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D APPLICATIONS

B(in)

—
>

' .
RS F,e— IV :
< A
® Q| |® ®
L—————">* Figure9.5 Ind
3 ® amoving loop in a sta
® ® ® ,

By applying Stokes’s theorem 10 €q. (9.10), we have
L(VxEm)-dS = LVx(uxB)-dS

or

\VxEm :VX(uXB)

Notice that unlike eq. (9.6), there is no need for a minus sign in eq. (9.,1(;)'r

already accounted for.
To apply eq. (9.10) is not always easy; some care must be exe

should be noted.
1. The integral in eq. (9.10) is zero along the portion of the loop where u
along the portion of the loop that is cutting the field (along the rod in

nonzero value. -
2. The direction of the induced current is the same as that of E of | X

satisfying Lenz’s law. In Figure. 9.5, for example, the integration over i
induced current flows in the rod along a .

C. Moving Loop in Time-Varying Field

In the general case, a moving conducting loop is in a time-varying mag
former emf and motional emf are present. Combining egs. (9.6) :

V.. =<§LE-dl = ".[s%'dsﬂf)l‘(uxliﬂ- \f

i
v -

aB -
VxE:—E-FVX(IlXB)
eqg. (9.15) is equivalent to e . lr
L q-(9.4),50V__can be found us
4) can always be applied in place ofgqs, (9.6), 9.
L B

rJ

T XN
.=
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INTRODUCTION

Our first appIica‘tio% of Mz
gation. The existence of E
Heinrich Hertz. Af
detecting radio waves, v

In general, waves :

In this chapter,‘_
in the following

I Free space (o
2. Lossless diell
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where Y/ = ¢
harmonic wé

A large num:
shows the frequ
usable for radi
increases, the =
ovens, for examp
EM energy for
no longer be us
pushed higher. T
below light freque
for radio comm

Cosmic rays -

Gamma rays
X-rays '
Ultraviolet
Visible light
Infrared radjatic
Microwaye way

Radio waye

Scanned by CamScanner



TIONS
434 © PART 4: TIME VARYING FIELDS, WAVES, AND APPLICA

%
10.3 WAVE PROPAGATION IN LOSSY DIELECTRICS

As mentioned in Section 10.1, wave propa
wave propagation in media of other‘ types
is foundational to the next three setions.

P

‘Mouy dielectric is a medium in which an EM wave,
~ imperfect dielectric.

In other words, a lossy dielectric is a partially conducting medlum (
fect conductor) with o # 0, as distinct from a lossless dielectric (

which o=0. : .
Consider a linear, isotropic, homogeneous, lossy dielectric medium t

scopic p, = 0). Assuming and suppressing the time factor e/, Maxw‘e_]] .'

gation in lossy dielectrics is :
can be derived as speci.

become
V-E, =0
V-H, =0
VxE, =—jouH,

VxH, =(o + joe)E,

Taking the curl of both sides of eq. (10.13) gives
VxVXE, =—jou(VxH)
Applying the vector identity

Vx(VxA) ZV(V'A)-VZA_
to the left-hand side of eq. (10.15) and invoking eqgs. (10.11) and |
A

V(V / )-V’E, =—jou(o + joe)E,
0 H
e o

VZE: —YZE, = 0

v’ = jouc + jog)

reciprocal meters, is called the propagation consi
can be shown that for the H field, X . -

il (‘19'19) are known as homoge;

(] In Cal'tesian coordinam =
ons, one for each component of |
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terms of B, th
and (10.8)]

We also no

of time due to )

lags E) by 68

J. to that of the dis
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we notice that
propagate

Frequency

Skin depth (1

*For copper, 0 = 3.8X

The phenomer

surface, re

thin layer
approximati
thickness O @
as attenuation if
shielding. It is
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and thus eq. (10.70

Rearranging st"f ‘ms

Applying the diy

[ ter
quantity E x H ‘
in watts per 5q
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