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1. Consider a one-dimensional world where a type-A particle of mass m is confined by a harmonic

oscillator potential,
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x
2
.

The particle can decay to a type-B particle of the same mass, but the type-B particle does not

feel the potential. The interaction responsible for the decay is
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(a) (10 pts) Calculate the matrix element hkf |Hint|ii, where kf is the momentum of the out-

going type-B particle and i refers to the initial state of the type-A particle, which is in the

ground state of the harmonic oscillator.

(b) (15 pts) Calculate the rate at which the type-A particle decays into a type-B particle.
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2. Consider the following matrix element,

Mmimf = h↵, `f = 1,mf |Pz|�, `i = 2,mii.

(a) (10 pts) For which combinations of mi,mf is Mmimf non-zero?

(b) (15 pts) If one were to calculate the matrix element

M00 = h↵, `f = 1,mf = 0|Pz|�, `i = 2,mi = 0i,

express all the non-zero elements of the operator Px,

h↵, `f = 1,mf |Px|�, `i = 2,mii,

in terms of M00 and Clebsch-Gordan coe�cients. You can leave your answer in terms of

Clebsch-Gordan coe�cients. In fact DO NOT evaluate the Clebsch Gordan coe�cients.
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3. Consider a zero-temperature non-interacting quark-gas (up and down quarks) which is also ac-

companied by electrons to balance the electric charge. The three species have Fermi momenta,

~ku, ~kd and ~ke. Assume all particles have ZERO MASS, which is not a bad assumption for

very high densities. Normally, the density of a Fermi gas would be

⇢ =
2s + 1

6⇡2
k
3
f ,

but for quarks there are also three colors for each of the two spins, so the degeneracy factor

(2s + 1) ! 6. The electric charges of the three species are qu = 2e/3, qd = �e/3, qe = �e.

The baryon charge of either species of quarks is 1/3, whereas electrons carry no baryon density.

The weak interaction,

u + e $ d + ⌫e,

proceeds in such a way as to minimize the energy for a fixed baryon density, ⇢B, with the neutrinos

being ignored because as massless neutral particles they can exit the system at will.

(a) (7 pts) Express ⇢B in terms of the Fermi wave numbers ku, kd and ke.

(b) (7 pts) Express electric charge conservation in terms of the Fermi wave numbers.

(c) (7 pts) In terms of the Fermi wave numbers write an equation that expresses the fact that

the overall energy is minimized.

(d) (4 pts) (no equations) Describe how you would go about finding the densities of each species

given ⇢B.

④ 9,
= ftp.fkutki )

⑤ O = ¥ (2kt
- k'd - ki)

① Kut ke = Kd

⑨ Either : I
.

Do 3 - D Newtons
' method

to solve 3 egos 13
unknowns

ft . Preys ! szhtiteF.mtm.vn,
then solve

with Newton 's£¥:÷n.
gu

hi
, he

=#ki,se=¥k?



SECRET STUDENT NUMBER:

STUDNUMBER

(Extra work space for #3)


