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1 Prasenzaufgabe 18.10.12

Erinnerung

Kommutator:
[A+ B,C+D]=[A+B,C|+[A+ B,D]=[A,C] + [B,(]

Operatoren:

xr = 2£w(a+aT), p:fi\/f”%(afcﬁ), < alb >= g

a) [z, pl(t) = (zp — pr)p(t) = —wih L (t) + M GEY(t) = ii(t)

[a, a’]ip(t) = aalp(t) — alarp(t)
= %(mwm +ip)(mwzx — ip)p(t) — ﬁ(mwx —ip)(mwz + ip)Y(t)
= m(((mw‘r)2 — mwzip + ipmwz + pp)(t)

— ((mwz)? + mwzip — ipmwz + pp)(t))
- %(—Qmw:m'p + 2ipmwx ) (t) = P(t)

b) (aa’ + aa)y(t)
= ﬁ(((muz:ﬂ)2 — mwzip + ipmwz + pp)(t)
+ ((mwz)? + mwzip — ipmwx + pp)(t))
= 7o (((mwz)? + p?)(1))
= g (mwz)? — mwzip + ipmwz + pp)(t)
+ ((mwz)? + mwzip — ipmwzx + pp)(t))
H= % + D2p? = gL mw 2y he L2202

= Hy(t) = jwh(aal + a'a)

Caf™o>
C) Ansatz. W

. aTO\O>
m=0: 700 =1/0 >

™ 0> \/(ntD)!
V(nt1)! fm+1>

m=m-++1: =

\/(m—i-l)!

d) Hln >= jwh(aa’ + ala)ln >= Jwh(av/n+1n+1> +aly/nln — 1 >)
— Luh(vVn T 1 ln > +v/n’|n >)

1
= §wh(2n +1)n>

|
EnergieEW

e) (Az)? =<2? > — <z >?=< 0|32 (a+a")?0 > —(< 04/ 52 (a + a)|0 >)?
= IO >= o

T 2mw 2mw
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