!'_ 4.3 Uniform Plane Wave :
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*a) Introduction to uniform plane wave :

i

il.

ili.

E and H lie in a plane 7
perpendlcul.ar to the direction ﬁ/
of propagation of wave.

The field quantities have no
components in the direction of
propagation of wave. Called s
Transverse ElectroMagnetic Ij"
wave (TEM wave). ’5;
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The field quantities have the
same magnitude and direction
in a plane containing it . ==> ypiform
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* b) Uniform plane wave Equations :

*» Assume the medium to be linear, homogeneous , isotropic and
source-free (p, =0).

Wave propagating in the z direction. The fields are sinusoidal
and not functions of x and y.

E = E a =E(z)cos[ot+w . (z)]a,

—

H=H a = H(z)cos[ot+y,(2)]a,

y

=) The phasors : E =E(2)£ v, (Z)Eix — Eﬁx

H=H(z)Zy,(2)d, =Ha,
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* b) Uniform plane wave Equations :

rot H=(o + joe) E

rotE = —jou H

=) AE — jou(o + ja)s)ﬁ =0

SR, O’E . o
And E = E(z).ax =) > —J(g“(g+ _](DS)E — ()

Z

E=M;e " +M,e"” v=yjoulo+joe) =a+jp

H — &e_yz —

N

M,
N

(propagaton constant [m=] )

ah jou
n= — =\n|Lrt
O+ JOE

(intrinsic impedance[{))])
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* ¢) Summary: u.p.w

i. u.p.wave =incident + reflected

. B . B
E=M,e " +M,e"”
M M
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* il. The phasors of incident wave :

*¢* None of the reflection :

M, = m,Z¢p, = magnitude/phase of electric field at z = 0.

— —

E,, H, = the phasors at z = 0.
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* ili. The propagation constant :

vy =+/jou(o + joe) = o+ jp

= = ];EOG:_yZ =[m,e " ZL(p, —B2z)]a,

2
| e o
oL = attenuation const =——— 1+ — | =1 /m
7 J ( j (N

2
B = phase const = @ \/ 1+ (ij +1| (rad/m)
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* iv. The intrinsic impedance :

< La ti s6 bién d) phic truong dién / trudng tur .

H

E jo

Y

P2 mizr (@

J

O + JWE
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* v. Relation between the electric and magnetic :

—_—

H=

1

_|:53XE:| E:n I_:Ixas

N

Q|

= propagating unit vector

eExample: if E =[m e /(¢ —B2)]a.
And ag :?12; n=\n|ZLr

= [ =™ L(gol—Bz—r)ﬁy

ul

* In time-domain:

E(z,t) =m,e ™ cos(wt—Pz+¢,)a.

H(zt) = |—1 " cos(wt—Pz+o —71)a,
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* vi. Wave front :

the phase of wave = (wf —Bz+¢,)

wavefront: (ot —PBz+ ¢,) = const ;t= const

=) Z=const Wave front perpendicular to Oz

" Velocity of the wavefront is
given by :

Wave front
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* vil. Wavelength:

X
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(wt—fz, +¢))
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* Distance between so that (X —/fz +@)—(a¥—fz,+@)=2r

=> A=(z,—2z)=—

2T

p
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* viii. The loss tangent:

d = tgb = the loss tangent = 9
WE

** Quy udc :

[ <10 : lossy dielectric .

tgd = < >10! : good conductor .

_ 101 +10! : general medium .
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* ix. The complex permittivity :

Assume that: jog=0+ jwe

~~

=) | c=¢—jolw=¢,(c, —jo]we,)

Y=Jo\ e

T]:

=
ol
£

\
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:I! < Po tham dién phic cta vat liéu :

e =¢(¢g - je") where g”=y/pg,and ¢, = 10-9/367
Material® €, Y (mho/m) e"at 1 GHz
Lime stone wall 7.5 0.03 0.54

Dry marble 8.8 0.22

Brick wall 4 0.02 0.36
Cement 4-6 0.3
Concrete wall 6.5 0.08 1.2

Clear glass 4-6 0.005 - 0.1
Metalized glass 5.0 2.5 45

Lake water 81 0.013 0.23

Sea Water 81 3.3 59

Dry soil 2.5 -- --

Earth 7-30 0.001-0.03 0.02-0.54
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* x. The skin depth :

% The distance 0 : field attenuated by the factor e! = 0.368 .

1 Perfect Good
5 — | |dielectric conductor

» At the distance of 59 : field is vanished .
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