Homework Assignment 1 due Friday January 23.

1. Enumerate all symmetric, orthonormal basis states for N = 3 identical bosons.
Write the basis wave functions @, ( X, X,X; ) in terms of the single-particle
wave functions yg(x) wherei=123 ... oo and {n} = the list of occupation
numbers. { Note: x = (x,y,z) }

2. Consider N identical spin 0 particles. The first quantized Hamiltonian is
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Use the eigenstates of V? for the single particle states: the quantum numbers are
E = (p,, py» P,); the single particle wave functions are yg(x) = 1/sqrt(V)
exp{ip.x/h}; p = (2nh/L) n where the components of n are integers; V=L,

Also, assume the interaction potential is V( x, , X;) = X( X, - X, ).

The second quantized Hamiltonian is
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Derive the formula for V, in terms of the Fourier transform of ¥(r).

3. Prove that N and H commute, using the field theoretic formulas (2.9) and (2.4).

Prove it for both bosons and fermions.

4. Derive the formula for the Fermi energy E;. for N spin-’2 particles confined in
avolume VatT=0.



