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6.632 Solution to Problem Set 9

Solution P9.1

H(r) = (θ̂ cosφ− φ̂ cos θ sinφ) ik
πrkxky

eikr sin kxDx
2 sin kyDy

2 .

Solution P9.2

The fisrt zero of sin(kxw/2z) occurs at kxw/2z = π which yields 2πwθ/2λ = π . Consequently
θ = λ/w .

For the Nth side lobe, kxw/2z = kwθ/2 = Nπ , which yields θN = Nλ/w . Based on the
assumption θ ≈ x/z < 1 , we thus deduce that N < w/λ .

Solution P9.3

(a) For a biaxial medium,

ε =


 εx 0 0

0 εy 0
0 0 εz




Since ε
t = ε , therefore the medium is reciprocal.

(b) For a moving biaxial medium,

CEB = γ2

·
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2 + 1
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1
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


(1)
Since [

cD
H

]
=

[
P L
M Q

] [
E
cB

]

CEH =
[

ε ξ
ς µ

]
=

1
c

[
P − L ·Q

−1
·M L ·Q

−1

−Q
−1
·M Q

−1

]
(2)

We observe that ξ and ς are not imaginary since there are no imaginary elements in (1). Thus
the medium is nonreciprocal. The complementary medium is characterized by

µ
c = µ

t; ε
c = ε

t;

ξ
c
= −ς

t; ς
c = −ξ

t
.

(c) A biisotropic medium with imaginary χ is reciprocal.
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(d) For a biisotropic medium with a real χ .

D = εE + ξH

B = −ξE + µH

the medium is reciprocal but lossy.
(e) For a ferrite in a dc magnetic field:

µ =


 µ1 −iµ2 0

iµ2 µ1 0
0 0 µ0




and the medium is not reciprocal. The complementary medium is

µ
c = µ

t =


 µ1 iµ2 0
−iµ2 µ1 0

0 0 µ0





