
Comprehensive practice problems Prepared: 27 December, 2011

Modern Physics Review

1. Astronomers use the Zeeman effect to measure the magnetic field on the surface of

stars. Suppose an energy splitting of 1.02×10−4 eV is observed between the l=1 levels

of an atom as shown.
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It is known that the total spin angular momentum of these levels is zero, so spin does

not contribute to the angular momentum. What is the magnitude of the magnetic

field on the star’s surface?

2. Ag atoms (M=1.8 × 10−25 kg) were used in the original Stern-Gerlach experiment.

The z-component Fz of the force on a magnetic dipole (whose z-component is µz) is

Fz = µz
dBz

dz
, (1)

where dBz/dz is the gradient of the field. (a) Given that µz is due to the spin of an

electron, determine Fz when the gradient is 1.5 kT/m. (b) Determine the z-component

of the atom’s acceleration. (c) Suppose we have a beam of atoms travelling at 1.0 km/s

for a distance d of 40 mm through the field. Determine the deflection of each of the

two sub beams.

3. When Na atoms are brought together to form the crystalline solid, the bands arising

from the 3s and 3p levels overlap. (a) Is Na a conductor or insulator? (Answer should

be based on band description). (b) Would your answer be different if the bands did

not overlap? Explain.
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4. The width of a band is the difference between the highest and the lowest energy

levels in the band (shown above). Estimate the width of the conduction band in Cu.

Assume that the band is half-full and that the density of states for the entire band

can be approximated by an average,(
g(E)

)
avg

=
1

2
g(EF ), (2)

and EF = 7 eV. For Cu, the free electron density is 8.5× 1028 m−3.

5. The radius if a settled neutron star is given by,

R =

(
9π

4

)2/3 ~2

1.24Gm
8/3
n

1

M1/3
= 9.9

(
M⊙

M

)1/3

km, (3)

where M⊙=1.9× 1030 kg is the solar mass, M is the mass of the neutron star and mn

is the mass of a neutron.

(a) If M = 1.44M⊙ (which is just the Chandrasekhar mass), calculate the radius and

density of the neutron star.

(b) What is the acceleration due to gravity g on the neutron star and how does it

compare with gearth = 10 m/s2?

(c) What is the escape velocity for a projectile on the surface of the neutron star?

6. (a) Starting with Newton’s laws, show that the period of a satellite in orbit at the

surface of a spherically symmetric object of density ρ is given by
√

3π/Gρ, mean-
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ing that the period depends only on the (average) density of the object and not

its mass or radius.

(b) The most famous pulsar is the Crab nebula. It has a period of about 1/30 s. Find

the smallest density (compared to earth) consistent with its rotation frequency.

The earth’s surface orbital period is 84.6 min = 5073 s.

7. A beam of hydrogen atoms in their ground state is sent through a Stern-Gerlach

magnet, which splits it into two components according to the two spin orientations.

One component is stopped by a diaphragm at the end of the magnet, and the other

continues into a second Stern-Gerlach magnet which is coaxial with the beam leaving

the first magnet, but is rotated relative to the first magnet about their approximately

common axes through an angle α. There is a second diaphragm fixed on the end of the

second magnet which also allows only one component to pass. Describe qualitatively

how the intensity of the beam passing the second diaphragm depends on α.
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