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Behaviour of Plane waves at the inteface of two media:

We consider .49 the propagation of uniform plane waves in an
unbounded homogeneous medium. In practice, the wave will propagate in
bounded regions where several values of will be present. When plane wave
travelling in one medium meets a different medium, it is partly reflected and
partly transmitted. In this section, we consider wave reflection and
transmission at planar boundary between two media as shown in figure 1.1.
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Fig 1.1 : Normal Incidence at a plane boundary
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

Casel: Let z = 0 plane represent the interface between two media.

Medium 1lis (&, 4.01) and medium 2 is characterized by [52,,.5.53,52).

Let the subscripts 'i' denotes incident, 'r' denotes reflected and 't' denotes
transmittedfield components respectively.

The incident wave is assumed to be a plane wave polarized along x and
travelling inmedium

o

1along “direction. From equation (5.24) we canwrite

...................... (5.49.b)
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=

where "1 =\“m’r’{1 (o +jwg) and

Because of the presence of the second medium at z =0, the incident wave will
undergo partial reflection and partial transmission.

. [ . .
The reflected wave will travel along®  in medium

1. The reflected field components are:

Er =B @0 oo, (5.50a)
—_ 1 . . .n. z
Hy=— —cxx]XEme" a, =——2&"g

) o (5.50b)

The transmitted wave will travel in medium2 along “ for which the field components are

s

Ey=E e a

K e eeess e s (5.51a)
E: = E_:ﬂé—n.x c;;,
2 - BRBR. BB BN (5.51b)
M= ke
_ . . 2 ;
where 2 = \ess (0 + jas) and G IeE
In medium 1,

31 =E;‘ +Erand §1 =Ei +§r
and in medium 2,
Ha =Erand Ha=H:
Applying boundary conditions at the interface z = 0, i.e., continuity of tangential

field components and noting that incident, reflected and transmitted field
components are tangential at the boundary, we can write

g Hi(0)+ Hr (0)= H:(0)

From equation 5.49 to 551 we get,
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B0 7T T T e (5.52a)
Ex:' — Em = E:r::'
L S (5.52b)
Eliminating
Eto,
%o e ol(g,+8,)
o 2
g(Ll-1)og (Lt
or, T o T
B, =TE,
or,
............... (5.53)
i i .- T = ?'?2 — ?'?1
is called the reflection coefficient. .
Ty T
From equation (5.52), we can
write
28, =& [1+2
L
T — 2?.?2
0] ST P PRSP PPPTPROPROPNY By B et e (5.54)
E:rc:- = 21?2 Ei.::' _TE;!::'
hti
is called the transmission
coefficient. We observe that,
T = 20, _ Wy mmp ottt {47
T T s (5.55)

The following may be noted
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Let us now consider specific cases:

Case I: Normal incidence on a plane conducting boundary

The medium 1 isperfect dielectric (01 =0) and medium 2 is perfectly conducting

[y =‘I').

L= £
=
7y =0

n =flJau)jos)
=JBHE =08
From (5.53) and (5.54)
t= -1
and T=0

Hence the wave is not transmitted to medium 2, it gets reflected entirely from the
interface to the medium 1.

S B (Z) = B a, - B g™ a, = -2jF, sin fza,

&
- B (z.¢) =Re [—EJE;-a sin ﬁzej"”].;; =2E, sin Sz sin &.‘ri.:;x
Proceeding in the same manner for the magnetic field in region 1, we can show that,

— n

Hl[z,f.)=a.

£
i
, ——cos Gz cos @

L s (5.57)
The wave in medium 1 thus becomes a standing wave due to the super position of a
forward travelling wave and a backward travelling wave. For agiven ' t', both #land

Hivary
sinusoidally with distance measured from z = 0. This is shown in figure 1.2.
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Figure 1.2: Generation of standing wave
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

Zeroes of E1(z,t) and Maxima of H1(z,t).

Maxima of E1(z,t) and zeroes of H1(z,t).

h'

v oCour at .-312 = =R or 2= _.’EE

soccur at fz = —[2n+1)?—; or z =—[2n +1)§, a=012 .

Case2: Normal incidence on a plane dielectric

boundary

If the medium 2 is not a perfect conductor (i.e. 7= = ) partial reflection will result. There
will be a reflected wave in the medium 1 and a transmitted wave in the medium 2.Because
of the reflected wave, standing wave is formed in medium 1.

From equation (5.49(a)) and equation (5.53) we can write
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.................. (5.59)
Let us consider the scenario when both the media are dissipation less i.e. perfect
dielectrics (€1 =% @2 =0)
W o=Janfig =08 = %
1
Yo = JanjiE = 75 M= o
T (5.50)

In this case both “1and 71 become real numbers.
El = asz.ﬂ (E—jﬁ.x + ré,.i';ﬂ.x)
= ainc, I[[l + T) PR (é,.r;ﬁ.z — gmieE ))

= axE,, [Te™ +T(2jsin §2))

From (5.51), we can see that; in medium 1 we have a traveling wave component
with amplitude TEijo and a standing wave component with amplitude 2JEio.

The location of the maximum and the minimum of the electric and magnetic field
components in the medium 1from the interface can be found as follows.

The electric field in medium 1 can be written as
B = &;»;E'!-‘,é'_‘w'x (1 + l"é"ﬂ’ﬁx)

If 72 7 Mie. >0

The maximum value of the electric field is

8| =E,(1+7)

and this occurs when
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el =—E=— ?E.ﬂ- ——Eﬂl
or A , N=0,1,2,3 i (5.54)
The minimum value of
B
is
E| =E(1-T
Lo " BeCT) (5.55)

And this occurs when

mi

or

A T2 ST e Bt o, (5.55) For

B e

The maximum value of is i '[1 - l"j which occurs at the zmin locations and the

minimum

| 1| is B, (1+T) which occurs at zmax locations as given by the equations (5.54)

.

From our discussions so far we observe that | Lnn can be written as

value of
and (5.55).

o |B 14l

e (5.57)
The quantity S is called as the standing wave ratio.
<M « o
As U5 Irl < Lthe range of Sisgiven 1S5 %
by

From (5.52), we can write the expression for the magnetic field in medium 1 as

El = &,v E_&:e—mx (1 - re-f'f*ﬁ”')
L (5.58)
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N = _ _ Bl
From (5.58) we find that| Will be maximum at locations where | 'Is minimum and
vice versa.

In medium 2, the transmitted wave propagates in the + zdirection.

Oblique Incidence of EM wave at an interface

So far we have discuss the case of normal incidence where electromagnetic wave
traveling in a lossless medium impinges normally at the interface of a second medium.

In this section we shall consider the case of oblique incidence. As before, we consider
two cases

I. When the second medium is a perfect

conductor. ii. When the second medium is a perfect
dielectric.

A plane incidence is defined as the plane containing the vector indicating the direction
of propagation of the incident wave and normék to the interface. We study two specific

cases when the incident electric field Z: is perpendicular to the plane of incidence

(perpendicular polarization) and is parallel to the plane of incidence (parallel
polarization). For a general case, the incident wave may-have arbitrary polarization but
the same can be expressed as a linear combination of these two individual cases.

Oblique Incidence at a plane conducting boundary i. Perpendicular Polarization
The situation is depicted in-figure 1.3.

4 X
«({-.,-./7 Perfect Conductor
/ o
~ rd
0¥
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T pue—
T|=0 a, = ©

Figurel.3:Perpendicularpolarization
(www.brainkart.com/subject/Electromagnetic-Theory 206/)
As the EM field inside the perfect conductor is zero, the interface reflects the incident
plane wave. arékrespectiwely represent the unit vector in the direction of

propagation of the incident and reflected waves, 4 ! is the angle of incidence and & is
the angle of reflection.
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We find
that

Gwi = dz COS &+ ay 510 &

e = —dz COS 8, +aysin 8, (5.59)

Since the incident wave is considered to be perpendicular to the plane of incidence,
which for the present case happens to be xz plane, the electric field has only y-
component.

—_

Bi(x,z)= ayﬁ'me_j’gﬁ"' T
_ &yﬂgﬂe—jﬁl[mmﬁﬁ.&cc@&]j
The corresponding magnetic field is given by

— i
Hifxz)=— XH|x,
(x,2) <[+ (x z)]

= l [_ Cos glax + Sin 5}&3] Ebg_,?-ﬁ(lmnl%+zmsﬂi)
2 e _ m o ms mamd. BN (5.70)
Similarly, we can write the reflected waves as
Ey (x,z)= &yEme?_j’Ela_" T
_n ~J [ xsindh—zeosty |
B e (5.71)

Since at the interface z=0, the tangential electric field is zero.

g—j,&lxsinﬁ-i +Em€—j,£1xsinﬂr -0

e T R B e T =0 s (5.72)
Consider in equation (5.72) is satisfied if we have
E?’:J = _Eiﬂ
e (5.73)
The condition =84 is Snell's law of reflection.
L= - — & xeind—zcos &
B (x2) = e Be M e (5.74)
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The total electric field is given by

R (x.z) = E; (x.z)+ E (x.z)
= ~ay2jE, sin( fzcos §)e IE (5.75)

and E:r I:X,Z)=l axrxﬁr[K,Z)]
mL T, (5.76)
Sim _ &, [_; cosd — o sin 5_]E-J'ﬁ1(xsmﬁg—zmsq)
?31 ? ?

—_—

Hi(xz)= —EE—*’ [&x cos & cos( Az cos Ei)e_j’ﬂlmn% + s jsin & sin (Bzcosé, )e_j’alxsm% ]

#

The wave propagating along the x direction has its amplitude varying with z and hence

constitutes a non uniform plane wave. Further, only electric fieldlis perpendicular to
the direction of propagation (i.e. x), the magnetic field has component along the
direction of propagation. Such waves are called transverse electric or TEwaves.

ii. Parallel Polarization:

In this case also = and 2= are given by equations (5.59). Here #{1and Z~ have only

y component.
A X
’rv P Perfect Conductor
% & o
e
0, —
e|k/ - 4
* ) ax
E’E \.®/ /-_\—/
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Figure 1.4: Parallel Polarization

(www.brainkart.com/subject/Electromagnetic-Theory 206/)

With reference to fig (1.4), the field components can be written

as: Incident field components:

B (x.2) = &, [Cosé‘iax _Siﬂﬂéx] E—J'ﬁl[mmﬁgﬂcnsq)
E;‘ I:X,Z) =$,v E_:Zaé‘_.,i'ﬁ[xsinﬁﬁacusﬁjj
B (5.79)

Reflected field components:
— - - — i B[ xsing, —zcoss
Ey(xz)=E, |arcosd, +assin 5‘,]:3 S rsinéyacosty
Ty (5,2) =~y 2 ;I ALENS20055)
L, (5.80)
Since the total tangential electric field component at the interface is zero.

E [x,[]:l+ El[x,[]:l=0

Which leads to B, =&, and & * as before.

Substituting these quantities in (5.79) and adding the incident and reflected electric
and magnetic field components the total electric and magnetic fields can be written
as

22 (x.z)=-2E, &x;‘ cos & sin ( zcos &)+ &5 st & cos( Bz cos &D] g ArsIng

e -

and Hi(x.z)=ap 25, cos( fzcosd )e_*}."ﬂlxsmﬁ"

Once again, we find a standing wave pattern along z for the x and y components of £ and

. while a non uniform plane wave propagates along x with a phase velocity given
VP &

- Vi = —

sin & A o . . P

! by where . Since, for this propagating wave, magnetic field is
in

transverse direction, such waves are called transverse magnetic or TM waves.

vplx =
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Oblique incidence at a plane dielectric interface

We continue our discussion on the behavior of plane waves at an interface; this time we
consider a plane dielectric interface. As earlier, we consider the two specific cases,
namely parallel and perpendicular polarization.

& =
Er H»y ELEEE

o

/ Z2=0
_/’ e
/7 Bi,Hi
Medium 1 Medium 2
G =0 | & u,o=0

Fig 1.5: Oblique incidence at a plane dielectric
interface
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

For the case of a plane dielectric interface, an incident wave will be reflected partially
and transmitted partially.

In Fig(1.5), 8.6 mnd8 corresponds respectively to the angle of incidence, reflection

and transmission.

1. Parallel Polarization
As discussed previously, the incident and reflected field components can be written as
xsin & +2cosd |

Ei(x,2)= &, [n::os 8.ax —sin 5'!-33] oA

(1. =3, o S0

)
.............. (5.82)
E?’ I:J'E,z) — Em, f;:':' cos 5?. + &x Sin Er]E_J-J'Bl[XSmﬁr—ZCDsﬁr)
5 (1.1) - 3y Al
e, (5.83)

In terms of the reflection coefficient [
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http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001&hl=en_IN&gl=US
https://play.google.com/store/apps/details?id=com.binilselva.photoship&hl=en_IN&gl=US
http://www.brainkart.com/subject/Electromagnetic-Theory_206/)

www.binils.com for Anna University | Polytechnic and Schools

B (55) =T o, +esing | A

H» (x.z)= — y L%, E‘fﬁ[’-’smﬂr—zcns&,j
"L, (5.84)

The transmitted filed can be written in terms of the transmission coefficient T

E“ [x, Z) =TE, [éx cos8, - &x sin gr]g‘i'ﬁg[mnﬁ,ﬂmsgtj

— ~ TE, E—j,&g(xsmﬁt +2C058;)

We can now enforce the continuity of tangential field components at the boundary i.e. z=0

cos Eie_j’almn'% +Tcos .E're'_j’almnﬂ’ =T cos E',E_J.’a‘n‘mnﬂ’
ard lé—j,&lxsin% _Lg—j,&lxsin&, _ Eé—j,&gxsm&;
2 7 Y o (5.85)

If both 2 and ““5are to be continuous at z=0 for all x , then form the phase matching

we have
Geind = Aen g = S0 8
.~We find that
8 =4,
and Hend =808, (5.87)
Further, from equations (5.85) and (5.87) we have
cos8 +l cosd, =Tcos G,
ad L-L-T
i R S TP (5.88)
cos& (1+1)=Tros 4,
and L(1-Ty- =
o) Mg
.. . . L
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cos& (14T =m—2[1—1":l|:055':,
!

S(mcosd taycos8 ) =nyc058, — 5 cos

r-r cosd, —mcosd

Hy o8 8, taycos &

or
.......................... (5.89)
H
and T=22(1-T)
#
_ 2n, cos &
HyCOR 8, oy cos & (5.90)
From equation (5.90) we find that there exists specific angle % =% for which =0 such

that

Hy COF 8, = 1 cos 8
Jl-sintg =2 fi-sin® g,
"

sin &, = ﬁsin 8,
Further,

For non magnetic material
Using this condition

. & .
1-sin® § =—L{1-sin* &
sin” g ; ( sin a)
U TR
and sin® &, = —zn” &,
T T (5.93)
From equation (5.93), solving for * & we get

1

sind, =

1+i

£

This angle of incidence for which I =0 is called Brewster angle. Since we are dealing

with parallel polarization we represent thisangle by G so that
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51 Qb” !
1 +a
£
2. Perpendicular Polarization
For this case
Ei [x Z) =$J,E. g—j,&l[xsm%ﬂcus%)
— E.r ~ -~ —j [ xsing +zooss, )
H; [x,z) =2 |-azcosd +azsn ﬂ!]e
i TR (5.94)
B, (1.2) - 3o AU 5508
E?- IZX,Z) _ rE;'a [ax cos E;w + ax Siﬂ Er] E—J',El[xsinﬂr—zcnsﬂrj
R, (5.95)
B (1.4) - 6,7 AR
He (x,z)= By [—5,; cos &, +azsin 5‘,] g_j.’ag(xsmﬁﬂzcmﬂ)
A M (5.95)

Using continuity of field components at z=0
pANENG | iG-S asing

and —lcos Eig_iﬁlmn'% ¥ r cos g?g—.,i",ﬂlminﬂr __7 cos gté‘—j,&gxsmﬁz
."31 ';31 ?,3.2

As in the previous case

Geind = Geand = & 510 8

6 -8,
and siné, = ﬁsin &,
......................... (5.98)
Using these conditions we can write
1+I=T
cosd  [cosd Tros 8,
p— + = —
& & B (5.99)
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From equation (5.99) the reflection and transmission coefficients for the
perpendicular polarization can be computed as

. _ M cosf —mcosd

HyCcos8 i cos 8,

and T = 2n, cos &,
oSG COSE (5.100)
We observe that ifl“ = 0 for an angle of incidence 6=6
#ycosdy, =mcosd,
sin’ & A48 _AA ) [-AA
or HaEy & HE,
Ccost g = B o g,
o
S &,
£y
S 1-sin? g =29 (1-4in%8)
&y
sn &, = ﬁsin a,
Again
Ceint g, = Ha sin® 8,
ey
o (e L 2 n?é, o S R 8,
“282 HEy &
sin? ﬂlz _a“zz g = M Ey 7 My E)
or Hy by & H &
. £ T HHL
orsinigzfalnazsen) (5.101)
Ay
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We observe if1 ~ #2 =~ o

ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

i.e. in this case of non magnetic material

Brewster angle does not exist as the denominator or equation (5.101)
becomes zero. Thus for perpendicular polarization in dielectric media, there

is Brewster angle so that can be made equal to zero.

From our previous discussion we observe
bothpolarizations

that for

T T Ay

o % 49

The incidence ang‘?’é= &
critical angle ofincidence.
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ROHINI COLLEGE OF ENGINEERING AND
TECHNOLOGY

Plane waves in a lossy medium

In a lossy medium, the EM wave looses power as it propagates. Such a
mediumis conducting with conductivity & and we can write:

VxH = 3+jm€§ =(o+ jmsjﬁ

=jm[€+£ E
Ja
sJesE (5.19)
: J 1 . n
g =8~ j—=28"-j&"
Where ar is called the complex permittivity.

We have already discussed how an external electric field can polarize a dielectric
and give rise to bound charges. When the external electric field is time varying, the
polarization vector will vary with the same frequency as that of the applied field. As
the frequency of the applied filed increases, the inertia of the charge particles tend to
prevent the particle displacement keeping pace with the applied field changes. This
results in frictional damping mechanism causing power loss.

In addition, if the material has an appreciable amount of free charges, there will be
ohmic losses. It is customary to include the effect of damping and ohmic losses in the

imaginary part of . An equivalent cdradivity represents all losses.

o
The ratio £'is called loss tangent as this quantity is a measure of the power loss.

jd =j<‘ﬂ€§

I
I
I
I
I
I
|
I
I
I

L

}(::JE

Fig 3.1 : Calculation of Loss Tangent
(www.brainkart.com/subject/Electromagnetic-Theory_ 206/)

With reference to the Fig 3.1,
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I._—I-I'.-ﬁ 1]
tanf=ile L _E
|j‘,-| aE £
.......................... (5.20)

where < is the conduction current density and= s displacement current density. The
loss tangent gives a measure of how much lossy is the medium under consideration. For

(o< @), tan & ;

a good dielectric medium is very small and the medium is a good

conductor if (o» @r) . A material may be a good conductor at low frequencies but

behave as lossy dielectric at higher frequencies.

For a source free lossy medium we can write

VxH=(ao+ jeec)E V.H=0
VxE=—joul VE=0

l

VXVXE =V(V.E)-V'E = - je xH = - jou(c+ joe)E
ar, TEE— :ygﬁ =0

Whereyz _ Ja:r,u[.::r+jm£')

Proceeding in the same manner we can write,

ViH -y H =0

142
y=cr+i,5=\fjm;1[a'+jm€) =jm,.n',u€[1+_i]
@

is called the propagation constant.

The real and imaginary parts and _ of the propagation constant  can be computed
as follows: s g

. =|:¢:r+z',8)2 = jau(a+ joe)
ar,a - 8 = -a us

P [ﬁ-"ﬁ*’g e
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ar.dat + date’ e = @it o’

ordat vdatet ue+ @il = ot ot v att

a_'}!
(28" + @ o atiet| 1+
c:'r(-::E m,&a) a'ilfe CHEE'Q]
£ a Y
or, &= a@ HE 1+[— -1
2 el
................... (5.233)
g=a |2 +1
Similarly .......... AL.. 2 . @E e, (5.23h)

Let us now consider a plane wave that has only x -component of electric field and
propagate along z .

Bz = (Bte + Eﬂ—g—ﬁ)a’; ................................... (5.24)
Considering only the forward traveling wave

E‘[z,z) =Ee (E{e”xem)c;;

- ED+E—“3 Cog Iimf _ ﬁz:lc;; ................................... (525)
- - _.-— 1 = -
Similarly, from # = ~——% *£ \we can find
Ja@
F(z,.ﬁ) = ﬁe'“x cos @ - ﬁz)az
B (5.25)
R e
Where a+jee
— B, .
= ﬂe cos @t —ﬁz—ﬂkjay
3
..................................... (5.27)
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From (5.25) and (5.25) we find that as the wave propagates along z, it decreases in

amplitude by a factor 2 . Therefor&
H

are out of phase byan angle &,

YS!

For low loss dielectric, @& Jiegstaws!

Using the above condition approximate expression for & &nd

follows:

qliz
y=a+if= jofue [l—f—,
=

1_ _].E“+1 E“ 2
JE g Bl&'

_ee” fu
2 £
TE I T (6.28)
, 1| £
b= /uc 1+—[—]]
2] &'

& phase velocity
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We have used therelation
: : 1
P = [ gini 12 = it 1+ i

From (5.31) we canwrite

a+ifi= JAfuc+ jrfue
Lasfeynfu (5.32)

o

7= i o
JaE
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TEM Waves

Let us now consider the propagation of a uniform plane wave in any arbitrary
direction that doesn't necessarily coincides with an axis.

For a uniform plane wave propagating in z-direction

—y _ —.j'-‘x
E@EZ) =227 Bjs 4 constant  VeCHO ... (6.11)

The more general form of the above equation is

E [x, y,z) = Fog uribih

........................................... (6.12
VIE+EE=0
This equation satisfies Helmholtz's  equationprovided,

B2 HEDHED =B = g s e (6.13)
We define wave number vector.. S %% t& Ktk =kay (6.14)
And radius vector from the origin

;=c£,{x+c:;y+anz (6.15)

Therefore we can write

B(r)=Eow " =Foe 0T (6.16)

A

Here @= 7 =constant is a plane of constant phase and uniform amplitude just in the caseof
Eiz) = Bpe ™

z =constant denotes a plane of constant phase and uniform
amplitude. If the region under consideration is charge free,
VE=0

v.(lfue'ﬁ") =0

7. (ﬁé) = AVF+ A

Using the vector identity and noting that Zy is constant we
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can write,

ie., Efu is transverse to the direction
of thepropagation.

The corresponding magnetic field can be
computed asfollows:

E[;) i _E?XE(;) T ﬁ?x (Eue_ﬁ;)

V[ wd) =y < A+ Ty 4

) = - e < By

Jjau
Ja
- * g <E(r)
@

..................... (6.18)
4 is the intrinsic impedance of the medium. We observe Hir) S
perpendicular
to both 2, and E (’“ ) Thus the electromagnetic wave represented byE(*“ )

and g(;) is aTEM wave.

EC8451 ELECTROMAGNETICFIELDS
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Wave equation and their solution

From equation 4.24 we can write the Maxwell's equations in the differential form as

vx g =7+
t
?x§=—E
3t
v D=p
vV E=0
= _ = 3E
VXH=oE+e— (4.29(a))
= E ?
VXE=—u— [4.29(2))
V-E=0 (4.29())
VH =0 (4.29(d))

Let us consider a
source free uniform medium having dielectric constant , magnetic
permeability ~and conductivity . The above set of equations can be

written as

Using the vector identity ,

VXVxA =v-(v-ﬁ) -4
We can write from 4.29(b)

UXVXE =V (v-ﬁ) -V'E

= -7 -
“ 3

or ?XE?.(?.E)_‘?QE=—;;§(?><E)

Substituting from 4.29(a)
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But in source free medidn ° (eqn
4.29(c)) R
2_.- = —_ —_)
ViE=uo 5 He0)
In the same manner for equation egqn 4.29(a)

vxvx§=v-(v’-ﬁj—v3§

aH|, al aH
=T —IM_ +5— | —gi—
at 3 at
Since” " # =Y from eqn 4.29(d), we canwrite
— *H
?2H=,m:r 7 + U P
(4.31)
— aE  3'E
VAE = o —+ pur——
_ g TR
These two equations
— aH P H
ViIH = po| 2|+ ue
#9 ] H [azj ]

are known as wave equations.

It may be noted that the field components are functions of both space
Eand H
and time. Forexample, if we consider a Cartesian co ordinate system,

Elix,y,_z,.t)
essentially represents H#=4 £=5

—_—

Hix vzt ] .. ; ) . _
and (x.3.2.2) . For simplicity, we consider propagation in Z = "free space
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The wave egn in equations 4.30 and 4.31 reduces to

- £y
V'E = tye Fra (4'32(3‘))
\
= 3*H
v - E20)
L
Further simplifications can be made if we consider in Cartesian co
Eand H
ardinate system aspeC|aI case where are considered to be independent in

Hand A
two dimensions, say

are assumed to be independent of y and z. Such waves are called plane
waves.

From egn (4.32 (a)) we can
write

AF
At

a*F
a = Suldy

"'h_-F'

The 'vector wave equation is equivalent to the three
scalarequations
3°E, 3°E

: - x 433
8X2 Eﬂﬂﬂ ! atQ J ( (a))
3E. (a2 E )
et I y 4.33(h
PRl ey [433(2))
L r
3 E, A
8x2 50/40 ? (433(6‘))]
\ 4

Since we have ,

VE=0 .5 3F a5
R B L (4.34)
dx Ay dz

As we have assumed that the field components are independent of y
and z eqn(4.34)reduces tez, _ )
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f:/,\' - \'m',')

Y

Jifx - vatz)

.V

Fig 4.1 : Traveling wave in the + x direction
(www.brainkart.com/subject/Electromagnetic-Theory 206/)

A field component satisfying either of the last two conditions (i.e (ii) and
(ii1))is/not a part-of a plane wave motion-and hence Ex:is taken to-be equal
to zero. Therefore, a uniform plane wave propagating.in x direction does
not have a field component (E or H) acting along x as shown in figure 4.1.

Without loss of generality let us now consider a plane wave having Ey
component only(ldentical results can be obtained for Ez component) .

The equation involving such wave propagation is given by

P E, P E,
Bx; = En,qj[ aﬁ;’ (4.36)
The above equation has a solution of the form
B, = f{x-vet) + fo(x +wyt) (4.37)

. =
where V%

Thus equation (4.37) satisfies wave eqn (4.36) can be verified by substitution.

— z . . - - + f
Alx—we) corresponds to the wave traveling in the + X direction J%v(lﬁlcvn )
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corresponds to a wave traveling in the -x direction. The general solution of
the wave eqn thus consists of two waves, one traveling away from the source
and other traveling back towards the source. In the absence of any reflection,
the second form of the eqn (4.37) is zero and the solution can be written as

Ey =f1|[x—vu.ﬁ:l

\‘I‘.UU/

Such a wave motion is graphically shown in fig 4.4 at two instances of time t1 and t2.

Let us now consider the relationship between E and H components for the

forwardtraveling wave.
E=al, =a,f (x—vyt)

Since and there is no variation along y and z.
. -~ 03E
VrxE=aq —
dx

Since only z component‘ﬁ'fﬂ”_Ej exists, from (4.29(b))

38, aH,
x| v (439)

and from (4.29(a))with , only Hz component of magnetic field being present

?KE _ _&: dH,
dx
oH, O,

LT £y —
A " &

Substituting Eq (4.38)

, £ '
SOH, =\/E_I?J‘f1 (x—vytldx+c
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AH i) .
=5 E:l; = gvofy (2~ ) _ &
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The constant of integration means that a field independent of x may also exist.
However,this field will not be a part of the wave motion.

H, = ’iEy
£

Hence (4.41)

Hyo= |LE +o
Ho

which relates the E and H components of the traveling wave.
)
2= =2 = #2007 or 3770
Hx IE-IZI

is called the characteristic or intrinsic.impedance of the free space

Harmonic fields

In'the previous section we introduced the equations pertaining
to wave propagation and discussed how the wave equations are
modified for time harmonic case. In this section we discuss in
detail a particular form of electromagnetic wave propagation
called'plane waves'.

The Helmhotz Equation:

In source free linear isotropic medium, Maxwell equations in phasor form

are,

TxE=—jouH TxE=0

. -VPE =—jauljack

WrH = joER d #(va%=g

or,
. ‘?X‘FXE=‘?(?X§)—‘?EE=J&&W><E
2T 2 oD —

or, ViR @R =1

Download Binils Android App in Playstore Download Photoplex App



http://www.binils.com/
https://play.google.com/store/apps/details?id=binilselva.allabtengg.release001&hl=en_IN&gl=US
https://play.google.com/store/apps/details?id=com.binilselva.photoship&hl=en_IN&gl=US

www.binils.com for Anna University | Polytechnic and Schools

1 1 _ =
%r,E”: £=0 WP%:C|C'::H""II{'E
An identical equation canbe derfred  for
ie VIH 4K H =0

These equations
VEAEE=0. . (@)
(4.42)

are called homogeneous vector Helmholtz's equation.

o .“f{%ed the wave number or propagation constant of the
medium.
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