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ELECTROMAGNETIC THEORY

Volume-1 : Study Material with Classroom Practice Questions



—

1

Static Fields

(Solutions for Vol-1_Classroom Practice Questions)

Chapter
01. Ans:1 > R
ns: +IA.dy ay, x:i,y=fr0m1to3
Sol: V =xcos’yi+x’e’j+zsin’ yk J3
2. A 2 7z <2 A 1
=Xxcos"ya +Xx'e‘a +zsin"ya, —J-Adxax,y 3,x = fromTt T

02.

Sol:

From divergence theorem

=cos’ y+sin’y=1
dv = dxdydz

Putting these value in equation 1 we have

ﬁv.ﬁds =j”j[1xdxdydz
000

=jdxjdyjdz =1
0 0 0

Ans: (¢)
Given A = xygx +x2ay
Letl= §A.d ¢, I is evaluated over the path

shown in the Fig., as follows
y A

0 1/3  2/43

Fig.

v
><

I—&Adxax,y 1, x =from —

FCF

—J‘X.dy z_i)y, x:l/\/g,yIfrom 1to3
=Ixy dxJrj)(zdy—j)(yd)(—jx2 dy
23 51243

X

+X2Y|13—Y7

2
_ X 2 3
T -,

1143 143
at §p=1 x=2/4/3 y=3 x=1//3

1(4 1 4 3(4 1 1
-5(5‘5)7(3‘”‘5(3‘5]‘5“‘”

03. Ans: (d)
Sol: F= pa, + psin 0 ay — za,
=Fpa, + Fyay+ F,a,
10 0
+__(F¢)+_(Fz)
p 0 0z

L0y, L0 (anze)s O
= > (p )+ 53 (psm (1))+ aZ( Z)
= 2 + 2sinjcos¢ —1

=1 + 2sindcosd

V.,

5 =2, VH,_, =

V.H e 2V.H,

04. Ans: (¢)
Sol: D=2, -234, D=|Dj,

D[ =16 = 4

=P8y
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ﬁ = 4{—25)( _42\/552 }

=p.a —4C
psan ps 4%1,12
05. Ans: (d)
Sol: V = 10y* + 20x’
E=-VV=-60x"4, —40y3:?1y
D =g,E =-60x’g,d, —40y’ed,
V.D=p,

0 2 0 3
= —(—60x%c,)+—(-40y’c
[oN 5X( 0) 5 ( ¥'€)
=—120 xgo — 120 y’gg

py(at 2, 0) = —120x 2gy — 120 x0° &
=-240 €0

06. Ans: (d)
Sol: Given
V(x,,2)=50x>+50y*+ 50 z°

E (x,y,2) in free space = —grad (V)

=-VV
=- iVa +iVa +iVa
ox oy 0z

— — |100x a, +100y a, +100za,| V/m

—

E(,-11)=

~|100a; ~100a; +1004a, [v/m

() +C1p

E(1-1,1)=100+/(-1)

— 10043

Direction of the electric field is given by the

N
unit vector in the direction of E.

07.

Sol:

08.

Sol:

- _E(-L1) L[_a—

or in 1, j, k notation,

~ 1

ap=—=|[-1+j—-k
£= [-i+j-K]

Ans: (b)

For valid B, V.B=0

Ea _J’_ia J,-ga (XzaX—Xya —KXZaZ):O
Ox oy oz Y

2x x—Kx=0
=2-1-K=0
L K=1
Ans: (d)

The two infinitely long wires are oriented as

shown in the Fig.

z 1 1A 3
_— y
—% 4
<—— R
& >y
40

X -
v a

The infinitely long wire in the y-z plane
carrying current along the a, direction
produces the magnetic field at the origin in
the directionof a, x —a, = —a_ .

The infinitely long wire in the x-y plane
carrying current along the a_direction

produces the magnetic field at the origin in
the directionof a, x —a, = —a,

where a,_,a, and a, are unit vectors along

the ‘x’, ‘y’ and ‘z’ axes respectively.
". X and z components of magnetic field are
non-zero at the origin.
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09. Ans: (a) (Since z = 0 has normal component ay)
Sol: V.B=0 B, =123, ,+0.83,
A divergence less vector may be a curl of We know magnetic flux density is
some other vector continuous
B=VxA Bﬂl = an
VxA=B B, =04a,
it;A dl= IB .ds Surface charge, k =0
1_ o S th _Htl — 0
_[B .ds is equal to magnetic flux H, =H,
through a surface. W B, =u,B,
1
10. Ans: (¢) B, =—-(02a,+08a)
Sol: In general, for an infinite sheet of current 2
density K A/m B, =B, +B,,
H= lean =0.6a, +0.4a, +9.4§Z
21 Mop, H, =0.63, +0.4a, +0.43,
H= —(8a, xa,) 1 A » _
2 H,=—[062a,  +0.4a +04a,] A/m
-—4a, (ra,xa,=-a,) Ho
. 13. Ans: (b)
;11 Ans: (b) Sol: Tangential components of electric fields are
) _ continuous (Et =E,
&=1 E, =a, ‘ ’
E,sino ,=E,sino, ————(1)
&= 2 /I\ El - 2ax % Ei
P,
D, -D, = - (a
n, n pS ( ) Srl =3
D, =cE, =¢,a, 7/ P2
o
Dm :eozxzax :4€Oax EZ ? 8r2:\/5
From (a)
(€0—4 €0) ax = ps=ps= —3 €9 Normal component of electric flux densities
12. Ans: (a) are continuous across a charge free interface
D =D
Sol: _9 _1 o, n,
Hy = Ry = 3E,cosa ;= \/§E2 cosa, ————(2)
a = 60’
z=0 (1):>tan0L1 _tana, — tan o =1
B, =1.2a,+0.8a,+0.44, (2) 3 3 2
B, =043, o, =45°
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Chapter

2 Maxwell Equations & EM Waves

Identify polarization of following
(Page number 71 in Volume —I booklet)

01. E=20sin(wt—Px)d, V/m

Sol: Atx=0

E =20sin(ot)Jd, V/m

Let 0 = ot

0=0=E=0

0=" = E=20a
2

0=n= E=0

=3—7T E=-20a

2

f=n=E=0

i.e., linear polarization and also vertical
polarization with respect to X — axis

02. H=45cos(wt—pz)a, A/m
Sol: This is linear polarization

03. E =20sin(wt—pz)a, +30sin(wt - Bz)éy

Sol: phase difference between a_component and
a_ component is 0
So that it is linear polarization

Note: for phase  difference 0 & 180,
irrespective of their amplitudes it must be
in linear polarization.

04. E =55cos(ot—Pz)a_+55sin(ot - [32)?1y
Sol: Phase difference between a_component and
a, component is g

Amplitudes are same.
So it is circular polarization
atz=0and let 6 = ot

6=0= E=553_+04a,

e:%:»E:o:?wssay

It 1s CCW direction i.e. RHCP

05. E =40sin(ot —By)a, +50cos(wt —By)a

Sol: Phase difference = g

z

Amplitudes = not same

So it is elliptical polarization. To decide
direction of rotation follow below procedure.

Aty =0, and Let 6 = ot
0=0= E=0a_+ 504

0= g: E=40a_+ 04

0=n= E=04_-50a

ez%“: E=-40a_ + 04

It is Anti clock wise direction i.e., Right
Hand Elliptical Polarization.

06.
Sol: E= Re{[ﬁx + jéy]e“‘“"””}

(cos(wt —Bz)+ jsin(wt —pz))a, +
) j(cos((nt —Bz)+ j* sin(ot — Bz)ﬁy)
B (eos(wt ~p2i, ~sinfot ek, )

Magnitudes of amplitudes are same, phase
: .m .
difference 1is E; So it is
polarization. Now we proceed to decide

direction of rotation.

circular

Here
E =cos(ot —Bz)a, —sin(ot —Bz)a,

Atz=0&let 0= mt
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07.

08.

Sol:

09.

Sol:

10.

Sol:

Electromagnetic Theory

6=§:E:05X—éy
0=n= E=-4 +0a,
6—%3 E=04a -a

1.e., we get clock wise rotation i.e.,
Left Hand Circular Polarization

not a valid EM wave representation

E = 5cos(mt — fr)a,
Letr=0& 0 = ot
at 0=0=E =54,
0="=E=04,
2
0=n= E=-54,
o= E =04,
2

1.e., linear polarization

E=Im{fa +2ja o™}

_ [cos(cot —By)+ jsin(wt - By)]éX +
m{zj[cos(wt —By)+ jsin(ot — By)h,

= sin(ot—Py)a_+ 2cos(wt—Py) a_
Lety=0& 6 =ot
0=0= E=0a +24

6=§:>E=éx+0'£1t

0=n= E=0a -2a

9=%3E=—ﬁx+0§z

}

So it is Right Hand Elliptical Polarization

E = 20sin(wt —By)a, +30 sin(mt — By +45° )éz

lety=0& 0 =omt
At0=0

— E=04_+30sin45°a
30,
\/E z

At 0= g — E=204_+30sin(135')a,

= 0a_+

30,
\/5 z
At®=n= E=0a_+30sin(225')a,
30 .

—4a
ﬁz

At 0= 37“ = E=-204_+30sin(315°)a,

=20a_+

30,

\/E z

Note: 0 = 62.76 is the maximum values
direction obtained by

— 204 -

d—E=O at y=0 & ot=06
do
at O—— -20 .

NG

= E= a +0a
\/E X z

at0=" - E=2"3 1303

4 \/5 X z

So it is RHEP

11. E=20sin(ot—Bz)a, +20sin(wt—Bz+45 )},

Sol: Valid EM wave but polarization can not

defined.

This is a valid EM wave representation but it
is not satisfy anyone of the polarization
principle
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= = Ans: (b)
(Class Room Practice Solutions ) This question relates to normal incidence of
a UPW on the air (medium 1) to glass
(medium 2) interface as shown in Fig.
01. Ans: (¢)
Sol: Given flux ¢ = (t-2t)mWb
_ ‘ 1 |dé Medium, 1 Medium, 2
Magnitude of inducted emf ‘e ‘ =|— Ai Glass slab
t=4sec
, n =1 n, =1.5
| =3t -2 1 ?
t=4sec Wi = Ho W2 = Ho
= 3(4)2—2 €= € €2= €9 €
=46mWb Fig.
This ‘e’ for one turn; but for 100 turns
' If n; and n; are the refractive indices and v,
¢ = Nle'| =100 x 46mWb Ny
and v, are the velocities
=4.6 volt
|e| volts P, /—ulel
n, Vi VHy €
02. Ans: (d)
‘ = S for By =H, =
Sol: Given, 1 2 0

E =120 cos (10° T t — Bx)ay, V/m

H=A cos (10° T t — Bx) a, A/m

=8 =2
E
We know that, —~=n= 1/E
H, €
E 2E
H,= - L =2A/m

> 120m
120,

H, =2 cos (10° 1 t — Bx) 2, A/m
LA=2
108 tx+/2x8
:0) e —
P */“_ 3x10°
=(0.0418rad/m

=P

Forni=1,n,=1.5

e _ 1 2

e 5 a3

Reflection coefficient,

S
Er_ ) _g_l __l
Ei i+1 *+1 5
€,
P E | 1
—r:| r|2:—:4%
P |E|
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B ) (5

04. Ans: (d)
Sol: Normal incidence is shown in Fig.

O ®

free space lossless (c = 0)
6 =0, n= o, non-magnetic(pL = o)
€ =€y

dielectric(e > €y)

Incident. wave

Reflected. wave

<

" nterface

Fig.

Given: Epax =5 Epin  1In medium 1.

max A 5

E
.. VSWR, S =
Emin

S—-1 5-1 2
3

S+1 5+1

Reflection coefficient,
Ny

K: I = 1 =B =
E; N2

30y 3200y
m o1 _ 1!
T 5 N, n

It
n = —
S

= J4n x107 x 367 x 10°

= (1207m) Q

.. Intrinsic impedance of the dielectric

medium, 1, = %x 120 =24n

05. Ans: (a)
Sol: Given:
E =10(a, +ja,) e’ in free space.
E = (E,a,+E,&,)e ™
B=25= LN
c
© =25 ¢ = 25x3x10° rad/s
f=1.19 GHz~ 1.2 GHz

4
X

vy
Q?X
! > Z
ot = 90° \\/

ot=270°
E,=10,E,=j 10
E, leads E, by 90°
Atx=0
Let Ey = 10 cos (ot)
then E, = 10 cos (ot + 90°)
A Left Hand screw is to be turned in the
direction along the circle as time increases
so that the screw moves in the direction of
propagation, ‘x’.
.. The wave is left circularly polarized.

ot =180°

06. Ans: (b)
Sol: H=10.2cos (ot — Px)a,

Wave is progressing along + X direction

- (+X)
E:n :—EZ
H, H,

- E=0.2ncos(ot —Px)ay
E =02ne™4, H =0.2¢™a,

it 4

E xH

gl
Il

vg s

| — N~

(0.2) nas
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A . Ans:
= 1(0.2)2(120n)ax w/m’ 09. Ans: (b)
2 Sol: O - >
x = 1 plane = ds =dydza 0g  2xmx25x10° x80x8.854x 10"
Waye = '[l_) .ds watts = 449387
S Since — >> 1 hence sea water is a good
1 0e
5(0 2) (12071)” dydz conductor
Where attenuation is 90%, transmission is
{ (0.2) (120n))}[n(5)2}< 10™ 10%, then ¢ = 0.1
— 0.0592 Watt Where . is attenuation constant
atts
=592 mW ~ 60 mW o= /%
07. Ans: (a) _\/2x7‘cx25x103x4n><10_7x5
1 2
Sol: Poc o= 0.7025
—ox =1In(0.1)
P, 1, (R) ~0.7025x =~ 2.3
Pp_ré_ R x=3.27m
)
10. Ans: (b)
P, 4
L=—=4:1 Sol: §=L="1=0.159
P, 1 o 2n
08. Ans: (b) 11. Ans: (¢)

Sol: o :\/ 2 \/ !
ouc nfuc

SOL\/IDiz f—2
f d, f,

15 [8x107
5 2x10°
1.5
§ = ——=0.75pum
> H
Similarly
1.5 _ [18x10°
5 2x10°
S:I'TS:O.SMm

Sol: E is minimum
H is maximum
1.e., ‘c’ is the option

ETanl = ETanz =0
[perfect conductor E,,, =0]
H:y, =Jsxa, +Hyy,
Hp, =Jsxa,
[perfect conductor Hy,, =0]
12. Ans: (d)
Sol: H=0.5¢""cos(10°t-2x) a, A/m — (+X)
E -k
H, H,

Wave frequency = 10° radians/s
Phase constant = 2 rad/m
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Electromagnetic Theory
- (5
2n n
=-——=2rad/m — =1
b A H, - M ,
A =mn =3.14m. Hi  m+my My
The wave is traveling along +X direction, N>

Given wave is polarized along Y.
-+ It has Y-component of electric field

13. Ans: (a)

Sol: The normal incidence of a plane wave
traveling in positive y — direction is shown
at the interface y = 0 in Fig.

med (1) med (2)
Incident wave
E; » Transmitted
wave _
Reflected wave
E, <« E,
free space lossless medium
(01=0, i =po, €1=€0) | (02=0, 1 =y, €2=9€)
mi ="Mo y<0 y>0 n
y=0
Fig.

Given: E, = E, a,

where E. =24 cos 3x10°t —By) V/m

® =3 x 10% rad/s, B = 9,
v

For free space, v=vy=3 x 10% m/s

- Bp=1rad/m
Eiz
N =Ny = H._
T Ei, 24 cos (3x10°t - By)
Co Mo 120
Hi = Hix ax

n, €M, € €
JH _3-1_1
"H, 3+1 2
— 1 24
= — cos (3x10%t +1y) a
N 2 20 ( y)a,

e cos(3x10°t + 1y)a, A/m
10m

Note that H. is reflected wave which travels
in negative y direction, which corresponds
to + Py term with B = 1 in the expression

for ﬁr .

14. Ans: (b)

g
Sol: Brewster’s angle 0,=tan" |-

€

0, =tan” \/I =30°
3

At this angle there is no reflected wave when
wave is parallel polarized.

n;sind; = n,sind;

V€, sin0B; =/, sin0,

. g .
sinf;= _|—sin 6,
=)

sind, = 3 %(ei =30°)

0,=60
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15. Ans: (d) and E, _ M
Sol: Given that E, m+n,
E.=-2E, and also E S PR
Wi E, m+n
ere so "M _ ~M
E. is electric field of transmitted wave n,+n, MN,+n,
E., is electric field of reflected wave ni=2n2
B __, Moy o oo o 22y
E_ - Up € &
If E; is electric field of incident wave.
2E 2
But -——r=_M
E; n,tm,
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Transmission Lines

Chapter

01. Ans: (b)

Zy, +]Z,tan B
Z,+ jZtan B/
Phase velocity

Sol: Z;,=7,

b O
B
_af
TP
2af  2xmx10®
v, 2x10
Bl =mn.l = n (Given I=1m)
tanB/ =0
Zin = ZR
=(30-;40)Q
02. Ans: (a)
Sol: |« om )|
)l Zo |
V4
B ATl
x=0 X =2m
K, =Sz g
Cl
C

K; =%er$(°) at (X = O)

G, ¢2i8(0)

1
KB _ C] =e_j4B

Ky Coim
C,

) T
Vp=—>=>P=—

B 2

Given f= 50 MHz

v, =2 x 10° m/s
K —jal T . T
Db [2) =¢?"= 1(or) —- =1
K, r

R

03. Ans: (b)

Sol:
. B a4
VS E:‘ ZR
B A
_ T ox=1
0.0 —
fe X !
V=Ce ™ +C,e™
_ G i
X Cl
1
K. = & ezjﬁ(x—o.lx)
B Cl
& o200 e—j4go.1x
Ky _ ™~
K. g 2ipx
Cl
K, =K,.e'
= 0.3e e ™
=031
Note: In the options 0.3¢"”" is given. But

. —j102°
correct answer 1s 0.3 e
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04. Ans: (¢) 25 50
Sol: From the voltage SW pattern, 3 1255
Vinin = 1, Vimax =4, VSWR =S = 4 T2 T o175 7
Z() = R() = 50 Q
Let the resistive load be Ry, ) .
For Resistive loads - Atthe input RS,
R . . 5 —j2pr
S=—L forR,>R, Reflection coefficient, ' = — = ¢
RO
R _2n k0w
=—z for R, >R, ASM_T__E
. RL=SRp=4x50=200Q forR >R, F=_2cin =2
Rp =Ry/S=50/4=12.5Q for Ry >R 7 7
As voltage minimum is occurring at the
load point, Rp, = 12.5 Q 07.  Ans: (d)
Z +jZ
Sol: Ziy = 7,| 2 IZo tanpl
0S. Ans: (a) Z,+]Z, tanP/
Sol: Reflection coefficient:
_R -Ry, _125-50 _ _06 1) For a shorted line,
R, + R, 12.5 + 50 Z.=0
06. Ans: (d) =8
Sol: The interconnection of TL’s is shown
L 2n A o
in Fig. pl=—x— = —
(50)2 A8 4
Z, = =250 047
100 o - Z{z j 3}
+
Z, = GOF _ 1550 ’
200 Zin J ZO
25
ZL=25]12.5= 3 = | i1) For a shorted line means Z; =0
100 O Given that / =&
| A4
Re Bl = n A _m
A 4 2
Zo=50Q 5 5
|_.’ 7. = Z_O = Z_O
S , "oz, 0
r Fig.
200 Q 7. —o

Reflection coefficient at PQ = L= 2
7, +7Z,

ii1) Open line means Z; = oo,

Given that ¢ :%
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.‘.BZ=2—E.&=R = tanm =0 Phase velocity, v = @
A2 P
7 —7 Z, +jZ,tanm ® =21 x 10 x 10’ rad/sec
in =" %o Z,+iZ, tann B = Phase-shift per unit length
T
Zin=17L =—4 X107 rad/m
X L X
v) ForZa ma;:hed line of any length v, = 21 x 1(1)1;3>< 8 _ 16 x10° m/s
L~ 4o T X
Z,+]jZ,tan/
Zin =7 0 0 =7 .
0|:ZO Tz, tan BJ 09. Ans: (b)
Sol: [s]= 0.320°  0.92£90°
' 0.9490° 0.220°
08. Ans: (¢) :
T For reciprocal; Si» =Sy
Sol: The line is matched as Z;, = Z, = 50 Q and o W
h flect i t. .
ence reflected wave is absen For lossless line |S11|2 N |Slz|2 1
For the traveling wave, given: (O 3)2 (0 9)2 0921
3)+10.9)=0.9 =
Phase difference for a length of CTisal .
2 mm = /4 rad . Itis a lossy line
Frequency of excitation = 10 GHz
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Waveguides

Chapter

01. Ans: (b)

Sol: Evanescent modes means no wave
propagation.
Dominant mode means, the guide has
lowest cut-off frequency.
TMy; and TM ¢ not possible, the minimum
values of m, n for TM are at least 1, 1
respectively.

02. Ans: (a)

Sol: The mode which has lowest cutoff
frequency is called dominant mode TEy.
At 4GHz all modes are evanescent.
At 7GHz degenerate modes are possible
TE;; and TM,, are degenerate.
ey, =1=L08_2=5 GHz.

2a  2x3x10

At 6 GHz dominant mode will propagate.
At 11 GHz higher order modes are possible

03. Ans: (a)

Sol: Given: In a rectangular WG of cross-section

:(axDb)
E = m—zu (nj H, sin(27t xj sin(ot — B2z)y

h a a
The  wave is traveling in the
z-direction having E, component only as
function of ‘x’. As there is no component of

E in the direction of propagation, a, the
(TE).
Comparing the ‘sin’ term in E with the

wave 1s Transverse Electric

) . (mm
general expression: sin| — X
a

m=2
As there is no function of ‘y’ in E, n=0

. The mode of propagation in the WG
1S TE20

04.

Sol:

0s.

Sol:

Ans: (d)
Given

a=4.755,b=2.215,

f=12 GHz, ¢ =3 x 10° m/s
Cut off frequency

¢ |(m) (n)
2\\ a b
For TE o, mode

f,=— =3.15GHz
2a
f> £, (TE o mode) so it propagates

For TE,y mode

fc (TEy) = % (%)

=2 [f(TE )] = 6.30 GHz
f> £, [TEy0] so it propagates
For TEy; mode

c |1
fc (TEo1) — E —

. £> 1. (TEq] so it propagate
For TE;; mode

c |1 1
fc[TE11] = 5 a—2 + b_z =747 GHz

f> f. (TE1;) so it propagate

So, all modes are possible to propagate.

Ans: (a)
Givena=6cm,b=4cm f=3 GHz

Cut off frequency

32
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TEx: fi= - =2.5 GHz S0 we get N, = 4695202
¢ Putting all the values
TEo: f.= — =3.75 GHz 7 Wayg = 31.32kW
2b
08. Ans: (a)
TEu: fo= S+ L =450 GHz 3x10'0
SR PR Sol: f, =—=2>—_ =7.5GHz
v 2a 2x2
. c / 1 1 For b =a/2, the next high order mode is
TM]]. fc— 5 a_2+b_2_450 GHz TE()] or TEz().
10
3x10
06. Ans: (a) e, =1, = =15GHz .
Sol: T _ 2n =m=2 So the range of single mode (dominant
a a mode propagation ) is
nm_3m_ 3 7.5 <f<15GHz
b b
For TM wave propagating along z-direction 09. Ans: (a)
E,#0and H,=0 ) : 1
TMy;3 Sol: —=—+—
D > Moox, AL
c |[m n
™y =1 =3 [;) “{gj f, =0.908GHz
Substitute ¢ = 3 x10'"° cm/sec 3x10"
m:2, a =6cm C:m:33.030m
n=3, b=3cm . _ _
we get f, = 15.811 GHz Substitute A, =40 cm, A.=33.03 cm
£ )2 We get, A=2547cm
M =M 1_(?0j f:3><10w
o0 10° 25.47
0=10" =f= =—GHz =1.18 GHz
2 2¢m
and n=120n. & f. =15.811 GHz
Substitute all the above values and we get 10.  Ans: (a)
Nnmm = 375 Q c
Sol: — =0.908 GHz
2a
07. Ans: (¢)
| E Lo 3x10”
Sol: W, ,=——=ab; n, :% 2x(0.908)x10°
4 Mg, 1-(A/2,)
10 =16.51cm
n=120m, A=<= 219 _ 5 73em
£ 11x10 = b=2=826cm
Ae=2a=2x2.29 = 4.58cm 2
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- (5

11. Ans: (a)

_ £\
Sol: B=p,[1-|-=<
F=p (fj
__2n |, _(0.908Y
25.47 1.18
=(0.157 rad/cm
=15.7 rad/m
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5 Elements of Antennas

Chapter
01. Ans: (c
© U—rPrad—zALne_Aosmze
Sol: Antenna receives 2 uW of power: P, =2 pW r
RMS value of incident E field A, sin? 0
=20 mV/m D _ Umax —max g ‘ sin max o A
Power density, Py max L 87 87 5,
2 352
_E" _ (20x107) W/ 3
n 377 4mA,
p A x3
Effective aperture area, A, = P—r o
d 3
-6 = — =Dpax=1.5
_ 2x10 _ 377 x 2 1885 m> 2
(20x107%)? 400
377 04. Ans: (d)
02. Ans: (b) Sol: Where W,, = {Pra.ds
Sol: Lossless antenna directive gain =6 dB =4
Input power to the antenna = 1 mW Pog = Wrag A _ﬂa uW/m?
for lossless we get 100% efficiency 2nr T
Wrad — & —
W, D, 05. Ans: (b)
Wiaa = Win Sol: R.a=30Q, R, =10Q
Wrad: lmW
Gp=4,G,=?
03. Ans: R
ns (CA) . 26 T.IZR radR :%:075
+
Sol: P.q= #ér W/ m?> gl
r
Gy=n Gy
2t w A e _ .
Waa= | | —Sm r* sin 0d6d¢ =0.75x4=3
$=0 0=0 r?
n 06. Ans: (¢)
=Ay 2% jsin3 0do
om0 Sol: D, =30 dB=1000
=Ay 271% Pr=7.5kW
] 4n x Radiation intensity
T =
Wiaa= Ao — 3 ¢ Radiated Power
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. Ans: 0.21
Dy = 4n U 08 ns: 0
rad Sol: Given:
7 5%10° x1000 Antenna length, | = 1cm
- U= 4 Frequency, f= 1 GHz
— U=rPyy Distance, r = 100\
Praq : Power density we have to find Wave length, A = %
Pradatr=40><103m _3X108
U - 109
Prad = >
T 3 =30 cm
_7.5x10 ><1030(2) W/m? o . .
4nx(40x107) < = -8 hence the given antenna is
07. Ans: (d) Hertzian dipole.

Sol: W,4q=10kW
Epax = 120 mV/m

R =20km
n =98%
_E;
e 2n,
_(120x107°)°
2x120m
=1.909x107
Unnax = (20x10%)?x1.909x 107
=7636
D, = 4n@
Wrad
Do = 4n 763 9'43 =9.59
10x10
n= g—z =0.98
Go = 0.98x9.59
=9.407

In the far field, the tangential electric field

is given by, E; = Jnld’sin6 p
4n r
_ JB377x100x107° x 2w x 107 x1

 30x10 2 x4nx100x30x107>

~|E¢| =0.21V/cm

09. Ans: (¢)

Sol: Given:
Length of dipole, ¢/ = 0.01A
As it is very small, compared with
wavelength, hence it can be approximated to

Hertzian dipole

2
R_, =80n’ [%j
A

=80 7> (0.01)*
Riag = 0.08 Q
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10. Ans: (d) L =2 nd (.-n=1000,very large)
sin 1@ D- 4xnd
Sol: AF= A
sin © _ 4x1000%
. Ax4
take limit
1o - D =1000
Lt "1 ne Directivity, (in dB) = 30
nz—(pao ﬂ ' 2
2 —n 13. Ans: 7.78
sin9 . U
t 2 _9 Sol: Directivity, D = 4n—=
%AO 9 2 rad
2 Given: U(0, ¢) = 2sin0 sin3¢; 0<0<m,
0<¢<m
11. Ans: (b) i
Sol: In broad side array the BWFEN is given by -
_ . . 3 .
BWEN — &(rad) P, = I I2s1n651n $sin 6dOd¢
L 0=0 ¢=0
Where, L = length of the arra E
S < =2 [ [sin’ Osin® $d0do
L=(n-1)d 0=0 $=0
Given:n=9 _ 2(Ej(ij
Spacing, d =% 2 )3
_ 4m
BWEN =" 3
O-1)— 2
4 D =4nx
4n
20 180 (j
= — X — 3
2w
. BWFN = 57.29° D=6
Directivity, (in dB) = 10log6 = 7.7815
12. Ans: (d)
Sol: The directivity of n-element end fire array is | 14- Ans: 2793
given by Sol: For Hertzian dipole the directivity, D is
4L givenby D=1.5
D=—
A 4

Where, L = (n—1)d

o=[3F .
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22 Given: No. of elements, n =4
Ae =1.5x 4— 2
n Spacing, d =—
Ae=0.119%° 4
3%10° Direction of main beam (or) principal lobe,
Wavelength, A = . =3m PN
10 emax - 60
S A.=0.119%x9 Array phase function, y is given by
Ae=1.074 m’ y = PBdcosd + o
Aperture area of antenna is given by To form a major lobe. y =0
A= P o = —dcosOmax
P 2n A
. o =——x—cos60
Where, P, = power received at the antenna
load terminals. e
o=——
P = power density of incident wave 4
P P The phase shaft between the elements
= )
e . . T
required is o0 = ——
_3x10°° 4
1074
. P=2.793 uW/m? (or) 2793 nW/m*
15. Ans: (¢)
Sol:
Broadside
direction
30°
—end me
Omax = 60° .
D Axis of array
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