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4.3 Problem 3

A 5GHz plane wave propagates in a dielectric material characterized by £, = 2.53, p, = 1, and
o =02, The electric vector field of this wave is E = 10 cos(wt — kz) €.

etermine the phase velocity vy, the wavelength A, and the wave number k.
-— - —

b) Write down the time-domain expression of the magnetic field strength H.

Now, the propagating wave impinges perpendicularly on a large sheet of gold (o = 4.1 x 107 S/m).

c) What is the depth at which the wave's amplitude is reduced to 2% of its initial value on the
surface?

d) Determine the surface current vector field J,.
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4.3 Problem 3

A 5GHz plane wave propagates in a dielectric material characterized by &, = 2.53, p, = 1, and
o =02, The electric vector field of this wave is E = 10 cos(wt — kz) €,.

a) Determine the phase velocity Uph, the wavelength A , and the wave number £.

@/\/rite down the time-domain expression of the magnetic field strength H.

— —
Now, the propagating wave impinges perpendicularly on a large sheet of gold (o = 4.1 x 107 S/m).

c) What is the depth at which the wave's amplitude is reduced to 2% of its initial value on the
surface?

d) Determine the surface current vector field J,.
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4.3 Problem 3

A 5GHz plane wave propagates in a dielectric material characterized by £, = 2.53, p, = 1, and
o =02, The electric vector field of this wave is E = 10 cos(wt — kz) €.

a) Determine the phase velocity Uph, the wavelength A , and the wave number £.
b) Write down the time-domain expression of the magnetic field strength H.

Now, the propagating wave impinges perpendicularly on a large sheet of gold (o = 4.1 x 107 S/m).

@What is the depth at which the wave's amplitude is reduced to 2% of its initial value on the

surface? ~ —— - 7‘6 A—b
LodP

d) Determine the surface current vector field J,.
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4.3 Problem 3

A 5GHz plane wave propagates in a dielectric material characterized by £, = 2.53, p, = 1, and
o =02, The electric vector field of this wave is E = 10 cos(wt — kz) €.

a) Determine the phase velocity Uph, the wavelength A , and the wave number £.
b) Write down the time-domain expression of the magnetic field strength H.
Now, the propagating wave impinges perpendicularly on a large sheet of gold (o = 4.1 x 107 S/m).

c) What is the depth at which the wave's amplitude is reduced to 2% of its initial value on the
surface?

etermine the surface current vector field .J,.
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M Dispersion due to Losses (Complex Wave Vector)
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Lossy Media

Waves in lossy media = complex wave number k
- damping & dispersion !!

F(z,t) A -R{el Wik
— A R{eIWt=(K=jkT)2)y

_ A_%{ej(wt—k’z)e—k”;j

= Cos(wt — K'2)

—

¢ The factor k'’ is called damping constant ; because it causes a damping of the
wave



Dispersion due to Losses ANAN
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¢ The phase velocity of a wave is the rate at which the wave propagates in some
medium. This 1s the velocity at which the phase of any one frequency component of
the wave travels.



D\ci\{\spersion due to Losses m gT——0
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Group Velocity: — Sin(wt—kz)
B d w — sm(wt-xu?\@
T
oy~
e = T
— Vpp dw

¢ The group velocity of a wave is the velocity with which the overall envelope
shape of the wave's amplitudes—known as the modulation or envelope of the

wave—propagates through space.




Phase Velocity Vs Group Velocity

phase vel. = group vel.

phase vel. = - group vel.
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Group and Phase Velocity

NO Dispersion \J V4

“*In dispersion free media the group velocity equals to the phase
velocity.




Dispersion

for w =~ w1, wp no dispersion
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In case of normal
dispersion, the group
velocity 1s lower than
the phase velocity
(Vg < Vph). In case

anomalous
dlspersmn, the group
velocity 1s  greater
than  the  phase
velocity (Vg > Vph).




Group and Phase Velocity

Normal Dispersion at w ~ wp
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Group and Phase Velocity &\%

Anomalous Dispersion at w ~ wp
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Group and Phase Velocity

Free of Dispersion

frequency range without
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Wave Packet Propagation in Dispersive Media

\
Broadening of the wave packet due to dispersion.
- Reduction of, higher BER (Bit Error Rate), etc.
Ug (to—t1)

direction of propagation
of the wave packet

\ /

The Blue Curve 1s less scattered (dispersed) than the
Red Curve.



4.1 Problem 1

A harmonic and plane TEM wave with the frequency of 20 GHz and the amplitude of the electric
field vector of 1% propagates in negative z-direction (Cartesian coordinate system) in a lossless,
homogeneous, linear and isotropic medium with a relative dielectric constant of ¢, = 2 and pu, = 1.

Write down the four Maxwell's equations in differential notation

i) for the general case (non harmonic time dependent fields) and

ii) in complex notation (harmonic time dependent fields).
b) Give the wavelength A.
c) Give the wavevector k.
d) Calculate the wave impedance Zp.
e) Give the phase velocity vph.
f) Which field defines the state of polarization? What different kinds of polarization do exist?
g) Formulate the electric and magnetic field components for a linear polarization in x-direction.

h) Compute the power flow through an area of 2.5 m? perpendicular to the direction of pro-
pagation.

curl H

curl £

div D

div B




4.1 Problem 1

A harmonic and plane TEM wave with the frequency of 20 GHz and the amplitude of the electric
field vector of 1% propagates in negative z-direction (Cartesian coordinate system) in a lossless,
homogeneous, linear and isotropic medium with arelative dielectric constant of ¢, = 2 and p,, = 1.

a) Write down the four Maxwell's equations in differential notation

i) for the general case (non harmonic time dependent fields) and

ii) in complex notation (harmonic time dependent fields). -

Ce
—_/>
Give the wavelength . \/ﬁn
e) Give the wavevector k. >\ a

—

@ Calculate the wave impedance ZF.\/ jC

e) Give the phase velocity vph.
f) Which field defines the state of polarization? What different kinds of polarization do exist?
g) Formulate the electric and magnetic field components for a linear polarization in x-direction.

h) Compute the power flow through an area of 2.5 m? perpendicular to the direction of pro-
pagation.
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4.1 Problem 1

A harmonic and plane TEM wave with the frequency of 20 GHz and the amplitude of the electric

field vector of 1% propagates in negative z-direction (Cartesian coordinate system) in a lossless,
. . S —————— . . .

homogeneous, linear and isotropic medium with a relative dielectric constant of ¢, = 2 and pu, = 1.

a) Write down the four Maxwell's equations in differential notation

i) for the general case (non harmonic time dependent fields) and

ii) in complex notation (harmonic time dependent fields).

a
b) Give the wavelength A.

P S
c) Give the wavevector k. \QPL\,/ ’\// “Qy;

d) Calculate the wave impedance Zp.

@Give the phase velocity vph. "~

f) Which field defines the state of polarization? What different kinds of polarization do exist?

>

Formulate the electric and magnetic field components for a linear polarization in x-direction.

h) Compute the power flow through an area of 2.5 m? perpendicular to the direction of pro-

pagation.
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4.1 Problem 1 _/‘
A harmonic and plane TEM wave with the frequency of 20 GHz and the amplitude of the electric l
field vector of 1M propagates in negative z-direction (Cartesian coordinate system) in a lossless, x 7,
homogeneous, Imear and isotropic medium with a relative dielectric constant of &, = 2 and p, = 1. ‘ |
a) Write down the four Maxwell's equations in differential notation 6 O VAN
i) for the general case (non harmonic time dependent fields) and _ \L, i A\ Z /é
ii) in complex notation (harmonic time dependent fields). —\—
b) Give the wavelength . _ ? Z;’L
. - - )
c) Give the wavevector k. $
d) Calculate the wave impedance Zp. /
e) Give the phase velocity vph. V'
f) Which field defines the state of polarization? What different kinds of polarization do exist? P ‘t 5«
g) Formulate the electric and magnetic field components for a linear polarization in x-direction. )L
Compute the power flow through an area of 2.5 m? perpendicular to the direction of pro-
pagation. ~— —




4.2 Problem 2

A lossless, homogeneous, linear and isotropic medium with a relative dielectric constant of ¢, = 4
and p, = 1 is given. A harmonic and plane TEM wave with a wavelength of 30 mm and an

amplitude of the electric field vector of 2 % propagates in this medium in negative x-direction

(cartesian coordinate system). —_—

a) What can be concluded from the expression “harmonic and plane TEM wave"?
@ Compute the frequency f. v’
@ Compute the wave vector k. v’
G’ Compute the wave impedance ZF/
@ Compute the phase velocity vpp. \/

f) Formulate all electric and magnetic field components for a linear polarization in z-direction.

g) Compute the power flow through an area of 3m?2, whose orientation is

0
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0
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0
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4.2 Problem 2

A lossless, homogeneous, linear and isotropic medium with a relative dielectric constant of ¢, = 4
and p, = 1 is given. A harmonic and plane TEM wave with a wavelength of 30 mm and an
amplitude of the electric field vector of 2 % propagates in this medium in negative x-direction
(cartesian coordinate system).

a) What can be concluded from the expression “harmonic and plane TEM wave"?
b) Compute the frequency f.
c) Compute the wave vector k.
d) Compute the wave impedance Zp.
e) Compute the phase velocity vpy,.
@Formulate all electric and magnetic field components for a linear polarization in z-direction.

—
g) Compute the power flow through an area of 3m?2, whose orientation is

0
i)ia=| 1 | and
0
1
i) a4 = ( 0)
0

-—




4.2 Problem 2

A lossless, homogeneous, linear and isotropic medium with a relative dielectric constant of ¢, = 4
and p, = 1 is given. A harmonic and plane TEM wave with a wavelength of 30 mm and an
amplitude of the electric field vector of 2 % propagates in this medium in negative x-direction
(cartesian coordinate system).

a) What can be concluded from the expression “harmonic and plane TEM wave"?

b) Compute the frequency f.

c) Compute the wave vector k.

d) Compute the wave impedance Zp.

e) Compute the phase velocity vpy,.

f) Formulate all electric and magnetic field components for a linear polarization in z-direction.
‘Compute the power flow through an area of 3m?2, whose orientation is V y
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4.3 Problem 3

The electric field strength of a harmonic and plane TEM wave with a frequency of 24 GHz is given
as:

—

V T 1 N Vv 1 .
E = 4; cos(wt — ) + 800;2’) € + 2; c&(wt + SOO;z) - Ey.

———-\7

| B .
Pl aree cbiom

The lossless, homogeneous and isotropic medium has a relative magnetic permeability of u, = 1.

@ What is the polarization of this TEM wave and what is the direction of propagation? Explain.

——

@ Give the wave number and the wave vector.

/ 0 = ‘y . ,n ~

@ Determine the relative dielectric constant &, of the medium.

d) Determine the characteristic wave impedance Zp.

e) Determine the wavelength A.

@ K: w3 fue vV

f) Give the magnetic vector field H.
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4.3 Problem 3

The electric field strength of a harmonic and plane TEM wave with a frequency of 24 GHz is given

as:

— \Y, 1 \Y 1
E = 4— cos(wt — T4 800—2) - €z + 2— cos(wt + 800—=2) - €.
m 2 m m m
The lossless, homogeneous and isotropic medium has a relative magnetic permeability of u, = 1.

a) What is the polarization of this TEM wave and what is the direction of propagation? Explain.

b) Give the wave number and the wave vector.

c) Determine the relative dielectric constant ¢, of the medium.

/
Determine the characteristic wave impedance Zr.

Determine the wavelength A.

f) Give the magnetic vector field H.
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43 Problem 3 <7 XE - - A —

The electric field strength of rmonic and plane TEM wave with a frequency of 24 GHz is given __/_—/_‘D;L
as:
~ \Y, 1
/-vE 4~ cos(wt — = +800—2) - &
m 2 m

The lossless, homogeneous and isotropic medium has a relative magnetic permeability of u, = 1.

2X cos(wt + SOOlz) - Ey.
m m

a) What is the polarization of this TEM wave and what is the direction of propagation? Explain.

b) Give the wave number and the wave vector.

c) Determine the relative dielectric constant €, of the medium.

d) Determine the characteristic wave impedance Zp.

e) Determine the wavelength A.

@Give the magnetic vector field H. Ve
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4.4 Problem 4

A harmonic and plane TEM wave with a frequency of 2 GHz propagates in positive x-direction
- <009 A

(Cartesian coordinate system). The magnetic field has a maximum amplitude of 0.029 i

an arbitrary point P. The lossless, homogeneous and isotropic medium has a relative dlelectrlc

constant of €, = 4.5 and a relative magnetic permeability of x,, = 1. The wave is linearly polarized

along the z-axis.

Ca) Determine the wave number k and the wave vector k.
@ Determine the wavelength .
c) Compute the wave impedance Zp.
d) Determine the amplitude of the electric field strength in point P.
e) Formulate the electric and the magnetic vector field components of the wave.

f) Extend the expression of the electric vector field to give a left-handed circularly polarized
wave.
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4.4

A harmonic and plane TEM wave with a frequency of 2 GHz propagates in positive x-direction
(Cartesian coordinate system). The magnetic field has a maximum amplitude of 0.029 —é in
an arbitrary point P. The lossless, homogeneous and isotropic medium has a relative dielectric
constant of €, = 4.5 and a relative magnetic permeability of x,, = 1. The wave is linearly polarized

Problem 4

along the z-axis. @ 2F’ —

a) Determine the wave number k and the wave vector k. Q
b) Determine the wavelength A. Q:, O
@ Compute the wave impedance Zp.
Determine the amplitude of the electric field strength in point P.
/
e) Formulate the electric and the magnetic vector field components of the wave.

f) Extend the expression of the electric vector field to give a left-handed circularly polarized
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4.4 Problem 4

A harmonic and plane TEM wave with a frequency of 2 GHz propagates in positive x-direction

(Cartesian coordinate system). The magnetic field has a maximum amplitude of 0.029 i A
an arbitrary point P. The lossless, homogeneous and isotropic medium has a relative dlelectrlc
constant of €, = 4.5 and a relative magnetic permeability of x,, = 1. The wave is linearly polarized

Wxis.

Determine the wave number k and the wave vector k.

a
b) Determine the wavelength .

c) Compute the wave impedance Zp.

) Determine the amplitude of the electric field strength in point P.
Formulate the electric and the magnetic vector field components of the wave.

Extend the expression of the electric vector field to give a left-handed circularly polarized
R
wave.
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4.5 Problem 5

A plane and harmonic TEM wave propagates into the negative z-direction in a lossless dielectric CO
with a relative permittivity of €, = 4. The wave is linearly polarized along the line z = 2y. The @ -Pl/\,, = ,

wave number is k = 418.88 % The magnitude of the magnetic vector field is Hy = 5.3 mWA
Calculate the frequency f of the wave. d éw .zL( )

—
b) Calculate the characteristic wave impedance.

c) Determine the magnitude Ey of the electric field strength. = l - 5)( \O ms_,

d) Formulate the vector fields of the electric and magnetic field strengths of the wave in time

domain. 27\_

e) Determine the Poynting vector S(t) of the wave. K _

f) Determine the averaged power density S over one time period T'. >\
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4.5 Problem 5

A plane and harmonic TEM wave propagates into the negative z-direction in a lossless dielectric
with a relative permittivity of €, = 4. The wave is linearly polarized along the line z = 2y. The

wave number is k = 418.88 % The magnitude of the magnetic vector field is Hy = 5.3 mWA

a) Calculate the frequency f of the wave.
@ Calculate the characteristic wave impedance.

c) Determine the magnitude Ey of the electric field strength.

d) Formulate the vector fields of the electric and magnetic field strengths of the wave in time
domain.

e) Determine the Poynting vector S(t) of the wave.

f) Determine the averaged power density S over one time period T'.
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4.5 Problem 5

A plane and harmonic TEM wave propagates into the negative z-direction in a lossless dielectric
with a relative permittivity of €, = 4. The wave is linearly polarized along the line z = 2y. The

wave number is k = 418.88 % The magnitude of the magnetic vector field is Hy = 5.3 mWA

a) Calculate the frequency f of the wave. >

b) Calculate the characteristic wave impedance.

@ Determine the magnitude Ej of the electric field strength.

d) Formulate the vector fields of the electric and magnetic field strengths of the wave in time
domain.

e) Determine the Poynting vector S(t) of the wave.

f) Determine the averaged power density S over one time period T'.
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4.5 Problem 5

A plane and harmonic TEM wave propagates into the negative z-direction in a lossless dielectric

with a relative permittivity of &, = 4. The wave is Ilnm along the line z = 2y. The

wave number is k = 418.88 L The magnltude of the magnetic vector field is Hy =

Formulate the vector fields of the electric and magnetic field strengths of the wave in t|me

domain. @\01‘“8/\1/‘0’ \ Vo

a) Calculate the frequency f of the wave.
b) Calculate the characteristic wave impedance.

c) Determine the magnitude Ey of the electric field strength.

e) Determine the Poynting vector S(t) of the wave.

~7
f) Determine the averaged power density S over one time period 7. /“\ 1»
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4.5 Problem 5

A plane and harmonic TEM wave propagates into thd negative z-direction jn a lossless dielectric
with a relative permittivity of €, = 4. The wave is linearly polarized along the Iiniz’f_ﬁy. The

wave number is kK = 418.88 % The magnitude of the magnetic vector field is Hy = 5.3 mWA

a) Calculate the frequency f of the wave.
b) Calculate the characteristic wave impedance.

c) Determine the magnitude Ey of the electric field strength.

d) Formulate the vector fields of the electric and magnetic field strengths of the wave in time
domain.

Determine the Poynting vector S(t) of the wave.

f) Determine the averaged power density S over one time period T'.
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4.5 Problem 5

A plane and harmonic TEM wave propagates into the negative z-direction in a lossless dielectric
with a relative permittivity of €, = 4. The wave is linearly polarized along the line z = 2y. The

wave number is kK = 418.88 % The magnitude of the magnetic vector field is Hy = 5.3 mWA

a) Calculate the frequency f of the wave.
b) Calculate the characteristic wave impedance.

c) Determine the magnitude Ey of the electric field strength.

d) Formulate the vector fields of the electric and magnetic field strengths of the wave in time
domain.

e) Determine the Poynting vector S(t) of the wave.

@Determine the averaged power density S over one time period T'.




