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Electromagnetics:
Electromagnetic Field Theory

Wave Examples

Lecture Outline

* Example #1 — Frequency and wavelength from X

* Example #2 — Angle of linear polarization

e Example #3 — Speed of a wave

* Example #4 — Quick identification of polarization type
* Example #5 — World’s hardest wave dissection
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Example #1

Determining frequency and
wavelength from k

Slide 3

Example #1

A wave propagating through free space has the following wave vector. What is the frequency
and wavelength of the wave?

k = 25.1327% + 25.13279 — 35.5431Z (m™1)

Solution

The wavelength is determined from the magnitude of the wave vector.
~ 27
==
A

Since the wave is propagating in free space, the wavelength above must be the free space
wavelength.

f-=* M‘):ﬁ: = -2 m]

0 J25.13272 +25.1327 +35.543 12
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Example #1 cont’d

A wave propagating through free space has the following wave vector. What is the frequency

and wavelength of the wave?

k = 25.1327% + 25.13279 — 35.54312 (m™1)

Solution cont’d

The frequency is determined from the free space wavelength.

c 8
¢, =f4, —>f=/1—° :%Sm/s =2.4x10" Hz =|2.4 GHz
0 125 m
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Example #2

Angle of linear polarization
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P=1.23a,+0.68a,

Solution

Example #2

A wave has the following polarization vector for a linearly polarized wave. Calculate the
angle 0 the electric field is from the x-axis.

A rough sketch of the electric field in the xy plane is

X The angle @is then
P tané?:% aﬁztan‘l(%J
’ eﬁztan'l(%j =[28.9°]
51 EMPossible .
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Example #3
Two waves at 5.0 GHz are propagating through two different media. Given the wave
expressions below, determine which is propagating the fastest.
E, = (5.4 — 3.9b)e /2095827 E, = (10.2d + 0.8)e /419170
Solution

The speed of the waves can be assessed through the refractive index of the mediums. The
refractive indices can be determined from the magnitude of the wave vectors since
frequency is known.

= 27n Ao E‘
L
A, 2z
The free space wavelength is determined from the frequency.
3x10° m/s
e = 1A ay=b =X W e

7 5.0x10° s™
51 EMPossible
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Example #3 cont’d

Two waves at 5.0 GHz are propagating through two different media. Given the wave
expressions below, determine which is propagating the fastest.

E; = (5.44 — 3.9h)e /2095822 E, = (10.2d + 0.8b)e /419170

Solution cont’d

The refractive indices are

A 1 0.06 m
/10‘,;‘ nlzik1‘=u~209.582 =2.0
"= 2 - A 17 (0.06 m) _4 O
n, =22k | =———.419.170 = 4,
27 2z

The first wave is propagating at a higher speed because refractive index is the smallest.
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Example #4

Quick Identification of
Polarization Type
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Example #4 — Polarization

Determine the polarization of the following waves:

E(7,t)=3cos(3t—4z)a, LP
E(F.t)=2sin(5x10°¢—289x)a, —10sin(5x10°t —289x)a, LP
E(F.t)=2sin(5x10°t —289x)a, +10cos(5x10° ~289x) . EP
E(7,t)=2sin(5x10°t —289x)d, +2cos(5x10°¢ ~ 289x)a, LCP
E(F)=7a,e " LP
E(7)=(8a,+3ja,)e ™ EP
E(7)=(3a,+3ja,)e " RCP
<) EMPossible ide 12
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Example #4

World’s Hardest Wave
Dissection
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Example #5 — Dissect a Wave (1 of 9)

The electric field component of a 5.6 GHz plane wave is given by:

E(}_;) — &x (04915 + j0.8550)e*j573.0795xe*_/330.8676yea[240.85192
+& (_1 4224—]0 4702)efj573.0795xefj330.8676yefj240.85192
y . .
+&Z (07844 _ ]1 3 885) e—j573.0795xe—j330.8676ye—j240.85192

Determine the wave vector.

Determine the wavelength inside of the medium.
Determine the free space wavelength.

Determine refractive index of the medium.
Determine the dielectric constant of the medium.
Determine the polarization of the wave.
Determine the magnitude of the wave.

NoukwNpeE
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Example #5 — Dissect a Wave (2 of 9)

Solution — Part 1 — Determine Wave Vector

The standard form for a plane wave is
E(F)=Pe ™
Comparing this to the expression for the electric field shows that

P=a,(0.4915+ j0.8550)+a, (~1.4224— j0.4702)+a. (0.7844 - j1.3885)

e—jIZOF — o /T30T95x = 3308676y - j240.85192

The polarization vector P will be used later. The wave vector  is determined from
the second expression above to be

ef/i-r _ e—jkxxe*jk}-ye—jk:z _ e—/573.0795xe—/330.8676ye—j240.8519z

k =573.07954, +330.8676d, +240.8519G, m”'
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Example #5 — Dissect a Wave (3 of 9)

Solution — Part 2 — Wavelength inside the medium

The wavelength inside the medium is related to the magnitude of the wave vector through

f-2Z > 1-Z
A ]

The magnitude of the wave vector is

‘E‘:1/kf+kj+kf

= (573.0795 m™' )’ +(330.8676 m™' ) +(240.8519 m™ )

=704.239 m™

The wavelength is therefore

27 89224 em

L —
704.239 m™'
< EMPossible
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Example #5 — Dissect a Wave (4 of 9)

Solution — Part 3 — Free space wavelength

The free space wavelength is

8
= fh o A== WS e
7 56x107 s

Solution — Part 4 — Refractive index

It follows that the refractive index of the medium is

A A, 53.5344 cm
n A 89224 cm

Alternatively, we could determine the refractive index through ‘l;‘

k| JE| ek (3x10° mys)(704239 m)
k, e, _207rf_ 27(5.6x10 s™) =l

‘IE‘=k0n - n=

51 EMPossible
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Example #5 — Dissect a Wave (5 of 9)

Solution — Part 5 — Dielectric constant

Assuming the medium has no magnetic response,

n=\s — &=n"=(60) =36

Solution — Part 6 — Wave Polarization
To determine the polarization, the electric field is written in the form that makes
polarization explicit.

E(F) = (Ea& + Ebej‘gl;)e"ge’j’;'F
The choice for @ and b is arbitrary, but they must both be
perpendicular to k.
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Example #5 — Dissect a Wave (6 of 9)

Solution — Part 6 — Wave polarization (cont’d)

We determine a valid choice for a by first picking any vector that is not in the same
direction as k

v=la +2a,+3a,

The cross product will give us a vector perpendicular to k

We determine a valid choice for b using the cross product so that it is perpendicular
to both 4 and

Eaal}

<l

X

&:

=0.2896a, —0.8381a, +0.4622a,

]

<l

X

h=""4 _ 050384, ~027714, ~0.81824.
‘kxd
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Example #5 — Dissect a Wave (7 of 9)

Solution — Part 6 — Wave polarization (cont’d)

To determine the component of the polarization vector Pintheaand b directions, use the dot product.
p,=Pea=1.6971 V/m
p,=Peb=—j1.6971 V/m

We can now write £, and £, from p, and p, by incorporating the phase difference into the parameter J. By
inspection of the above, we get

E,=1.6971 V/m
E,=1.6971 V/m
§=-90°

The common phase between p, and p, is simply 0°.

0=0°

< EMPossible
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Example #5 — Dissect a Wave (8 of 9)

Solution — Part 6 — Wave polarization (cont’d)

Finally, we have
E(F)= (Ea& + Ebej‘sls)e‘fee'j';’F
E,=1.6971 V/m
E,=1.6971 V/m
J=-90°
0=0°
k= 573.0795a, +330.86764,, +240.85194, m™

From this, we determine that we have circular polarization (CP) because E, = E,
and 0==£90°.

More specifically, this is left-hand circular polarization (LCP) because 6= -90°.

51 EMPossible
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Example #5 — Dissect a Wave (9 of 9)

Solution — Part 7 — Magnitude of electric field

The magnitude of the wave is simply the magnitude of the polarization vector

=\E:+E]

=1.6971 V/m[" +|1.6971 V/m|’

[

< EMPossible

Slide 22

22

8/30/2019

11



