
SECRET STUDENT NUMBER:
STUDNUMBER

MIDTERM PRACTICE EXAM,
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Friday, Feb. 28, 1:50-2:40 PM
This practice exam is worth 0 points
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1. Consider a one-dimensional world where a type-A particle of mass M has zero momentum and
decays to two type-B particles. The type-B particles are massless. The interaction is of the form
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Calculate the rate at which the type-A particle decays into a type-B particle.
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(Extra work space for #1)
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2. Consider the following matrix element,

M(mi,mf) = h`f = 2,mf |P 2
x + P

2
y |`i = 4,mii.

(a) For which combinations of mi,mf is M non-zero?

(b) If one were to calculate the matrix element

M(mi = 0,mf = 0) = h`f = 2,mf = 0|P 2
x + P

2
y |`i = 4,mi = 0i,

express the non-zero elements from (a) in terms of M(0, 0). You can leave the answer in
terms of ratios of Clebsch-Gordan coe�cients.
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3. Electrons are confined to a two-dimensional surface to move in the x � y plane (z = pz = 0).
The areal density of electrons, number of electrons per area, is �. Electrons of the same spin
have the same energy until a magnetic field is added along the z axis. This gives the interaction,

HB = gsµBB
sz

~
,

where µB = e~/2mc, is the Bohr magneton and gs = 2. Note the sign is positive above because
the magnetic moment of the electron is negative (due to its negative charge).

(a) In terms of m and �, what are the Fermi energy, ✏f0, and the Fermi wave number, kf0,
when B = 0?

(b) What is the aerial magnetic moment density, Mz, for small fields?

Mz =
1

2
gsµB(�# � �" ) = �B.

where �" is the aerial density of spin-up electrons. Express � in terms of gs, e, ~,m, c and
kf .
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