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2



Considering electromagnetic waves, in free space, or sourceless (ρv = 0, J = 0

and  = 0). If this electric field intensity, is given by:

Determine the following:

a) The phasor representation of the electric field, .

b) The magnetic field intensity, associated with the wave in both phasor and

time domain representations.

c) The intrinsic impedance of the free space, , defined as

Solution:

a) Step #1: Write the exponential notation or equation as:

Step #2: drop Re and suppress ej2109t to obtaining the phasor:

b) Apply the Maxwell's equation for time-varying Harmonic fields given in Table

4.2 as:
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4.5 Time Harmonic Fields (Continued)
Example 4.6 Solution: In matrix form, we have:

The magnetic field, in phasor is given by:

From the equation, the frequency f = 109 Hz = 1 GHz and µ = µo = 4x10-7, so:

in time domain is:

c) The intrinsic impedance
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The conduction current flowing through a wire with conductivity,  = 3 X 107 S/m

and relative permittivity r = 1 is given by Ic = 3 sin t [mA]. If  = 108 rad/s,

find the displacement current, Id.

Solution: The displacement current density, is given by (4.18b) as:

Since the conduction current, Ic is given, the electric field intensity is found

from conduction current density (4.11) as:
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EXAMPLE 4
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A poor conductor is characterized by a conductivity,  = 100 S/m (s/m) and

relative permittivity, r = 4. At what angular frequency,  the amplitude of the

conduction current density Jc equal to the amplitude of the displacement

density, Jd.

Solution: The displacement current density, is given by (4.18b) as:

Consider amplitudes only, we get:

Therefore:

and
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EXAMPLE 6
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(a) For series R_C Circuit connected to AC source of V= Vm sinωt , Prove that 

the displacement current of capacitor = conduction current. 
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A circular cross-section conductor of radius, r = 2 mm carries an ac current, ic 

of  ic = 2.5 sin (5 x 108 t) µA. What is the amplitude of the displacement current 

density if the conductivity of the materials, = 35 MS/m and the relative 

permittivity, r= 1?
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a) Express the vector x
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in phasor form. 

b) Express the vector )sin()ˆˆ(),( yaaeyxB zx
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in instantaneous form. 

c) Express the vector yaxttxA ˆ)4/10sin(2),(2 −+=
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in phasor form. 
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