
Friday 17th March 2017
(Answers available after Friday 24th March)

Quantum Physics Problem Sheet 7

1. A H2 molecule has an internuclear separation of 7.4 × 10−11m, what is the energy of the
l = 1 rotational level? What is the energy separation between the l = 1 rotational level
and the next level l = 2?

2. A superposition of the n=2 and n=4 of an infinite square well of width 2a and cented at
x = 0 is created at time t=0, so that the probability of finiding the system in state n=2 is
half that of finding the system in state n=4.

(a) What is the correctly normalized wavefunction of the sysyem at t = 0?

(b) What is the expectation value of the energy < E > for this system?

(c) What is the expectation value for position < x > at a time t?

(d) How qualitatively would your answer to (c) be changed if the upper state of the super-
position was n=5 instead of n=4?

Assessed Problem

3. (a) The energy of the transition between the l = 1 and l = 2 rotational level of the HCl
molecule is measured by infra-red spectroscopy to be 2.633 meV, what is the length of the
bond between the H and Cl atoms (in m)? (Atomic mass H = 1, Cl = 36) [6 marks]

(b) If an equal superposition is formed between the lowest three rotational states of this
molecule (J= 1, 2 and 3) what is the energy expectation value < E > (in meV)? [4 marks]

Tutorial Problem

4. The interaction of a resonant laser field with a quantum system was described in lectures,
with the interaction strength Ω0 the determining factor in the evolution.

(a) Write down the expressions defining the interaction strength Ω0 and the evolution of
the probability amplitude for the upper state if it starts unpopulated at time t = 0.

(b) For an infinite square well of width 2a = 10−10m centred at x = 0 in a laser field
of peak field strength E0 = 103V m−1 that is tuned resonantly to the energy separation
between the n= 1 and n=2 states, what is the magnitude of the interaction strength Ω0?

(c) For the situation described above where all the population is intially in state n=1 of
the infinite square well how long does it take before the population is fully excited to state
n=2? What happens next?

1

Mark Gill
MPH



Hint the following integral may prove useful:
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Physical Constants

me ≈ 9.11 × 10−31 kg ≈ 511 keV/c2

mn ≈ 1.67 × 10−27 kg
atomic mass unit ≈ 1.66 × 10−27 kg

h ≈ 6.63 × 10−34 Js
h̄ ≈ 1.05 × 10−34 Js
c ≈ 3.00 × 108 ms−1

e ≈ 1.60 × 10−19 C
kB ≈ 1.38 × 10−23 JK−1

NA ≈ 6.02 × 1023

RH ≈ 1.097 × 107 m−1

ε0 ≈ 8.85 × 10−12 C2J−1m−1
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