MP463
Problem Set 6
Time-dependent perturbation theory
Quantum theory of the system of identical particles.
1. Consider a physical system with the Hamiltonian H0 whose
eigenvalue equation is H0 | φn i = En | φn i. At time t = 0 a
time-dependent perturbation W (t) is applied, so the new
Hamiltonian is obtained
H(t) = H0 + Ŵ (t) = H0 + λW (t)

(1)

where λ  1 and W (t = 0) = 0. Using the time-dependent
perturbation theory, we can approximate the state | ψ(t)i of the
system at a later time t > 0. We express it as a linear combination of
the eigenstates of H0
| ψ(t)i =

X

cn (t)| φn i

(2)

n

where cn (t) = hφn |ψ(t)i, and for small perturbation we can write it as
cn (t) = bn (t)e−iEn t/h̄

(3)

where bn (t) is a slowly varying function of time. Substituted into the
Schrödinger equation it gives
ih̄

X
d
eiωnk t Wnk (t)bk (t)
bn (t) = λ
dt
k

(4)

where we have introduced the Bohr frequency ωnk = (En − Ek )/h̄.
Assume that the initial state of the system is | ψ(t = 0)i = | φi i.
Using the time-dependent perturbation theory, derive the state
| ψ(t)i of the system at a later time t > 0 to the first order.
2. Derive the transition probability Pif (t; ω) in a two-level atom
induced by sinusoidal perturbation, and show its resonant character.
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3. Write down the Fermi golden rule and explain in words its individual
terms.
4. Explain what are bosons and fermions.
5. Symmetrize and antisymmetrize a state of three particles.
6. Explain what the Pauli exclusion principle is, what type of particles
it is relevant to, and demonstrate how it works on the example of the
system of two identical relevant particles.

