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1. Type ↵,� and � particles exist in a TWO-DIMENSIONAL world. The ↵ particle has mass M↵

and is described by the two-dimensional field operator within a large area A,
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The � and � particles are massless and described by the operators,
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The massive ↵ particle can decay to an ↵ and a � particle via the interaction
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where the coupling constant g is small. The creation and destruction operators obey the com-
mutation rules [a~k, a~k0] = �~k~k0 , [b~q, b~q0] = �~q~q0 and [c~q, c~q0] = �~q~q0 . FYI: In two dimensions
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(a) (5 pts) Evaluate the commutator [�↵(~r, t),�
†
↵(~r

0
, t)].

(b) (5 pts) What is the dimensionality of g?

(c) (20 pts) Calculate the rate at which an ↵ particle at rest decays into a � and a � particle.

(d) (5 pts) How would your answer change if the � and � particles were identical?
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2. Imagine you had calculated the following matrix element,

M = h↵, Jf = 1,Mf = 0|z2|�, Ji = 3,Mi = 0i.

For the following matrix elements, first state whether they are zero, and if not, express them in
terms of M. Evaluate any Clebsch-Gordan coe�cients in your answers. You can use

tables or online resources to get the values. (5 pts. each)
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• h↵, Jf = 1,Mf = 0|z2|�, Ji = 3,Mi = 2i

• h↵, Jf = 1,Mf = 0|xz|�, Ji = 3,Mi = 0i
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3. Electrons of mass m are placed in a three-dimensional spherically symmetric harmonic oscillator
with potential, V = m!

2
r
2
/2.

(a) (5 pts) What is the ground state energy for a single electron?

(b) (5 pts) What is the net ground state energy if 20 electrons are in the well?

Now add an interaction with an external magnetic field,

V� = �µ ~B · (~L + 2~S),

where the strength of the magnetic field is adjusted so that µB = !.

(c) (10 pts) What is the new single-particle ground state energy?

(d) (10 pts) What is the net ground state energy if 20 electrons are in the well?
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