
Exercices on Numerical Methods for Maxwell Equations
Oct 19, 2017

1. Show that at material interfaces γ = Ω+ ∩ Ω− the tangential components of the
H-field are continuous:

H|Ω+ × n = H|Ω− × n.

Hint: Start from Ampere’s law in integral form.

2. We consider plane waves of the form

E(x, t) = ~e ei
~k·~x−iωt,

H(x, t) = ~h ei
~k·~x−iωt.

(a) Show that plane waves satisfying Maxwell equations in non-conducting media

(σ = 0) have to satisfy the following relations for the wave-vector ~k and the

amplitudes ~e, ~h: ~k⊥~e,~k⊥~h,~e⊥~h and |k| = ω
√

1
µε

.

(b) Show that for points x(t) = x0 +
~k
|k|

1√
εµ
t the fields E(x(t), t) and H(x(t), t)

are constant. Compute the wave velocity in vacuum (ε = 8.854E − 12 As
V m

,
µ = 1.2566E − 6 V s

Am
.

3. Derive an implicit time-stepping method for the first order system

curlE = −µ∂H
∂t

,

curlH = ε
∂E

∂t
+ σE,

by replacing the time derivative by finite differences. Formulate the second order
equation which has to be solved in each time-step.

4. Transformation of curve integrals: Let Ω̂,Ω ⊂ Rn, Ĉ a curve in Ω̂, f̂ a vector field
on Ω̂. Let ϕ : Ω̂→ Ω a C1 diffeomorphism (i.e. C1 and its inverse also in C1). Show
that ∫

Ĉ

f̂ dx =

∫
C

f dx

where f ◦ ϕ := (ϕ′)−T (f̂ ◦ ϕ), and C = ϕ(Ĉ), i.e. the curve with parameterization
ϕ ◦ γ̂, where γ̂ is a parameterization of C.



5. Simulate the magnetostatic field of a coil on a ferromagnetic core. Estimate the
magnetic flux intensity (with pencil and paper) using Ampere’s law, and compare
with the results of the finite element simulation.
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