Fermions. : (2 marks)
(i)  State two differences between Fermi energy and Fermi level. (2 marks)

(b)

©

(iii) ~ What is the probability of occupation of an electron at the Fermi
level of an intrinsic semiconductor. (1 mark)

(i) Given the density of states for a system of Fermions,

4V
h3

g(&)de = 2m)** &' de

show that the Fermi energy is a function of the particle density of the system.(4 marks)

(ii) Calculate the Fermi energy of metal having electron density of 2 x10* m™, Express
your answer in electron volt. (4 marks)

With the help of an appropriate energy band diagram, show that the density of electrons
in the conduction band of a semiconductor is given by the expression:

2mkT\? | &r - &,
N, =2 exp

kT

where the symbols have their usual meanings. [Assume (€ - €, 2> k1] (12 marks)




Variocus definite integrals

Appendix 1
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Physical Constanis.

Quantity

Speed of light
Plank’s constant
Boltzmann constant
Electronic charge
Mass of electron
Mass of proton

Gas constant
Avogadro’s number
Bohr magneton

Permeability of free space

Appendix 2

symbol

€

14

RI IS FITO

N,
Hg
Ho

Stefan- Boltzmann constant @

Atmospheric pressure
Mass of ,' He atom
Mass of ,’ He atom

Volume of an ideal gas at STP

value

3.00 x 10 * ms™!
6.63 x 1073 Js
1.38 x 102 JK!
1.61 x 10 °9¥C
9.11 x 10 kg
1.67 x 10 ¥kg
831 Tmol 'K
6.02 x 107

927 x 10 #JT!
4t x 10 "Hm™!
567 x 10°Wm 2 K™
1.01 10° Nm 2
6.65 x 10¥ kg
5.11 x 10% kg
22.4 Lmol!




