1. Consider two oscillator levels described by the creation operators, a} and a}, where the
Hamiltonian is

H = elaJ{al + ezagaz + ﬁ(a{a; + ajaz).

Consider the operators

bI = coshn af{ + sinh n a,,
b; = coshn a; + sinh n a4.

(a) Show that b; and bI behave like creation/destruction operators.
(b) Find the values of 1, Ey, E; and E5 such that allow H to be written as

H = E, + E bib, + E,blb,.

This is known as a Bogoliubov transformation.
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2. Conmdetr\t—parv%lcles of mass m confined by one-dimensional harmonic oscillator charac-

(@)

terized by‘a frequency w. The b particles interact with massless and spinless a-particles
through their respective field operators,

H,:=g / dx T (2)®(x) ¥ (x),
where ® and W are the field operators for the a-particles and b-particles respectively.
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(a) What are the dimensions of g?

(b) What is the decay rate of a b particle in the first excited state.
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3. Show that Eq. (9.33) is satisfied by using the electric and magnetic fields defined in Eq.
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4. A proton in a nucleus decays from an excited state to its ground state by emitting a photon
of momentum £k and polarization €,. The matrix element describing the decay is

7 =
ik

(0,k,s|V|1) = 8&, - | d*r

% (05 (M) V() — [V ()] (7)) -
The factor B absorbed all the various factors involved in defining the vector field in Eq.
(9.31). Assume the ground and excited states are modeled with a three-dimensional har-
monic oscillator of frequency w. If the excited state is in the first level of a harmonic oscilla-
tor and has an angular momentum projection m, what is the angular distribution, dI' /d$2

of the decay for each m. Remember that the two polarizations of the photon must be per-

pendicular to k. You need only calculate the angular shape of the distribution — ignore the
prefactors.
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5. A spinless particle of mass/#y and charge e is in the first excited state of a three-dimensional
harmonic oscillator characterized by a frequency w. Assume the harmonic oscillator in the
Cartesian state with n, = 1. Using the interaction

H int — ; . A’ / C,
(a) Calculate the decay rate of the charged particle into the ground state of the oscillator
in the dipole approximation.
(b) Calculate dI'/d€? as a function of the emission angles of the photon, § and ¢.

(c) In terms of the unit vectors k, @ and ¢, write the two polarization vectors which are
allowed for emission of a photon at an angle 6, ¢.

(d) For each polarization vector above, calculate dI's /dS?, the probability of decaying via
emission of a photon emited in the 8, ¢ direction with polarization s.
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. Again consider a spinless particle of mass m and charge e n the first excited state of a
three-dimensional harmonic oscillator characterized by a frequency w. However, this time
assume the charged particle is originally in a state with angular momentum projection
m = +1 along the z axis. Using the interaction

H int = .; ° A’/ c,
and applying the dipole approximation,

(a) Find the decay rate I of the first excited state.
(b) Find the differential decay rate dI' /df2.
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