
计算电磁学笔记

附录 A 常用广义正交曲线坐标系

笛卡尔直角坐标系

.x; y; z/

8̂̂̂<̂
ˆ̂:
hx D 1

hy D 1

hz D 1

圆柱坐标系

8̂̂̂<̂
ˆ̂:
x D � cos �

y D � sin �

z D z

8̂̂̂<̂
ˆ̂:
� D

p
x2 C y2

� D tan�1
y

x

z D z

8̂̂̂<̂
ˆ̂:
h� D 1

h� D �

hz D 1

�
O�

O�

Oz

�

D

�
cos � �r sin � 0

sin � r cos � 0

0 0 1

��
Ox

Oy

Oz

�

球坐标系

8̂̂̂<̂
ˆ̂:
x D � cos' sin �

y D � sin � sin'

z D � cos �

8̂̂̂̂
<̂̂
ˆ̂̂̂:
� D

p
x2 C y2 C z2

� D cos�1

 
zp

x2 C y2 C z2

!
' D tan�1

y

x8̂̂̂<̂
ˆ̂:
h� D 1

h� D �

h' D � sin �
�

O�

O�

O'

�

D

�
cos' sin � r cos � cos' �r sin � sin'

sin � sin' r cos � sin' r cos' sin �

cos � �r sin � 0

��
Ox

Oy

Oz

�
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计算电磁学笔记

椭圆柱坐标系

8̂̂̂<̂
ˆ̂:
x D a cos v coshu

y D a sin v sinhu

z D z

8̂̂̂̂
<̂̂
ˆ̂̂̂:
u D <

�
cosh�1

�
x C iy

a

��
v D =

�
cosh�1

�
x C iy

a

��
z D z8̂̂̂<̂

ˆ̂:
hu D a

p
sin2 v C sinh2 u

hv D a
p

sin2 v C sinh2 u

hz D 1

�
Ou

Ov

Oz

�

D

�
a cos v sinhu �a coshu sin v 0

a coshu sin v a cos v sinhu 0

0 0 1

��
Ox

Oy

Oz

�

抛物柱坐标系

8̂̂̂<̂
ˆ̂:
x D

1

2

�
u2 � v2

�
y D uv

z D z

8̂̂̂̂
<̂̂
ˆ̂̂̂:
u D

yqp
x2 C y2 � x

v D

qp
x2 C y2 � x

z D z

8̂̂̂<̂
ˆ̂:
hu D

p
u2 C v2

hv D
p
u2 C v2

hz D 1

�
Ou

Ov

Oz

�

D

�
u �v 0

v u 0

0 0 1

��
Ox

Oy

Oz

�

扁椭球坐标系

8̂̂̂<̂
ˆ̂:
x D a cos � cos' cosh �

y D a cos � cosh � sin'

z D a sin � sinh �

8̂̂̂̂
ˆ̂̂<̂
ˆ̂̂̂̂̂:

� D =

 
cosh�1

 
iz C

p
x2 C y2

a

!!

� D <

 
cosh�1

 
iz C

p
x2 C y2

a

!!
' D tan�1

y

x8̂̂̂<̂
ˆ̂:
h� D a

q
sin2 � C sinh2 �

h� D a

q
sin2 � C sinh2 �

h' D a cos � cosh �
�

O�

O�

O'

�

D

�
�a cos' cosh � sin � a cos � cos' sinh � �a cos � cosh � sin'

�a cosh � sin � sin' a cos � sin' sinh � a cos � cos' cosh �

a cos � sinh � a cosh � sin � 0

��
Ox

Oy

Oz

�
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长椭球坐标系

8̂̂̂<̂
ˆ̂:
x D a cos' sin � sinh �

y D a sin � sin' sinh �

z D a cos � cosh �

8̂̂̂̂
ˆ̂̂<̂
ˆ̂̂̂̂̂:

� D <

 
cosh�1

 
z C i

p
x2 C y2

a

!!

� D =

 
cosh�1

 
z C i

p
x2 C y2

a

!!
' D tan�1

y

x8̂̂̂<̂
ˆ̂:
h� D a

q
sin2 �C sinh2 �

h� D a

q
sin2 �C sinh2 �

h' D a sin � sinh �
�

O�

O�

O'

�

D

�
a cos' cosh � sin � a cos � cos' sinh � �a sin � sin' sinh �

a cosh � sin � sin' a cos � sin' sinh � a cos' sin � sinh �

a cos � sinh � �a cosh � sin � 0

��
Ox

Oy

Oz

�

旋转抛物面坐标系

8̂̂̂<̂
ˆ̂:
x D uv cos'

y D uv sin'

z D
1

2

�
u2 � v2

�

8̂̂̂̂
ˆ̂<̂
ˆ̂̂̂̂:

u D

p
x2 C y2qp

x2 C y2 C z2 � z

v D

qp
x2 C y2 C z2 � z

' D tan�1
y

x8̂̂̂<̂
ˆ̂:
hu D

p
u2 C v2

hv D
p
u2 C v2

h' D uv

�
Ou

Ov

Oz

�

D

�
v cos' u cos' �uv sin'

v sin' u sin' uv cos'

u �v 0

��
Ox

Oy

Oz

�
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双极坐标系

8̂̂̂̂
<̂
ˆ̂̂:
x D

a sinh v

cosh v � cosu
y D

a sinu

cosh v � cosu
z D z

8̂̂̂̂
<̂̂
ˆ̂̂̂:
u D �2=

�
coth�1

�
x C iy

a

��
v D 2<

�
coth�1

�
x C iy

a

��
z D z8̂̂̂̂

<̂
ˆ̂̂:
hu D

a

cosh v � cosu
hv D

a

cosh v � cosu
hz D 1

�
Ou

Ov

Oz

�

D

ˇ
�

a sinu sinh v

.cosh v � cosu/2
a cosh v

cosh v � cosu
�

a sinh2 v

.cosh v � cosu/2
0

a cosu

cosh v � cosu
�

a sin2 u

.cosh v � cosu/2
�

a sinu sinh v

.cosh v � cosu/2
0

0 0 1


�

Ox

Oy

Oz

�

双球坐标系

8̂̂̂̂
<̂
ˆ̂̂:
x D

a cos' sinu

cosh v � cosu
y D

a sinu sin'

cosh v � cosu
z D

a sinh v

cosh v � cosu

8̂̂̂̂
<̂
ˆ̂̂:
hu D

a

cosh v � cosu
hv D

a

cosh v � cosu
h' D

a sinu

cosh v � cosu8̂̂̂̂
ˆ̂̂<̂
ˆ̂̂̂̂̂:

u D �2=

 
coth�1

 
z C i

p
x2 C y2

a

!!

v D 2<

 
coth�1

 
z C i

p
x2 C y2

a

!!
' D tan�1

y

x

�
Ou

Ov

O'

�

D

�
a cosu cos'

cosh v � cosu
�

a cos' sin2 u

.cosh v � cosu/2
�
a cos' sinu sinh v

.cosh v � cosu/2
�
a sinu sin'

cosh v � cosu
a cosu sin'

cosh v � cosu
�

a sin2 u sin'

.cosh v � cosu/2
�
a sinu sin' sinh v

.cosh v � cosu/2
a cos' sinu

cosh v � cosu

�
a sinu sinh v

.cosh v � cosu/2
a cosh v

cosh v � cosu
�

a sinh2 v

.cosh v � cosu/2
0

�
�

Ox

Oy

Oz

�
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环坐标系

8̂̂̂̂
<̂
ˆ̂̂:
x D

a cos' sinhu

coshu � cos v
y D

a sin' sinhu

coshu � cos v
z D

a sin v

coshu � cos v

8̂̂̂̂
ˆ̂̂<̂
ˆ̂̂̂̂̂:

u D 2<

 
coth�1

 
iz C

p
x2 C y2

a

!!

v D �2=

 
coth�1

 
iz C

p
x2 C y2

a

!!
' D tan�1

y

x8̂̂̂̂
<̂
ˆ̂̂:
hu D

a

coshu � cos v
hv D

a

coshu � cos v
h' D

a sinhu

coshu � cos v

�
Ou

Ov

O'

�

D

�
a cos' coshu

coshu � cos v
�

a cos' sinh2 u

.coshu � cos v/2
�
a cos' sin v sinhu

.coshu � cos v/2
�
a sin' sinhu

coshu � cos v
a coshu sin'

coshu � cos v
�

a sin' sinh2 u

.coshu � cos v/2
�
a sin v sin' sinhu

.coshu � cos v/2
a cos' sinhu

coshu � cos v

�
a sin v sinhu

.coshu � cos v/2
a cos v

coshu � cos v
�

a sin2 v

.coshu � cos v/2
0

�
�

Ox

Oy

Oz

�

圆锥坐标系

参数 f0 < a < b < 1g

 
� � �

�1 < � < 1 a2 < �2 < b2 �2 < a2

!
8̂̂̂̂
ˆ̂<̂
ˆ̂̂̂̂:

x D
�j��j

ab

y D
1

a

r
.�2 � a2/.�2 � a2/

a2 � b2
j�j sgn.�/

z D
1

b

r
�
.�2 � b2/.�2 � b2/

a2 � b2
j�j sgn.�/8̂̂̂̂

ˆ̂<̂
ˆ̂̂̂̂:

h� D 1

h� D

p
�2 � �2j�jp

b2 � �2
p
�2 � a2

h� D

p
�2 � �2j�j

p
�2 � a2

p
�2 � b28̂̂̂̂

ˆ̂̂̂̂̂<̂
ˆ̂̂̂̂̂̂
ˆ̂:

� D
p
x2 C y2 C z2 sgn.x/

� D
sgn.y/

p
2

p
a2x2 C b2x2 C b2y2 C a2z2 C

q
.�a2x2

� b2x2
� b2y2

� a2z2/2 � 4a2b2x2.x2
C y2

C z2/

x2 C y2 C z2

� D
sgn.z/

p
2

p
a2x2 C b2x2 C b2y2 C a2z2 �

q
.�a2x2

� b2x2
� b2y2

� a2z2/2 � 4a2b2x2.x2
C y2

C z2/

x2 C y2 C z2
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共焦抛物面坐标系

参数 f0 < b < a < 1g

 
� � �

�1 < � < b2 b2 < � < a2 a2 < � < 1

!

8̂̂̂̂
ˆ̂<̂
ˆ̂̂̂̂:
x D

r
.a2 � �/.a2 � �/.a2 � �/

b2 � a2

y D

r
.b2 � �/.b2 � �/.b2 � �/

a2 � b2

z D
1

2
.a2 C b2 � � � � � �/

8̂̂̂̂
ˆ̂̂̂̂̂̂
<̂̂
ˆ̂̂̂̂̂̂
ˆ̂̂̂:

h� D

p
.� � �/.� � �/

2

q
.a2

� �/.b2
� �/

h� D

p
.� � �/.� � �/

2

q
.a2

� �/.b2
� �/

h� D

p
.� � �/.� � �/

2

q
.a2

� �/.b2
� �/

�
O�

O�

O�

�

D

ˇ

�

q
.a2��/.a2��/.a2��/

b2�a2

2 .a2 � �/
�

q
.a2��/.a2��/.a2��/

b2�a2

2 .a2 � �/
�

q
.a2��/.a2��/.a2��/

b2�a2

2 .a2 � �/

�

q
.b2��/.b2��/.b2��/

a2�b2

2 .b2 � �/
�

q
.b2��/.b2��/.b2��/

a2�b2

2 .b2 � �/
�

q
.b2��/.b2��/.b2��/

a2�b2

2 .b2 � �/

�
1

2
�
1

2
�
1

2



�
Ox

Oy

Oz

�

共焦椭球面坐标系

参数 f0 < c < b < a < 1g

 
� � �

�1 < � < c2 c2 < � < b2 b2 < � < a2

!

8̂̂̂̂
<̂̂
ˆ̂̂̂:
x D

r
.a2 � �/.a2 � �/.a2 � �/

b2 � a2

y D

r
.b2 � �/.b2 � �/.b2 � �/

a2 � b2

z D
1

2
.a2 C b2 � � � � � �/

8̂̂̂̂
ˆ̂̂̂̂̂̂
<̂̂
ˆ̂̂̂̂̂̂
ˆ̂̂̂:

h� D

p
.� � �/.� � �/

2

q
.a2

� �/.b2
� �/.c2

� �/

h� D

p
.� � �/.� � �/

2

q
.a2

� �/.b2
� �/.c2

� �/

h� D

p
.� � �/.� � �/

2

q
.a2

� �/.b2
� �/.c2

� �/
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�
O�

O�

O�

�

D

�

�

r
.a2��/.a2��/.a2��/
.a2�b2/.a2�c2/

2 .a2 � �/
�

r
.a2��/.a2��/.a2��/
.a2�b2/.a2�c2/

2 .a2 � �/
�

r
.a2��/.a2��/.a2��/
.a2�b2/.a2�c2/

2 .a2 � �/

�

r
.b2��/.b2��/.b2��/
.b2�a2/.b2�c2/

2 .b2 � �/
�

r
.b2��/.b2��/.b2��/
.b2�a2/.b2�c2/

2 .b2 � �/
�

r
.b2��/.b2��/.b2��/
.b2�a2/.b2�c2/

2 .b2 � �/

�

r
.c2��/.c2��/.c2��/
.a2�c2/.b2�c2/

2 .c2 � �/
�

r
.c2��/.c2��/.c2��/
.a2�c2/.b2�c2/

2 .c2 � �/
�

r
.c2��/.c2��/.c2��/
.a2�c2/.b2�c2/

2 .c2 � �/

�

�
Ox

Oy

Oz

�

第 208页 http://www.jlao.net/emnotes


