
Spin and Bands Modern Physics Recitation 15 December, 2011

1. One performs the Stern-Gerlach experiment with H atoms in the ground state. The

magnetic field gradient is 10T/m. (Ignore the spin of the proton in this question,

which is much smaller than the electron spin anyways.)

(a) Find the acceleration of the hydrogen atom.

(b) The hydrogen atoms emerge from an oven kept at 500K (K.E=3
2
kBT ). How

much will these atoms be deflected when they travel one meter through the

inhomogenous field?

2. A proton (hydrogen’s nucleus only) in the ground state is subject to an external

magnetic field of 1.0T.

(a) What is the energy difference between the spin up and spin down states?

(b) What is the relative populations of the two states?

(c) How large a magnetic field is required to produce a 25% population in the upper

state?

(d) A solenoid with 100 turns/meter is used to produce such a large field. What

should be the current through the solenoid?

3. How do we know that a photon has spin 1?

4. When the idea of the electron spin was introduced, the electron was thought to be a

tiny charged sphere (we know that this picture is incorrect). Find the equatorial speed

under the assumption that the electron is a uniform sphere of radius 3× 10−6 nm, as

early theorists believed, and compare your result with the speed of light.

5. Eight identical, noninteracting particles are placed in a cubical box of sides L =

0.200 nm. Find the lowest energy of the system (in electron volts) and list the quantum

numbers of all occupied states if,

(a) the particles are electrons and,

(b) the particles have the same mass as the electron but do not obey the exclusion

principle.
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6. Calculate the Fermi energy for N neutrinos, particles of spin ~/2, confined to a cubic

volume with sides of length L. Since neutrons have very small mass, use the relativistic

expression for the energy E = p c rather than the non-relativistic one E = p2/2m.
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