
Solution To PHYS622 Homework Set 4
JJS 2.3,2.4,2.6,2.8,2.13,2.16

1 Solution1

(a).

ψ(0) =
(
cos(β/2)
sin(β/2)

)
, ψ(t) =

(
cos(β/2)e−iωt/2

sin(β/2)eiωt/2

)
< Sx; +|ψ(t) >=

1√
2
(cos(β/2)e−iωt/2 + sin(β/2)eiωt/2)

| < Sx; +|ψ(t) > |2 =
1
2
(1 + sinβcosωt)

(b).

< Sx >=< ψ(t)|Sx|ψ(t) >= ( cos(β/2)e−iωt/2 sin(β/2)eiωt/2 )
h̄

2

(
0 1
1 0

) (
cos(β/2)e−iωt/2

sin(β/2)eiωt/2

)
=
h̄

2
sinβcosωt

(c).

β = 0, ψ(0) =
(

1
0

)
, < Sx >= 0

β = σ/2, ψ(0) =
1√
2

(
1
1

)
, < Sx >=

h̄

2
cosωt

2 Solution2

x̂(t) = x̂(0) +
p̂(0)
m

t

[x̂(t), x̂(0)] = [
p̂

m
t, x̂] =

−ih̄t
m

3 Solution3

H =
~p2

2m
+ V (~x)

ih̄
d

dt
< ~x · ~p >= [~x · ~p,H] = [~x,H] · ~p+ ~x · [~x,H] = ih̄

~p

m
· ~p+ (−ih̄)~x · 5V (~x)

d

dt
< ~x · ~p >=<

~p2

2m
> − < ~x · 5V >

1



For stationary states,i.e.eigenstates of H, d
dx < ~x · ~p >= 0, one gets

< T >=< ~p2

2m >= 1
2 < ~x · 5V > .

4 Solution4

H =
(

0 δ
δ 0

)
= δσx

(a).

|+ >=
1√
2
(|a′ > +|a′′ >), E = δ

|− >=
1√
2
(|a′ > −|a′′ >), E = −δ

(b).

|ψ(0) >= |a′ >=
1√
2
(|+ > +|− >)

|ψ(t) >=
1√
2
(e−iδ/h̄|+ > +eiδ/h̄|− >)

(c).

| < a′|ψ(t) > |2 = sin2δt/h̄

(d).Spin 1
2 system.

5 Solution5

(a).

x̂ =

√
h̄

2mω
(a+ + a), p̂ = i

√
mωh̄

2
(a+ − a).

< m|x̂|n >=

√
h̄

2mω
(
√
nδn,m−1 +

√
n+ 1δm,n+1)

< m|p̂|n >= i

√
mh̄ω

2
(−
√
nδn,m−1 +

√
n+ 1δm,n+1)

< m|x̂2|n >=
h̄

2mω
(
√

(n+)(n+ 2)δm,n+2 +
√
n(n− 1)δm,n−2 + (2n+ 1)δm,n)

< m|p̂2|n >= − h̄

2mω
(
√

(n+)(n+ 2)δm,n+2 +
√
n(n− 1)δm,n−2 − (2n+ 1)δm,n)

2



(b).

< n|T̂ |n >=< n| p̂
2

2m
n >=

h̄ω

4
(2n+ 1)

< n|V̂ |n >=
1
2
ω2 < x̂2 >=

h̄ω

4
(2n+ 1)

< T̂ >=< V̂ >

6 Solution6

(a).

|ψ >= cos
β

2
|0 > +sin

β

2
eiα|1 >

< x >=

√
h̄

2mω
sinβcosα

α = 0 β =
π

2
, < x >→ max.

|ψ >=
1√
2
(|0 > +|1 >).

(b).

|ψ(t) >=
1√
2
(e−iωt/2|0 > +e−iω3t/2|1 >)

(i). < x > |s =

√
h̄

2mω
ψ(t)|(a+ + a)|ψ(t) >=

√
h̄

2mω
cosωt.

(ii). < x > |H =< x̂(0) > cosωt+ <
p̂(0)
mω

> sinωt =

√
h̄

2mω
cosωt.

(c).

< x̂2(t) >=
h̄

mω

∆x =
√
x̂2− < x(t) >2 =

√
h̄

mω
− h̄

2mω
cos2(ωt) =

√
h̄

mω

√
1 + sin2ωt

3


