Bispherical coordinates
3-D Bipolar coordinates

[image: image83.wmf]2

h



[image: image2.wmf]1

2

ln,

r

r

h

æö

Þ=

ç÷

èø


[image: image3.wmf]1221

()

xpqpqqq

Þ=---=-



[image: image4.wmf]sin()cos()sin()sin()sinh()

,,

cosh()cos()cosh()cos()cosh()cos()

xcyczc

xfxfh

hxhxhx

===

---



[image: image5.wmf],,0

pxphfp

-££-¥££¥££

 

[image: image6.wmf]2

2222

(cot()),

sin()

c

rczrxy

x

x

æö

-+==+

ç÷

èø



[image: image7.wmf]2

22

(coth())

sinh()

c

zcr

h

h

æö

-+=

ç÷

èø



[image: image8.wmf]sin()cos()

cosh()cos()

sin()sin()

cosh()cos()

sinh()

cosh()cos()

xc

yc

zc

xf

hx

xf

hx

h

hx

ì

=

ï

-

ï

ï

Þ=

í

-

ï

ï

=

ï

-

î



[image: image9.wmf][

]

[

]

[

]

[

]

[

]

[

]

[

]

[

]

22

2

2

cosh()cos()1cos()sinh()sin()cos()

cosh()cos()cosh()cos()

cosh()cos()1sin()sinh()sin()sin()

,

cosh()cos()c

sinh()sin()

cosh()cos()

xx

cc

yy

cc

z

c

hxfhxf

xh

hxhx

hxfhxf

xh

hx

hx

x

hx

ì

--

¶¶

==

ï

¶¶

--

ï

ï

--

¶¶

ï

Þ==

í

¶¶

-

ï

ï

¶-

ï

=

¶

ï

-

î

[

]

[

]

2

2

sin()sin()

cosh()cos()

sin()cos()

,

cosh()cos()

osh()cos()

1cosh()cos()

0

cosh()cos()

x

c

y

c

z

z

c

xf

fhx

xf

fhx

hx

hx

f

h

hx

ì

ì

¶-

ï

=

ï

ï

¶-

ï

ï

ï

¶

ï

=

íí

¶-

-

ïï

ïï

¶

¶-

=

ïï

=

¶

î

¶

ï

-

î



[image: image10.wmf][

]

[

]

[

]

[

]

[

]

22

cosh()cos()1cos()sinh()sin()cos()

sin()sin()

cosh(

cosh()cos()cosh()cos()

xxx

ccc

dxdd

yyy

dyJdd

dzdd

zzz

hxfhxf

xf

h

hxhx

xhf

xx

hh

xhf

ff

xhf

--

-

éù

¶¶¶

êú

--

¶¶¶

êú

ìüìüìü

êú

¶¶¶

ïïïïïï

Þ===

íýíýíý

êú

¶¶¶

ïïïïïï

êú

îþîþîþ

êú

¶¶¶

êú

¶¶¶

ëû

[

]

[

]

[

]

[

]

[

]

[

]

22

22

)cos()

cosh()cos()1sin()sinh()sin()sin()

sin()cos()

cosh()cos()

cosh()cos()cosh()cos()

sinh()sin()1cosh()cos()

0

cosh()cos()cosh()cos()

d

cccd

d

cc

x

x

hxfhxf

xf

h

hx

hxhx

f

hxhx

hxhx

éù

êú

-

êú

ì

êú

--

ï

êú

í

êú

-

--

êú

î

--

êú

êú

--

ëû

ü

ï

ý

ïï

þ



[image: image11.wmf][

]

[

]

[

]

1

cosh()cos()1cos()cosh()cos()1sin()

sin()sin()

sinh()sin()cos()sinh()sin(

xyz

ccc

ddxdx

dJdydy

xyzc

ddzdz

xyz

xxx

hxfhxf

xf

x

hhhhxfh

h

f

fff

-

éù

¶¶¶

--

-

êú

¶¶¶

êú

ìüìüìü

êú

¶¶¶--

ïïïïïï

Þ===

íýíýíý

êú

¶¶¶

ïïïïïï

êú

îþîþîþ

êú

¶¶¶

êú

¶¶¶

ëû

[

]

[

]

)sin()1cosh()cos()

cosh()cos()sin()cosh()cos()cos()

0

sin()sin()

dx

dy

cc

dz

cc

xfhx

hxfhxf

xx

éù

êú

êú

ìü

êú

-

ïï

íý

êú

ïï

êú

îþ

---

êú

êú

ëû


[image: image12.wmf][

]

(

)

[

]

1

cosh()cos()1cos()cosh

sinh()sin()cos()

T

uu

u

cc

xxxx

uuu

J

yyyy

uu

u

zzzz

hxf

hxf

xhf

xx

xhf

hh

xhf

ff

-

--

-

ìüìü

¶¶

ìüéù

¶¶¶¶

ïïïï

ïïêú

¶¶

¶¶¶¶

ïïïï

ïïêú

ïïïï

¶¶¶¶¶¶

ïï

êú

Þ===

íýíýíý

êú

¶¶¶¶¶¶

ïïïïïï

êú

ïïïïïï

¶¶

¶¶¶¶

êú

ïïïïïï

êú

¶¶

¶¶¶¶

îþëû

îþîþ

[

]

[

]

[

]

()cos()sin()

sin()

cosh()cos()1sin()cosh()cos()cos()

sinh()sin()sin()

sin()

sin()sin()1cosh()cos()

0

u

c

u

ccc

u

cc

hxf

x

x

hxfhxf

hxf

xh

xfhx

f

éù

-

ìü

¶

êú

ïï

¶

êú

ïï

êú

--

ïï

-¶

êú

íý

¶

êú

ïï

êú

ïï

¶

--

êú

ïï

¶

îþ

êú

ëû



[image: image13.wmf][

]

[

]

[

]

[

]

cosh()cos()1cos()cosh()cos()sin()

sinh()sin()cos()

sin()

cosh()cos()1sin()cosh()cos()cos()

sinh()sin()sin()

uuuu

xccc

uuu

yccc

hxfhxf

hxf

xhxf

hxfhxf

hxf

xh

æöæö

---

¶¶-¶¶

æö

=++

ç÷ç÷

ç÷

¶¶¶¶

èø

èøèø

æö

--

¶¶-¶

æö

Þ=++

ç÷

ç÷

¶¶¶

èø

èø

sin()

sin()sin()1cosh()cos()

u

uuu

zcc

xf

xfhx

xh

ì

ï

ï

ï

æö

¶

ï

í

ç÷

¶

èø

ï

ï

¶-¶-¶

æöæö

ï

=+

ç÷ç÷

¶¶¶

ï

èøèø

î


Laplace equation
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Separate variables
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Problem statement
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Because of 
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Match boundary conditions
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Series expansion 
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Degenerate kernel in bispherical coordinates??
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in spherical coordinates
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in bispherical coordinates
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