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XPHC 2663 / XPHA 2663

SECOND PUBLIC EXAMINATION

Honour School of Physics Part A: 3 and 4 Year Courses
Honour School of Physics and Philosophy Part A
A3: Quantum Physics

Friday, 20 June 2003, 9.30 am — 12.30pm

\-) Answer all of Section A and three questions from Section B.
Start the answer to each question on a fresh page.

A list of physical constants and conversion factors accompanies this paper.

in the margin indicate the weight which the Examiners expect to
assign to each part of the question.
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Section A

1. Explain which aspects of the photo-electric effect cannot be accounted for by

. . 7
classical physics and how Quantum Theory resolves the difficulties. 7]

2. Show that the matrices

s—ﬁ 0 1 Lol = s=§ 1 0)’
o W0 DRSS ESoE LRTR 3 | SR O S\ R O

satisfy the commutation rules for angular momentum.  F 1nd the eigenvalues and :
normalized eigenvectors of s. ' 8]

3. A non-relativistic free particle of mass m moving in one dimension has ‘
wavefunction

1

v(z,t) = Aexp (h (px — E(p)t)) + A Rexp (—% (px + E'(p)t)) ,

where A and R are constants. Find E(p). At time ¢ = 0 the momentum of the particle
is measured. What are the possible outcomes and their respective probabilities? 6]

4. An electron is in a state with orbital angular momentum quantum number .

”
What values may its total angular momentum quantum number j take when 4 ]g% ) :
R
(a') £ =0, B b //
(b) £=17 | 4]
A ¥ 2 ot
5}& M N

5. Describe the 'Zeemd'n}g’ﬁ'e,ct. What magnetic flux density is required to produce
a Zeeman splitting of 0:05cm~' in the ground state of hydrogen?

o -y

Bl Determine whether the following matrices represent a rotation in three dimensions e
ad, if so, find the angle and axis of rotation:

. ‘ ‘- \/'2' 1 \/§ =y
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Section B

7. Two non-interacting particles of the same mass m, and coordinates z; and z
respectively, occupy the same one-dimensional potential well V(z). The energy
eigenfunctions for a single particle in the well are denoted by ¢,(z), with n = 1,2,...,
and the corresponding energies, which are non-degenerate, by F,. Write down the

Hamiltonian for the two-particle system and show that

(I)m,ng (xla $2) — ¢n1 (IE] )¢n2 (32)

are energy eigenfunctions. What is the corresponding energy eigenvalue?

Explain briefly the meaning of ezchange symmetry.

In the following cases, state the degeneracy of the ground state and of the first
excited state, and express the time-independent wavefunction for each of these states in

t@?ms of the functions @, n, (21, 22):

(a) the particles are not identical and have spin zero;
(b). the particles are identical and have spin zero.

o
Assume how that the particles are identical and have spin % What are the possible
spin states for the two particle system? What is the degeneracy of the ground state,
and of the first excited state? Express the time-independent wavefunctions for all these

‘states in terms of the functions @y, n,(z1,22) and the spin states.

[Turn over]

[7]



8. Explain why a particle which is in an energy eigenstate cannot be moving in the
classical sense. 3]

The simple harmonic oscillator has Hamiltonian H with eigenstates in) and
corresponding eigenvalues B, = hw(n + 1), where n = 0,1,.... At t = 0 the

particle is in the state

1
75 (0) +[1)).

Show that at subsequent times the state of the particle is

|‘I’(t)) = _\}__2_ (e—iEot/fl |0> . e-iElt/h Il)) : [5]

The time-independent wavefunctions for the ground and first excited states of the
simple harmonic oscillator are “

‘ | My, @
1 4 —:t2/202 ( 4 )z —z2/202 :H #
do(z) = (a%r) e and ¢(z) = o Ze : ’ 1 A\
where a? = h/mw. Show that D
A
a :f“?
(U(t)|z|T(t)) = 7 cos(wt), /
U (t)|pl¥(L)). 10
and calculate (¥ (t)|p|L(t)) \%\3 (A= Hf‘ﬁ [10]
Find q )
—(U(t)|p|W(2)) + mw?(V(t)|z|L(t)), !
= (U(0)p|¥(0) + me (¥(0)|e|¥() o R it
and comment on your result. 2]
l 9. What is the physical origin of the spin-orbit interaction? For the electron in a
I wf! ogen atom the spin-orbit contribution to the Hamiltonian is
2
- Hso = 41 2me? 13 o
W B oordinate of the electron and 1 and s are the orbital and spin
per tors respectively. Justify the form of this expression. (You |
n the origin of gs = 2 for the electron.) 110,
le terms conserved quantity and good quantum number? 4

'hydrogen atom in the approximation that the

2

J o -::'t'_ }-’ + HSO-

ome rjm m a conserved quantity? You may
30?1 of Our result for the classification of

6]



10. What is the purpose of perturbation theory? 2]

A non-degenerate system has Hamiltonian Hy whose eigenfunctions are ¢,(z),
with corresponding eigenvalues F,, where n = 1,2.... The Hamiltonian is modified by
the addition of a term H;. Derive an expression for the first-order shift, AEy, in the
energy of the ground state. 8]

The one-dimensional infinite square well potential

V()= 00 <8y <\q
Vo(z) = oo, otherwise,

1s modified by the addition of the perturbation
Vl (x) s 0 <z < ga
) | Vi(z) = 0, otherwise,

where v is a constant. Show that all the energy levels of the system are shifted in first
order by the same amount. 6]
By considering the first-order shifted wavefunction v, given by

. » - — ¢n +
. k#n E Ek

b : -f’f g show that first-order perturbation theory is reliable, provided
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