POYNTING THEOREM & 3
POYNTING VECTOR ST

Pointing vector

If the medium 2 is not a perfect conductor (i.e. @2™ ) 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 (6.49(a)) and equation (6.53) we can write

Let us consider—
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In this case both Tiand %2 become real numbers.
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From (6.61), we can see that, in medium 1 we have a traveling wave component withamplitude TE;, and a
standing wave component with amplitude 2JE;,.

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

The electric field in medium 1 can be written as

Bi=aBe e (14Te™¥) (6.62)

If 72 2 Thie. ['>0
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The maximum value of the electric field is

By =8 (1+7)

.................. (6.63)
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And this occurs when
287 =~ (27
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or 4 n=0,1,23.

For 72 <™ je. I'<0

Perfect Conductor

g, =

(6.66)
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. IEII B (1-r) . .
The maximum value of is e which occurs at the z,;, locations and

the minimum value of lEllis , (l+ F)

(6.64) and (6.66).

which occurs at zmax locations as given by theequations

From our discussions so far we observe that be written as
| .
o 1Bl 14T [l
Fl . 1-T
................. \U.U|l anm | I
The quantity S is called as  the standing wave ratio.As
OSIIqlﬁltherangeofSisgivenby 1=8§=50

From (6.62), we can write the expression for the magnetic field in medium 1 as

Hi= r:;,v E—”e‘m " (1 = I"eﬂﬁx)
O (6.68)

From (6.68) we find that I lIWlII be maximum at locations where l 1| is

minimum and vice versa.ln medium
2, the transmitted wave propagates in the + z direction.

Pointing Theorem

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 normal to the interface. We study two specific cases

when the incident electric field Biis perpendicular to the plane of incidence

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

I. Perpendicular Polarization

As the EM field inside the perfect conductor is zero, the interface reflects the incident plane wave. aw and
aw respectively represent the unit vector in the direction of propagation of the incident and reflected waves,
& is the angle of incidence and & is the angle of reflection.

We find that

am = azcos G +axsiné,

aw = agtosb, *axsind, ... (6.69)

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.

Therefore,

i (x.2) = ;yE,-‘,e—j‘g‘E"' E
z ~J By xsind;+eccs &)

=dyh e

The corresponding magnetic field is given by

- {ips =
Hi(xz)=— il x,:
(x,2) = a, %Ei(x z)]

- L [-cos @z +ein s B e P ALAT)

Similarly, we can write the reflected waves as

—

By (x,z) = a,.E‘.,‘,e*-“(’ala—"'F

- - xsm&y—2c0sp,
=ayE, e JA{rsmdy ")

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

= Byxsing, —JApEnG,
Bye + B2 i T (6.72)

9:'=

The condition ?is Snell's law of reflection.
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— [ Xsind;—zc0s &)

—

By (%;2) = —;;yEbé

and }_i:r (X,Z) =l &x?X—E.r(X,Z)]

%y

B, ~ A — 1.8 xsiné—~zcos
=—2| @y cos & —aszsin Q]e s )
)

The total electric field is given by

E(x,z) =& (x.z) + B, (z.2)
= ~ay2jE, sin( zcosq ) IAE

Similarly, total magnetic field is given by

Hi (x:2) = —2-%"- [&x cos 8 cos( Gz cos Qi)e_j’almngi + &xj stn &, sin ( fzcos 8, )e-j’alxsm‘% ]
0!

From eqgns (6.76) and (6.77) we observe that

1. Along z direction i.e. normal to the boundaryycomponent of #and x
component of maintain starfding wave patterns according to

stn §:2 and €05 82 where As = Hcos8 . No average power

propagates along z as y component of Fand x component of H are out of phase.
2. Along X i.e. parallel to the interfacey component of Eand z

component of Harein phase (both time and space) andpropagate with phase velocity

T
"By Bsing
2w A4
d s a=
and A, Y- R — (6.78)

The wave propagating along the x direction has its amplitude varying with z and hence constitutes a non
uniform plane wave. Further, only electric
field Z1is 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 TE waves.
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