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Detailed Explanations

1.

()
Since A is irrotational,

VxA =0

A should be gradient of some scalar field i.e. A=VV, as curl of a gradient is always zero.

(a)
(a)

. : . / n 7 {7
The cutoff wave number for the dominant mode of rectangular waveguide is * —" where ‘4’ is the
a

broader dimension of the waveguide.

i
= — =100
Wave number 314 %102
(b)
We know that,
.y . 1
For lossless transmission line, v, = Jic
L
Characteristic impedance, z, = \/g
1 L 1
R RN/Teh felre
1 1

T Czy  4x10°x25

v, = 10000 m/s
(d)

The minimum distance between the primary and secondary source is

2(700 x 107%)?

r =

A
8
= ﬂzol
3x10
212
. 2(700x107) 980 m
0.1
(d)
From Maxwell’s equation
V-B =0
d d d
—8x ——2ky+—4z -
ax dy T
8-2k+4=0
12
or, k= " 6
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7. (b)

At point B(2, 0, -1)

8. (a)

For a good conductor,

9. (d)
The reflection coefficient,

Thus 25% of P, is reflected.

(a)
Magnetic energy density,

10.

<l

<l

>

X Y z
-~ |9 9 0
A~ ox dJdy 0z
yz 2xy 2

= (0-0)a, - (0-y)a, +(2y -z)a,
= ya, +(2y-z)a,

Wy
= |75 z45°
N o
6 -7
=\/2nx500x106x4nx10 s
10
= 0.0628 £45° Q
_E
L=
2uv
1= [E|=2Y/™ 5 844A/m
n| 0.0628
po5-1.3-1.2 1
T S+1 3+1 4 2
P
L =T2=(052=25%
B
1 =2
W= E“‘H‘

2
= %x4x4nx10_7‘\/22+42+82‘
= %x4><47t><10_7[4+16+64]
= 6721 x 1077

W = 211 pJ/m?
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Y = Bd cosh + a
6 = 60°

11. (d)
As we know,
0
0
or o
12. (b)
M4
Ny
For incident wave,
E,
E,
now, E
E?’
where, B,
E}’
13. (o)
We know that; phase constant,
B
B
§
14.  (¢)
For a good conductor,
B
P
Also, EPN

Ex&cos60°+oc
A 8

n,=120n
My _ /5
L =120m, |—
Mo g, 2

—40n; cos(ot —Pz)a, V/m
407 cos(10%t ~Bz)a, V/m

= N2 —My — (158_1)n0 =0.225
np+mp (1.58+1)ng

0.225 E,

~9m cos(10%t + Bz) a, V/m

3x10%

(O
c

W=

-9 cos(108t+%z]£zy V/m

(JJ\/ MO “’r E0 Er

5
m\/4nx107 x%x1x9

U
27t x 10.5 x 10° x 1078
0.21mrad/m
WUGC
2

(for lossless dielectric)
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op 1w 1
or o 2\20 v,
® ® 2m
vV = —= - [—
P B |ous Vuo
2
, [2o
Yg _ \uo
Vp 20
uc
\%
£ -9
Vp
15. (a)
The electric field is given by
E=-VV
0 06n
- —1ooa—p[p ]
E = -60p "3, V/m
but, D = g E=-60¢, p "*4, C/m?
Atp=0.6m, D = -60¢, (0.6)"*
D =-73.6e ,C/m?
(or) D =-0.65nC/m?
Since the flux density is constant
So, the flux Yy = D-S
v = -0.65 x 10 x 27pz
=-0.65x 107 x 21 x 0.6 x 1
Charge enclosed Q_ =y = -2.45x 107 C (According to Gauss law).
16. (a)

Given,

nm

b

10 sin(%ﬂ) Cos(%) sin(wf —4z) V/cm

2
0 m=2
3n
2 n=3

The propagating mode is TE,; mode,

fe= Srx10

3x10° (275)2
6

3n)?
+ > =23.05GHz
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Given, f=40 GHz

Since, f>f;, n= no/ 1—(?}
- 7] -2

n = 46129 Q

17.  (c)

o
Given, loss tangent, oe =1498.97 >>1

Hence, the medium is a good conductor,

LE © o

o=p=0 7X_ ('.'—>>1)

me we

- 10n\/10“T°E° % 1498.98 = 9.066 x 10~

Skin depth in a good conductor is
S = =1/9.066 x 107° = 1.103 x 10° m

QRIr

™| =

18. (b)
At dominant mode, TE,

Up | mn 2 (nm Y
2T )

(% nz
-5

c _3><108

here, = — =22 =25%10° m/s
ere v, ., Tad /
8
8.5 x 10° = 2.5x10
2Xa
or a=0.0147 m =147 cm
19. (b)
N, ="M

N — My _1_\/g

r= M+t _1+\/g

I'=-0.268
t1=1+T=0732
ETransmitted
T= also Bincident =1

incident
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7.32cos(wt — z)
incident 0.732

E =10 cos (ot - z) ayV/m

incident

20. (d)
By using boundary conditions, normal component will be E,;; = E, - n. Taking f = x - y + 2z, the
unit vector that is normal to the surface is

Vi1 . . .
= ——=—Ja,—-a,+2
n |Vf| \/g[ax a,+2a,]
A A PN PO .

Ey, = E1-n=(100ax+200ay—50az)-%(ax—ay+2az)

1

= —=[100-200-100
%! ]

E, =-81.65V/m
. The normal component points into region 1 from the surface

Then, Ey = —81.65(%)[@ 4, +24, |

E,, = —33.33a, +33.334, —66.67a, V/m
The tangential component will be

Erp=E - Ey

E,, = 133.3a, +166.74, +16.674,
From the boundary conditions,

Ery=Ep i Egp = %'EM Z%EM

1
E,= Epy+ENo =Epy +ZEN1
E, = 13334, +166.74, +16.674, ~8.3d, + 834, ~16.674,
E, = 1254, +1754, V/m

21. (o)

E,, =E, =5ax—2ay
€. E,=€,E,

1 7 nl
4x3a,=3E,
= E,=4a,
E=E,+E,
=5ax—2ay+4aZV/m
22.  (a)
Given, G = 2x°yzd, — 20ya, + (x? - 2%)a,

V-G =4xyz-20-2z
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23. (o)

Calculation of n,

24.  (d)

V(V - G) = 4yza, +4xza, +(4xy - 2)a,

a8, &
0 0 0

dyz 4xz 4dxy-2

y i(4xy -2)- i(échz)} -a, {i(4xy -2)- i4yz} +a, {i(4xz) - i(4yz)}
y dy

0 0z ox 0z ox
= (4x—4x)a, - (4y—4y)a, +(4z—4z)a,
=0
2 E—ga 2
avg = zn X W/m
-~ B2
Power (watts) = Jpavg 'dszﬁax (5 ”N)
A ta,
aN— \/E
10x10
= — " —102m2
100x100 _ V7 m
2
(6\/5) a,+a 36 1
- 11072 v || 2 20T o
Power (watts) o ﬂx( ( NG J] o %10 (\/5)
=2nx108 PB= u
o =271 , B=73
(O 1
B Ko €&,
(W = u, non-magnetic)
2nx10°  3x10°
3x =
8m \/g
= &:% =30T
Nl
36m o 1
Power=60_n><10 Xﬁ
= (i) mW =424 mW
N .
o _ o L
J. we I,
m= GXI—d— X d
e J. e I
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60 88x107!
X

2 =
mf 2x g, 1
2nf = 298.16
= f=47.45Hz
25. (d)
For quarter wave transmission line,
. _ Z5 _50x50

. =25Q =7"
Zln ZL 100 in

As the two quarter wave lines are connected in parallel,

7 = Zin | Zin =125Q
72
Hence, Z, = (,) = 2050 =200 Q
Z 12.5
26. (a)
We known that V= f4
C
——= =fA
N
A o
b &
)\11 B

=
L2100 = |1 =x100=6.25%
P 16
27.  (a)
M =My

KoM
= L =—2=0447
N, = Mo e 5 No

== o382
N +My
T=1+T=0618
E, = 1E,

E, = 92.7cos(ot - 8J/5y) @, V/m
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28. (d)
Given, H, = 5cos(10°t —4y)i, A/m
a, a4, &,
3 0 9
= VxH=|— — —
Ja 8 ox Jdy o0z
0 0 H,
0H,. 0 9 R
= —*a,=—(5cos(10”t — 4y))a,
dy ~ dy
], = 20sin(10°t - 4y)a, A/m
5 _ D
ut Ja= "5
D = [Jdt= —%Cos(logt—4y)ﬁx
D = —20cos(10”t - 4y)d, nC/m*
29. (a)

The cut-off frequency for the TE,, mode is,

e GO

We need the frequency lie between the cut-off frequencies of the TE,;, and TE modes.

. C 3x10® 2.5x10°
These will be, fc 0= 2\/Ea = 2\/67(0 06) = \/g
C 3x10°  3.75x10°

fou = 2\/€b:2\/g(0-04)_ Je,

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

25 3.75
\/gGHZ < f<EGHZ

30. (b)
Given, G,(dB) =3 =10log,, G,
or G, = (10)% =1.995
2
p - CaxPaa |EF
e 4qR? 27
,  MXGyxPoy _120mx1.995x30x10°
or L 2mx(10x10)2
60x1.995x30x10°
= . = 0.03591
10
E =0.189V/m
EEEE
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