Physics 726: Assignment 1
(to be submitted by Tuesday, February 2, 2016)

1. A system of fermions is described by the Hamiltonian
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where the energy levels obey the ordering €1 < &, < &3. The creation and annihilation operators, ¢ and
¢’ obey the usual anticommutation relations,

{c(,,c;} = c(,c;; + c;cw =0qa,8-

(a) The zero-particle ground state is |¢/(()0)) = |vac), and the one-particle ground state is W(()l)) = CI |[vac).

Write down the ground state |w(()2)), first excited state W?)), and second excited |w§2)) state of the
two-particle system.

(b) Argue that c,|vac) and cj, |1//(()3)> both vanish.
(c) Ensure that |w(()2)) is properly normalized.

(d) Show explicitly that the energy eigenequation
Aly?) = (21 + &) y)
is satisfied. Hint: use the anticommutator and apply the property that ¢, |vac) = 0.

2. A system of bosons is described by the Hamiltonian

As before, €1 < &, < &3. The creation and annihilation operators, @ and a' obey the usual commutation

relations,

[aa,a;] = aaa; - a;a(, =04,

(a) The zero-particle ground state is |l//(()0)) = |vac), and the one-particle ground state is |;.//(()1)) = a;flvac).

Write down the ground states |¢(§2)> and |;.//(()3)) of the two- and three-particle system.
(b) Normalize Il,//(()l)), Il,l/(()z)>, and IIJ/(()3)). Solve by recursion—or just guess—the normalization factor
for [y ™).

(c) Show explicitly that
Al ) = 311y



