
Gaussovy integrály
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• v́ıcerozměrné integrály∫

Rn

e−ax
2+~b·~xdnx =

(π
a

)n
2
e
b2

4a , a ∈ C, Re a > 0, ~b ∈ Cn

Operátory, komutačńı relace

• komutačńı relace
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• sférické souřadnice Q̂1 = r sin θ cosϕ, Q̂2 = r sin θ sinϕ, Q̂3 = r cos θ
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Lineárńı harmonický oscilátor

• spektrum Ĥψn = ~ω
(
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)
ψn, n ∈ Z+

• vlastńı funkce ψn(ξ) =
(
Mω
π~

) 1
4 1√

n!2n
Hn(ξ) e−

ξ2

2 , ξ =
√

Mω
~ x

• Hermitovy polynomy Hn(z) = (−1)nez
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• posunovaćı operátory â± =
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• koherentńı stavy â−|α〉 = α|α〉, |α〉 = e−
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Moment hybnosti

• spektrum L̂3Ylm = m~Ylm, L̂2Ylm = ~2l(l + 1)Ylm, l ∈ Z+, m ∈ {−l, . . . , l}

• kulové funkce Ylm(θ, ϕ) = Clm Pm
l (cos θ) eimϕ, |Clm|2 = (2l+1)(l−m)!
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• Legenderovy polynomy Pm
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• posunovaćı operátory L̂± = L̂1 ± iL̂2, [L̂3, L̂±] = ±~L̂±, [L̂2, L̂±] = 0

L̂±|l,m〉 = α±lm|l,m± 1〉, α±lm = ~
√
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Izotropńı oscilátor

• spektrum hamiltoniánu Ĥψn,l,m = ~ω(2n+ l+ 3
2
) ψn,l,m, n, l ∈ Z+, m ∈ {−l, . . . , l}

• společné vlastńı funkce Ĥ, L̂3, L̂
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• Lagguerovy polynomy Lβn(z) = 1
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Lβ0 (z) = 1, Lβ1 (z) = 1 + β − z

Vod́ıkový atom

• bodové spektrum hamiltoniánu ĤψN,l,m = − R
N2 ψN,l,m, N = n+ l + 1, R = MQ2

2~2

• společné vlastńı funkce Ĥ, L̂3, L̂
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Částice v nekonečné potenciálové jámě

• spektrum hamiltoniánu Ĥψn = Enψn, En = 1
2M
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Kvantové tuhé těleso

• spektrum hamiltoniánu Ĥψm(ϕ) = −~2
2I
d2ψm
dϕ2 = Emψm(ϕ), Em = m2~2

2I
, m ∈ Z

• vlastńı funkce ψm(ϕ) = 1√
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eimϕ

Zobecněné vlastńı funkce

• operátor hybnosti (φ~p, P̂jψ) = pj(φ~p, ψ), φ~p(~x) = 1
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~ ~p·~xψ(~x)d3x = ψ̃(~p), (φ~p, φ~p′) = δ(~p− ~p′)

• operátor polohy (δ~a, Q̂jψ) = aj(δ~a, ψ), δ~a(~x) = δ(~x− ~a)

(δ~a, ψ) =

∫
R3

δ(~x− ~a)ψ(~x)d3x = ψ(~a), (δ~a, δ~a′) = δ(~a− ~a′)

Integrály pohybu

• Â je integrál pohybu ⇐⇒ i
~ [Ĥ, Â] + ∂Â

∂t
= 0

Spin

• složky spinu [Ŝj, Ŝk] = i~εjklŜl, Ŝj = ~
2
σj

• Pauliho matice [σj, σk] = 2iεjklσl, {σj, σk} = 2δjk1, σjσk = δjk1+ iεjklσl
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• spinor s kladnou projekćı do směru ~n = (sin θ cosϕ, sin θ sinϕ, cos θ)
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• řešeńı Pauliho rovnice pro spin v homogenńım magnetickém poli ~B(~x, t) = ~B(
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Poruchová teorie

Ĥ = Ĥ0+εĤ ′, Ĥ0|ψk〉 = E
(0)
k |ψk〉, Ĥ|ψk(ε)〉 = Ek(ε)|ψk(ε)〉, Ek(ε) = E
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• oprava prvńıho řádu E
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k = 〈ψk|Ĥ ′|ψk〉
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