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Detailed Explanations

1.1.1.1.1. (a)(a)(a)(a)(a)

ηTE =
120

120
cos

π
> π

θ

ηTM = 120π × cosθ < 120π
ηTEM = 120π

2.2.2.2.2. (a)(a)(a)(a)(a)

Antenna efficiency, η = rad

rad

50 5
60 6L

R
R R

= =
+

Directive gain =
Power gain 20 6 24

5
= × =

η

3.3.3.3.3. (a)(a)(a)(a)(a)

Skin depth is given by

δ =
1

fπ µσ

∴ 1

2

δ
δ

=
2

1

f
f

∴
2

δ
δ =

4
1

∴ δ2 =
6

3 m
7
= µ

4.4.4.4.4. (a)(a)(a)(a)(a)

A∇×
�

= B
�

A∇×
�

= Hµ
�

⇒ H
�

= ( )1 A∇×
µ

�

5.5.5.5.5. (c)(c)(c)(c)(c)

Pr =
1

( ) ( )
2 r rE H

Er =
2 1

2 1

5 V/mE
 η − η

= η + η 
i

Hr =
1

1
A/m

20
rE −− =

η

rP = 21 1 1
5  W/m

2 20 8
× × =

6.6.6.6.6. (d)(d)(d)(d)(d)
vp × vg = c2

3.5 × 108 × vg = (3 × 108)2

vg =
16

8
8

9 10
2.57 10 m/s

3.5 10

× = ×
×



© Copyright : www.madeeasy.in

7• Electromagnetic TheoryCT-2023-24

7.7.7.7.7. (c)(c)(c)(c)(c)
The phase shift between X component and Ycomponent is 90° and X component lags Y component hence
it is left hand circular polarization.

8.8.8.8.8. (a)(a)(a)(a)(a)

sin
sin t

θ
θ
i = 2

1

r

r

ε

ε

sin30
sin t

°
θ

= 3

⇒ sinθt =
1

2 3

⇒ θt = 1 1
sin

2 3
−  
 
 

 = 16.78°

9.9.9.9.9. (b)(b)(b)(b)(b)
Electrical length of the line, θ = βl

vp =
1
LC

 = 9
6 12

1 10 m/s
10 10 0.1 10− −

=
× × ×

λ =
9

6

10
1000 m

10
pv

f
= =

θ =
2 2

250 90
1000 2

π π π× = × = = °
λ

l

10.10.10.10.10. (c)(c)(c)(c)(c)
Given,

C

D

J
J = 10

E
E

σ σ= =
ωε ωε

or, ω = 10
σ
ε

∴ 2π f = 10
σ
ε ⇒ f = 20

σ
πε  = 12

20

20 81 8.854 10−π× × ×

f = 443.84 MHz

11.11.11.11.11. (c)(c)(c)(c)(c)

We have,
xm

a
π

=
x2

, 2m
a
π =

xn
b
π

=
3

, 3
y

n
b
π =

∴ it is TE23 node

Cut off frequency, fc =
2 2 2 283 10 2 3 100

2 2 2 286 1.016
u m n

a
×       + = + ×              

= 46.19 GHz

ω = 10π × 1010, f = 50 GHz
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β =
2 29

8
2 2 50 10 46.19

1 1
503 10

cff
c f
π π × ×   − = −       ×

= 400.68 rad/m

∵ f > fc α = 0

γ = α + jβ = j400.7 rad/m

12.12.12.12.12. (a)(a)(a)(a)(a)

Propagation constant given by

τ = ( )( )R j L G j C+ ω + ω

= 3 4 3 9(0.03 2 10 10 )(0 2 10 20 10 )j j− −+ π × × + π × × ×

= 2.121 × 10–4 + j8.88 × 10–3 /m

∴ r = α + jβ
∴ α = 2.121 × 10–4 Np/m = 0.21 × 10–3 Np/m

A distortion less line operating at 120 MHz has R = 20 Ω/m, L = 0.3 µH/m, C = 63 pF/m

13.13.13.13.13. (d)(d)(d)(d)(d)

Given, Hz = 9 ˆ5cos(10 4 ) A/mzt y a−

Jd =

ˆ ˆ ˆ

0 0

y z

z

a a a

H
x y z

H

∂ ∂ ∂∇× =
∂ ∂ ∂

x

=
9ˆ ˆ(5cos(10 4 ))zH

a t y a
y y

∂ ∂= −
∂ ∂x x

Jd = 9 ˆ20sin(10 4 ) A/mt y a− x

But, Jd =
D
t

∂
∂

D =
9

9
20 ˆcos(10 4 )
10dJ dt t y a= − −∫ x

D = 9 2ˆ20cos(10 4 ) nC/mt y a− − x

14.14.14.14.14. (d)(d)(d)(d)(d)

ΓA = 0

0

150 100
0.2

150 100
L

L

Z Z
Z Z

− −
= =

+ +

∴ SA =
1

1.5
1
+ Γ

=
− Γ

BΓ = 0

0

150 100
150 100

L

L

Z Z j
Z Z j

− −
=

+ +

BΓ = 1 C= Γ

∴ SB = SC = ∞
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15.15.15.15.15. (a)(a)(a)(a)(a)

At junction input impedance of 
2
λ

 line

tanβl =
2

tan 0
2

π λ  = λ 

Zin L =
tan

100
tan

L o
o L

o L

Z jZ l
Z Z

Z jZ l
 + β

= = Ω + β 
For input impedance of S.C. stub
As we know for SC stub, ZL = 0

tanβl =
2

tan 1
8

π λ  = λ 

Zin S =
tan

50
tan

L o
o o

o L

Z jZ l
Z jZ j

Z jZ l
 + β

= = Ω + β 

At junction, Y =
1 1 1 0.01 0.02

50 100
j

Z j
= + = −

16.16.16.16.16. (c)(c)(c)(c)(c)

Since wave is travelling along positive y-direction and Ez and Ex components are not equal

∴ Ez ≠ Ex
Also, Ex leads by 90° it’s left elliptical polarization

17.17.17.17.17. (d)(d)(d)(d)(d)

β =
9

8

2 2 2 2 10 40
33 10

f
c

π π π × × π= × = =
λ ×

βl =
40 4

0.1
3 3
π π× =

Input impedance of short circuited line’s

zin = l0 0
4

tan tan 50 3
3

jz jz j
πβ = = ×

∴ Hence inductive.

18.18.18.18.18. (a)(a)(a)(a)(a)

2inZ =
02

02 5 /202
 = 100 02
75

tan
tan

L

L

ZL
Z

Z jZ
Z

Z jZ
= λ

Ω
= Ω

+ β
+ β

l
l
l

 = 75 100tan5
100

100 75tan5
j
j

+ π
+ π

 = 75 Ω

Zin = 2

2 in2

01

in 01
3 /401

01 in  =  75

50

tan

tan Z

Z

Z jZ
Z

Z jZ
= λ

Ω

= Ω

+ β
+ β

l
l
l

 = 

3
75 50 tan

250
3

50 75tan
2

j

j

π+

π+

=
250

33.33
75

= Ω
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19.19.19.19.19. (c)(c)(c)(c)(c)
From boundary condition of dielectric-dielectric medium.

1tE = 2tE

and 1nD = 2nD

ε
1 1r nE = ε

2 2r nE

or 2nE =
ε

ε
1

1
2

r
n

r
E  = × =2 100 25

8

∴
�

2E = + −ˆ ˆ ˆ25 200 50y za a ax

20.20.20.20.20. (b)(b)(b)(b)(b)

dJ
���

= 0
D E
t t

∂ ∂= ε
∂ ∂

� �

 = ( ) ( )6 6
0 ˆ2 10 cos 2 10 yt z aε π× π× + β

= ( )
9

6 6 210 ˆ2 10 cos 2 10 A/m
36 yt z a

−
× π× π× + β

π

= ( )6 2ˆ55.5cos 2 10 A/myz aπ× + β µ

21.21.21.21.21. (c)(c)(c)(c)(c)
• Field contains orthogonal components with unequal amplitudes ⇒ Elliptical polarization
• y component leads x component by 90° and wave is travelling in positive-z direction ⇒ Left elliptically

polarized.

22.22.22.22.22. (d)(d)(d)(d)(d)
For a distortionless line, RC = GL

G =
RC
L

• Z0 =
L
C

• α =
0

C RRG R
L Z

= =

⇒ R = αZ0 = 10 × 10–3 × 100 = 1 Ω/m

v = 0
1 1 1 1L L

Z
L L C LLC LC

= × = = ×

⇒ L =
80

8
100 50 10 0.5 H/m

2 10
Z
v

−= = × = µ
×

23.23.23.23.23. (b)(b)(b)(b)(b)

• Zin3
=

2 2
03

3

300 450
200L

Z
Z

= = Ω

• Zin2
=

2 2
02

2

100 (open)
0L

Z
Z

= = ∞

• ZL(eff) = Zin3
 Zin2

 = 450 Ω

• Zin = Zin1
 = 

2100
22.22

450
= Ω
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24.24.24.24.24. (a)(a)(a)(a)(a)
Given: ZL = 80 + j40 ; Zo = 50 Ω

Γ =
80 40 50
80 40 50

L o

L o

Z Z j
Z Z j

− + −=
+ + +

=
30 40 50 53.13 0.367 36.03

130 40 136 17.10
j
j

+ ∠ °= = ∠ °
+ ∠ °

Pload = Pincid – Preflected = 
2

incid 1P  − Γ  
Pload = 30 [1 – (0.367)2] = 25.9 W

25.25.25.25.25. (a)(a)(a)(a)(a)
The cut-off frequency for the TEmn mode is,

fc =
2 2

2 r

C m n
a b

   +   ∈    
We need the frequency lie between the cut-off frequencies of the TE10 and TE01 modes.

These will be, fc, 10 =
8 93 10 2.5 10

2 2 (0.06)r r r

C

a

× ×= =
∈ ∈ ∈

fc, 01 =
8 93 10 3.75 10

2 2 (0.04)r r r

C

b

× ×= =
∈ ∈ ∈

∴ The range of frequencies over which single mode operation will occur is

2.5 GHz
r∈

< 3.75 GHz
r

f <
∈

26.26.26.26.26. (a)(a)(a)(a)(a)
The time average power is given by,

P =
2

2
E
η

Where, η =
22 120

120 132.414
80 80

πππ = =

∴ P =
2

2(15) 0.849 W/m
2 132.414

=
×

 ≈ 0.85 W/m2

27.27.27.27.27. (c)(c)(c)(c)(c)
Given: Prad = 100 W ; f = 100 MHz

∴ λ =
8 8

8

3 10 3 10
3 m

10f
× ×= =

Radiation resistance, Rr =
2 2

2 2 0.01
80 80

3
d   π = π   λ   
l

Rr = 8.77 × 10–3 Ω

Also, Rrad =
rad
2

2P
I

∴ I =
rad

3
rad

2 2 100
151.01A

8.77 10

P
R −

×= =
×
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28.28.28.28.28. (b)(b)(b)(b)(b)
For short circuited transmission line,

Zin = jZ0tanβl
j60 = j35tanβl

tanβl = 1.714
or βl = (59.743)°

∵ β =
6

8

2 1 102

3 10

π× ×π =
λ ×

6

8

2 1 10

3 10

π× ×
×

× l = 59.743
180
π°×
°

l = 49.785 m

29.29.29.29.29. (a)(a)(a)(a)(a)

For dominant mode, fc =
103 10 3.75GHz

2 2 4
c
a

×= =
×

and ηTE = 0
2 2

377 406.7
3.751 1
10

cf
f

η = = Ω
   − −      

∴ Pavg =
2 2 4
0

TE

(65) 4 2 10 2.078 mW
4 4 406.7
E ab −× × ×= =
η ×

30.30.30.30.30. (c)(c)(c)(c)(c)

Electrical length = βl = 2 f LCπ × l

92
180
π°×
° = 6 2 122 40 10 20 10 20 10L− −× × × × × ×

1220 10L −× × =
8

6
92

3.194 10
16 10 180

−° = ×
× × °

On solving the above equation, we get,

or, L =
8 2

12
(3.194 10 )

20 10

−

−
×

×
L = 51.008 µH/m


