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. Solutions of wave equations in free space
- Uniform Plane waves characteristics

> In free space

> In lossless medium

. Polarization
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Uniform Plane waves

Definition

Uniform = Field components vary in one direction & time.
Plane = Field has the same direction, same magnitude, and same
phase in infinite planes perpendicular to the direction of propagation.

So, if we assume the wave propagation direction to be in z-direction, we get:

9 0
E | g 2o % Em-
(x,y,z,t) > E(z,t) 5 &5y EH) =0
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Solutions of wave equations in

free space

If we assume the wave propagation direction to be in z-direction.
_ (ot —k (ot —k
E(z,t) = Ef el @tk g 4 ¥ el (@E—kzt @)
— F ej (ot —k2z)
=0

where, E, = Eju, +EJf e/® u,
K< wavenumber = o,/ &
¢ = phase difference between the x & y components

H(z,t) = %(E; o) (0t —k2) U, _E;/r o) (0t —kz+ ¢) w,)

where, n, & Intrinsic Impedance = +/ tio | &
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Solutions of wave equations in

free space

Generally, for a wave propagating in u,, direction.
E (R t) = Eoej (wt —k.R)
where, K = kxgx +kyJ +k, U

2y z 27

H (R, t) = ni(gp* E,) eJ (@t -kR) Er\,H
1
Finally, H(R)=; u xE(R) E(R)=n H(R)xu, XQ‘UF,QX
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Uniform Plane waves

characteristics

Quantity

Type of medium

Free space(p=L,0, €=€o, 0=0) | Lossless(p=popr, E=E-Er, 0=0)

Phase constant
(wave number)

w+/ 1o €0 = %

W/ U E =

W/ Ur €r

(8{0)

Impedance Jro / €0 = 120m Ju/€=120m/ur/€r
Wavelength 2m/K 2m/K
Period 27/ 27/
Phase velocity Co Co/ \/ﬁ
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Polarization

Definition

The polarization of a uniform plane wave describes the time-varying
behavior of the electric field intensity vector at a given point in space.

Types
1) Linear Polarization 2) Circular Polarization 3) Elliptical Polarization

Note: To determine the polarization, you must write the electric field in the
form of 2 components perpendicular to each other & perpendicular to the
propagation direction.

E (Z, t) — ED-CI_ ej (ot —k2z) U, + E;_ ej (wt —kz+ @) u,
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Linear Polarization

E(z) = E}f e J*2 U, ) E(z) = Ej e~/ (kz=¢) Uy
Ey=0 Ex=0 A
< > x x
HP J VP
y y
©=0 D=-+47

/ x x

/

E(z)=Efe/™u,+Ef e ™ u, FE(2)= Efelkzy, + Ef ei(kztm) oy
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Circular Polarization

E(z) = (E, ux — jE, uy)e™’ ez Ex=Ey=Eo
O=4+7/2
C.C.W. =Right sense

O=-n/2
%\ E (z) = (E, u, +jEyu,) e /%2
k ‘//C.W. =Left sense

dO=n/2
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Elliptical Polarization

C.C.W. =Right sense|””

v

—
,

X

‘4W. =Left sense

E(z) = Ef e T*u, + E} e7 /220 o
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Exercise |

1) P.8-4 For a harmonic uniform plane wave propagating in a simple medium, both E and
H vary in accordance with the factor exp (—jk * R) as indicated in Eq. (8-26). Show that
the four Maxwell’s equations for uniform plane wave in a source-free region reduce to the

following:
k x E = wuH,
k x H= —weE,
k-E =0,
k-H=0.
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Exercise |

2) P.8-5 The instantaneous expression for the magnetic field intensity of a uniform plane wave
propagating in the + y direction in air is given by

H=a,4x 107° cus(lﬂ"'nt — koy + E) (A/m).

a) Determine k, and the location where H, vanishes at t = 3 (ms).
b) Write the instantaneous expression for E.

3) P.8-6 The E-field of a uniform plane wave propagating in a dielectric medium is given by
E(t, z) = a, 2 cos (10%t — z/+/3) — a, sin (10% — z/y/3)  (V/m).

a) Determine the frequency and wavelength of the wave.

b) What is the dielectric constant of the medium? _

¢) Describe the polarization of the wave. (Assignment)
d) Find the corresponding H-field.
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Extra Problems

1) Find complete expressions for E, H of a uniform plane wave propagating in u, direction

in free space with f =400 MHz , given that E has an instantaneous value of 250 mV/m at the
point y=0.5 m, t = 0.2 ns & in the direction of the vector 0.6u, -0.8u,, .

2) A vertically polarized uniform plane wave in free space has a propagation vector
ko =3uy +4u, and [E,|  =1mV/m. Find the wave frequency, hence E(t), H(t)

3) A uniform plane wave of A,= 0.12 m is propagating in unknown lossless material
where 1ts wavelength decreases to 8 cm, |[E| = 50 v/im and |H| = 0.1 A/m. Find the

frequency and g, i, of this material.
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Extra Problems Solutions
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Extra Problems Solutions
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Extra Problems Solutions
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