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1) .V fermions with mass M are placed into a one-dimensional square well of infinite height, 0 < z < L. All
are in the same spin state.

a) Solve for the single-particle states In).

b) Write the Hamiltonian Hy for non-interacting particles in terms of creation and annihilation operators

¢n, Ch in the |n) basis.

c) Write the operator for the dipole moment R = th Z; in terms of ¢, cI. (Don’t do any hard integrals.
Call them f(n.n’), etc.)

2) A photon with k =Z isin a polarization state characterized by Stokes parameters (Sp, S) = (1.1,0.0).
a} Write the density matrix p = %(So + S . o) explicitly.

b) Is the state pure or mixed?

¢) Characterize the state as a mixture of pure states with probabilities p;.

d) What are the Stokes parameters of the photon’s state after it is passed through a polarizer aligned along
x?

3) Recall that
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Write (but do not evaluate) the three atomic matrix clements that govern the fine-structure transition
22p3ss = 22p; /5 in hydrogen. Write them in the form (31 O1}), where the operator O is written explicitly.
and indicate the multipolarity.
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4) a) Find a subgroup of the rotation group SO(3) that has five elements. {(Describe it in words.
b) Vrite a representation of the subgroup as a set of 3 < 3 unitary matrices.
¢) If vour representation is reducible. show how o reduce it to smaller representations.



