
Skládáńı dvou moment̊u hybnosti

• Celkový moment hybnosti Ĵi = Ĵ
(1)
i + Ĵ

(2)
i ,

[
Ĵk, Ĵl

]
= i~εklmĴm

Ĵ3|j1, j2, j,m〉 = m~|j1, j2, j,m〉, Ĵ2|j1, j2, j,m〉 = ~2j(j + 1)|j1, j2, j,m〉

• Převodńı vztahy mezi bazemi

|j1, j2, j,m〉 =

j1∑
m1=−j1

j2∑
m2=−j2

(j1, j2,m1,m2|j,m)|j1,m1〉 ⊗ |j2,m2〉

|j1,m1〉 ⊗ |j2,m2〉 =

j1+j2∑
j=|j1−j2|

j∑
m=−j

(j1, j2,m1,m2|j,m)|j1, j2, j,m〉

• Clebsch-Gordonovy koeficienty - výběrová pravidla

(j1, j2,m1,m2|j,m) 6= 0 =⇒ m1 +m2 = m, |j1 − j2| ≤ j ≤ j1 + j2

Integrál součinu tř́ı kulových funkćı

2π∫
0

dϕ

π∫
0

sin θdθ Y l,mYl1,m1Yl2,m2 =

√
(2l1 + 1)(2l2 + 1)

4π(2l + 1)
(l1, l2, 0, 0|l, 0)(l1, l2,m1,m2|l,m)

Skalárńı, vektorové a ireducibilńı tenzorové operátory

• Skalárńı a vektorový operátor
[
Ĵi, Â

]
= 0,

[
Ĵk, V̂l

]
= i~εklmV̂m

• Ireducibilńı tenzor řádu k T̂(k) =
{
T̂ (k,−k), T̂ (k,−k + 1), . . . , T̂ (k, k)

}
[
Ĵ3, T̂ (k, q)

]
= ~qT̂ (k, q),

[
Ĵ±, T̂ (k, q)

]
= α±kqT̂ (k, q ± 1)

• Převod mezi vektorovým operátorem a ITO 1. řádu

V̂ (1, 1) = − 1√
2

(
V̂1 + iV̂2

)
, V̂ (1, 0) = V̂3, V̂ (1,−1) =

1√
2

(
V̂1 − iV̂2

)
• Wigner-Eckart̊uv teorém

〈a, j1,m1|T̂ (k, q)|b, j2,m2〉 =
(−1)j1+k−j2
√

2j1 + 1
(k, j2, q,m2|j1,m1)(a, j1||T̂(k)||b, j2)

• Pro vektorové operátory plat́ı (j 6= 0) 〈a, j,m1|~̂V |a, j,m2〉 = 〈a, j,m1|
~̂J( ~̂J · ~̂V )

Ĵ2
|a, j,m2〉

WKB aproximace - kvantovaćı podmı́nky

• Body obratu xi nejsou pevné konce 1
~

x2∫
x1

p(x)dx =
(
n+ 1

2

)
π, n ∈ Z+

• Za každý pevný konec muśıme na pravé straně přidat π
4



Matice hustoty

• Výsledky měřeńı WÂ=a,ρ̂ = Tr
(
P̂aρ̂
)
, 〈Â〉ρ̂ = Tr

(
Âρ̂
)
, Â =

∑
a∈σ(Â)

aP̂a

• Stav po měřeńı Â, známá/neznámá hodnota ρ̂Â=a = P̂aρ̂P̂a

Tr(P̂aρ̂)
, ρ̂Â =

∑
a∈σ(Â)

P̂aρ̂P̂a

• Časový vývoj matice hustoty i~ d
dt
ρ̂ =

[
Ĥ, ρ̂

]
Různé obrazy kvantové mechaniky (shoduj́ı se v t0)

• Schrödinger i~ d
dt
|ψ(t)〉 = Ĥ|ψ(t)〉, |ψ(t)〉 = Û(t, t0)|ψ(t0)〉, i~ d

dt
Û(t, t0) = ĤÛ(t, t0)

• Heisenberg |ψH(t)〉 = Û †(t, t0)|ψ(t)〉 = |ψ(t0)〉, ÂH(t) = Û †(t, t0)ÂÛ(t, t0)

d

dt
ÂH(t) = Û †(t, t0)

(
i

~

[
Ĥ, Â

]
+
∂Â

∂t

)
Û(t, t0)

• Dirac Ĥ = Ĥ0 + V̂ , Ĥ0|ψn〉 = En|ψn〉, Û0(t, t0) = e−
i
~ Ĥ0(t−t0), ωmn = Em−En

~

|ψD(t)〉 = Û †0 |ψ(t)〉, ÂD = Û †0ÂÛ0,
d

dt
ÂD(t) = Û †0(t, t0)

(
i

~

[
Ĥ0, Â

]
+
∂Â

∂t

)
Û0(t, t0)

i~
d

dt
|ψD(t)〉 = V̂ D|ψD(t)〉, |ψD(t)〉 =

∑
m

ψDm(t)|ψm〉, i~
dψDm
dt

=
∑
j

Vmne
iωmntψDn , Vmn = 〈ψm|V̂ |ψn〉

Spin-1
2 v rotuj́ıćım magnetickém poli

• Rotuj́ıćı pole v rovinně xy ~B(t) = (B1 cosωt,−B1 sinωt,B0), Ĥ(t) = −µ
~
~̂S · ~B(t)

• Efektivńı hamiltonián Ĥef = Ĥ(0) + ωŜ3 = Ω ~nΩ · ~̂S, Ω =
√

∆2 + ω2
1, ~nΩ = 1

Ω
(−ω1, 0,∆)

• Evolučńı operátor Û(t, 0) = e
i
~ωtŜ3 e−

i
~Ωt~nΩ· ~̂S, ω0 = µB0

~ , ω1 = µB1

~ , ∆ = ω − ω0

Nestacionárńı poruchová teorie

• Celkový Hamiltonián Ĥ = Ĥ0 + V̂ (t), Ĥ0|ψn〉 = En|ψn〉, ωmn = Em−En

~

• Pravděpodobnost přechodu v 1. řádu W
(1)
i→f (T − T0) = 1

~2

∣∣∣∣∣ T∫T0

〈ψf |V̂ (t)|ψi〉eiωfitdt

∣∣∣∣∣
2

Teorie rozptylu

• Amplituda rozptylu v 1. Bornově aproximaci (spec. pro V (r))

f (1)(~k′, ~k) = − M

2π~2

∫
R3

ei(
~k−~k′)·~x′V (~x′)d3x′

= − M

~2k sin θ
2

∞∫
0

r′V (r′) sin

(
2kr′ sin

θ

2

)
dr′




