— CLASS TEST »

MADE EASYH

Leading Institute for |IES, GATE & PSUs

Delhi | Bhopal | Hyderabad | Jaipur | Pune

Web: www.madeeasy.in | E-mail: info@madeeasy.in | Ph: 011-45124612

ELECTROMAGNETIC FIELDS

ELECTRICAL ENGINEERING
Date of Test:07/09/2026

ANSWER KEY >

1. (a) 7. (d) 13. (d) 19. (a) 25. (b)
2. (b) 8. (a) 14. (b) 20. (c) 26. (b)
3. (d) 9. (d) 15. (b) 21. (c) 27. (d)
4. (c) 10. (a) 16. (d) 22. (c) 28. (c)
5. (c) 1. (b) 17. (a) 23. (b) 29. (b)

6. (c) 12. (d) 18. (c) 24. (d) 30. (c)




MADE ERASY E « Electromagnetic Fields| 7

Leading Instituta for [ES, GATE & PSUs

DETAILED EXPLANATIONS

1. (a)
Y
-Qe2 » +Q
I &y
+Q . | \\\._Q

> x
00 1 2

The two positive charges Q are diagonally opposite in position and at the same distance from the
point (1, 1, 0) fields produced by them are equal and opposite and so their resultant field is zero.
Similarly for negative charges.

2. (b)
A medium behaves like dielectric when the €, >> 1 and 6 — 1 so displacement current density is
much greater than conduction current density,

ie., Tl >> e

Also, we >> ¢ for good dielectric
o

= e <1
Je <1
Ip WEe

= ]C << ]D

3. (d)

From Biot savart law,
o medq)aq, X ()

2
0 4R
2n
I j_Rd“’ i
T l4ny R2 )
_ I .
A = gt
4. (c)
o ' _ o PL ~
Electric field intensity, E = 2meyr fay
4%107° .

a
2nx8.854x107 2 x3 7
E = 244,V/m
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5. (c)

L
Il

Force, I(LxB) = 10(2a, x0.02(a, —a,)) = 10(0.04(-a,)—0.04a,)
= —04a,-04a,
Force acting per unit length,

- ~044, -04a, = 024, -0.24
2 Y

=~ Tl

= -02(a, +4,)

=~ Tl

6. (c)

(-1,0,0) P Q=-2nC

-Q=2nC (05,0,00 (1,0,0)

Image charge

Net electric field at point P due to charge Q and -Q are
E = Edue toQ + Edue to-Q
-2x107 x9x10? x (0.5, ) s 2x1077 x9x10% x(1.54,)

B (0.5)° 1.5)°
= 804, V/m
7. (d)
Ry = (Ry-Ry) =(1,-2,3)-(2,-1,0)=(-1,-1,3) = —1 - j+3k
Q% 4 25><20><10—12><9><109(—Z—j+3iéj
Fyy= ———kn = 2
am ey [Ry (Vi+1+9) \V1+1+9
= 0.123(-i — j+3k)N
8. (a)
Vector from the line to the point P
7= —2u,+3u,
Lo
E = o €7
E, _ 0.1x 10_6 _2ﬁx * 3ﬁy
2neyJ4+9| V13

= -276.92i, +415.38,
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9. (d)
2n m 2 10 5
Net flux = mpv‘dv - J ffr—zr sin 0dr d0 d¢
001
= 10 x1x 2 x 21 =40n mC
10. (a)
E - -NT_ ~100(3t2 =2)x107°
dt
= -100(12-2) x 103 =-1V
11. (b)
V = xcos?yi+x%e?] —zsin® yk
Divergence = V.V
ov, 9V, 9V,
= + + = 2 - sin?
ox oy oz cos*y + 0 -sin“y
= cos?y -siny =cos 2y
12. (d)
Let r, and r, be the directed line segments from the lines 1 and 2 respectively to the point
P(in Y-Z plane).
V4
Linel
-Y
2
Then, r, = 3a,+3a,
and r, = —3a,+3a,
A (3a,+3d, _
BT e \ - (0
0" n
where, r? = 3%+32=42 (in magnitude) = 18 = 12
=34, +3a
E, = N Zj . (ii)
271:807’2 L 0]
Adding (i) and (ii), we obtain the resultant field
A .
E = Ej+E = o (2x3a,) (replacing r, and r, by r)
- M(6& )=304, V/m
2mey(18) ¢ z
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13.  (d)

—4m o +4m

———>+y

=
=

» I

X
The y components of the fields produced by two lines of charge cancel out and only x components
will exist in effect.
The resultant field is,

2mey| R|I R
where, R = 4a, and |R|=+42+42=42m
-9 ~
B o= 40x 4x10 _x 4ux2
21 x8.854x10712 " (44/2)
E = #18i, V/m
14. (b)

According to Gausss’s law, the electric flux leaving the surface with R =5 m is equal to the total
flux enclosed by the surface.
Y=Y +Y¥,+7,
W, = Electric flux leaving the spherical surface with R = Im
= 20 x 107 x (4 R?)
= 20x 107 x 4t =80 tnC
¥, = -9x107 x (47 (2)?

= -144 inC
Y, = 2x107 x (4n x 9) =72 t nC
Y = 8nnC

15. (b)
For finite length conductor,

Hp = %(sinocl +sinay) d,,
np
where, p — Perpendicular distance between wire and point.
-1 4a
o, = Op=tan | — |=45°
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So, H_P' = In () [sin45° +sin45°] 4,
- L 2, L
loma 2 0 8y2ma
16. (d)
D = rcosefl,+rzsin¢d¢+sin6cos¢ﬁe
Electric flux crossing the closed surface is
Y o= Cﬁ)ﬁ-ds
Electric flux crossing, r = 4 spherical surface
v,_, = Cﬁ)D-ds
Where, ds = r?sin0do do a,
0=90° ¢=45°
v, = J _[ (rcos0) (r? sinB) do do
T 02600 =300
0=90° ¢=45°
_ J. —sm26 dd do
0=60° $=30°
3 P 6=90°
= <I> n
= 7[¢¢ /6 J- sin 26 dO
6=60°
43[75 nM—coszeT:%" 64 m [ ( 1)} 1
= —_ | = —X—X 1+ - X—=
214 6 o=goc 2 12 2 2
8 1.1 2m
= —AX—X—=—
3772723
17.  (a)
Let, E = E1/
of
Energy E; = 5~
&Y £ 2C,
Electrically isolated
. Q=0Q
d, = 2d,
= Cl
= C2 = 7
2 2 2
E, = @ _9 A
2C2 ch 2C1
2
= 2E, = 2E
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18.  (¢)
Given,
Voltage distribution across capacitance is in the ratio 2 : 3 : 4 and applied voltage is 135 V.
Then, Ve =30V
Ve = 45V
Ve = 60V
4500
Hence, C = S0 =150 uF
4500
= ———=100 uF
G, 15 u
4500
= ——=75uF
G 50 u
1 1 1 1
e e
Ceq Cl C2 C3
Cey = 33.33 uF
19. (a)
W = 2p,
Hy = 5

B, = 104, +154, — 204, mWb/m>
B = BZn = 15&‘1’

H,, = H,,

W 2/ . )
B = By = g(10ap ~ 204, )

B, = (44, -83,)mWb/m”

1 B}  (4%2+152+8%)x107° 305
- —B;-H{=— = = x10 = 3
W = T T oo anx 107 16m 60.68J/m
20. (¢)
E = J.(va)-dl
vx B = -0.15sin10% u, V/m
0.25
E = | —015sin10%t dx
0
- . 3 0.25
E = -0.15sin10 t[x]o
E = -0.0375 sin103 t V
21. (o)

ro= (2-(=2))ix(6-1)j +(8-5)k

= 4i+5]+3k
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|71|

|r2|

il

22, (¢)

T

23.  (b)

CcOos Otz =

CcOos OC1

T

= 2 2 2 =
Ja2 452432 =5{2m 269

(2-1)i +(6-0)j+ (8- 1)k

~ ~ ~ Ty p)
i+6j+7k
= M1+36+49 =927 m (-2,1,5) (1,0,1)
Q1=4HC Q2="'6HC
Ql 371+ QZ 372
4T|:EO 6] 4T|:EO r
9 -6 9 -6
9%x107 x4x10 (4i+5j+3k)—9X10 x6x10 (+6}+7h)

(5v2)° (9.27)°

101.82(4i + 5] + 3k) — 67.78(i + 6] + 7k) = 339.51 +102.42] — 169k

H, +H,

I n
4—np[cos 0ty —coso | g

4nx2((:050"—cos90°)(—&x Xd,) = %&yA/m

N>

5
4tnxz(cosOo—cos90°)([1y><[zz) s

I A
4—np(cos 0Ly — COS 0Ly )dy

2 .
[52152 = J50m = — T Coso, —cosoy |4,
4m\5

2 +52
10 10
J50+100 /150

= cos 90° =0

R R R 5ﬁx +5ﬁy _ﬁx +ﬁy
alXﬂp=aZX W = T
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24.  (d)

As both parallel plate capacitor is connected in series, so same charge flow through it

Q =

cv

(Where, Q = Charge, C = Capacitance, V = Voltage)

Let, G

and C

GV

Also,

25. (b)

max

max

rms

y =

€,1€0A
t ’
€ ZEOA
rt—, V=V
2
GV,
€,,€0A
A‘VZ
ty
2

NS /
15x10° 2

=15V,
= 120

120
120

48V

120-48=72V

GV =GV,

4x8.854x107 2 x20x 48 x 107

2x107°
1699.9 x 10712 C = 1.704 nC

y=1m
sinTxsinmy T’
Bd cos m,t

—-dB ..
ﬂ;.' At 445

S

P

0oBy sinwtndS

S

1 1
ON _[ f sinmx sinmy dx dy

y=0 x=0
1000 x 27 ><i2 = MV/turns
T T
1 _ 8000

—Xx——x10 =
N 18 kV
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26. (b)
C = 4n 60( ab )
a-=b
A, = 4na?
A, = 4nb?
q = /ﬁ, b— /ﬂ
4m 4n
VALA,
p = NaTh .
8 4n
a-b = VA A
V4n
JALA N
C=4ne a7b in
in ( [A, - /Ab)
JAA,
VA €y ———7—
VA, =4
27.  (d)
According to the Biot-Savart’s law, z
_, J'Id—EXR
H = 3
4TER '(0,0, 1)
R = —xa,+4, e .
0,0,0
R = J1+? ( )
4 - ?1de(—ax)x(—x&x+&z)
. 4m(x? +1)3/2 0,0, %)
X
q - EO dx P
471:00 (x2+1)3/2 Y
_, 10 «x . 10 ,
H =—2a

28.  (¢)
The flux in the circuit is,

l_ Niil _Nlill.ls

b= U 1/uS  2mp,
o = magneto motive force
U = reluctance
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| = mean length
S = cross-sectional area of magnetic core
According to Faraday’s Law, the emf induced in the second coil is,

le__NlNZHSdi

- N, ==
V2 2 gt 2npy  dt
v = 100x200x 500 x (47 107) % 107% x 3007 cos 1007t
2 21(10 x 1072)
= -6mcos100mt V
29. (b)
According to Ampere’s law,
Ienc = g.)rz”o H-dl
27 4 2 2
4
Bt P S O I
0 ) TT T 2
21 2
4r,
4 0
= 10* [ =2-do
0 T
418 8
= 104
I..= 10 -Tox 2= EAmpere
30. (¢)

The potential is given by:
A_ —_—
Vg = —[E-dl
B
PL

a

Now, we know that F = for infinite line charge

2megp F
-9
E = %&pz%&p V/m
2n ——|p
36m

dl = dp-a,+pdda, +dza,

18
= 7 = _dp

2
Vg = —j%dp =[~18Inp |, = ~18[In2 - In4]
4
= 18 In 2 = 12.48 volts
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