
Modern physics. Time allowed: 2 hours, 30 minutes

Final Examination

Notes:

(i) Attempt all questions.

(ii) This question paper has five pages. The question paper is take-home.

(iii) Some important fundamental constants are:

Speed of light c = 3× 108 m/sec

Plank constant h = 6.63× 10−34 Jsec

Mass of proton mp = 1.67× 10−27 kg

Mass of electron me = 9.1× 10−31 kg

Boltzmann’s constant kB = 1.38× 10−23 J/K

1. (a) Why does a neutron star have a smaller diameter than a white dwarf? (2 marks)

(b) Deuterium 2H is a spin 1 nucleus. These nuclei are moving in an inhomogeneous

field. How many beams will the original beam split into and why? (3 marks)

(c) If the electron had spin 3/2, how many electrons could fill into the ground orbital

1s of the atom? (2 marks)

(d) Why do most metals have a dull, grey appearance? (3 marks)

(e) A particle is described by the wavefunction Ψ(x, t) = ei(kx−ωt) and can be thought

of a plane wave traveling along the x axis. The real part at t = 0 is shown in

the accompanying diagram. (The wavefunction extends from −∞ to ∞ which

of course we cannot show on paper.) Which of the following statements most

accurately describes the probability of finding the particle. (2 marks)

(A) It is equally likely to find the particle anywhere along the x axis.

(B) It is most likely to be found in the peaks of the wave.

(C) It is most likely to be found in the peaks or the troughs the wave.

(D) The position of the particle depends on when I make a measurement.

(E) I have no idea how to answer this question.
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x
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(f) A particle of energy E has potential energy U(x) shown in the diagram below. Is

the energy E discrete or continuous in the ranges: (a) E < U1, (b) U1 < E < U2,

(c) U2 < E < U3 and (d) E > U3? (4 marks)

x

U(x)

a-a

U1

U2

U3

(g) Why do intrinsic semiconductors have equal number of mobile electrons and holes?

(2 marks)

2. A photodetector is shown in the diagram. An incident photon of the correct frequency

can create an electron-hole pair in a semiconductor material of band gap Eg.

(a) Determine the maximum value of the gap Eg if it is to be sensitive to yellow light

(600 nm). (3 marks)
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(b) A photodetector whose area is 5 × 10−2 cm2 is irradiated with yellow light of

intensity 2 mWcm−2. Assuming that each photon generates one electron-hole

pair, calculate the number of pairs generated per second. (2 marks)

3. How much more likely is a 1s electron in hydrogen to be at a distance a0 (Bohr’s

radius) from the nucleus than at a distance a0/2? The 1s wavefunction is, (5 marks)

ψn=1, l=0,ml=0(r, θ, ϕ) =
1

√
π a

3/2
0

e−r/a0 .

4. A hydrogen atom electron is in the 2p+ orbital, whose normalized wavefunction is,

ψn=2, l=1,ml=1(r, θ, ϕ) =
1

8 a
5/2
0

√
π
r e−r/(2a0) sin θ eiϕ,

where a0 is the Bohr radius.

(a) Calculate the probability that the electron is found within ±30◦ of the xy plane,

irrespective of the radius; (7 marks)

(b) that the electron is located between 2 a0 and 6 a0, irrespective of angle. (8 marks)

5. Consider the diagram below. A beam of electrons is accelerated through a potential

of 12.5 V and bombards H atoms, all initially in the ground state. The tube emits

radiation at precise wavelengths.

(a) What are the wavelengths of the emitted light? (8 marks)

(b) How could one increase the intensity of the emitted radiation? (2 marks)
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(c) How could one increase the spread of emitted wavelengths? (2 marks)

6. A spherical infinite well has potential energy,

U(r) =

0 r < a

∞ r > a.

This is a central potential and the radial part of the Schrodinger equation in the region

r < a is given by,

− ~2

2m

1

r2
d

dr

(
r2
d

dr

)
R(r) +

~2 l(l + 1)

2mr2
R(r) = ER(r),

where all symbols have the usual meanings. (10 marks)

(a) Show that

R(r) = A(sin br)/r

is a solution for 0 < r < a. What should be the angular momentum if this is a

solution?

(b) Apply the appropriate boundary conditions and in doing so, find the quantized

energies.

7. Einstein and de Haas performed a classic experiment in 1915. This was two years after

Bohr had presented his atomic model and the electron spin was yet to be discovered.

The arrangement is shown in the accompanying figure. An iron cylinder of radius

R = 5 mm is suspended from a support using a frictionless mechanism. The cylinder

comprises iron atoms, each atom acts like a magnetic moment due to the angular
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momentum. From Bohr’s model, the atomic angular momentum is Latom = ~. (The

atomic angular momentum is all due to the electron’s orbital momentum.) In normal

conditions (a), the angular momentums are aligned randomly. The cylinder is placed

inside a solenoid. As current is switched on, a magnetic field B is created. This aligns

all the magnetic moments, and consequently the angular momentums, which are anti-

parallel to the magnetic moments. Furthermore, the cylinder twists about its vertical

axis. The moment of inertia of the cylinder is mR2/2, m being the mass.

(a) Why are the magnetic moments of the atoms anti-parallel to the angular momen-

tums? (2 marks)

(b) Why are the magnetic moments initially aligned randomly? (2 marks)

(c) Why does the cylinder twist? What is the direction of the twist for the arrange-

ment shown in part (b) of the figure? (3 marks)

(d) Find T , the period of rotation of the cylinder. The molar mass of ironM is 55.8 g

mol−1 and Avogadro’s constant is 6.02× 1023 mol−1. (8 marks)
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