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PHYS 452: Quantum Mechanics II, Quiz #3

Instruction: use additional sheets if you find it necessary

Consider a particle of mass m in the ground state ψ1 of the 1D infinite square well (0 ≤ x ≤ a).
At time t = 0 the potential is changed to

V (x) =


V0, 0 ≤ x ≤ a

2

0, a
2
< x ≤ a

∞, otherwise
,

and at time t = T the potential is reverted back to the original 1D infinite square well. Find
the probability that the particle makes a transition to the first excited state ψ2.

Appendix:

Infinite square well (0 ≤ x ≤ a)

Energy levels: En = n2π2h̄2

2ma2
, n = 1, 2, ...,∞

Eigenfunctions: ϕn(x) =
√

2
a
sin

(
nπ
a
x
)

(0 ≤ x ≤ a)

Matrix elements of the position:
a∫
0
ϕ∗
n(x)xϕk(x)dx =


a/2, n = k
0, n ̸= k; n± k is even

− 8nka
π2(n2−k2)2

, n ̸= k; n± k is odd

Time-dependence of the wave function

H(r, t) = H0(r) + λH ′(r, t), H0φn = E(0)
n φn, ψ(r, t) =

∑
n
cn(t)φn(r)e

−iE
(0)
n t

h̄ ,

ih̄dcn(t)
dt

= λ
∑
k
H ′

nke
iωnktck(t), H ′

nk = ⟨ϕn|H ′|ϕk⟩, ωnk =
E

(0)
n −E

(0)
k

h̄

Time-dependent perturbation theory formulae
If cn(t0) = δnm (e.g. ψ(r, t0) = φm(r)) and λH

′ is small then at time t > t0
cn(t) = c(0)n + λc(1)n + λ2c(2)n + . . .
where

c(0)n = δnm, c(1)n (t) = 1
ih̄

t∫
t0

H ′
nm(t

′) eiωnmt′dt′,

c(2)n (t) =
(

1
ih̄

)2 ∑
k

t∫
t0

dt′
t′∫
t0

H ′
nk(t

′)H ′
km(t

′′) eiωnkt
′
eiωkmt′′dt′′, . . .

Fermi’s golden rule
Transition rate: Γi→f = 2π

h̄
|H ′

fi|2 g(Ef ), Probability: Pi→f (t) =
2πt
h̄
|H ′

fi|2 g(Ef )

Useful trigonometric identities
sin(α± β) = sinα cos β ± cosα sin β cos(α± β) = cosα cos β ∓ sinα sin β

sinα sin β = 1
2
[cos(α− β)− cos(α + β)] cosα cos β = 1

2
[cos(α− β) + cos(α + β)]

sinα cos β = 1
2
[sin(α + β) + sin(α− β)] cosα sin β = 1

2
[sin(α + β)− sin(α− β)]


