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Plane Waves

* A plane wave 1s a special case of wave or field: a physical quantity whose value, at any
moment, 18 constant over any plane that 1s perpendicular to a fixed direction in space.

* The phase surfaces (i.e., surfaces on which the phase of the wave 1s constant in any point
of such a surface) are planes if the direction of wave propagation is unchanged.

* The wave Vector@s the same at any position and at any time.

[Review>> Wave Vector: A wave vector is a vector indicating the direction of wave
propagation and the phase delay per unit length. ]




Homogeneous Waves

* The vector EO(x,y,z) 1s unchanged on a phase surface; this
means that the wave’s intensity 1s the same 1n any point of such

Gonﬁﬁ“b

a surface. —
/_‘7 ———

E(z,y,2) = W/e —jk- 7




Harmonic Waves £ Sol™ S
V\\an/z’ 1 ~ Not
a/;lz% %\ﬂﬂ»\aw?c

* A wave 1s called a harmonic wave 1f the general d’Alembert
solutions f and g are harmonic functions (varying with
angular frequency ).

* [Review: is a twice continuously
differentiable function |
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Magnetic flux lines appear as continuous loops I
Electric flux lines appear with beginning and end points

* The electric field vector does not have a field component directed 1n the direction
of propagation, E0(x,y,z) -k = 0. S

* The magnetic field vector can have a field component directed in the direction of
propagation.

* The electric field 1s parallel to the phase planes and perpendicular to the direction
of propagation, E0(x,y,z) L k.




Transverse Magnetic (TM) Waves
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Magnetic flux lines appear as continuous loops
Electric flux lines appear with beginning and end points

* The magnetic field vector does not have a field component directed in the
direction of propagation, HO(x,y,z)- k =0

 The electric field vector can have a field component directed in the direction of
propagation.

 The magnetic field 1s parallel to the phase planes and perpendicular to the
direction of propagation, HO(x,y,z) L k.



Transverse Electro-Magnetic (TEM) Waves

A TEM wave has neither an electric nor a magnetic field component
directed in the direction of propagation.

* Both the electric and the magnetic field vectors are parallel to the

phase surface (1.e., perpendicular to the direction of propagation, EO(x,
Y Z) 1 ka HO(Xa Y Z) 1k )
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Linearly Polarized Waves £2 o

* There exists a constant vector e such that |[EO(X,y,z): e| = |E0(X,y,z)| holds for all
times and all positions.

* The electric field vector does not change its orientation while propagating.

* For the indication of a linearly polarized wave, the direction of the electric field
vector E( 1s used as the reference.

 Example: The waves of satellite TV are typically vertically or horizontally
polarized TEM waves.




Plane Waves in Free Space

Assume a h_o_nggg_e_n_emm and plane @wave propagating harmonically in the z- direction. The
wave should be linearly polarized in the y-direction. The medium is an insulator and free of

charges. . —
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where Ej is the magnitude of the electric vector field, Ey= |EO|. Due to the homogeneity of the

wave the partial derivatives in x and y vanish: ‘T‘
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Plane Waves in Free Space

/d.é/ curl £ = —jwuﬂ [ Maxwell’s Second Equation]
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/@v Plane Waves in Free Space
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. Thef the Electric (E) and Magnetic

(H) field components is seen to have units
of impedance, known as the characteristic
wave impedance.

For planes waves the wave impedance is
equal to the intrinsic impedance of the
medium. In free-space the intrinsic
impedance 377 Ohm.

* Note that the Electric (E) and H vectors

are orthogonal to each other and
orthogonal to the  direction of
propagation.



Plane Waves in Free Space — TEM Waves
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Plane Waves in Free Space — TEM Waves

The Poynting vector describes the flow of electromagnetic power
and directed 1n the direction of propagation.
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4.1 Problem 1

A plane wave propagates in a lossless medium. The electric vector field is given as:

/
a) Relate k,w, u, andei./

- =

b) Give an expression for the wave impedance and the magnetic vector field H.
c) Using eq. (4.1.1), give an expression for the wavelength A.

d) Express and discuss the phase velocity vy}, of the wave.

e) Determine the phase velocity vy, of an electromagnetic wave in free space.
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41  Problem 1 ¢ o
A plane wave propagates in a lossless medium. The electric vector field is given as: /6) 2 » ﬁ/% = z:f_;szf_
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a) Relate’®,w, u, ande.

b) Give an expression for the wave impedance and the magnetic vector fielti H. |
___/
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c) Using eq. (4.1.1), give an expression for the wavelength ). E 'é VH = 'V;j‘.;;,.‘ cnrC & |
d) Express and discuss the phase velocity vy of the wave, @{F 4y A hie: Be Ex gx -
e) Determine the phase velocity v, of an electromagnetic wave in free space. 7-,1’:) j
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4.1 Problem 1 ——/

A plane wave propagates in a lossless medium. The electric vector field is given as: 0() "'4
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a) Relate k,w, u, ande.

b) Give an expression for the wave impedance and the magnetic vector field E )

c) Using eq. (4.1.1), give an expression for the wavelengtl-@

X
d) Express and discuss the phase velocity vy, of the wave. l i 7 = © ‘T
e) Determine the phase velocity v, of an electromagnetic wave in free space. _— /744“ aff 211 s é’ o /égo\/
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4.1 Problem 1

A plane wave propagates in a lossless medium. The electric vector field is given as:
E = Ege 7*% g,
a) Relate k,w, u, ande.
b) Give an expression for the wave impedance and the magnetic vector field E
c) Using eq. (4.1.1), give an expression for the wavelength \.

d) Express and discuss the phase velocity vy, of the wave.

e) Determine the phase velocity v, of an electromagnetic wave in free space.
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4.2 Problem 2

A plane wave travels in the +2z direction in a dielectric lossless medium with a relative permittivity of
£y :'9/,at a frequency of 300 MHz and with an electric field amplitude of 100V /1
rite the complete time-domain expressions for the vector fiel
&
b) Calculate the average power density of the wave.

Now, assume the dielectric material has a conductivity ¢ = 10Sm~".
-

c) What are the wave impedance and wave number of the wave?

d) Determine the average power density of the wave.
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4.2 Problem 2

A plane wave travels in the 1z direction in a dielectric lossless medium with a relative permittivity of
g, =9, at a frequency of 300 MHz and with an electric field amplitude of 100V /m. 1
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a) Write the complete time-domain expressions for the vector fields E and H.

aIcuIate the average power density of the wave.
/

Now, assume the dielectric material has a conductivity ¢ = 10Sm~!.
c) What are the wave impedance and wave number of the wave?

d) Determine the average power density of the wave.
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4.2 Problem 2

A plane wave travels in the +z direction in a dielectric lossless medium with a relative permittivity of

g, =9, at a frequency of 300 MHz and with an electric field amplitude of 100V /m. 14 _ >\ G
. . . . P Zrp = — E = ¢ (1 - ]_)
a) Write the complete time-domain expressions for the vector fields £ and H. = o -— Ew
b) Calcul h density of th .
) Calculate the average power density of the wave P \b#) ‘J\K o $
Now, assume the dielectric material has a conductivity o = 10Sm =", / an 6 ey Wlth E¥epe
@/\/hat are the wave impedance,apd wave number of the wave? ) € g
d) Determine the average power density of the wave. "J' 23.49°
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4.2  Problem 2 T
: o L : oy \ Q} = 1 = 1 o ok
A plane wave travels in the +z direction in a dielectric lossless medium with a relative permittivity of Vj’ X/ S = S(t) dt = =R Ex H
0

g, =9, at a frequency of 300 MHz and with an electric field amplitude of 100V /m. / ‘f' T 2=
. . \ﬁx} /V— V\./
a) Write the complete time-domain expressions for the vector fields £ and H. N X 2 j’i‘f‘ £2° \ )?_
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b) Calculate the average power density of the wave. (‘/0 bb,k é = ‘/:‘ ’ '-1—6 & 40.945L l_J
Now, assume the dielectric material has a conductivity ¢ = 10Sm~!. /ﬂ Y Q‘b
c) What are the wave impedance and wave number of the wave? “(/-Y— 7
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