UNIT-IIl EMTL: 10-Mark Questions &
Answers

Plane Waves at Media Interface

Notation used exactly like your notes:

n= % B = wy/ue, vy=a+jB

For lossless dielectric:

a:O, 72.718

Time factor is suppressed in phasor form. Actual time-domain field is obtained
by:

E(t) = R{Ee™t)

Q1. Derive reflection and
transmission coefficients for normal
Incidence at a perfect dielectric
boundary.

Answer:

Consider a plane wave normally incident from medium 1 to medium 2 at the

boundary 2 = 0.



Medium 1isfor 2 < 0, medium2isforz > 0.

Let the incident, reflected and transmitted electric fields be:
Ei = Eioe_jﬂlz&w
E, = EetP?4,
E; = Eye P4,

The corresponding magnetic fields are:

H; = Eig e_jﬁlz&y
U)!
H’f‘ — _ﬂe—i_.?ﬂlz&y
m
72

At z = 0, tangential electric field must be continuous:
Eio + En = Ey

Also tangential magnetic field must be continuous:
Hi+ Hyo = Hy

Since reflected magnetic field is negative in direction:

Fi  En _ Eyp

m m 12

Define reflection coefficient:

and transmission coefficient:



Eq
From electric field boundary condition:
1+T'=T7
From magnetic field boundary condition:
1-I' 7
m B 2
Substitute T =1+ I':
1-T 14T
mo M

n2(1—T) =n(1+7T)
ne — n2l' = m1 +m T

Ny —m = L'(m + n2)

Therefore,

I — M2 —m
N2 +m

Now,

o Ne+mm-+mn2—m
N2 +m

m + 12




Hence, for normal incidence at a perfect dielectric boundary:

I — 2 — 1
2+ M

21
T:—
m + 12

Q2. Explain normal incidence on a
perfect conductor and derive the
standing wave equations.

Answer:

Consider a uniform plane wave normally incident on a perfect conductor placed

at z = 0 . Medium 1 is a perfect dielectric, and medium 2 is a perfect

conductor.

For a perfect conductor:

o— 0

The intrinsic impedance of a conductor is:

1y — Jwi
o+ jwe
As:
g — 00

1’]2—)0

For normal incidence, reflection coefficient is:



I — 2 — 1

M2 +M
Substitute 72 = 0 :
iz
'=-1
Transmission coefficient is:
T=1+4+T
7T=1—-1=0
T=0

Therefore, the wave is completely reflected and no wave is transmitted into the
perfect conductor.

Let the incident electric field be:
E; = Epe *a,
The reflected electric field is:

E, = E.qe %4,

Since:
'=-1
E.g = —Eq
Therefore:
E,- = —Ei06+j'8z&z

The total electric field in medium 1 is:



E; =E; + E,
E, = Eye %4, — Eyeti#a,
E, =E; (e‘jﬁz — eﬂﬂz)&m
Using:
o

e — e = _2jsin6

E, = —2jE;ysinBz a,

In time domain:

E;, = 2E,)sin fzsinwt a,

Similarly, the magnetic fields are:

Eio _is,.
H,= "¢ Jﬂzay
m
For reflected wave:
E. i, .
H, = __"e+1/3zay
m
Since B9 = —Ey ,
Eipo .5,
H, = _’eﬂﬂzay
Uj!

Total magnetic field:
E;
m

H, = (e—jﬂz T e+jﬂz) &y

Using:

e 70 + e’ = 2cos0



H, = 2H;ycos Bz a,

In time domain:

H, = 2H;y cos Sz coswt a,

Thus, incident and reflected waves combine to form a standing wave.

At the conductor surface 2 = 0 :
E,.=0
and
H, = 2H;y coswt a,

Hence, the tangential electric field is zero at a perfect conductor surface.

Q3. Derive standing wave ratio for
normal incidence at a dielectric-
dielectric boundary.

Answer:

When a plane wave is normally incident from one lossless dielectric medium to
another, part of the wave is reflected and part is transmitted.

The incident and reflected electric fields in medium 1 are:
E; = Eye a,
E, = EetP?4,

Total electric field in medium 1 is:



E,=E;+E,
E1 = Eioe_jﬁlz&m + Er0€+j’31z&$

Using reflection coefficient:

ErO
E;

I' =

E1 = Eioe_jﬂlz [1 + F€2jﬂ1z] &az
The magnitude is:
|E1‘ = EiO |1 + I'\e2j/31z|
Maximum value occurs when reflected and incident fields are in phase:
|E|ma.x — EiO(l + |F|)
Minimum value occurs when they are out of phase:
|E|min = Eio(1 — [T)

Standing wave ratio is defined as:

|E|max
§ = 2
|E|min

Therefore:
1+ |T|
§="_
1—|T|

Also,

S—1
I'= ——
Tl S+1

For normal incidence:



I — 2 — 1
n2 +m

If 172 >'I71,thenF > 0.
lfne < My ,then’ < 0.

The positions of maxima and minima depend on the sign of I" .

ForI' > 0:
. . n)\l
max — _2
. (2n + 1))\1
zmm - 4
ForI' < O:
. (2n + 1))\1
Zmax — 4
.. _PA
min — 2

Hence, standing waves are produced in medium 1 due to interference of
incident and reflected waves.

Q4. Derive Snell’s law and wave
vector relations for oblique
incidence.

Answer:

Consider an electromagnetic wave obliquely incident at the interface 2 = 0
between two lossless dielectric media.



The plane of incidence is the 2 -plane.

For incident wave:

k;, = B1sinf;a, + B1 cosb;a,
For reflected wave:

k, = B1sinf,a, — B1cosb,a,
For transmitted wave:

kt = 52 sin Ot&w + 52 COS Ht&z

At the boundary, the phase of all waves must be same along the interface.

The tangential component of propagation constant must be continuous:
,31 sin 0,, = ,31 sin 07-

Therefore:

This is the law of reflection.

Also:
,31 sin 92 = ,82 sin Ot

Since:

B=wy/kE

w4/ 1€1 8in 0; = w4/ o€2 sin O;

V€1 8in@; = \/poes sin 6,

This is Snell’s law in electromagnetic form.

If refractive index is used:



n =/ HUrEr

then:

n1sin@; = ny sin 6,

The wave vector magnitudes are:

ki| = B1

|kr| = p1

k| = B2
Thus, for oblique incidence:

6; — 6,

,31 sin 01 - ,32 sin 0t

Q5. Derive Fresnel reflection and
transmission coefficients for

perpendicular polarization.

Answer:

In perpendicular polarization, the electric field is perpendicular to the plane of
incidence.

Here, the plane of incidence is 2 -plane, so:
E | a,

Incident electric field:



_ —37B1(x sin 0;+2zcos 0;) »
Ei = Eioe Jﬂl( )ay

Reflected electric field:

—1 1 01_ 01: A
E, = E e jB1(x sin 0;—z cos )ay

Transmitted electric field:

L —jB2(x sin 6;+z cos 6;) A
Et = Et()e Qay

The magnetic fields are:

EO A . A —q 1 . .
H, = i (_ coS 01'0':1: + sin giaz)e 751 (2 sin 6;+2 cos 6;)
1
E 0 A o ~ ] 1 . .
H, = —"— (cos 0;a, + sin Oiaz)e_ﬂgl(w sin 0;—2z cos f;)
M
_ Ey

e—jﬂz (z sin Oy+2z cos 6;)

H; (— cos 0;a, + sin Ot&z)

n2

Atz =0 , tangential electric field is continuous:
Eij+ En = Ey
1+, =7,
Tangential magnetic field is also continuous:

H:ci +H9:r — Ilig¢

E; E E
_ 0 cos6; + = cos 0; = — 0 cos 0,
m m 2
Multiplying by —1 :
E; E E
0 cos 0; — ™ cos 0, = =% cos 0;
m m 2
Ey,—FE E
: ™ cos 0, = =0 cos 0;

m 12



Divide by F;q :

1-T
L cos 0; = 7-—lcos 0,
m 12

Using:

7. =141

1-T; 1+1,
cosf; =

U M2

cos 6

nmacos@;(1—T' ) =mn1cos0,(1+T))
Mg cosB; — e cos ;1" | = 1y cos @ + 1y cos ;1" |

M2 cos; —nycos@, =T') (n2 cos@; + 11 cosb;)

Therefore:

_ T cosf; —my cos by

I
+ 19 cos 6; + n1 cos 0;

Transmission coefficient:

T =141

B 213 cos 0;

T —

M2 cos B; + My cos b,

These are Fresnel coefficients for perpendicular polarization.

Q6. Derive Fresnel reflection and
transmission coefficients for parallel
polarization.



Answer:

In parallel polarization, electric field lies in the plane of incidence.

The plane of incidence is 2 -plane. Therefore electric field has & and 2

components, and magnetic field is along Y -direction.

Incident electric field:

Ei = EiO (COS 97,&3; — sin Oi&z)e—jﬁl(msin0i+zcos0,;)
Reflected electric field:

E,=FE, (cos 0;a, + sin Oi&z)e_jﬂl(”’ sin 8;—z cos 6;)
Transmitted electric field:

E; = Ey (cos 0;a, — sin Ht&z)e_jﬂm sin 0+ cos 0;)
The magnetic fields are:

Ejo _inio .
H; = e Jﬂl(msmt91+zcos¢9,)ay

m

Er0 8 (xsinf—zcosf:) ~
Hr _ T e jB1(zsinb; zcosez)ay

m

By orrs )
H, = —e¢ _7,32(:1:31n0t+zcos0t)a

72 Y

Atz=20, tangential electric field is continuous:
FE;ycos8; + E,gcosf; = E;cosb;
(Eq + Ep) cos0; = Eycos 0y
Dividing by ;0 :

(1+T))cosf; = 7 cos 0;



Tangential magnetic field is continuous:
Hiy + Hry - th
Epy En  Ey

m m 2
1-I 7
m 2

Therefore:

Up
T = E(l—l“u)

Substitute this in electric field boundary condition:

(1+T))cosb; = %(1 —TI')) cos 0;

nicos;(1+T') =n2cos6:(1 —T)
1 cos 0; + m1 cos ;' = m2 cos Oy — ma cos 6,1

' (11 cos 0; + n2 cos ;) = n2 cos O; — 11 cos b;

Therefore:

12 cos 0, — my cos b;
L)y =

11 cos 8; + n3 cos 0,

Transmission coefficient:

2
T = E(l—l“n)

219 cos 6;

T =

11 cos 0; + o cos b,

These are Fresnel coefficients for parallel polarization.



Q7. Derive Brewster angle for perfect
dielectrics.

Answer:

Brewster angle is defined as the angle of incidence at which reflection
coefficient becomes zero.

I'=0

For parallel polarization, reflection coefficient is:

M2 cos 0, — my cos 0;

I =
| N1 cos 0; + m2 cos 6,

At Brewster angle:

and
I =0
Therefore numerator must be zero:
N2 cosf; —nycosfp =0

M2 cos B = 11 cosfp

cosf; m

cosfp iy

Using:

™| =



m _ M1/81 _ H1E2
2 pa/e2 V' waer

H1E2
H2€1

Hence:

cosfOp

cos, =

From Snell’s law:

vV H1€1 sin 93 = v/ M2E2 sin Ot

For non-magnetic media:

K1 = H2 = Ho

Then Snell’s law becomes:

VeEi1sinfg = /g5 sin 6,

At Brewster angle, the reflected and transmitted rays are perpendicular:
O+ 0, = 90°

Therefore:
0; = 90° — 0
sin@; = cosfp

Using Snell’s law:

Versinfp = /g3 cosOp

SiIlOB €9
cosfp €1
€2
tanfp = ,/ —
€1




Therefore:

_ €2
O = tan™ !,/ =
€1
Equivalent form:
. €2
fp = sin v/ —=
€1+ €2

Thus, for non-magnetic perfect dielectrics:

-1 (&2
€1

0 = tan

Q8. Derive critical angle and
condition for total internal reflection.

Answer:

Critical angle is the angle of incidence in the denser medium for which the angle

of refraction becomes 90° .

From Snell’s law:

At critical angle:

Therefore:



sin@; = sin90° =1

So:
/Bl sin Oc = ﬂ2
. B2
sinf, = —
© B
Since:

B = wype
Wy/h2€2

sin 6, =
Wy/H1€1
. 2€2
sinf, = H
H1€1
For non-magnetic media:
p1 = p2 = o
Therefore:
. €2
sinf, =,/ —
€1
. €2
6, =sin!,/ ==
€1
This is possible only when:
€1 > €2

or

B1 > B



That means the wave must travel from denser medium to rarer medium.

For total internal reflection:

0; > 0.

In this case, the transmitted angle becomes imaginary and no real power is
transmitted into the second medium. The wave in medium 2 becomes an
evanescent wave.

Hence:

Total internal reflection occurs when 6; > 0,

Q9. Write field equations for oblique
Incidence in perpendicular
polarization.

Answer:
For perpendicular polarization:
E 1 plane of incidence
The plane of incidence is 2 -plane, therefore:
E | a,
For incident wave:
k;, = B1sinf;a, + B1 cosb;a,
Therefore:

k; - r=p1zsin; + B1zcosb;



Incident electric field:

— —J in §;+2z cos 6;) A
E; = Eje jB1(z sin ;42 cos )ay

Incident magnetic field:

E;
U

e —jB1(z sin §;+z cos ;)

H; = (— cos@;a, + sin Hi&z)

For reflected wave:
kr = ,81 sin GZ&,,, — ,31 COS HZ&Z
k,-r=[1xsinf; — B1zcosb;

Reflected electric field:

—j sin 0;—zcos 6;) ~
E, = E,e jP1(zsin0;—z )ay

Reflected magnetic field:

E 0 A o A —1 ] R .
H. =" (cos 0;a, + sin Hiaz)e JB1(z sin b;—zcos ;)
M

For transmitted wave:
k; = By sinf;a, + B2 cos 6:a,
k; T = Boxsinf; + Bz cosb;

Transmitted electric field:

Et — Etoe—,jﬂg(ws1n0t+zcost9t)d

Y

Transmitted magnetic field:

EtO A . A 1 3
H; = — (— cos 0,4, + sin 0;a,) e P2 sinbitzcosty)

n2




These are the complete field equations for perpendicular polarization.

Q10. Write field equations for oblique
Incidence in parallel polarization.

Answer:

For parallel polarization, electric field lies in the plane of incidence.

The plane of incidence is I Z -plane. Therefore, electric field has  and 2

components, while magnetic field is along ¥ -direction.

Incident electric field:

Ei = EiO (COS oza’m — sin Oi&z)e—]ﬂl(m sin 6;+z cos 6;)

Incident magnetic field:

E'O s s N
H, = e jﬂl(msmez—l-zcosez)ay

U

Reflected electric field:

E, =FE, (cos 0;a, + sin6;a z)e—jﬂl(w sin 6;—z cos 6;)

Reflected magnetic field:

Er0 8 (3sinf—zcos.) ~
Hr — __Te jB1(zsin 6; zcosez)ay

m

Transmitted electric field:

) e—jﬂz(w sin 0;+z cos 6;)

E; = Ey (cos 0;a, — sin 0;a,




Transmitted magnetic field:

2P -
H,=—¢ Jﬂz(wsm0t+zcos0t)ay
M2

The Fresnel coefficients for this case are:

Ly — 12 cos O — ny cos b;
= 11 cos 0; + m2 cos O,
219 cos 6;

= 11 cos 0; + m2 cos 6,

Q11. Explain surface impedance and
derive its expression for a conductor.

Answer:

At high frequencies, current in a conductor is concentrated near the surface due
to skin effect.

The current density decreases exponentially inside the conductor.

Let the current density be:

J = Joe_w
where:

v=oa+3B

The linear surface current density is:

3:/ Jdy
0



But conduction current density is:

Therefore:

okF tan
7

Js =

Surface impedance is defined as the ratio of tangential electric field at the
conductor surface to the surface current density:

Substitute J :

For a conductor:

Therefore:



vV jwp(o + jwe)

Ly =
(o}
For a good conductor:
o> we
So:
YR Jwpo
. wuo
y=(1+4)4) 22
2
Therefore:
. wyuo
(L+9)4/ 5
s =
(o2
. Wi
Z,=(1 —
So:
Zs — Rs + ]Xs
where:

Wit
R, = X, =4/ —
20

Here Rs is surface resistance and X s is surface reactance.

Q12. Derive Poynting theorem.



Answer:

Poynting theorem states that net power flowing out of a given volume is equal
to the rate of decrease of electromagnetic energy stored in the volume minus
the ohmic losses.

From Maxwell’s equations:

0B
E=——
V x 5
oD
VxH=J+ —
X T
For a linear medium:
B =uH
D =¢cE
J=0cE
So:
O0H
VXE=—p——
x oy
OE
H=0E+ec—
V X o —|—aat

Dot multiply first equation by H :

O0H
H'(VXE)——LLH°W

Dot multiply second equation by E-:

E-(VXH):0E2+5E-%E

Using vector identity:



V- (ExH)=H-(VXE)-E-(V xH)

Substitute:
oH ) OE
V-(ExH)_—uH.W_gE _8E.E
Now:
O0H 1 OH?
H 5 =2 o
2
g. 9B _10E
ot 2 Ot
Therefore:
__ﬁ@Hz_iﬁEz_ 0
V-ExH) =-5—F -5 ¢
\% (ExH)——ﬁ lE2+l H?) — oE*?
T e\ 2° g ¥ 7

Integrating over volume V.

/V-(ExH)d'vz—ﬁ/ ls:Ez—I—l;LHz d'v—/aE2dv
v ot Jy \ 2 2 v

Using divergence theorem:

/VV-(EXH)d'vzy{g(ExH)-dS

Hence:

__0 1 o 1 0o 2
]i(ExH) ds = Bt/V(28E —|—2uH)dv /VJEd'v

This is Poynting theorem.

Where:



P=EXxH

is Poynting vector.

Q13. Derive time-average Poynting
vector for a uniform plane wave.

Answer:

Poynting vector is defined as:

P=ExH

Consider a wave travelling in <+ 2 -direction in a lossy medium:
E = Epe”* cos(wt — B2)a,
The magnetic field is:

H = Hye “* cos(wt — Bz — 0y)a,

where:
E
Hy=—
l
Thus:
E
H= |_(|)e_az cos(wt — Bz — 0,)a,
n

Poynting vector:

P=ExH



_ B

P=_Y
7|

e 2% cos(wt — Bz) cos(wt — Bz — 6,)a,
Using:
cos Acos B = %[COS(A — B) + cos(A + B)]

Eq

= J—
27|

e ?**[cos 6, + cos(2wt — 28z — 0,)]a,

The second term is AC term whose average over one cycle is zero.

Therefore, time-average Poynting vector is:

2
EO —202 ~
Palug = _e COS 017 alz
2|n|
For lossless medium:
a=~0
7 is real
6, =0
So:
E}
Pavg = 2_na'z




Q14. Derive power loss in a plane
conductor using surface impedance.

Answer:

For a good conductor, current is concentrated near the surface due to skin
effect.

The surface impedance is:

Zs — Rs +sz

w
Ro=Xo=y/5,

The tangential electric field at the conductor surface is related to surface current

For a good conductor:

density by:
Etan - Zst
At the conductor surface:
Js =N X Hiay
Thus, magnitude:
|J 8| = |Htan|

The average power entering the conductor per unit area is:
1 *

Substitute:



Etan — Zst

1
Py = SR(2,J,J})

1
P, = Ez)%(zs)|J3|2

Since:
R(Zs) = Rs
1
hzgamﬁ
But:
|J8| = |Htan|
Therefore:
1 2
PL — §R3|Htan|

For a surface area S :

1
Pr = —R, / |Hiop|2dS
2 s

This is the power loss in a plane conductor.

Q15. Explain plane wave reflection at
oblique incidence from a perfect
conductor.



Answer:
For a perfect conductor:

o— 0

Therefore the field inside the conductor is zero:

Et:O

At the surface of perfect conductor:

Etan =0

This means the tangential component of total electric field at the boundary must
be zero.

For oblique incidence, the total tangential electric field is:

Etan,tota,l = Etan,i + Etan,r

At conductor surface:
Etan,i + Etan,r =0
Therefore:
Etan,r — _Etan,z'

Hence reflection coefficient for tangential electric field is:

T =-1

Also, transmitted wave is zero:

For normal incidence also:



T=20
Thus, a perfect conductor reflects the entire incident wave.

The incident and reflected waves form standing waves in the dielectric region.

For normal incidence, standing wave electric field is:

E;, = 2E;)sin fzsin wt a,

Magnetic field is:

H, = 2H,y cos Bz coswt a,

At the conductor surface 2 = 0 :
E,.=0
H, = 2H,y coswta,

Therefore, electric field has a node and magnetic field has an antinode at the
conductor surface.

IMPORTANT FORMULA LIST FOR
EXAM

Normal Incidence

I — M2 — M
M2 + M
2
T=1+4+T= N2
1+ N2




Perfect Conductor

2 =0
'=-1
T=0

Perpendicular Polarization

12 cos 0; — m1 cos 6,
I' =
M2 cos 0; + My cos 6,
o 219 cos 0;
L7 'y cos B; + my cos b,

Parallel Polarization

r, — N2cos 0; — n1 cos0;
I 1 cos8; + s cos b
219 cos 0;

= 11 cos 0; + o cos O,

Snell’s Law

,81 sin 0,, = ,32 sin 0t

n1 sin@; = nq sin 6,

Brewster Angle



fp = tan™ —
€1
For non-magnetic media.
Critical Angle
€
0. = sin~!, /=2
€1
For non-magnetic media, when €1 > €9 .
Surface Impedance
Eta.n
Z.=
8 Js
z,=1
o
For good conductor:
Wi
Z, = (1 —
Poynting Vector
P=ExH
Average Poynting Vector
Eg —2az ~
Py = me cos Opa,




Power Loss in Plane Conductor

1
PL — 5R3|Htan|2

NUMERICAL PROBLEMS AT THE
END

Problem 1. A wave in free space is given by
Ez' — 1006—j(0.866y—|—0.5z)&m V/m
Find:

1. W
2.\
3-Hi

Solution:
Given:

Ei — 1006—j(0.866y+0.5z) &z

The propagation vector is:

k = 0.8664, + 0.5a,

Magnitude:

B = |K|
B = 1/(0.866)2 + (0.5)2




B =+/0.749 + 0.25

B~ lrad/m
For free space:
w
B=—
C
w = PBc

w=1x3x 108

w=3 x 10%rad/s

Wavelength:
A=
B
21
A=
1
A=27Tm

Unit propagation vector:

Gy = 0.8664, + 0.56,

For plane wave:

1
HZ—&kXE
Mo

No — 1207 2

100

_ ~ A ~ 1 ,—3(0.866y+0.52)
H; 1907 (0.866d, + 0.54,) X a,|e

Now:



Therefore:
100 .
H, — — [-0.866a, + 0.5a,] e (0-866y+0.52)
o0, . 0-8664; +0.54,|e
5 .. 1 ]
H; = —[0.54, — 0.866a.]e 7(0.866y+0.52) A /m

Problem 2: Normal Incidence on a Lossless
Dielectric

A uniform plane wave of frequency
f=>5GHz
is normally incident from free space onto a lossless dielectric medium having
g2 = 4eo, H2 = o
Assume the incident electric field is
E‘i = $Ege P1* V/m

Find the reflected and transmitted fields.

Solution

Step 1: Intrinsic impedances of the two media

For free space,

m =1 = 1207



For medium 2,

_ [H2
M2 = £
Given,
H2 = Mo, g9 = 4gg
Therefore,
_ [ Ho
N2 = de,
e = =, [ H0
2 2 €0
_ M
12 2
N2 — 607
So,
m = 1207 Q2
nNe = 607 Q

Step 2: Reflection coefficient

For normal incidence, the reflection coefficient is

I — M — M
M2 +m
Substituting values,
607 — 1207

607 + 1207



I‘_
1807
p—_21
3

E, =TE,
g - 20
3

Step 3: Transmission coefficient

The transmission coefficient for electric field is

219
T = ——
m + N2

Substituting,
_ 2(60m)
"= 1207 + 607

B 1207
1807

T

Therefore,

Step 4: Phase constants



The phase constant is

Also,

For free space,

Since,
f=5x10°Hz
w=2nf
w = 27(5 x 10°)
w = 107 x 10° rad/s

Now,

_21rf
¢

A1

~ 2m(5 x 10%)
3% 108

107
pL = o3

B1 = 104.72 rad/m

A1

So,

B1 =104.72 rad/m

For medium 2,



B2 = w4/ 2€2

B2 = wy/ po(4<0)
B2 = 2wy/poco
B = 28,

B2 = 2(104.72)

B2 = 209.44 rad/m

Step 5: Incident field

Given,

—

E,' = .’iEoe_j'Blz

Substituting ,31 ,

—

E’i — £E06—3104.72z V/m

For a wave travelling in 42 direction,

Since,

Therefore,



- . Ey

H — —j104.722 A
i = Y790n € /m

Step 6: Reflected field

The reflected electric field is
E, = 2T Eje™ P
Here the reflected wave travels in the — 2 direction, so its phase factor is

e+.7512

Using,

we get

Er — 3 3 e+j104.72z V/IIl

For the reflected magnetic field,

g, = g 20 iz

r=— Y

m

Substitute I = —1/3 :
1
i, — — (=3)Eo o T104.722
r 1207
7 — & Eq +5104.722
"= Y360 C

Therefore,



- . Ey

H — +5104.722 A
"= Y360n° /m

Step 7: Transmitted field

The transmitted electric field is

Et = iTEoe_Jﬂzz

Using,
2
T=—
3
and
B2 = 209.44 rad/m
we get
- 28 )
Et — 3 30 e—y209.44z V/m

For the transmitted magnetic field,

, E
H, = j—
12

2E,

I ~ 3 —j209.44z
t=Y_ —€
60

b d 2E0 .
_ A —209.442
Y 1807 €




Final Answer

Incident field:

Reflected field:

Transmitted field:

Power Check

B1 = 104.72 rad/m

B2 = 209.44 rad /m

—

E; = $Eye %4722 v )

= EO .
H, =1 104722 5
Y1207 € /m
E, = _@% e H104722 7 1y
= EO .
H,r. — YR +j104.72z A
Y3607 ° /m

B, = & 250 e~9209442 7 /1y
= FE
H, = @90_;6—;209 442 A/m




The reflected power coefficient is

o= (-

INRE

:

©| = W =

So,

Reflected power = 11.11%

The transmitted power coefficient is

T=1-|T?
T—1-
9
8
T=—
9

Transmitted power = 88.89%

Thus, most of the incident power enters the dielectric medium.

If £y = 100 V/m , then

Incident electric field:

E; = #100e 7104722 y /m
Reflected electric field:

E =% 100 o 17104.722
=

3

E, = —#33.33¢ 7104722 y /'y




Transmitted electric field:

B, = 52000 .
3

E, = £66.67e 2042 V/m

Incident magnetic field:

_ 100 :
4 —7104.722
i~ Y1207 €

H; = §j0.265¢ 7104722 A /m

Reflected magnetic field:

. 100 .,
H, =i +5104.722
J360m <

H, = §0.0884¢ 7104722 A /)

Transmitted magnetic field:

= 100 _ 90944,
H =4 e 5209.44

H, = §0.3537e 7209442 A /iy

Made for Anand Sagar by Claude



