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DETAILED EXPLANATIONS

1. (a)
For conductor to dielectric boundary
DVI = pS
E, =0
2. (d)
V-E= _9B
ot
3. (@

By using Maxwell’s equations

B, = % T 120
4. (c)
_ . c
We know that,phase velocity, v,= cosO
given, 6 = 60°
c = 3x108m/sec
3x10°

v
P cos60°

5. (d)
The cutoff frequency of rectangular waveguide,

AR BRY)

For, TM;; mode, m =1, n = 1.

mn m

— = — = a=4cm

a 4

mo_n_ .

, =3 = b=3cm

3x10° [(1? (1

For TE,,, f. = > 1 + g

f. = 625 GHz

6. (b)
We know that,

=6x10° m/ sec

The dominant mode is TE,;. Therefore, the cutoff wavelength for circular waveguide for dominant

mode propagation is,

A, =~ 3.46 x (radius)
A, >~ 346 %3
A. ~ 10.38 cm

c
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7. (d)
e e
Given, E =2 Ba +je \/gfzy V/m
Since x-component and y-component have unequal magnitudes, the given wave is elliptically
polarized.
And y-component leads x-component by 90°, it is left hand elliptically polarized wave.
8. (b)
9B
We know that, VxE = o
_ - = D
and D =€ E (or) E o for free space
i, a,
0B _ 9 9 9
a ox dy 0z
Esin(27tt+ 52) 0 O
€0
10 0 .
= ——|sin(2nt +5z)|a
= 5—Ocos(Zm‘ +52)a,
€0
- 50 .
= —— 2nt +5z)a, dt
B - Jcos( ),
B = 107 sin(2nt + 5z)a,
2MX———
36m
B = —-9x101 sin(2nt + 5z)a, Tesla
9. (d)
For a transmission line terminated with short circuit at load end,
input impedance, Z, = jZ, tan
o 251x107
where, B = P 3108 =0.262rad/m
i = 50 tan(0.262 x 2.5)
o = 73841 Q
10. (a)
k-E =0
ko= 2a,-44,
k-E = 2E,-4=0
4
= E, = 5= 2
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1. (d)
z=0 z z<0
Air
H=10a, + ‘21/ -a,A/m Conductive medium
iy = Ko By =200 pg
z=0
H, = -a,; H;;=10a, +a,

H,, is tangential component in Z < 0.
Since, H,, = H,,= 104, +a

1t y
H,, = ﬂHm (- Normal components of H are discontinuous)
H2
I A
HZH = ﬁ (_az) =- 000532

Hy = ﬁ2n +ﬁ2t
H, = 104, +a,—0.0054, A/m
B, =, H,
= 200x4mx 1077|104, +a, —0.0054, |
B, = 25134, +0.25134, —0.001254, mWb/m>

The angle made by B with the interface is

tano = B
By,
o = tan_l % - tan—l 0.00125
Byt J2.513% +0.25132
o = 0.028°
12. (d)
GiVen, o = 58 x 107 S/rn,
Mr =1 er =1
1 T
Skin resistance, R, = —< = ﬂ
s \ o
8 -7
R, = \/nxlo A0 s 60x1070
’ 5.8x10
13. (c)

Given,6=0,u=2n, € =10 €,
] = 60sin(10”t —Bz)d, mA/m?
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14.

15.

16.

(b)

* Circular waveguide occupy more space for dominant mode.

— = P=14907 rad/m ~ 14.91 rad/m

achinin e inner surface of a circular waveguide to create a specific taper or cross-section
e Mach th f f 1 de t t fic t t

can increase manufacturing costs.

* The potential for mode dispersion in circular waveguides can cause signal distortion,

particularly at higher frequencies.

(c)

Given,

=

reflection coefficient, I'

where, =

r

E

r

30 cos(wt —z)a, V/m

U, € =4e,
1 (for air)
4 (for medium)

1-J4 1-2 -1

1+J4 1+2 3
EI}E,. =—1El’
E. 3

1

—-10cos(wt +z)a, V/m

Since, reflected wave is in ‘-z" direction

(d)
Given, Electric field phasor, E

(04

T

? ; where, n=1207

0 cos(0t +z)(-a, )
n

26.53 cos(ot +z)1, mA/m

-0.2z —-j0.2z~
5e %7 1M 2 a, V/m

B=02.

Hence, the medium is a good conductor.

Intrinsic impedance, n =

(1+j)=
(0}

.02
= (1+7)==
(+J)4

(1 +1)0.05
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n = 0.0707¢/%5" =y

2
. _ |E0| 20z 0. -4
the average power density, S, = 2] e " cosb, -a,
S, = B4 cos45°-a,
av. 2x0.0707

S, = 125¢7%43, W/m?

17.  (¢)
Given, EM wave,

—

B = 107 cos| (my) + (3mx 10}t |,

The wave travels in —4, direction.

2n 2
B=nmm! = k=€=?n=2m
W loct B 9_375)(108
ave velocity, v = B T
v = 3x108m/sec
hence the medium is free space.
ExugH = ~fy
Exd, = —i,
E isin —a, direction.
P N e
H " Ko ( ° )
-9
E, = 12071:)(—10 ==03V/m
4mtx10~
- E = 03cos|(my)+(3nx10°)t](~4,) V/m
. F o= _o,3cos[(ny)+(3nx108)t]az V/m
18. (b)

We know that,
Radiation resistance of an antenna,

R = 80n? (ﬂ)z
r A

2
80m> (%) =0316Q
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19. (d)
We know that, the distance between the adjacent voltage maxima and minima is equal to s
ie,9cm-3cm=6cm= (or)k 24 cm
A
given, the first voltage minima, [ , =3 cm = 3
ie., 2B1 . = nm+0
2n A _ .
2 ><7><§ = m+0, (for first voltage minima, n = 1)
T
0. = )
SWR-1 3-1 2
IT| = = =—=05
SWR+1 3+1 4
.T
hence, r = et =05e 2 =-j 0.5
1+T 1-j0.5 .
= Z =150 =(90-j120)Q
“1 0[1—r} L+j0.5} (0 -7120)
20. (b)
Given, frequency, f = 37.5 MHz
length, I = 5m
c_ 3x10%
wavelength, A = 7 375%x10°
. 5k
the length of lines, | = )
. . ZL + ]ZO tan Bl
input impedance, Z, = 40 m
45+ 760 + ]75’car1(21E M)
- A8
fn T 7 2n 5M
75+](45+]60)tar1( T )
A8
z, = 75| 2 y50
mn | 15+ j45
21.  (d)

Given, incident electric field,
3.1, 9
E. = 50| —a, —Eaz cos[6n x107t - 107 (x + \/gz)J

The phase constant, B, = 10m(x ++/32)

www.madeeasy.in © Copyright: MADE EASY



[ MADE ERSY B -emr| 13

Leading Instituta for [ES, GATE & PSUs

sin 0 1.5¢
sin 0, - =)
. € ineoc= L
= sin 62 = 15 GO sin60° = 2
0, = 45°

Since the electric field vector (which is perpendicular to ) is entirely in the plane of incidence.
Thus, it is corresponds to parallel polarization.
Transmission coefficient for parallel polarization,

2 120m cos 0,
5

T =
120m cos0, +120mcos 6,
e
120m
2 cos60°
)
~ (120n
c0s45° + 1207 cos 60°
[ 5)
T = 0.758
1, 1.
B, = 20n\/€(—2ax+—2az
1, 1.
= 20%\/1.5(—2ax+—2612]
B, = 10v3n(a, +4,)
Et
= =1 = E=0758E,
1
E = 0758><50(ia L jcos(6n><109t—10«/§n(x+z))
L V22
~ 1. 1. 9
= 37.9(3% —Eazjcos[&txlo t—lO\/§n(x+z)]
E, = 2679(d, —d;)cos| 6mx10°t=10:Br(x+2) [V/m

o Copyright: MADE EASY www.madeeasy.in



14 | Electronics Engineering [AMADE EASY

Leading Instituts for [ES, GATE & PSUs

22. (d)
Since a > b, the dominant mode is TE,,
¢ 3x10°
If free space, fe 22 2%005 z
. Mo
intrinsic impedance, n, = >
0
f
nl = L2 = 39987 Q
()
9
L diolectric med; _o_e 3100 oo
n dielectric medium, f. = 2a\/g T x00xJd
.. _ n
intrinsic impedance, n, = T
h- ch
f
n, = M =191.175Q
(1.5)2
1_ _
9
flecti fficient, I = 2 = h
reflection coefficient, ' = N +My
. 191.175 — 399.87 0353
191.175 + 399.87
1+|T]
standing wave ratio, S = 1 —|F|
S - 1+0.353 — 5091
1-0.353
23. (d)
For FNBW, u®) =0 (or) U(®)=p,=0
ie., cos*(0,) cos*(30,) = 0

This leads to two solutions for 0,

cosf =0 = 6,= cos 10 = grad =90°

cos30, =0 = 30,= cost0= grad

90°
0, =—=30°
"3

The one with the smallest value leads to the FNBW.
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because of the symmetry pattern,

the FINBW

24. (b)
Prad

25. (b)
Given, E
B

phase velocity, v, =

Je

magnetic field vector, H

the refractive index,

where, n

20, =2 % 30° = 60°

[Prg -dS
%I Eof* s

(0.1)% x10°
21207 (27)

4
cos 0 o .
-r“sin0d0dd
e

(0.1)% x10°

1200 x2n_[cos4 0(—cos0)do

0.01x10° y _c0556 "
4x120x 1t 5

0

10*
480>

x(%J =0.844 W

10cos(3m x 107 t —0.27x)a, V/m

27
02 = 7=0-2TE = A=10m

o _3nx107

= =15x10°
B 02n m/s

=15x108

o, 03X 107t - 0.2mx)(~dy )

~-0.053cos(3m x 107t - 0.2nx)

o Copyright: MADE EASY

www.madeeasy.in



16 | Electronics Engineering

MADE ERSY

Leading Instituts for [ES, GATE & PSUs

=

26. (¢)
According to boundary conditions for electric field,
Etl = Etz
i.e. tangential component is continuous.
D”l _D”2 = P
If region is charge free, p, = 0
Then, D,, = Dy,
i.e. normal component of flux density is continuous across the charge free boundary.
In case of perfect conductor E;, = 0 since electric field does not exist inside a perfect conductor
but in case of finite conductivity it can’t be zero, so statement 3 is wrong.
27. (0
e A (L)
For TM,; mode, f, = A\ 3 + b
12 x 107 = 3x107 (1)2 +(1)2 i
= > . ) (1)
_ Sl 3)?
For TE; mode, f. = E + E
,  3x10" [9
12 x10° = 5 w2
b = 3.75cm
from equation (i),
2 2
12x10° = 15x10" (1) +(L)
a 3.75
= a = 132cm
Since a < b, the dominant mode is TE,,. (TM,; an TM,; mode does not exist in rectangular
waveguide)
28. (a)

We know that,
For a waveguide,

group velocity, v, =

www.madeeasy.in
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29. (a)
For a distortionless transmission line,
R
Z, = \/g ..(1)
and o = JRG ...(ii)
From equations (i) and (i), o = R_05_ 0.005 Np/m
Zy 100
30. (d)
Given, VSWR =3
T - VSWR-1_3-1 :32120‘5
VSWR+1 3+1 4 2

Since, the load is purely resistive, 0. = 0 or

for0.=0 = =05 = Z, a{li£)=a{1+aﬁ

1-T 1-05
Z, =150 Q
for.=n = I[=-05 = Zﬁ=ZJ?+F)=H{1_Q?
1-T 1+0.5
Z, = 16.67 Q
|1 1]
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