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det(O) = ±1. �5
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5�0�� �&��� � 5��-��8( �� �� ����� ! �� *�!� :�2;!� B� 	 5��	( B� �7-��8 �,�
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'�� �� 	� f � ��� ! � �)� *���- � �S! �( �� F �� ��(�� � 5��-� 	 h � �N�2,� � 5��-�
E1-�(�� T��#! f∗(F) 	 f∗(h) 7-8�8 �� �� �� ��5��-�

[f∗(h)](r) := h[f−1(r)], �6

	

[f∗(F)](r) :=
(

∂f
∂r

F
)

[f−1(r)], �7

1���( 9���� ��,�-./� �1 � U�! �� f �+� *�,� f � V�0� � H��8�� ∂f/∂r ��

[f∗(F)](r) := (O F) [f−1(r)], �8

9f �� �,�-./� � ���� �� �W���� (���� ?��( �+?(�,�� �R'�� ��

f∗(∇ ·F)=∇ · [f∗(F)],

f∗(∇× F)= det(O)∇× [f∗(F)],

f∗(∇h)=∇[f∗(h)]. �9
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9���� � �( �� ���(��

f∗(G · F)= [f∗(G)] · [f∗(F)],

f∗(G × F)=det(O) [f∗(G)] × [f∗(F)],

f∗(hF)= [f∗(h)] [f∗(F)], �10
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∇× E +
∂B
∂t

= 0, �11

∇ · B= 0, �12

∇× H− ∂D
∂t

=J, �13

∇ ·D= �. �14

D 	 9�@-���I� � ^(�+ �� �N� L H 9�@-���I� � 5��-� B 9�2���2 N� � 5��-� E

� ���� �( �@-���I�	��2N� �� ��5��-� %](�;� '�� *�,� �2���2N� � ��� �� �N� L
*�,� (��6 � ����� �N� L � 	 (��6 � 5���R�� �N� L J ��56 �( 	 ������ _-`�8 �� ?(��

E�,� ��� �� �+��,	�a �� �N(�;� 9%](�;� '�� �� �$-�! B�

∇ · J +
∂�

∂t
= 0. �15

3c4 ���@2�\ � %](�;� � b��R B 	 9H 9D 9E �+� (���� ?��( �9 �� ���C��� �� ?(���,� ��
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�� ���#0L �� �� � 3c4 ��� @2�\ � %](� ; � � b��R 1� det(O) f∗(B) 	 9det(O) f∗(H)

�+� 9?d�	 �� *�!� �?�� �R���R f � e��&8 �� �� �� ?(�� ��&N� 	 f∗(�) 	 f∗(J)

f∗(J) =λJ,

f∗(�)=λ�, �16

9?�+56 9���� �8B� ���@2�\ � %](�;� � b��R 	

f∗(E)=λE,

f∗(D) =λD,

det(O) f∗(H)=λH,

det(O) f∗(B) =λB. �17

�*�!�	6 �� 1� �� �-N	� 	 ���� � Z���� OL � f�� �� ��%��&" �� � g���� ��&N�
�,( �� �+?(�,�� 1� ���(�� 	 �N�2,� �� ��e-@!��a �� �,�-./� �� ��e��&8 � �)�

�� �!� 5��L A 	 φ �� ���(�� 	 �N�2,� �� ��e-@!��a *��6��

E=−∇φ − ∂A
∂t

,

B=∇× A. �18

?�+56 9�!�	6 �� �� B 	 E � � �18 � %](�;� A 	 φ �+� (���� ?��( �+?(�,�� �9 ��
*�!�	6�� �� �� det(O) f∗(B) 	 f∗(E) �� �18 � %](�;� 1� f∗(A) 	 f∗(φ)

� %](�;� 9�!� 5��� �� e<�@� �?(�� 	 ���#0L 	 ��5��-� �� � h�D � �N�� �(
B 	 H �+� �-;K	 '�� �( *� !���� ��R 1� �� �@-�� � I� 	 �2�� �2 N� �� ��5��-�
�� ��5�� - � 1� det(O) f∗(B) 	 det(O) f∗(H) ?� +56 9� ��� � J � � �W� � � � �� ��5�� - �
?(�� �� �h�D � �N�� �( *�!� �?�� �R���R f � e��&8 �� �� �� ?(�� 	 f∗(J) �� �W����
�@-���I� � 5��-� 	 �?�� �a μ �� �@-���I� �� ���	��8 �� �� ?(�� �� ��� � e� �� 1����!

3d4 ��\,\ MM�A � �� �N�� �!� �� �C��� �� (���� ��

H(r) =
1

4 π

∫
dV ′ [J(r′)] × (r − r′)

|r − r′|3 �19
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1���( *(�� b�@� �� f∗(J) �� �W���� �� ��5��-� (���� 1� �>#-<�@� 9(�	6 �,( ��

∫
dV ′ {[f∗(J)](r′)} × (r − r′)

|r− r′|3 =
∫

dV ′ {O J[f−1(r′)]} × (r − r′)
|r − r′|3 ,

=
∫

dV ′′ [O J(r′′)] × [r − f(r′′)]
|r − f(r′′)|3 ,

=
∫

dV ′′ [O J(r′′)] × {O [f−1(r) − r′′]}
|f−1(r) − r′′|3 ,

= det(O)O

∫
dV ′′ [J(r′′)] × [f−1(r) − r′′]}

|f−1(r) − r′′|3 .�20

E�,� B� f � e��&8 �� �&��� � 5��-��8( � V.C����/ �� ?�� ?(���,� '�� �� ���C��� '�� �(∣∣∣∣det
(

∂f
∂r

)∣∣∣∣ = 1. �21

*�,� det(O) f∗(H) 5�#� f∗(J) �� �W���� � 5��-� (���� [�.;� 7-8�8 '�� ��
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3.1

�� ���Y�` �� �&@! :�2;!� � �Y8 �� 9���- � �S! �( x � ��Y� � �jR �( � 5���R
:�2;!� �� Π(y, y0) *�!� �8��\(� � %�k�G� (x, y, z) *(���#! l�" z = 0 	 y = const

1���( *���- � y = y0 �� �Y�` �� �&@!

[Π(y, y0)](x, y, z)= (x, 2 y0 − y, z),

[Π(y, y0)]∗(x̂)= x̂,

[Π(y, y0)]∗(ŷ)=−ŷ,

[Π(y, y0)]∗(ẑ)= ẑ. �22

1���( F � ?��G��( �� ���(�� � 5��-� B� �� ��� 97-8�8 '�� ��



�@-���I� � 5��-� �� ����� �� ��5��<8 m

{[Π(y, y0)]∗(F)}(x, y, z) = x̂Fx((x, 2 y0 − y, z)− ŷ Fy((x, 2 y0 − y, z)

+ẑFz((x, 2 y0 − y, z), �23

Z<� 1� 5���R 	 �,� ?��G��( y0 5�L �,� y �� e<�@� 5���R (���� �$-�! 56 �� ��
9�,� ��` 1� 56 � H!�n ���( 	 (��( x �� ��.o� Z<� 5���R �� '�� �� *�(��( x �� ��.o�

9Ha *(���! �+��@� 1� x �� J (���� �$-�!

J(r) = x̂Jx(z). �24

1���( *���- � z = 0 �� �Y�` �� �&@! :�2;!� �� Π(z, 0)

{[Π(z, 0)]∗(F)}(x, y, z) = x̂Fx((x, y,−z) + ŷ Fy((x, y,−z) − ẑFz((x, y,−z),

�25
(���� �$-�! 56 �� ��

Jx(−z) = Jx(z). �26

� 5��-� Ha 9����#! l�" �� 5���R �� �,� (�+OL �� �,�-./� � ���� B� Π(y, y0)

(���� �$-�! �R'�� �� *����� ���� �� �@-���I�

Hx(x, y0, z)=−Hx(x, y0, z),

Hz(x, y0, z)=−Hz(x, y0, z), �27

�� 5���R 1� Π(z, 0) *�!� ��` �@-���I� � 5��-� � z 	 x �� ����.o� ��(�� �$-�! ��
(���� �$-�! �R'�� �� *����� ���� �� �@-���I� � 5��-� Ha 9����#! l�"

Hy(x, y,−z) = −Hy(x, y, z). �28

�� �&@! 5��<�� � e-C�@� � e2� �� � ���� �� ��� 3e4 �p��6 � 5�!�/ �� ?(���,� �� ]��
1���( z = 0 �� �Y�`

H(r) = ŷ
−Js(z)

2
, �29
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��

Js(z) :=
∫ z

−z

dz′ Jx(z′). �30

B� �� �� �,� �D��!B� �� �YC, � 5���R B� 9��P� '�� � h�D � �N�� B�
9�N�� '�� �( *(�r+�� �Y�`

Js(z) = Js sgn(z), �31

*�,� ��=" � Q��8 sgn 	 9�YC, � 5���R �� �N� L Js ��

3.2

� � �&@ ! :�2; !� 	 ��Y� B� � ��� 5��	( � �Y8 �� � �� - � �S ! �( �� � 5� ��R
*1 �� - +�� z � ��Y� �� ��Y� '�� *(���# ! l�" ��Y� 56 �� ?� !�r+ �� ���Y�`
ϕ = ϕ0 �� �Y�`1-! �� �&@! :�2;!� �� Π′(ϕ, ϕ0) *�!� ���!���,� � %�k�G� (ρ, ϕ, z)

1���( *���- �

[Π′(ϕ, ϕ0)](ρ, ϕ, z)= (ρ, 2 ϕ0 − ϕ, z),

[Π′(ϕ, ϕ0)]∗(ρ̂)= ρ̂,

[Π′(ϕ, ϕ0)]∗(ϕ̂)=−ϕ̂,

[Π′(ϕ, ϕ0)]∗(ẑ)= ẑ. �32

9�R56 �� 	

{[Π′(ϕ, ϕ0)]∗(F)}(ρ, ϕ, z) = ρ̂Fρ(ρ, 2 ϕ0 − ϕ, z) − ϕ̂ Fϕ(ρ, 2 ϕ0 − ϕ, z)

+ẑFz(ρ, 2 ϕ0 − ϕ, z). �33

(���� �$-�! '�� ��

J(r) = ρ̂Jρ(ρ, z) + ẑJz(ρ, z). �34
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�� ��� *(���#!l�" z � ��Y� � ��� 5��	( � �Y8 5���R �� �0! ?(���,� '�� �� �>���W

� ��Y� �� ?�!�r+ �� ���Y�` �� �#� �� �&@! :�2;!� � �Y8 5���R �� �� ?(���,� '��
1� z � ��Y� � ��� 5��	( � �Y8 5���R ��(�� �$-�! '�� � (�D *�!���� �--I8�� z
B� z � ��Y� �� ?�!�r+ �� �Y�` 	( �� �&@! :�2;!� � 7-��8 5�L 9(���#! l�"

*�,� z � ��Y� � ��� 5��	(
Ha *����#! l�" �� 5���R �� �,� (�+OL �� �,�-./� � ���� B� Π′(ϕ, ϕ0)

(���� �$-�! �$��� �� *(���� ���� �@-���I� � 5��-� ���� '�� � �Y8

H(r) = ϕ̂ Hϕ(ρ, z). �35

(���� �$-�! 9���) � z 	 ρ �( � ���� �� ��� 3e4 �p��6 � 5�!�/ �� ?(���,� �� ]��

H(r) = ϕ̂
I(ρ, z)
2 π ρ

, �36

��

I(ρ, z) :=
∫

D(ρ,z)

dS′ Jz(r′). �37

^ \ U�;� 	 z � ��Y� �� 	� ^ \ 
��� �� �,� z = z0 �� �Y�` �( � h�/ D(ρ, z0)

*�,� ρ
'�� �� z � ��Y� *(�r+�� I � 5���R 56 �� �� �,� � ��.� �� 1-,h�D � �N�� B�

(���� �$-�! *1��-+�� 1-,

I(ρ, z) = I. �38

�,� � e2� ?�&�L *�,� �D��!B� �� ��?�&�L � 5���R � �( � h�D � �N�� B�
1D 56 �� �Y�` �( � ��Y� � ��� �Q��<���! ��  ��@� � tC@� � 1D B� � 5��	( �� ��
�� �-��l�� *1��-+�� z � ��Y� �� ��Y� '�� *����#! QC/ �� 1D �� 9��6�� �,( ��
�( *(���#!l�" z � ��Y� � ��� 5��	( � �Y8 �� (�r+�� �YC, � 5���R B� ?�&�L

1���( 	 �,� �36 � e2� �� �@-���I� � 5��-� %��` '��

I(ρ, z) =
{

I, ?�&�L � 5	�(
0, ?�&�L � 5	�-� , �39
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�� �&@! ?�&�L �� �C<! '��8B�(
! �( �� (�(���/ '�� �� 9�,� ?�&�L � e� � 5���R I ��
*�,� z � �&P� � �jR 5���R �� �(�(���/ � �jR 9z � ��Y�

3.3

�&@! :�2;!� 	 ��Y� B� �� ��,�� �( ��<� !� � �Y8 �� ���- � �S! �( �� � 5���R
*1�� -+�� z � ��Y� �� ��Y� '�� *(���#! l�" ��Y� 56 � � (�#" �� ���Y�` ��

�,� e2� '�� �� � 5���R'-�L

J(r) = x̂Jx(x, y) + ŷ Jy(x, y), �40

Ha *����#!l�" �� 5���R �� �,� (�+OL �� �,�-./� � ���� B� Π(z, z0)

(���� �$-�! �R'�� �� *����� ���� �� �@-���I� � 5��-�

H(r) = ẑHz(x, y). �41

�� �� �,� 56 �." *�0! ?(���,� z �� ��,�� �( ��<�!� � �Y8 5��<8 �� �>���W 1� �R'��
*�,� z � ��Y� �� (�#" �� ���Y�` �� �&@! :�2;!� 	( � 7-��8 z �� ��,�� �( ��<�!�
�� 9z = 0 �� �Y�` �( C � 1D TG� B� E� �� - � TG� ��jL � e��� �� L � ����
�� 1D '�� �� �������<�!� TG� B� 9(���� 1�D (x2, y2, 0) �� 	 U	�� (x1, y1, 0) ��
�� ��,�� �( a � ��� �� �� ��ZD?��a 1� � �( � TG� 	( 9z � ��Y� �� ��,�� �( a �� ?���!�

� 5�!�/ �� ?(���,� �� *������ e`	 1� �� �� ��1D 56 � �W���� �� ���, �� z � ��Y�
(���� �$-�! ���� '�� �� ��� 3e4 �p��6

Hz(x1, y1) − Hz(x2, y2) =
∫

C

dl′ n̂′ · J(x′, y′), �42

B� ẑ 	 9n̂′ 91D �� :�#� � ��(�� �� �� �jR �( 9�,� 1D �� (�#" �� �2� � ��(�� n̂′ ��
'�� �( �� '�� � l�� �� 	 ���j!�� �� (x2, y2) � 5(�(e-� �� *�!��,�� (�+�,�� � v��

(���� �$-�! 9�����+�� ��` �� H(x2, y2) �N��

H(r) = ẑJs(x, y), �43

��
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Js(x, y) :=
∫

C(x,y)

dl′ n̂′ · J(r′), �44

� 8 	 (� �� � U	� � (x, y) �� �C < ! �� � � �,� z = 0 �� �Y �` �( � 1D C(x, y) 	
*(	��� ���j!��

�� �YC, � 5���R B� �� �,� � ��.� �� �!���,� ��P� '�� � h�D � �N�� B�

� ��Y� *�,� ?��G��( �!���,� � QC<� *(�r+�� 56 �� Js �� �N� L �� ��#, � �D��!B�
(���� �$-�! *1��-+�� z � ��Y� �� �!���,�

Js(x, y) =
{

Js, �!���,� � 5	�(
0, �!���,� � 5	�-�

. �45
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