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H|n〉 = ω0|n〉+ a|n+ 1〉+ ā|n− 1〉, ω0 ∈ R, a ∈ C.
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Ψ0(t0) = Ψ(t, x) = A0 exp(i2πν(t− x/V ))
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1− β2
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V � ω0t0 = ω(t− β

c
x) = ω(t− x/V )
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vG = dω
dk
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V = ω/k = c/β
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dω = βω
1−β2dβ

dk = d
(
βω
c

)
= ω

c
dβ + β

c
dω = ω

c
dβ

1−β2

}
=⇒ vG =

dω

dk
=
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dβ
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dk
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βω
1−β2

ω
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1−β2

= βc = v.
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~p =
m0√
1− β2

~v =
E

c2
~v =⇒ p := |~p| = E

c2
|~v| = E

c2
v =

Eβ

c
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