
Ersatztest 1+2: QT–UE WS 2005/2006 24. Februar 2006

Beispiel 1: Lösung

[1] Hamiltonoperator: H = − 1
~
Sz + 1

~3 Sz
3 + 4

~4

{

S2 − (S(1))2 − (S(2))2
}2

[2a] CG–Koeffizienten:

〈 3
2
,2−s; 1

2
s | 22〉 = δs,+1/2 . . . s=± 1

2

〈 3
2
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2
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√
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2
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2
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3
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2
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2
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2
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2
s | 1−1〉 = −

√
3

2
. . . s=+ 1

2

〈 3
2
,−1−s; 1

2
s | 1−1〉 = 1

2
. . . s=− 1

2

[2b] Gesamtdrehimpuls–Basis:

|( 3
2

1
2
)SM〉 =

∑+1
s=−1 〈 3

2
,M−s; 1

2
s |SM〉 | 3

2
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2
s〉
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2
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3
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2
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2
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2

1
2
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2
1
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2
〉)
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1
2
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2
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2
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2
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2
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1
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2
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2
〉

|( 3
2

1
2
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2
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2
1
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1
2
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√
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2
3
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2
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2
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2
(−| 3

2
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2
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2
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√
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1
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2
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2
; 1
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2
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[3a] EW–Gleichung: H | (3
2

1
2
)SM〉 = ESM | (3

2
1
2
)SM〉

ESM = M(M2 − 1) + [2S(S + 1) − 9]2

[3b] EWe, EVen, Entartung:

EWe EVen Entartung

E2−2 = 3 |( 3
2

1
2
)2−2〉 1

E21=E20=E2−1 = 9 |( 3
2

1
2
)21〉, |( 3

2
1
2
)20〉, |( 3

2
1
2
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E22 = 15 |( 3
2

1
2
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2
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2
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2
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2
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2
1
2
)1−1〉 3

[4] Wahrscheinlichkeit (+~

2
,−~

2
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2 ,−~
2

= | 3
2
, +1

2
〉(1) (1)〈3

2
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2
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Ersatztest 1+2: QT–UE WS 2005/2006 24. Februar 2006

Beispiel 2: Lösung

[1] Hamiltonoperator H0: H0 = − 4
~
Sz + 1

~3 Sz
3 + 4

~4

{

S2 − (S(1))2 − (S(2))2
}2

[2a] CG–Koeffizienten: (siehe Beipiel 1)

[2b] Gesamtdrehimpuls–Basis: (siehe Beipiel 1)

[3a] EW–Gleichung für H0: H0

∣

∣ (3
2

1
2
)SM〉 = E

(0)

SM

∣

∣ (3
2

1
2
)SM〉

E
(0)

SM = M(M2 − 4) + [2S(S + 1) − 9]2

[3b] EWe, EVen, Entartung:

EWe EVen Entartung

E
(0)
21 = 6 |( 3

2
1
2
)21〉 1

E
(0)
22 =E

(0)
20 =E

(0)
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2
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2
1
2
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E
(0)
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2
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2
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E
(0)
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2
1
2
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E
(0)
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2
1
2
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E
(0)
1−1 = 28 |( 3

2
1
2
)1−1〉 1

[4] Energiekorrektur ε
(1)
min(ξ): W | 3

2
, m; 1

2
, s〉 = m | 3

2
, m; 1

2
s〉

umin = |(3
2

1
2
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2
(
√

3|3
2

1
2
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2
1
2
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2
3
2
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2
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2
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1
2
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√
3

4

(
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2

1
2
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2
1
2
〉 +

√
3|3

2
3
2
; 1

2
− 1

2
〉
)

ε
(1)
min(ξ) = 3ξ

4

[5] Energiekorrekturen ε
(1)

min+1,ℓ(ξ): W | ( 3
2

1
2)22〉 = 3

2
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2
3
2
; 1

2
1
2
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2
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2
1
2)22〉
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1
2
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2
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2
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1
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2
1
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2
| ( 3
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1
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2
| 3

2
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2
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2
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2
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2
1
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Matrix W bezüglich ONB
{

|2, 2〉, |2, 0〉, |2,−2〉
}

:

W =

[

+ 3
2

0 0
0 0 0
0 0 − 3

2

]

ε
(1)
min+1,1(ξ) = + 3

2
ξ

ε
(1)
min+1,2(ξ) = 0

ε
(1)
min+1,3(ξ) = − 3

2
ξ

Beachte: Vollständige Aufhebung der Entartung
des EW’s E

(0)
min+1 = 9



Ersatztest 1+2: QT–UE WS 2005/2006 24. Februar 2006

Beispiel 3: Lösung

[1] Schrödingergleichung:
(

− ~
2

2m
∂2

x + V (x) − E
)

u(x) = 0

Bereich 1: (∂2
x + k2)u1(x) = 0 =⇒ k =

√

2mE
~2

Bereich 2: (∂2
x + K2)u2(x) = 0 =⇒ K =

√

2m(E+V0)
~2

Bereich 3: (∂2
x + Q2)u3(x) = 0 =⇒ Q =

√

2m(E−V0/4)
~2

Bereich 4: (∂2
x + k2)u4(x) = 0 =⇒ k =

√

2mE
~2

[2] Energie EW: K = 2k =⇒ E + V0 = 4E =⇒ E = V0

3
=⇒ Q = k

2

[3,1] Matrix Q(−a): Q(−a) = 1
2

[

3 e−ika −e+i3ka

−e−i3ka 3 e+ika

]

[3,2] Matrix Q(0): Q(0) = 1
8
[ 5 3
3 5 ]

[3,3] Matrix Q(+a): Q(+a) = 1
2

[

3 e+ika/2 −e−i3ka/2

−e+i3ka/2 3 e−ika/2

]

[4,1] Matrix Q(−a): Q(−a) = 1
2

[−3 +1
+1 −3

]

[4,2] Matrix Q(0): Q(0) = 1
8
[ 5 3
3 5 ]

[4,3] Matrix Q(+a): Q(+a) = 1
2

[

+3i −i
+i −3i

]

[4,4] Transfermatrix M: M = Q(−a) Q(0) Q(a)

Q(−a) Q(0) = 1
4

[−3 −1
−1 −3

]

Q(−a) Q(0) Q(+a) = 1
4

[ −5i +3i
−3i +5i

]

[

A1
B1

]

= 1
4

[−5i +3i
−3i +5i

] [

A4
B4

]

[5,1] Berechnung: B1, A4 A1 = 1 und B4 = 0
[

1
B1

]

= 1
4

[−5i +3i
−3i +5i

] [

A4
0

]

=⇒ A4 = 4i
5

und B1 = 3
5

[5,2] Unitarität: |B1|2 + |A4|2 = 1

[5,3] Streumatrix S: A1 = 1 und B4 = 0

Ansatz: S =
[

α −β∗

β α∗

]

mit |α | 2 + |β | 2 = 1
[

B1
A4

]

= S [ 1
0 ] =⇒ α = B1 = 3

5
, β = A4 = 4i

5


