Exercise Session 4

Problem 1:

Consider the following electric field in free space, which as function of coordinate z and time ¢ reads
as follows
E(z, )= ayEycos(wi— bz)

Here Ey (unit V/m) and & (unit 1/m) are constants, and « is the angular frequency of the wave.
The parameters of free space are €g, tto. There are no sources in the domain considered, in other words
the current density and the charge density vanish: ] =0,p, = 0.
i. Using the (explicitely time-dependent) Fadaray’s law (6-7), determine the magnetic field vector
function Hiz, ).

ii. Plug your electric and magnetic fields into the four Maxwell equations (6-45(a—d)) and check that
all are valid.
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Problem 2:

Given that the electric field intensity of an electromagnetic wave In a
nonconducting dielectric medium with permittivity € = 9¢, and permeability

g 1S
E(z, t) = a,5 cos (107t — fiz) (V/m),

find the magnetic field intensity H and the value of f§

VxE= —jouH,

Vx H=J + jweE,
V:E = ple,
V-H=0.

Conversion of Instantaneous (time-dependent) electric field to
Phasor form:

First, let’s see how to convert the given instantaneous electric field into phasor form:

For cosine reference the instantaneous field can be written as the real part of the phasor form
multiplied by e/®t:

E(x, , z, 1) = Re[E(x, y, 2)e™™]
Where E(x,y,z) is the electric field in phasor form. Now given:
E(z, ¢) = a,5 cos (1071 — fiz) (V/m)
We can write this in the following form:
E(z,t) = Re [ay5ej(‘“t_ﬁz)]

Note: You can use Euler’s formula to expand the above term and then take the real part to get
back the instantaneous field. Euler’s formula:

e?T = cos(w) + 7 sin(x)



Now continuing:
E(z,t) = Re [aySQ—fﬁzejwt]
We can also write:
E(z,t) = Re [E(z)ef‘“t]
Comparing we get:

E(z) = a,5e Pz

Using this phasor form we can then solve the given problem. Complete solution is on next page.



Given that the electric field intensity of an electromagnetic wave in a
nonconducting dielectric medium with permittivity € = 9¢, and permeability
Ko 18

E(z, t) = a,5 cos (10°t — fiz) (V/m). (6-88)
find the magnetic field intensity H and the value of f.

SOLUTION

The given E(z,7) in Eq. (6-88) is a harmonic time function with angular
frequency = 10?(rad/s). Using phasors with a cosine reference, we have

E(z) = a,5¢ /=, (6-89)

The magnetic field intensity can be calculated from Eq. (6-80a).

H(z) = — - VxE
Jeapty
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= — = (a,jpSe #) = —a,—ﬁ— Se =, (6-90)
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In order to determine B, we use Eq. (6-80b). For a nonconducting medium,
a=0,J=0. Thus,
a

1 1 g
Ez)=—VXxH=— (a,.~.—H,>
J€ Jwe cz

ﬁz
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=a S5¢ =, (6-91)



Equating Egs. (6-89) and (6-91), we require

? 3w
B = w/pe€ = 30/ to€o = &

Ix 107 >
- 3_)( I()ﬁ = 10 (rad/m).
From Eq. (6-90) we obtain
H(Z) - 5(]0) e 110z

T 10%4n10 )
= —a,0.0398¢ 1'°:,

The phasor H(z) in Eq. (6-92) corresponds to the following instantaneous
time function:

H(z, t) = —a,0.0398 cos (10%t — 10z) (A/m). (6-93)

(6-92)




