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Chapter 3: 3 D Electrostatics

• Laplacian separates in spherical coordinates
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Generalized Legendre Equation
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Azimuthally Symmetrical Solutions
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power series solutions

j

dx dx

P α
∞

⎝ ⎠

∑( )

( )( )
( )( )

0

2
1

1 0

j
j

j

j j

P x x a x

j j
j j

α

α α
α α

α α

=

∞ ∞
+ − +

=

+ + +⎡ ⎤
+ + ⎢ ⎥

∑

∑ ∑( )( )
( )

( )

2

0 0

0

1 0
      1

0 1 0

j j
j j

j j
j j a x a x

l l

a

α αα α

α α

+ +

= =

+ + − − =⎢ ⎥
− +⎢ ⎥⎣ ⎦

≠ → − =

∑ ∑

( )
( )( ) ( )

1 0 1 0

1 1

a

j j l l
a a

α α

α α

≠ → + =

⎡ ⎤+ + + − +
= ⎢ ⎥

Physics 604 Electromagnetic Theory I

( )( )2 1 2ja a
j jα α+ = ⎢ ⎥+ + + +⎣ ⎦

j



Legendre Polynomials
for finite solution throughout [-1,1] series must
terminate after finite number of terms. Highest power
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for solution corresponding to  is . Normalize to have
unit value at 1.
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Orthonormal Basis on [-1,1]
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Legendre Function Expansions
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Recurrence Formulas

• Recurrence formula plus Arfken result gives
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• Recurrence formulas (from Rodriguez and diff equ.)
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Rodriguez Derivation
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Recurrence Derivation
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