
Problem 8.40 A TE wave propagating in a dielectric-filled waveguide of unknown
permittivity has dimensionsa = 5 cm andb = 3 cm. If thex-component of its electric
field is given by

Ex = −36cos(40πx)sin(100πy)

·sin(2.4π×1010t −52.9πz), (V/m)

determine:

(a) the mode number,

(b) εr of the material in the guide,

(c) the cutoff frequency, and

(d) the expression forHy.

Solution:
(a) Comparison of the given expression with Eq. (8.110a) reveals that

mπ
a

= 40π, hencem = 2

nπ
b

= 100π, hencen = 3.

Mode is TE23.
(b) From sin(ωt −βz), we deduce that

ω = 2.4π×1010 rad/s, β = 52.9π rad/m.

Using Eq. (8.105) to solve forεr, we have

εr =
c2

ω2

[
β2 +

(mπ
a

)2
+

(nπ
b

)2
]

= 2.25.

(c)

up0
=

c√
εr

=
3×108
√

2.25
= 2×108 m/s.

f23 =
up0

2

√(
2
a

)2

+

(
3
b

)2

= 10.77 GHz.



(d)

ZTE =
Ex

Hy
= η

/√
1− ( f23/ f )2

=
377√

εr

/√

1−
(

10.77
12

)2

= 569.9 Ω.

Hence,

Hy =
Ex

ZTE

= −0.063cos(40πx)sin(100πy)sin(2.4π×1010t −52.9πz) (A/m).


