CHAPTER

8.5

ELECTROMAGNETIC WAVE PROPAGATION

Statement for Q.1-3:

A y-polarized uniform plane wave with a frequency
of 100 MHz propagates in air in the +x direction and
impinges normally on a perfectly conducting plane at
x =0. The amplitude of incident E-field is 6 mV/m.

The phasor H, of the incident wave in air is

(A) 16e "* u, pA/m (B) -16e '* u, pA/m
2, 2,

(C)16e "3 u, pA/m (D) -16e "3 u, pA/m

a The E-field of total wave in air is

(A) j12sin [2; xj u, mV/m
o (27
(B) —j12sin (3 x} u, mV/m
2n
(C) 12cos (3 xj u, mV/m
271
(D) —-12cos (3 xj u, mV/m

E The location in air nearest to the conducting plane,
where total E-field is zero, is
(A) x=15m

(C) x=3m

B) x=-15m
D) x=-3m

ﬂ The phasor magnetic field intensity for a 400 MHz
uniform plane wave propagating in a certain lossless
material is (6u, — j5u,)e " A/m . The phase velocity

l)p 18

(A) 6.43x10° m/s (B) 22x 10" m/s

(C) 1.4 x 10°* m/s (D) None of the above

Statement for Q.5-6:

A uniform plane wave in free space has electric
field E, =(2u, + 3u e ™ V/m.

f The magnetic field phasor H, is
(A) (-5.3u, - 8u e ™ mA/m

(B) (5.3u, - 8u,)e ™ mA/m

(C) (-5.3u, + 8u,)e ™ mA/m

(D) (5.3u, + 8u,)e ™ mA/m

ﬂ The average power density in the wave is
(A) 34 mW/m? (B) 17 mW/m?
(C) 22 mW/m* (D) 44 mW/m?

The electric field of a uniform plane wave in free
—Jj15x

space is given by E, =12n(u, + ju,)e ™. The magnetic
field phasor H is

. — j15x
(A) E(-u, + ju e’

(C) %(_uz —juy)efjm"

B) E(u, + Ju e
(D) 2(u, - ju e ™
Statement for Q.8-9:

A lossy material has p =5u,, ¢=2¢,. The phase

constant is 10 rad/m at 5 MHz.

ﬂ The loss tangent is
(A) 2913
(C) 2468

(B) 1823
(D) 1374
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ﬂ The attenuation constant a is
(A) 4.43 (B) 9.99
(C) 5.57 (D) None of the above

Statement for Q.10-11:

At 50 MHz a
characterized by p=21p, ¢=3.6¢, and 6=008 S/m.

The electric field is E, =6e ™ u, V/m.

lossy dielectric material is

The propagation constant y is
(A) 743 + j2.46 per meter

(B) 2.46 + j7.43 per meter
(C) 613+ j5.41 per meter
(D) 541 + j6.13 per meter

The impedance n is
(A) 1014 Q

(C) 98.3 Q

(B) 1674 Q
(D) 67.3 Q

Statement for Q.12-13:

A non magnetic medium has an intrinsic

impedance 360£30°Q.

The loss tangent is
(A) 0.866

(C) 1.732

(B) 0.5
(D) 0.577

The Dielectric constant is
(A) 1.634

(C) 0.936

(B) 1.234
(D) 0.548

Statement for Q.14-15:

The amplitude of a wave traveling through a lossy
nonmagnetic medium reduces by 18% every meter. The
wave operates at 10 MHz and the electric field leads the
magnetic field by 24°.

The propagation constant is
(A) 0.198 + j0.448 per meter

(B) 0.346 + j0.713 per meter
(C) 0.448 + j0.198 per meter
(D) 0.713 + j0.346 per meter

The skin depth is
(A) 2.52 m

(C) 8.46 m

(B) 5.05 m
(D) 4.23 m

A 60 m long aluminium (c=35x10"S/m,
n, =1, &, =1) pipe with inner and outer radii 9 mm and
12 mm carries a total current of 16sin(10°nt) A. The
effective resistance of the pipe is

(A) 0.19 © (B) 348 ©
(C) 146 © (D) 243 Q

Silver plated brass wave guide is operating at 12
GHz. If at least the thickness of silver (6 =6.1x 107 S/m,
pu,=¢,=1) is 53, the minimum thickness required for
wave-guide is
(A) 6.41 um
(C) 5.21 um

(B) 3.86 um
(D) 2.94 um

Statement for Q.18-19:
A uniform plane wave in a lossy nonmagnetic

media has

E, =(5u, +12u)e®, y=02+ j34m"

The magnitude of the wave at z=4 m and ¢t=T/8
is
(A) 10.34

(C) 4.36

(B) 5.66
(D) 12.60

The loss suffered by the wave in the interval
0<z<3mis
(A) 4.12 dB

(C) 10.42 dB

(B) 8.24 dB
(D) 5.21 dB

Statement for Q.20-22:
The plane wave E =42cos (ot —2z) u, V/m in air

normally hits a lossless medium (u, =1,¢, =4) atz =0.

P The SWR s is

A) 2 B)1

©) % (D) None of the above

The transmission coefficient t is

2 4
A) = B) =
()3 ()3

1
C) = D) 3
()3 (D)

@ The reflected electric field is
(A) —14cos (ot —z) u, V/m
(B) —14cos (ot + z) u, V/m



m The region z <0 is characterized by ¢, =n, =1 and
6=0. The total field here is given
E, =150e " u, +50220°¢"" u, V/m. The intrinsic
impedance of the region z >0 is

(A) 692 + j176 O (B) 193 - 49 Q

(C) 176 + j692 O (D) 49 - j193Q

electric

Statement for Q.34-35:

Region 1, z <0 and region 2, z >0, are both perfect
dielectrics. A uniform plane wave traveling in the u,
direction has a frequency of 3x10' rad/s. Its
wavelength in the two region are 4, =5 cm and A, =3

cm.

m On the boundary the reflected energy is

(A) 6.25% (B) 12.5%
(C) 25% (D) 50%
EF] The SWR is

(A) 1.67 (B) 0.6
(©) 2 (D) 1.16

A uniform plane wave is incident from region 1
(u, =1, o©=0) to free space. If the amplitude of incident
wave is one-half that of reflected wave in region, then
the value of ¢, is

(A) 4 (B) 3

(C) 16 (D) 9

A 150 MHz uniform plane wave is normally incident
from air onto a material. Measurements yield a SWR of
3 and the appearance of an electric field minimum at
0.3\ in front of the interface. The impedance of material
is

(A) 502 — j641Q
(C) 641 + j502 Q

(B) 641 - ;502 Q
(D) 502 + j641Q

m A plane wave is normally incident from air onto a
semi-infinite slab of perfect dielectric (¢, =3.45). The
fraction of transmitted power is

(A) 091 (B) 0.3

(C) 0.7 (D) 0.49

Statement for Q.39-40:
Consider three lossless region :

Region 1 (z <0): p, =4 pH/m, g =10 pF/m
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Region 2 (0 <z <6 cm): p, =2 uH/m, &, =25 pF/m

Region 3 (z >6cm):  p,=4pH/m, ¢, =10 pF/m

The lowest frequency, at which a uniform plane
wave incident from region 1 onto the boundary at z =0
will have no reflection, is

(A) 2.96 GHz
(C) 1.18 GHz

(B) 4.38 GHz
(D) 590 MHz

If frequency is 50 MHz, the SWR in region 1 is
(A) 0.64 (B) 1.27
(C) 2.38 (D) 4.16

m A uniform plane wave in air is normally incident
onto a lossless dielectric plate of thickness 1/8 , and of
intrinsic impedance n =260 Q. The SWR in front of the

plate is
(A) 1.12 (B) 1.34
(C) 1.70 (D) 1.93

m The E-field of a uniform plane wave propagating in

a dielectric medium is given by

E =2cos 108t—2ju —sin(lOSt—z)u V/m

oG i)Y
The dielectric constant of medium is

(A) 3 B) 9

)6 (D) V6

m An electromagnetic wave from an under water
source with perpendicular polarization is incident on a
water-air interface at angle 20° with normal to surface.
For water assume ¢, =81, u, =1. The critical angle 6, is
(A) 83.62° (B) 6.38°

(C) 42.6° (D) None of the above
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SOLUTIONS

1. (A) ®=27nx10° rad/s

o 2ntx10° 2n
=— =222 2" rad/m
P c 3x 10° 3 /

E, =6¢ ? u, mV/m

ugxuy=u,, u,xugp=u,, Uy=u,
.21 .2m
—ng —J?x A
e ?u, =16e 3 u, pA/m

* 71207

2. (B) For conducting plane T =-1,

27
Jx
— 3
E, =—-6e * u, mV/m,

.2m .2m

E=E, +E, =[6e_13x u, - 6e 3 uy] mV/m
o o [ 2m
=—j12sin 5, mV/m

3. (B) The electric field vanish at the surface of the

conducting plane at x =0. In air the first null occur at

o  2mx 400 x 10°

4. O v, = B 18 =14 x10° m/s

5. (C) The wave is propagating in forward x direction.
Therefore u, xu, =u,.
For uy=u,, u,xuy=u, = uyz=-u,
For uy;=u,, u,xuyz=u, = u;=u,
1

H, = 120n(—2uy + 3uz)e-J'Bx:(—5.3uy + 8u)e ™ mA/m

6. (B) P

avg

—lRe®, xH
2 \

%{(5.3)ux +3(8)u,} x 10 =17.3u, mW/m?

7. (D) Since Pointing vector is in the positive x
direction, therefore u,xu,=u, .

For uy=u,,u xuy;=u, = uy=u,

For uy=u,,u,xuyz=u, = uz=-u

z y 2

H -2, ju)e™

o

8. (B) Loss tangent O _x
0

B=o *;[ 1+(;T +1}

N 1O:2n><5><106\/5><2[/71+x2 +1]

3x10° 2

- x=-2-1823
mwe

o.B) ¢ - Wt¥ -l
p erl

o 1822

B 1824

a=10x0999 = 9.99

=

10. D) a=o u—g( 1+(GJZ —1—’
2|

c 0.08

we  36x50x10° x 2me, B

6
o - 2mx50x10 \/(2.1)(3.6) (J65 —1) —541
3x 10 2

B=o ”i[ 1+["J2 +1}

2[ e

27 x 50 x 10° \/(2.1)(3.6)
- V65 +1) =613
3x 108 2 ( )

y=o+ jp=541+ j6.13 per meter.

= 120m |22
€ —

11. (A) n| = - 136 _q014

12. (C) - =tan 20, =tan 60°=1732

we

[l
13. (D) = b
2\4
(1+[Gj j

we

1207
= 360=—" _ = g =0548
(1+1732%)*
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14. (A) E|=E,e

Ee* =(1-018)E,

oa=1In i =0.198
0.82

e =082 =

-9 _1111
we

6, =24° =
P 2
1+(j -1
o we
2
(Gj +1
we

0198 234 -1

B JV234 +1

y=o + jB =0.198 + j0.448

tan 20,

=|

1

+

= B=0.448

15.(B)6:l—i

= = 505
0.198

16. (A) 0=710° = f=5x10° Hz,
1 1
§= =
Jrfon  rx5x10°x 35x 10" x p,
l

ac

cow

=120 pm

Since & is very small, w=2np,_,,,
60

Rac = 7 -6
35x10°x120x 10

=019 Q
x2nx 12 %1073

5
Jrfuo
B 5
Jrx12x10°xp, x 61x 107

17. (D) t=56=

=294 um

18. (B) E =Re(E ™} =(5u, + 12u )e** cos (ot — 342)

At z=4m, t=

00\% @

E=(u, +12u )e’® cos (Z - 13.6]
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IEl=13e% cos (Z - 13.6} -5.66

19. (D) Loss =0aAz =02 x 3=0.6 Np
1Np=8.686 DB, 0.6Np=5.21 dB.

20. (A)n, =m, , M, =N, /“ %

Mo _
e n°:_;
N tm Mo |
5 1o
1+ Mty
R
3
n
2 1o
21 A)r = 2N 2 _2
Mt+m Mo, o 3
2

22. (A) E, ~TE, - —é(42> 14

E =-14cos (0t —z)u, V/m

23. (C) n, =n, 7712:\/;:“0:1’]0
e

g, 2
No _
Fole-m g 1
M2 + M1y n70+n 3
2 o

24. (D) n, =7, , M, =7, |EE =, |-E

€, 125
E F nZ nl
Eoi N +My
But E,=nH, =

nH, = Ny 3
nz'H'h n2+n1 6x 10

no=n, =M= n2‘”0]3000

TIZ + no
BT _my =377 n, =485.37 =n, M-
3000 n, + 377 G,
—~ ¢ =125, u =2075

25. (A) m, =1, , M, =n,,[or = e

g, 2
r:nz _Th :_1
Ny + My 3
E, :_,(10) _10
- Eor 10 _ggy10

“m, 3x377
u;xuy =u,, -u,xugp=-u, =

H, =-8.8cos (ot —z) u, mA/m

p=1="="ue,
U C



3x 108 3
= =05x 10° rad/s.
V12 x 3 /
| n
26. D) n, =n, , =n,.|— =—==058n,
N =M, > M2 =M G, \/g n

r=Nz2"" _058110 Mo _ —0.266

T‘|2 +T]1 058110 +no

t=1+T7=0734, E,=1E, =734
E, =7.34cos (ot —z)u, V/m

27‘ (B) ETotal
E;,., =10cos (ot —2z) u, —2.66cos (of +z) u, V/m

-E +E, E,6 =TE, =-266

or

28. (B) p, =, =p,

sin 6, = \/87 sin6, = sin6, :Jﬁ sin 45°=0.333
g, .

= 0, =1947°

29. (B) sin 0,, = | sin 0,= |+ (0.333) =0.47
€ 2.25

= 0, = sin047=28°

30. (A) Since both media are non magnetic

tan 0, = \F N
82 80

cos 58.2°=+/2.6 cos 58.2°

But cos 6, —cos 05 =

Ny n,

V2.6

= 0,=318°

31 (A) 1, =7, , N, =1, /" = Mo —0.447n,
N =M, > M2 =M s, \/g n

r=2""M __ 38 t=1+I =062
Ny +My
E, =1E,=927cos (ot —8y)u, V/m

32. (B) |r'=02, I =+0447

Ko M r2 M
Ny _ l"l'rZ “’il

url MrZ

T'Iz +m My M

W, 170447
n, 1+0447

=0.382, 2.62

3
= ‘“:(”2} -0056, 179
8r2 “’rl

l"LrZ M M +"’lr2
urZ i

E, 50,20° &

33.A)T'= L= =
E, 150 3
r= N2 111 n =",
Ny +Th
720
1+T (1+63W
Ny :n"[l—r J 377 /%0 =692 + j176 Q
-
3
2
DRPNESS = PN
1 @O Lo €2 A
no _ no Srl _1 h_l
= M =M _ VEr €1 € _ M
n2+n1 Mo + Mo €n +1 h+1
VSrZ 8rl 8,2 >\'1

The fraction of the incident energy that is reflected is

r’= 1 6.25%.
16

1+l
35. (A) s = Tl 4 _2
-] 4_ 3

4

36. D) n,=n, ,n, =n, K

-7
F:\Ezzl_nz—m

‘Er‘ 2 n2+n1

nf:/% 1
= —=— = g =9

M, + 2

Je,

37. (C) At minimum (¢2+B”) ~0.3%,

21

— =0.2x
B= . o
rjos=l_8-1_1

s+1 3+1 2

I =05¢02 =12 "Mo
n2+n0

Jj02n
= =n{ %J — 641+ j502 O

Page
501



Page
502

38. (A) 1, =n, , M, =N, |or =1
=N, My nw/gr N3

Mo

= "o
T = le nl — ::]45 — _03
Mo + L 0 4
Mo
\3.45

The transmitted fraction is 1 - |l“|2 =1-009 =091

39. (C) This frequency gives the condition B,d ==
Where d =6 cm, B, =ou,¢,

= 0Oy,

=

on
006
1

f= -118 GHz
2 x 00642 x 107 x 25 x 10712

40. (B) At 50 MHz,

By = 0y lLpey =21 x 50 x 106\/2 x10°x25x107"% =2.2
B,d =2.22(0.06) =0.133

b [4x10°
e 4107 eg0 0
L T

Ny =632 Q

[V 2x107°
= |22 = —"—— =283Q
127, TV25x10"
The input impedance at the first interface is

_ o [matngtan (Bud) | _ oo 632 +j283(0134)
i =Nz 3 i, tan (Byd) 283 + j632(0.134)
=590 — j138
[ _ M-y _ 590 - j138 - 632
N, +7M, 590 — j138 + 632

s_1+|F|_ 1+012
S1-r] 1-012

=0122-1005°

127

2r A _=m
A 4’
n, =260, n, =y =",
_ M, + Jn, tan (B,d)
Nin =M2 -
N, + Jn; tan (B,d)
=243-j92 Q
r- N — Mo _ 243 - 792 - 377
Ny +M, 243 -792 + 377

it _126 .
1-|r| 074

41. (C) pd = tan 1

| >

r_
4

of 377 +.j260
260 + j377

=0.26£-137°

42. (A) ®=10° rad/s, B =% rad/m, v=—7==

3x10°  10°

e 1 = &

43. (B) 0, =sin | %2 —sin' |1 —6.38°
€. 81




