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DETAILED EXPLANATIONS

1. (a)

y

-Qe2 » +Q
. p
N p

1= el

+Q A //, | B b \._Q
00 4 2
The two positive charges Q are diagonally opposite in position and at the same distance from the

X

point (1, 1, 0) fields produced by them are equal and opposite and so their resultant field is zero.
Similarly for negative charges.

2. (c)
If the divergence of a given vector is zero, then it is said to be solenoidal.
V.A =0
By Divergence theorem,
[(vA)dv = $Ads
14 s
So, for a solenoidal field,

V.A = 0and 4'>A’.d_s>=0
S

3. (d)
From Biot savart law,

_ fomdq)aq, X (=d,)

H = 2
0 4R
2n
LRdel,
T l4ny R2 )
T,
H = ﬁﬂz
4. (c)
o ' . R PL_~
Electric field intensity, E = 2meor &
4x107 .

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

L
Il

Force, I(Lx B)

= 10(2a, x0.02(a, - a,))
= 10(0.04(-a,)-0.04a,)
= —04a,-04a,

Force acting per unit length,

fal -0.4a, -04a,
L 2

= -0.2a,-02a,
F ..
T = -0.2(a, +a,)

6. (a)
p = Sy, —xzyzﬁy - x%yzd,

For solenoidal, V-P=0

oP, 9P, 9P,
3 = +—=+
= VP ox dy 0z
= 3x%y - 2x%y - x%y
=0
= P is solenoidal
For irrotational, Vx P=0
a, i, a,
- d d 0
= VxP = |- — =
8 x oy oz
By xl? Py
= Ex(—xzz) +d, (2xyz) + &'Z(—Zacy2 - x3)
#0

= P is not irrotational.
7. (d)
Ry = (R =Ry)
=(1,-23)-(2 -10
= (-1, -1, 3)
= - } +3k
QQ 5
Fy = ! f 7 Rn
4m € ‘RZ‘I‘
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25><20><10—12><9><109(—§—}'+312J
(Vi+T+0) \V1+1+9

0.123(—i — ] + 3k)N

8. (a)
Vector from the line to the point P
7 o= —2u,+3u,
I S
E = 2n ShRA
L 01x107° (20, +3i,
E= e varol V13

= 276921, +415.38,

9.  (d)
2n m 2 10 )
Net flux = [[[po-do = [ [] 7" sin6drdodo
001
= 10 x 1 x 2 x 21 = 40n mC
10. (a)
E = -N®_ 10062 -2)x 1073
dt
= -100(12-2) x10° = -1V
11.  (a)

Given: Q, =+5x10%C, Q,=+4x10®%Cand Q,=-6x10°C
The potential at point A
Q Q O

+
471:807’1 47'5807’2 47[807’3

V, =

1 {5><10‘8 L 4x107° 6><10_8}
4me 5 4 3

Q,=5x10"C Q,=4x10"C
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12.

13.

(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).

Then, r
and 1y
E,
where, r12
E,

3a, +3a,

—3a, +3a,

27'5807’1 k

(i)

A (3&y+3ﬁz)

n

A ( 34, +3a,

271:6072 L

. (i)

L]

Adding (i) and (ii), we obtain the resultant field

E

(d)

E1+E2:

5x107°
27 (18)

-4m

2me

7’2

(2x3a,)

(64,)=304, V/m

3%+ 32 =47 (in magnitude) = 18 = 1?

|

(replacing r, and r, by 1)

+4m

R

’/

X

AN

\
.
RN
.
.

oty

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,

—

E = 12

A

R

2meol RI TR
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where, R = 44, and |R|=+42+42=42m

4%107° 4,

2 x X
2mx8.854x10712 " (44/2)2

il
1l

il
1l

+184, 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,
W, = Electric flux leaving the spherical surface with R = Im
= 20 x 107 x (4 nR?)
= 20x 107 x 4t =80 tnC
¥, = -9x107 x (4 (2)

= -144 inC
Y, = 2x 1079 x (4 x 9) = 72t nC
Y = 8nnC
15. (b)
i j k

o2 9 9
VxH ox dy 0z
2y (2-x%) 3y

= 1(3-2z)+k(-2x-2)

= (3-22)i —(2x+2)k
At the origin, x=0,z=0
VxH = 3i-2k

V-Hl = J32+22=13

16. (¢
The flux ®,, ati; =5 Ais
® =BxA
= 1 x (30 x 1074
@, = 30 x 104 Wb
®,ati, = 10 Ais,
®, = 1.5 %30 x 10
Increase of flux when current is increased from 5 to 10 A
= 0.5 x30 x10* Wb

05x30x107

%(average) = s
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d
d—q;(average) = 3x10%Wb/A

Mean value of inductance,

L
L
17.  (a)

Let, E
Energy E;

Electrically isolated
= Q,
d,
= G,
E,

18.  (¢)
Given,

di
2000 x 3 x
0.6 Henry.

10

Voltage distribution across capacitance is in the ratio 2 : 3 : 4 and applied voltage is 135 V.

Then, Vo
Ve
Ve

Hence, G

30V
45V
60V

4500

22 150 uF
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19. (a)

20. (c)

v X B

21. (a)

E

2wy
5 1,

104, +154, — 203, mWb/m?

t—le - %(wap - 204,

(44, —84,)mWb/m?

2
lBl 'Hl = Bl
2 24

(4% +15% +8%)x107°
2x2x4mx107

@xlo =

3
Ton 60.68 J/m

[(@xB)-di

-0.15 sin10% u_ V/m
0.25
j ~0.15sin10%# dx
0

~0.15sin10° H{x]) >

-0.0375 sin103 ¢t V

Ps »
2¢€ in
E, +E,+E,
10 . (20, . 30
2¢p ¥ 2¢) ¥ 26
10 r. N N -6
H[ax - 24, - 34, |x10
10 1422432 %107
o
10 qr 1871 06
2 € €
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22, (¢)
H = H,+H,
I A
H = 4—m[cosoc2—cosoc1]a¢
o o s s 5 s
H, = 4nx2(COSO —c0s90°)(—a, X 1,) = S—anA/m
5 .
H, = 4nx2(cosO°—cos90°)(Ezyszz) = o
5. .
H = 8_1T(ax+ y) A/m
23.  (b)
I N
H = 4—np(cosoc2—cosoc1)a¢
p = 52+5% =50m
= %[cesaz—cosal]%
4m\5° +5
10 10
€08 & = J50+100 /150
cos o = cos90°=0
G, = G xa, =, x o5y ) [Tl
\ Pl 52 V2
) 2 X( 10 —o)x i+
H = 4gx52 "\ {150 2
= L(—& +a )x—lo
~20m\ YY) 56
1 A A
= ——(-a,+4a,]A/m
10713\/8( * y) /
24, (a)
) 1dpdvV 1d*V d*V  —p,  —p,
VeV = o d 2 2 2 = -
pap ap  p~ d¢° dz € &Ff
_ _ -12
1dfpdV) =0y 710 1077 g6 109
pdp\ dp € p  36x1
d pdV
dp_dp = -01lmn
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pdV

dp
\%
-01lnx2+AIn2+B
AIn2+B
-01nx5+AIn5+B
AIn5+B
Aln25

A

Atp=1, E

25. (b)

max

max

rms

26. (b)

ab

01mp+A

-01lmp+Alnp+B
0

027

60

60+0.5m

(60 + 0.3 m)

(60 i 0.375) )
s ) = 6651

66.51

—(—0.175 +

y=1m
sinmxsinmy T
B4 cos myt

—dB
), TR

S

o

OJ(]BO Sln(ﬂt ndS

S

1 1
ON I J sinx sinmy dx dy
y=0 x=0

4 8000

1000 x 21X — = ——V /turns
T T

18000 0 e
5" n =18 kV

)ap = ~66.194,V/m
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(@)
Il
o~
a
m
o
1
=
a
B
|
B

27.  (d)
According to the Biot-Savart’s law, z
o J- Iﬂ: X I_é
H = 3
4mR (0,0, 1)
R = —xa,+4a, 7 .
0,0,0
R = {1+4? ( )
a T 10dx(~4, ) X (=xA, + 4,)
S an(a® 412 (0,0,%)
X
q - EO dx P
471:00 (x2 +1)3/2 Y
0
g -1 x ; =10,
an 14,2 Y 4amnY
28.  (¢)
The flux in the circuit is,
= 0_ Niil_Nlilu’S
U I/uS 2npg
©® = magneto motive force
U = reluctance

| = mean length
S = cross-sectional area of magnetic core
According to Faraday’s Law, the emf induced in the second coil is,
_ d¥Y  NyN,uS di
Va = TN T gy at

~ 100 x 200 x 500 x (41 x 10~7) x 10~ x 3007 cos 100
2m(10 x 1072)

V, =

= -6mcos100mtV
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29. (b)
According to Ampere’s law,
IeI'IC =
I =

enc

30. (¢)
The potential is given by:

VAB -

Now, we know that E =

il
1l

g}r:,o H-dl
27 4 2 2
0 ) T 2 2

21 2
10* | 4Lgd¢
0 T

2
10* -ﬂx 2= §Ampere
s T

A_ p—
~[E-dl
B
PL a, for infinite line charge
2megp F
107 . 18

———d4,=—a, V/m
10°) " o "

2n| —— |p
36m

dp-a, +pdoa, +dza,

18

P

18

—J.de = [—18111 pﬁ = —18[1112 —In 4]
4

18 In 2 = 12.48 volts
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