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z

2ωc
. N19K

'9������ -�"�(�1�! ������ �2 Nν− = ω−/(2 π) ]Y�� 2�K ω−

j, '��� "}�(�� ω− � ω+ �� ��
2 �� �� �� �2�� `:��� � `I �� � ;
� �LQ > (15K �� �?��D�

';
� "
 �`	� �� (15K �� �FQ� � Q̀ I
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H =
1

2M

[
(px − q Ax)2 + (py − q Ay)2 + (pz − q Az)

2
]

+ q Φ(�r)

=
1

2M

[(
px +

1

2
q B y

)2

+
(
py − 1

2
q B x

)2

+ p2
z

]
+ q Φ(�r)

=
1

2M

(
p2

x + p2
y + p2

z

)
+

q2 B2

8M

(
x2 + y2

)
+

q B

2M
(y px − x py) + q Φ(�r)

=
1

2M

(
p2

x + p2
y + p2

z

)
+

M

8
ω2

c

(
x2 + y2

)
+

ωc

2
Lz +

M ω2
z

4

(
2 z2 − x2 − y2

)

=
p2

x + p2
y

2M
+

M

8
ω2

c

(
x2 + y2

)
+

ωc

2
Lz − M ω2

z

4

(
x2 + y2

)
︸ ︷︷ ︸

Hxy

+
p2

z

2M
+

M ω2
z

2
z2︸ ︷︷ ︸

Hz

H = Hxy + Hz N29K

Hz =
p2

z

2M
+

1

2
M ω2

z z2 N30K

Hxy =
p2

x + p2
y

2M
+

M

8

(
ω2

c − 2ω2
z

) (
x2 + y2

)
+

1

2
ωc Lz

=
1

2M

(
p2

x + p2
y

)
+

1

2
M Ω2

(
x2 + y2

)
+

1

2
ωc Lz N31K

Ω :=
1

2

√
ω2

c − 2ω2
z . N32K
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