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1. Consider the one-dimensional harmonic oscillator with frequency ω. A time-
dependent perturbation (possibly caused by turning on an electric field) of
the form

H1(t) = −
ǫx

1 + (t/τ)2

is applied to the system which is in its ground state t = −∞.

(a) Using first order perturbation theory, show that the probability of
finding the system in the first excited state at t = ∞ is

P0→1 =
ǫ2π2τ 2

2mωh̄
e−2ωτ .

Verify that the probability has the expected behaviour for ωτ ≫ 1 and
for ωτ ≪ 1. What is the value of τ for which the transition probability
is a maximum.

2. Consider a quantum mechanical system (with HamiltonianH0) in an energy
eigenstate |φn〉 with eigenvalue ǫn. At t = 0, an external perturbation H1(t)
is applied on the system. Let O be some observable of the system.

(a) Show that to first order in the perturbation

〈O〉 = 〈O〉0 −
i

h̄

∫ t

0

dt1〈φn|[O(t1), H1(t1)]|φn〉 ,

where the operators in the above expression are in the interaction
picture. The first term is the result for the unperturbed system.

(b) Calculate the time-dependent dipole moment induced in a one-dimensional
harmonic oscillator (of frequency ω) by an electric dipole field E0 cosω

′t
turned on at time t = 0 i.e., H1 = qE0x cosω

′t.

3. Consider an atom made up of an electron and a singly charged (Z = 1)
triton 3H. The system is initially in its ground state i.e., the n = 1, l = 0
state. The nuclear charge suddenly increases by one (due to the emission of
an electron and an antineutrino) and the triton nucleus turns into a helium
(Z = 2) nucleus 3He. What is the probability for the system to be found in
the ground state of the resulting helium atom? Can it be found in a state
with l 6= 0?
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4. Consider a two-level system with states |1〉 and |2〉 whose energy levels are
E1 and E2 respectively(E1 < E2). A time-dependent perturbation

H1(t) =
(

0 γeiωt

γe−iωt

)

,

(γ is a real constant of appropriate dimension) is applied on the system.
At t = 0, the system is in the ground state |1〉. The state at time t can be
written in the form

|ψ(t)〉 = a1(t)|1〉+ a2(t)|2〉 .

(a) Obtain the differential equation for the time-evolution of the coeffi-
cients a1 and a2.

(b) Solve the differential equations exactly and find the probability of find-
ing the system in its excited state at time t > 0.

(c) Solve the system using perturbation theory and compare with the
exact result for small γ. Treat the cases when ω and ω12 = (E2−E1)/h̄
are comparable and very different separately.

5. A hydrogen atom in its ground state is placed between the plates of a
capacitor. A time-dependent electric field is applied as follows:

E =
{

0 t < 0
E0e

−t/τ êz t > 0

Using first order time-dependent perturbation theory, compute the proba-
bility for the atom to be found at times t≫ τ in each of the 2p states. You
need not evaluate the radial integrals but must necessarily carry out the
angular integrations as well as the time integrals.
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