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1)
a. ĤΨ(x, t) = i~∂Ψ(x,t)

∂t
b. exp

(−iEt
~
)

c. Ĥψ(x) = Eψ(x)
d. |Ψ(x, t)|2 6= f(t), dwz 〈Q〉 6= f(t) voor alle Q 6= Q(t).

2) a. Ĥ = − ~2

2m
d2

dx2 voor 0 ≤ x ≤ a.

Ĥψn(x) = − ~2

2m
d2

dx2

(√
2
a

sin
nπx

a

)
= − ~2

2m

(nπ
a

) d

dx

(√
2
a

cos
nπx

a

)

=
~2

2m

(nπ
a

)2
(√

2
a

sin
nπx

a

)
= n2 π

2~2

2ma2︸ ︷︷ ︸
eigenwaarde

ψn(x)

b.

〈ψm|ψn〉 =
∫ a

0

2
a

sin
mπx

a
sin

nπx

a
dx =

1
a

∫ a

0

(
cos

(m− n)πx
a

− cos
(m+ n)πx

a

)
dx

=
1
a

[
a

(m− n)π
sin

(m− n)πx
a

∣∣∣∣a
0

− a

(m+ n)π
sin

(m+ n)πx
a

∣∣∣∣a
0

]
= 0 voor m 6= n

〈ψn|ψn〉 =
∫ a

0

2
a

sin2 nπx

a
dx =

1
a

∫ a

0

(
1− cos

2nπx
a

)
dx = 1

→ 〈ψm|ψn〉 = δmn

c.

〈ψm|Ĥψn〉 = 〈ψm|n2 π
2~2

2ma2
ψn〉 = n2 π

2~2

2ma2
〈ψm|ψn〉 = n2 π

2~2

2ma2
δmn

Diagonale matrix met eigenwaarden op de diagonaal;
Correct, immers matrixrepresentatie van een operator in de basis van eigenfuncties
is diagonaal met eigenwaarden op de diagonaal.
d. —–
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3) a. V (x) = 1
2kx

2 = 1
2mω

2x2

x̂ =
1√

2miω
(â+ − â−) → x̂2 =

−1
2mω2

(
â2

+ − â+â− − â−â+ + â2
−
)

〈ψn|V̂ (x)|ψn〉 = −1
4
〈ψn|â2

+−â+â−−â−â++â2
−|ψn〉 = −1

4
〈ψn|−â+â−−â−â+|ψn〉

â+â−|ψn〉 =
√
n~ωâ+|ψn−1〉 = n~ω|ψn〉

â−â+ =
√

(n+ 1)~ωâ−|ψn+1〉 = (n+ 1)~ω|ψn〉

}
(∗)

〈ψn|V |ψn〉 =
1
4

(n~ω〈ψn|ψn〉+ (n+ 1)~ω〈ψn|ψn〉) =
1
4
(2n+ 1)~ω

b. [â+, â−]︸ ︷︷ ︸ |ψn〉 = (â+â− − â−â+) |ψn〉 =(∗) −~ω︸︷︷︸ |ψn〉
c. ∫ ∞

0
|ψ(x, 0)|2dx = 1 = |A|2〈ψ0 + ψ1|ψ0 + ψ1〉 = 2|A|2 ↔ A =

1√
2

d.

Ψ(x, t) =
1√
2

{
ψ0(x) exp

(
−iE0t

~

)
+ ψ1(x) exp

(
−iE1t

~

)}
e.

〈Ψ|V |Ψ〉 =
1
2
〈ψ0e

−iE0t/~ + ψ1e
−iE1t/~|V |ψ0e

−iE0t/~ + ψ1e
−iE1t/~〉 =

1
2

〈ψ0|V |ψ0〉︸ ︷︷ ︸
6=f(t)

+ 〈ψ0|V |ψ1〉︸ ︷︷ ︸
=0

ei(E0−E1)t/~ + 〈ψ1|V |ψ0〉︸ ︷︷ ︸
=0

e−i(E0−E1)t/~ + 〈ψ1|V |ψ1〉︸ ︷︷ ︸
6=f(t)


→ 〈V 〉 6= f(t) dwz behouden grootheid.
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