ECE 313: Electromagnetic Waves

Lecture 6: fields in free space

Lecturer :Dr. Gehan Sami
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Propagation constant Attenuation constant Phase shift constant
(m1) (Neper/m) (rad/m)
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Constant Frequency; Different wavelength and different velocity

When a wave enters a different material, its speed and wavelength changes

Medium 1: n - 1.0 Medium 2: = 3.0

Assume no losses(no decaying)
n, u and € are pure real




Example 11.3

I MHz plane wave propagating in fresh water. At this
frequency, losses in water are known to be small, so for simplicity, we will neglect €”. In

water, ug = | and at ]| MHz, €, = ex = 81.
determine the wavelength » phase velocity:and intrinsic impedance

Solution. We begin by calculating the phase constant. Using (36) with €” =0, we have

r 6 /21
B =\ e = w\/Lpeg\/ Ep = OVER _ 2H,;;] 1010881 = 0.19 rad/m
c 3.0 x

Using this result, we can determine the wavelength and phase velocity:

2r 2w
=—=—=233
5 =19 m
2 10°
VUp —%— T TQ =33 x 10" m/s

The wavelength in air would have been 300 m. Continuing our calculations, we find the

intrinsic impedance, using (39) with €” = 0:
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DI11.2 Let Hs =(2/—40"ax — 3/20 a}.-)ﬁ_-f"‘r"“?: A/m for a uniform plane wave traveling
In free space. Find: (a) w; (b) Hy at P(1,2,3)at = 31 ns; (¢) |[H| at r = 0 at the origin.

H, =2cos(wt — Sz + @)X +3cos(wt — Sz +¢")y

()
B = o\ ue — 0 =0.07*3*10° = 21*10° rad / sec
(b)

H, =2c0s(21*10° *3*10~° - 0.07*3—%77))? +3c0s(21*10° *3*10° - 0.07 *3 + %n)y

H, =1.94%X-21y > H, =194 A/m
(c)
40 . 20 . . .
H, =2cos(0-0-—x)X+3cos(0-0+-—x)y =1.53Xx—-2.819y
180 180

H,|=32A/m



