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Outline

1. Poisson’s and Laplace’s Equation

2. Dielectrics

3. Capacity
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Poisson’s and Laplace’s Equation

Poisson’s and Laplace’s Equation

Poisson’s equation

∆φ = − ρ

ϵ0

Laplace’s equation

∆φ = 0,

Dirichlet boundary condition
φ(Γ ) = K

Neumann boundary condition
∂φ(Γ )

∂n̂
= K
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Poisson’s and Laplace’s Equation

Fundamental Solution: Dirac Delta

Dirac delta δ(x) if defined by its properties:

+∞ˆ

−∞

δ(x) dx = 1,

+∞ˆ

−∞

f(x)δ(x− x′) dx = f(x′).
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Poisson’s and Laplace’s Equation

Fundamental Solution: Green’s Function

Consider linear integro-differential equation

Lu(r) = v(r),

and attempt to solve
LG(r, r′) = δ(r − r′).

Then, the solution can be written as

u(r) =

ˆ
G(r, r′)v(r′) dV ′.

BAB17EMP Electromagnetic Field Theory 5 / 11

https://www.cvut.cz/en
https://cw.fel.cvut.cz/wiki/courses/bab17emp


Dielectrics

Polarization

Surface polarization
P = σb p̂, [Cm−2]

Volumetric polarization
ρb = −∇ · P
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Dielectrics

Electric Susceptibility

Relation between electric field and polarization:

P = ϵ0χeE,

where χe is susceptibility

χe =

χe,xx χe,xy χe,xz

χe,yx χe,yy χe,yz

χe,zx χe,zy χe,zz

 , [−]. (1)

Material classification:

Linearity × Nonlinearity

Homogeneity × Inhomogeneity

Isotropy × Anisotropy
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Dielectrics

Electric Displacement, Permittivity

Total charge
ρ = ρ0 + ρb.

∇ ·E =
ρ

ϵ0
=

ρ0 + ρb
ϵ0

.

∇ ·D = ρ0.

D = ϵ0E + P

P = ϵ0χeE

Electric displacement field

D = ϵ0E + ϵ0χeE = ϵ0 (1 + χe)E = ϵ0εrE = εE.
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Dielectrics

Boundary Conditions in Dielectrics

Tangential components:
E1,tan = E2,tan.

Normal components:
D1,norm dS −D2,norm dS = σ0 dS.

Condition General case Two dielectrics Dielectric-conductor

Tan. comp. E1,tan = E2,tan E1,tan = E2,tan Etan = 0

Norm. comp. D1,norm −D2,norm = σ0 D1,norm = D2,norm Dnorm = σ0

Electric pot. φ1 = φ2
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Capacity

Capacity

Capacity is defined as

C =
Q0

U
, [F].

Serial connection

1

C
=

1

C1
+

1

C2
+ . . . .

Parallel connection

C = C1 + C2 + . . . .
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Questions?

BAB17EMP
em@fel.cvut.cz
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Winter semester 2024/25
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