
Quiz 2 Solutions

Xiang Li

Problem 1

(a) (5 points)

L = 100m, h = 50m

V0 = mgh ≈ 2.45× 105 J, E =
1

2
mv2 =

1

2
m× (27.8 m/s)2 ≈ 1.93× 105 J

V0 − E ≈ 5.21× 104 J ∼ 105 J

V0

L

I II III

ψI = Aeik1x +Be−ik1x

ψII = Ce−κx +Deκx κ = ik2

ψIII = Feik3x

T =
|F |2

|A|2
k3
k1

=
1

1 +
(

k21+κ2

2k1κ

)2
sinh2(κL)

k1 =

√
2mE

ℏ2
= 1.32× 1038m−1

1



κ =

√
2m(V0 − E)

ℏ2
= 6.84× 1037m−1

T ≈
(
7.22 · 1

4
e2kL

)−1

≈ e−1039

(b) (4 points)

Ĥ =
p̂ 2
x

2m
+

1

2
mω2x̂ 2

d

dt
⟨px⟩ =

i

ℏ

〈
[Ĥ, p̂x]

〉
=
i

ℏ

〈[
1

2
mω2x2, px

]〉
=
i

ℏ

〈
1

2
mω2(2iℏx)

〉
= −mω2⟨x⟩

In eigenstates, ⟨x⟩ = 0, then
d

dt
⟨px⟩ = 0.

(c)

(i) (4 points)

Fiction. “Later” time evolves the particle based on Ĥ, but [Ĥ, x̂] ̸= 0.
Only energy eigenstates are “stationary states”.

(ii) (4 points)

True. [p̂, Ĥ] = 0

(iii) (4 points)

Fiction. Energy outcome must be eigenvalue of Ĥ.

Problem 2

(a) (4 points)

ψ(x) =

{
Aeik1x +Be−ik1x, x < 0

Ceik2x, x > 0

k1 =

√
2mE

ℏ2
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k2 =

√
2m(E + V0)

ℏ2

(b) (5 points)

ψ(0−) = ψ(0+) → A+B = C

ψ′(0−)− ψ′(0+) =

∫ +ϵ

−ϵ

2m

ℏ2
V (x)ψ(x) dx =

2mα

ℏ2
ψ(0) = βψ(0)

⇒ ik2C − ik1(A−B) = β(A+B)

(c) (5 points)

Let A = 1 since we ignore overall factor.

ik2(1 +B)− ik1(1−B) = β(1 +B)

B
(
i(k2 + k1)− β

)
= β − i(k2 − k1)

B =
β − i(k2 − k1)

i(k2 + k1)− β

C = 1 +B =
i(k2 + k1)− i(k2 − k1)

i(k2 + k1)− β
=

i 2k1
i(k2 + k1)− β

Ratio:

C

A
=

i 2k1

i(k2 + k1)−
2mα

ℏ2

(d) (5 points) E ∼ V0 → k1 ∼
√
2k2

T =

∣∣∣∣CA
∣∣∣∣2 k2k1 =

4k1k2
(k2 + k1)2 + β2

≈ 4
√
2k21

k21(1 +
√
2)2 + β2

R = 1− T =
(k2 + k1)

2 − 4k1k2 + β2

(k2 + k1)2 + β2
≈ k21(1−

√
2)2 + β2

k21(1 +
√
2)2 + β2

For T ≪ R, we want β big, then R ∼ 1 and T ∼ 0.

β ≫ k1 + k2 → 2mα

ℏ2
≫

√
2mE

ℏ
+

√
2m(E + V0)

ℏ
≈

√
2mV0
ℏ
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Problem 3

(a) (4 points)

⟨ψ|M̂ |ψ⟩ =
(
2

3

)2

(−1) +

(
5

9

)
(1) =

−4

9
+

5

9
=

1

9

(b) (4 points) Probability that rat will be alive after measurement:(
2

3

)2

=
4

9

(c) (4 points)

|ψ(t)⟩ = e−iEAt/ℏ
(
2

3
|ψA⟩

)
− e−iEDt/ℏ

(√
5

3
|ψD⟩

)
(d) (4 points)

Let ω =
EA − ED

ℏ

|⟨Ψ(0)|Ψ(t)⟩|2 =

∣∣∣∣∣e−iEDt/ℏ

(
e−iωt

(
2

3

)2

+
5

9

)∣∣∣∣∣
2

=

∣∣∣∣59 +
4

9
e−iωt

∣∣∣∣2 = 25

81
+
20

9
e−iωt+

20

9
eiωt+

16

81

|⟨Ψ(0)|Ψ(t)⟩|2 = 41

81
+

40

81
cos(ωt)

(e) (4 points) ∣∣∣∣59 +
4

9
e−iωt

∣∣∣∣2 = 1 when ωt = 2π

⇓

t =
2πℏ

EA − ED
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