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Electrostatic line charge

Where can we choose ~r?

Thus R(y, y′) = 0 avoided.
Recap what is known/unknown.

At any point:

V (~r) = 1
4πε0

∫
L
ρ(~r′)
R dl′

R = [(x−x′)2 +(y−y′)2 +(z−z′)2]1/2

Steps: (1) Find ρ, (2) then V .
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Aside : Types of Integral Equations

Fixed limits of integration: Fredholm Integral Eqn

1 f(x) =
∫ b
a K(x, t)ψ(t) dt

2 ψ(x) = f(x) + λ
∫ b
a K(x, t)ψ(t) dt

One limit of integration is variable: Volterra Integral Eqn

1 f(x) =
∫ x
a K(x, t)ψ(t) dt

2 ψ(x) = f(x) + λ
∫ x
a K(x, t)ψ(t) dt

f(x) may be zero or non-zero
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Forming a system of equations: discretization

Express ρ(y′) =
∑N

n=1 angn(y′)

=⇒ 4πε0 =
∑N

n=1 an
∫ l

0
gn(y′)√

(y−y′)2+a2
dy′

Choose y = ym → Matching point

1 eqn, N variables

gn(y′) =

{
1 y′ ∈ [(n− 1)∆, n∆]

0 else
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Forming a system of equations: discretization

Continue the process for all matching points:

4πε0 =

4πε0 =

Can be combined into:

Amn =
∫ n∆

(n−1)∆
gn(y′)
R(ym,y′)

dy′
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Numerical aspects: how to choose N?

Credit: Balanis, Antenna Theory & Design

• Sufficiently large N : Relative change criteria
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Improving accuracy by changing basis functions

Sub-domain basis functions:

Full-domain basis functions:
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Topics that were covered in this module

1 A simple line charge problem

2 Solving the Integral Equation

Reference: Ch 8.2 of Antenna Theory & Design by Balanis
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