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Name: Total: /40

Instructions

• There are 7 questions on 6 pages.
• Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

c = 3.0× 108 m/s h = 6.63 × 10−34 Js kB = 1.38 × 10−23 J/K 1 eV = 1.6× 10−19 J

melectron = 9.11× 10−31 kg mproton = 1.67 × 10−27 kg

Question 1

A Helium Neon laser produces light with wavelength 632.8 nm and power 0.010W.

a) Determine the number of photons produced every second by the laser.

b) The laser light is incident on a metal with work function 0.90 eV. Determine the (max-
imum possible) number of electrons ejected from the metal in every second assuming
that all of the laser light is incident on the metal.
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Question 2

In the Compton effect experiment X-rays are scattered off of various subatomic particles.
Suppose that X-rays with one particular wavelength λ1 are incident on either electrons or

protons. In both cases the scattered X-rays are observed at 30◦. Which of the following
(choose one) is true?

i) The wavelength of the scattered X-rays is exactly λ1 in both cases.

ii) The wavelength of the scattered X-rays is less than λ1 in both cases. The wavelength
of the X-rays scattered off the electrons is smaller than the wavelength of the X-rays
scattered off the protons.

iii) The wavelength of the scattered X-rays is less than λ1 in both cases. The wavelength
of the X-rays scattered off the electrons is larger than the wavelength of the X-rays
scattered off the protons.

iv) The wavelength of the scattered X-rays is more than λ1 in both cases. The wavelength
of the X-rays scattered off the electrons is smaller than the wavelength of the X-rays
scattered off the protons.

v) The wavelength of the scattered X-rays is more than λ1 in both cases. The wavelength
of the X-rays scattered off the electrons is larger than the wavelength of the X-rays
scattered off the protons.
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Question 3

X-rays are produced by colliding an electron with a metal. Determine the minimum velocity
of the electrons prior to collision such that the X-rays produced have wavelength 0.0850 nm.
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Question 4

Two sources produce waves traveling along the +x direction. The expressions for the waves
are

ψ1 = Aei(kx−ωt)

ψ2 = Aei(kx
′
−ωt)

where x′ = x+∆x and A is real.

a) Determine an expression, using complex exponentials, of the superposition, ψ (i.e. total
combination of the two waves).

b) Using the rule that the intensity of the wave is I = |ψ|2, determine an expression for
the intensity of the total wave. The expression for the intensity must only involve real
quantities and no imaginary quantities must appear (numbers, constants and functions).

Question 4 continued . . .
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c) Use the expression from the previous part to determine all possible values for ∆x such
that intensity of the superposition is a maximum.
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Question 5

Protons are fired toward a single slit. The prob-
ability with which the protons arrive at a screen
is illustrated. Suppose that, in a separate exper-
iment, the electrons are fired at the same bar-
rier with the same speed as the protons. Will
the width of the central maximum region (for the
electrons) be the same as, larger than or smaller
than that for the protons? Explain your answer.

Probability

Central max
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Question 6

An artificial atom has three energy levels as illustrated. The
energies are:

E1 = −12 eV

E2 = −8 eV

E3 = −5 eV 1

2

3

E1

E2

E3

a) Determine the smallest wavelength of light that can be emitted by the atom.

b) Two photons are incident on the atom. Photon A has energy 4 eV and photon B has
energy 6 eV. The atom is initially in the lowest energy state before the arrival of the
photon. Which of the following (choose one) is true?

i) Photon A is more likely to be absorbed by the atom than photon B.

ii) Photon A is less likely to be absorbed by the atom than photon B.

iii) Photon A is equally likely to be absorbed by the atom as photon B.

Briefly explain your answer.
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Question 7

The Bohr model predicts that the hydrogen atom energy levels are

En = −13.6 eV
1

n2
.

Consider the light emitted when the atom undergoes a transition from any state for which
n > 3 to the n = 3 state.

a) Determine the largest possible wavelength for any transition to the n = 3 level.

b) Describe which state will produce the smallest possible wavelength for any transition to
the n = 3 level. Determine the energy of this state.
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