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∇× B = µ0J, <6A
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∇ ·E = ρe/ε0, ∇× E = −µ0Jm − ∂B
∂t
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∇ ·B = µ0ρm, ∇× B = µ0Je + ε0µ0
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E → cB, cρe → ρm, cJe → Jm,

cB → −E, ρm → −cρe, Jm → −cJe, <12A

E�	
� �� 
�"0�
+� L�&� '� *���(�:� a�) E�	
� �� 
�"0�
+� 
�C$��� 4$& 8� /� ��+$
�� ��+� �� �� 
Be '� θ �� �J&��& "� �&'�� C$��� 4$& *��#� �'
;#� ��#2'T� C� $��� 8� /�
*89& ��(�� "#K
9 <<Jm � cJeA � <ρm � cρeA '��4�:� �A 5<cB � EA J& "	 �&�f�e

(
E′

cB′
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=
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cos θ sin θ
− sin θ cos θ

) (
E
cB

)

(
cρ′e
ρ′m

)
=

(
cos θ sin θ
− sin θ cos θ

) (
cρe

ρm

)

(
cJ′

e

J′
m

)
=

(
cos θ sin θ
− sin θ cos θ

) (
cJe

Jm

)
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( ∇ · E′

∇ · cB′

)
=

(
cos θ sin θ
− sin θ cos θ

) ( ∇ · E
∇ · cB

)
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mr̈ = qṙ × B =
µ0qqm

4πr3
ṙ × r. <23A
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J = mr × ṙ − µ0qqm

4πr
r. <24A

*89& 8	�U 8�
_ G�

J̇ = mṙ × ṙ + mr × r̈ − µ0qqm

4πr
ṙ +

µ0qqmṙ

r2
r

= r ×
(µ0qqm

4πr3
ṙ × r

)
− µ0qqm

4πr
ṙ +

µ0qqmṙ

r2
r

=
µ0qqm

4πr3

(
ṙ r2 − r(r · ṙ)) − µ0qqm

4πr
ṙ +

µ0qqmṙ

r2
r = 0. <25A
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r · J = rJ cos θ = −µ0qqmr

4π
, ⇒ cos θ = −µ0qqm

4πJ
. <26A
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mr̈ = − µ0qqm

4πmr3
(J +

µ0qqm

4πr
r) <27A
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r‖ = (r · Ĵ)Ĵ

r⊥ = r − r‖ = r − (r · Ĵ)Ĵ = Ĵ × (r × Ĵ). <28A
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m

16π2mr4
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4πmr3
(J +

µ0qqm

4πr
r‖). <29A
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G�(
� "#(&� &' r⊥ �2& ��	�� 8	�U X��I� �� �' �'7 ��� *r⊥ = r sin θ � r‖ = r cos θ
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16π2mr4
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4πr
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J = mṙ · Ĵ × r + J cos2 θ

Jsin2θ = m(ṙ‖ + ṙ⊥) · Ĵ × r⊥

Jsin2θ = mṙ⊥ · Ĵ × r⊥
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