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Note: A list of some formulae is given at the end of this paper.

Q.1  Explain what is meant by the term blackbody, and suggest how a near perfect
blackbody can be produced for experimental purposes. [1 mark]

Derive an expression for the number of allowed modes of electromagnetic waves in
a cubic cavity of side length L. Hence write down the Rayleigh-Jeans formula for
the energy density of a blackbody as a function of frequency. [5 marks]

How does the Rayleigh-Jeans formula compare with the observed experimental
data? [1 mark]

Briefly explain how Planck derived a correct formula for the blackbody distribution
[1 mark]

Explain what is meant by Wien's Displacement Law. Briefly mention how you
might use it to measure the surface temperature of a star. [2 marks]

Q.2 Show that when the Time Dependent Schrodinger Equation is applied to a system,
in which the potential is constant with time, it is possible to find solutions of the
form: W(x,7) = w(x)é(7).

Determine ¢(?) and explain how y(x) may be obtained [3 marks]

Solve the time independent Schrodinger Equation for a particle of mass m in a
potential well defined by:

V(x)=0for x| <a,

V(x) = o for |x| > a. [4 marks]

Derive an expression for the allowed particle energies. [2 marks]

Sketch the waveform for the lowest energy bound solution in the case where the
_potential well is of finite depth. [1 mark]
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Q.3  Show that if ¥ and '¥; are solutions to the Time Dependent Schrodinger Equation
then so also is a linear combination of ¥, and \¥,. [2 marks]

Show that non-degenerate solutions to the Time Independent Schrédinger Equation
~ are ortho-normal. [4 marks]

The state function of a system can be expressed as a linear combination of energy
~ eigenfunctions as follows:

Y(x,0) = Y., m(x)e'%"‘

Calculate the expectation value for energy <E>. Hence, comment briefly on the
physical interpretation of c,,. [4 marks]

Q.4  State the continuity properties required of wavefunctions that are physically
acceptable solutions to the Schrédinger Equation. [1 mark]

A potential barrier is defined in one dimension as follows
x<0 Vix) =0
0<x<L Vix) =V,
x>L Vix) =0

Write down the general solution to the Schrodinger equation in each of the three
regions. : [4 marks]

A particle with energy £ = V), / 2 approaches the barrier. Derive an expression for
the probability that the particle will be transmitted across the barrier.

[5 marks]

Q.5 Answer TWO of the following.

(a) Briefly explain was is meant by the commutator of two operators. What is
the physical significance of the commutator? Determine the commutator of the one-
dimensional position and momentum operators. [5 marks]

(b) Derive an expression for the ground state electron wave function in a
Hydrogen atom. Sketch how the position probability density varies as a function
of r. [5 marks]

(©) Given the probability relationship for Fermions
g
P = —_—
SN oy Ty
where the symbols have their usual meanings, derive the Fermi-Dirac distribution
function. [5 marks]
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2m Jx?

' %
Schrodinger Equation: ih—Y(x,1) = [

= +V(x, t)j] ¥ (x,1)

‘Taylor's Series: fa+hn = f@@a+hf (a)+——f"(a)+—f"'(a)+...

_ ' n(n-1
Binomial Expansion: (x+y)" = x"+nx""'y+ “%“)-x"’zyz +...

Normal Distribution: f(x) = 1 -(x—p)?
‘ ‘ Y P T

N
Standard Deviation: o = ‘/-;t[— Z(x,. - ,u))2

i

Schwartz Inequality: ff*fcbcjg*gdx > 5:[_|.(f*g+g*f)abc]2

Stirling's Approximation: Inn! = nlnn-n

FY FY SV 1 a( apj a[ aw) a( 1 awj
V2 = = —— —_— ——
Y=t o o 2 Sme{o” rSinb )+ 5e\ S0 26\ Sin 3¢

1 <t 2 1 w
—In f(x) = X — —ax - - |Z
10 = S5/ o= fer e N
Iudv = uv—jvdu ¢ 2 1
I, = |xe®  dx = —
o 2a
_[xe”‘abc = 1 o
2 dI
0 — n _-ax ~ n
I, = !xe de, I,,, -
szatk 4
1 " 15
¢ Sin(A+B) = SinACosB + CosASinB
1+ Cos2A4
Costa = 1rCo24
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