
Homework No. 03

Imagine a source-free volume filled with a general linear material with con-
stitutive relations

D (ω) = ε (ω) ·E (ω) +
σ (ω)

jω
·E (ω) + χem (ω) ·H (ω) /c0

B (ω) = µ (ω) ·H (ω) + χme (ω) ·E (ω) /c0

(1)

Poynting’s theorem for time-harmonic fields can, in such cases, be written
as ∮

∂V

(E ×H∗) · dS = −jω

∫
V

(H∗ ·B −E ·D∗) dV (2)

where

Pout =
1

2
Re


∮
∂V

(E ×H∗) · dS

 (3)

is interpreted as a cycle-mean power flowing out of the surface ∂V . The
medium inside the volume V can therefore be considered as passive if Pout <
0, as active if Pout > 0 and as lossless if Pout = 0. Since the volume can be
arbitrary, the relation must also hold pointwise.

Task No. 1: Based on the relation (1) and (2) argue that loss-less medium
is described by material tensors satisfying

µ = µH

ε = εH

σ = −σH

χme = (χem)H

(4)
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