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擴散方程式
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分離變數法

正交函數展開法



  

卡氏座標系

∂2
∂ x2 ∂2

dy2 ∂2
dz2 2 = 0

 ≡ R r 

⇒1
X
d 2 X
dx2 1

Y
d 2Y
dy2 1

Z
d 2Z
dz2 2 = 0

1
Z
d 2Z
dz2 =−2  Z = e±i

z

1
Y
d 2Y
dy2 =−2  Y = e±i

y

222 =2

1
X
d 2 X
dx2 =−2  X = e±i

x

⇒ x , y , z  =∑ Ae±i
x±i y±ir z , 222 = 2



  

柱座標系

∇2 ≡ ∂2
∂ r 2 1
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∂
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∂
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∂2
∂ z 2 2 = 0

 ≡ R r 

⇒1
R
d 2R
dr2 1

rR
dR
dr

1
r2

d 2
d 2 1

Z
d 2Z
d 2 z

2 = 0

{1Z d
2Z
dz2 = m2  Z = e±mz

1

d 2
d 2 =−n2  = e±i n

⇒d
2R
dr2 1

r
dR
dr

2m2−n
2

r2 R = 0  R= J±n2m2 r 

⇒ ≡ RZ =∑ AJ±n2m2 r e±i n±mz



  

球座標系

∇22 ≡ ∂2
∂ r2 2

r
∂
∂ r

1
r2

∂2
∂2 cot

r 2
∂
∂

 1
r 2 sin2

∂2
∂2 2=0

r ,  , ≡ R r 

⇒ 1
R [d 2 R
dr2 2

r
dR
dr ] 1

r 2 [d 2
d 2 cotd

d  ] 1
r2 sin2

1

d 2
d 2 2 = 0

⇒ {
1

d 2
d2 =−m2   = ei m

1
 [d 2
d 2 cot d 

d  ]= m2

sin2
−nn1   = CPn

mcosDQn
m cos

1
R [d 2R
dr2 2

r
dR
dr ]= n n1

r2 −2  R= r−1/2 [AJ n1/2r BY n1/2r ]

⇒≡ R =∑ r−1/2 [ AJ n1/2BY n1/2r ] [CPnmcosDQn
mcos]e±i m
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