
Magnetic properties

1. Fill in the following table with values of ~B

Tesla (T) Gauss (G)
Earth’s field

small bar magnet
electromagnet

MRI, NMR magnet
at National High Magnetic Field Lab

2. Draw the magnetic field lines for a loop of current,
a solenoid, a bar magnet, and Earth. Add the mag-
netic dipole moment for each to your sketch.

3. The electron spin has an associated magnetic dipole
moment of µB = e~/2m. µB is called the Bohr
magneton.

(a) What are the units of µB? Use SI

(b) Calculate the value of µB .

(c) Calculate the interaction energy, ±U , of the
electron spin magnetic dipole moment with a
1.0T field. Use eV.

(d) Compare the interaction energies to the ther-
mal energy at room temperature (300K). Is
this a case of kBT � U or kBT � U?

(9.3× 10−24J/T,±58µ eV, 2.6 eV)

4. Estimate the susceptibility in a Curie paramagnetic
material with 2 × 1028 moments/m3 at room tem-
perature. Use µ = µB .

(5.2× 10−4)

5. The magnetic susceptibility due to delocalized elec-
trons (Pauli paramagnetism) is given by

χ = g(Ef )m2
mµ0

Substitute in the density of states at the Fermi en-
ergy to show that

χ =
3nµ2

bµ0

2EF

where n is the valence electron density.

6. Sodium has valence electron density of 2.7 ×
1028m−3 and a Fermi energy of 3.22 eV.

(a) Calculate the magnetic susceptibility due to
Pauli paramagnetism.

(b) The measured magnetic susceptibility is 7.2×
10−6. Given that χ = χpara + χdia, estimate
the diamagnetic susceptibility of sodium.

(8.4× 10−6,−1.2× 10−6)

7. Which electrons can participate in Pauli paramag-
netism? All of them? All of the valence? Just a
few? Explain and include a diagram.

8. How is Curie paramagnetism different from Pauli
paramagnetism?


