duualid) B pucalaal)
Chapter (3)

Plane waves in dielectric and conducting media.
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3.1/ phase velocity  _shll 4c

The phase velocity , or velocity of constant - phase point is given by /p. That @/p has the
dimension of velocity is given by
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Where w = 2nf

B =2m/A = phase constant <l skl
A = wave length

f=frequency

and we have the phase velocity
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equation (2) gives the phase velocity of a wave in an unbounded medium of permeability ()
and permittivity () .
For free space (vacuum) the velocity is a well-known constant by (c) and usually called the

1 1

velocity of light. Thus ¢ = T = Mms~

The Sl unit for the permeability of vacuum is p, =400 T nHmM™

1

therefore the permittivity of vacuum is

£, = —— =8.85 pFm™!

Ho C?

- For other media the phase velocity relative to the velocity of light, or relative phase velocity

is

P _ ! _ \/ llo 80 — 1 (3)
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Where Hr =relative permeability of medium.

€, = relative permeability of medium.




3.2/ Index of Refraction. LSV Jalxs

- In optics the index of refraction 7 is defined as the reciprocal of the relative phase velocity P

That is

n=%=i=c=\/ursr ......................................... (4)
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For nonferrous media ( sl ye Llus3) g1, is very nearly unity so that

Example 1/ Paraffin has a relative permittivity ¢, = 2.1, Find the index of refraction for
paraffin and also the phase velocity of a wave in an unbounded medium of paraffin .

solution/ The index of refraction

n = e
n = V2.1 =145
8
The phase velocity n = % = v = % = 3:4150 =207 Mms ™!

Example 2/ Distilled water has the constant ~ 0, ¢.=81,u, =1,Findpandv.
solution/n = Ve = n =+v81 =9

8
=3 X91° =0.111¢ = 33.3 Mms~!
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3.3/ Group velocity. 4c sl dc ju

The group velocity give by the relation

_ av
u—v+,8dﬁ ..................................... (6)
or
N R
u=v /’Id/1 ..................................... (6)

Where (u) is the phase velocity of the wave envelope which is usually called the group
velocity.
e sanall Ao gy e ds (53 5 s sl Galiad gl e s (u) O
- In nondispersive media - 4l e Lls S the group velocity is the same as the phase velocity
,infreespace u= v =c
- In dispersive media the phase and group velocities differ.
- A dispersive media is one in which the phase velocity is a function of the frequency (and hence
of the free - space wave length).
-Dispersive media are of two type.

1- Normally dispersive - g2l il : In these media the change in phase velocity with wave
length positive that is (dv/dA > 0), for these media (u < v).

2- Anomalously dispersive - 3Ll <aldll : |n these media the change in phase velocity with
wave length is negative that is (dv/dA < 0), for these media (u > v).




Example / A 1-MHz (300 m wave length) plane wave traveling in a normally dispersive,
lossless media has a phase velocity at this frequency of 300 Mms~!, the phase velocity as
a function of wave length is give by v = K /1, Where K is constant . Find the group

velocity.
solution/ The group velocityisu = v — A % ..................................... (1)
1
andwehavev=KVA= v=KA = % = %K?\‘% .................................. (2)
Substituted equation (2) in (1)
Kot
= — — 2
u=v 5
K }\1
= — — A2
u=v >
v =KV
B \Y,
u=v >
u= v(l - %)ﬁ u= §=ﬂ =150 Mms™?! .

3.4/ Impedance of dielectric media . )l Llu oY1 & dxilaall

- Intrinsic impedance : refer to the impedance of a plane TEM ( transverse electromagnetic
wave) travelling through a homogeneous media , the impedance of the wave everywhere in
space is equal to the intrinsic impedance , it can also defined as the ratio of the electric field

to the magnetic flux density and give by Jaal jaie G daaill ge 5 )ke (A dpunllin s ¢Sl 4x sall dxiles
_E 1) . Hemubliaall Jaall ynic 5 E (S eSl)
- H -----------------------------
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Where Z is called the intrinsic impedance of the med £l il 5 g sl

- For free space (vacuum)

Z=7,= | =376.731 ~ 1201 Q ecvovrverreerreeeer.e. (2)
€o

or the intrinsic impedance is defined as the square root of the ratio permeability of the
medium and permittivity of the medium.

Example / If the magnitude of H in a plane wave is 1 m~ , Find the magnitude of E for a
plane wave in free space.
solution/ Z = %: E=7ZH

= 376.7 x1 = 376.7Vm™1.




3.5/ Two plane waves traveling in opposite direction ; standing wave . 4L 4 gal)

- Standing wave : also called stationary wave combination of two waves moving in opposite

direction , each having the same amplitude and frequency.
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VSWR definition : The voltage standing wave ratio and define the wave with maximum and
minimum electric field intensities . Thus

VSWR = Imax _ Eo*F1 0 i, (1)

Emin  Eo—FE1
E, = amplitude of incident wave .

E; = amplitude of reflected wave .

- When the reflected wave is zero (E; = 0) the VSWR is unity .

- when the reflected wave is equal to the indicate wave (E; = E,) the VSWR is infinite .

- Hence for all intermediate value of reflected wave , the VSWR lies between 1 and oo .

005 1 O VSWR e duaiall il sall Al ial) ol 01 I,

Example 1/ Find the standing wave ratio of the wave with maximum and minimum electric

field intensities of 12 and 4.

solution/ SWR = Emax _ 12 _ 3

Emin 4

Example 2/ Find the standing wave ratio of a wave travelling through the media having
intrinsic impedance of 3and 2.
3

solution/ SWR = L _
Z, 2

Hint/ The standing wave ratio is given by the ratio of the intrinsic impedance of medium 1 to

the intrinsic impedance of medium 2.




3.6 / Depth of penetration (skin effect ) : is a measure of how deep light or any
electromagnetic radiation can penetrate into a material . it is defined as the depth at which
the intensity of the radiation inside the material falls to 1/e (about 37%) of its original value
at (or more properly, just beneath) the surface .

or penetration depth is defined as the distance from the dielectric surface at which the
, permeability of free space = 41 X 1077 H/m.

- The depth of penetration decreases with increasing frequency and give by

Jfruo
- The phase constant ( 8 ) of a wave give by the relation
- 6 --------------------------------------------

a = attenuation constant.
- To find the wave length A, in the conductor give by the relation

Example 1/ Find the skin depth of the wave having of 3 MHz and a velocity 12 m/s .

12
3x 106

solution/V = {6 = 8=V/f= 4 um .

Example 2/ Find the effective skin resistance of a material with conductivity 120 and skin
depth of 2 pm.

solution/ The effective skin resistance given by

Rg = —= ————— =416 KQ .

S§o 120x 2 x10~6

Example 3/ The attenuation constant is 0.5 unit, Find the skin depth .

solution/ 6 = 1= L =2units.
a 0.5

Example 4/ Calculate the phase constant of a wave with skin depth of 2.5 unit .

. 1 1 1 2 .
squtlon/S—E = B—g— 2T = ¢ unit.




3.7/ Relaxation time. sA ) ()

- In the physical sciences. O Alla L o plamal) Al 53l ¢ sl )
- Relaxation usually means the return of perturbed system into equilibrium .

- The simplest theoretical description of relaxation as a function of time (t) is an exponential

law exp(-t/T) . S IS dgall (S e fia 5 Amaiia o (g giad 50 b
V(t) =V e”VRE il ) il oS 50l ol ) e T
V(D) = V, e¥F = T = RC ALoYI L8 G 1 o Al 2 Ll 50 58 ol Y1 )

O Aand) A Ja gl o 30U el O () (12.718) ssben 5 ekl sl sl il Jiay @ Cas
s ) ey Jia3 0,368 ()

Example 1/ For a conductor such as copper , for which 6 = 58 yum™! and € = 8.85 PFm™!.

Find the time t,..

. € _ 885x107'? .
solution/ T, = 5 = sexiot 1.5x107Ys .

Example 2/ Find the time constant of a capacitor with capacitance of 2uf having an
internal resistance of 4 ().

solution/ Tt = RC .

T=4x%X10°%2x107% = 8 second

* To derive the Relaxation Time

The continuity relation between current density and charge density is

v-]=—% ................................. (1)

From Maxwell's equation V- E = E .............................. (2)
But] = o E, so that(2) becomes

V-] = "T" ................................. (3)

From (1) and (3) it follows that

2P =0 i (4)

A solution of this equation is

p = pO e—(o'/s)t ................................. (5)
€
lett, = TR T (6)
T, has the dimension time , At-t=0, p = py, which is the initial charge density.
when = t,., the equation (5) becomes
p — po e_(t/TT)

p=poe?!

thus 7, is the time required for the charge density to decrease to % of the initial value , the

quantity () is called the (( Relaxation time)).




3.8/ Energy relation in a traveling wave .

The energy density at a point in an electric field is

EZ
H £ H? £

Substituting for (H) from (3) in (2) we get
1 2 _ 1 2
Wm:EIJH ZEEE :We ...................... (4)

Thus, the electric and magnetic energy densities in a plan traveling wave are equal , and the

total energy (W) is the sum of the electric and magnetic energies , thus

W=W, + W,

W—1 E2+1 H?2
—2° 2 B

W=%£E2+%£E2 (From 4)

~ W= gE%+ pH? (Jm™3)




