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H = 1
2m

(~p− e ~A(~q, t))2 + eV (~q, t)
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L ~B = rot ~A
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H =
1

2m

(
~p− e ~A(~q, t)
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+ eV (~q, t).
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[
H, ~̇q
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+ ∂t~̇q
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m~̈q = e ~E +
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¡ � �?�Q����]�����
�:QA� ~B = Bẑ
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B =
−−−→L
���A��� � �$Q��
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� ¡�ÊZ�����¿����L-��� −→
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Ax = −1
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P 2
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+
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+
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1
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X̂ = βX

[
Ŷ = βY
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)
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(Hxy) = ~|Ω|(N+ 1

2
)
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�������
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Ω < 0
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Hxy = ~ω(2N+ + I)
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1

2
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(n = 0, 1, 2, . . .)
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~̇q = 1
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H(~q, ~̇q) = 1
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m~̇q 2 + eV (~q, t).
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[q̇k, q̇`] = 1
m2 [pk − eAk, p` − eA`] = −e

m2 ([pk, A`] + [Ak, p`]) = ie~
m2 (∂kA` − ∂`Ak) = ie~

m2 εk`mB
m,
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A
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[q̇x, q̇y] = ie~
m2 (∂xAy − ∂yAx) = ie~

m2Bz = i ~

m
ω
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~̇q × ~̇q = i
~e
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~B(~q) = 2i
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[
H, ~̇q

]
+ ∂t~̇q =

i

~
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1
2
m~̇q 2, ~̇q

]
+
i

~
e
[
V (~q, t), ~̇q

]
+ ∂t~̇q
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2~

[
~̇q 2, ~̇q

]
+ ie

~

[
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m
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m
∂t ~A(~q, t).
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