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DETAILED EXPLANATIONS
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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.

If the divergence of a given vector is zero, then it is said to be solenoidal.

2. (c)
V. A
By Divergence theorem,
[(v.A)dv
1%
So, for a solenoidal field,
V.A
3. (a)
4. (d)
From Biot savart law,
H
H
5. (d)
Net flux
6. (d)
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1
Total energy stored EC V2

%(150 x107%) x 10°

75 Joules
7. (c)

Normal component of B is continous at the boundary while the normal complenent of H is
discontinous at the boundary.
ie. B,, = B,,
or wHy, = nHyn
Hence (c) is wrong.
8. (c)
Two wires carrying current in the same direction attract each other and if the currents are opposite
in direction, they repel each other. This can be observed using right hand rule.

9. (a)
E - N9 ~100(3¢* -2)x 10>
dt
= -100(12-2) x 103 =-1V
10. ()

When the spheres are brought into contact with each other, the total charge on them gets
redistributed equally since they are identical.
Resultant charge on each sphere,

_ Q1+Qs _ 3.1-01 —15nC

Q 2 2
After the separation the charge distribution remains unchanged.
i - Q1 xQ
FI' = 4ne,R?
_ (15x107%)x(1.5x107%)
4% 8.854x 10712 x (50 1072)?
|E| = 80.89 nN.

11. (a)
Q,=+5x10°%C, Q,=+4x10%Cand Q,=-6x10%C
The potential at point A

QA D O

475801’1 47’5807’2 47‘5801’3

V, =

1 {5><10‘8 L 4x10°° _6><10_8}
4me 5 4 3
0
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Q,=5x10"C Q,=4x10°C

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).

AN

. (i)

Linel
-Y c/
et
3 3
Then, ro= 3fly +3LAIZ
and r, = —3ﬁy+3ﬁz
34, +3a
E, = — (3, Z]
2758071 \ n
where, r? = 3%+32= 42 (in magnitude) = 18 = 1
E, = A (—3ay+3az
27‘5807’2 k 7’2

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

A .
E = E;+Ey =——5(2X34,) (replacing r, and r, by )

2meyr

5x107° . A
= 22XV (64)=30a, V

13. (o)
For spherical coordinate systems,

dl = rsin0doa,

27
<J')G.dl = j 15ra,.rsin0d¢ a,
0
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15 . 12, sinO(2m)
15 . (2)2 % sin30°(2n)

$Gdl = 60
14. (d)
—4m o +4m

- - --- --->+
Y 745 PRt

’ . 4 .

o o

R R

X
¥ N

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,

2neo| R R
where, R = 4a, and |R|=+42+42=42 m
-9 ~
P o= 40x 4x10 _x 4ax2
21x8.854x10712 " (44/2)
E = +184, V/m
15.  (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 +¥,+¥,
W, = Electric flux leaving the spherical surface with R = Im
= 20 x 107 x (4 R?)
= 20x 10 x4 =807nnC
¥, = -9x107 x (47 (2)?

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

16.  (¢)
The total dielectric flux = Y =Q=CV
= 2x10%%x10°x 20 x 103 =4 uC

Vv _20x10°

t 2x107
= 10 MV/m =100 kV/cm.

Potential gradient =
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17.  (b)

At the origin, x=0,z=0

18.  (¢)
The flux ®,, ati; =5 A'is

@,

@, at i,
@,

i i k
Jd 9 0
0z

ox dy
2y (2-x%) By

1(3-22)+k(-2x-2)
(3-22)i — (2x+2)k

3i -2k

V32422 =13

Bx A

1 x (30 x 1074
30 x 10* Wb
10 A is,

1.5 x 30 x 10

Increase of flux when current is increased from 5 to 10 A

Z—T (average)

% (average)

Mean value of inductance,

L

L
L

19. (a)
Ky
Ky

1t

0.5 x 30 x 10 Wb

0.5x30x 107
5

3 x 104 Wb/A

d
N
di

2000 x 3 x 104
0.6 Henry.

2 uy
51,

104, +154, — 203, mWb/m?

B2n = 15&¢

H2t

ﬁ—;BZt - %(wap ~204,)
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B,, = (44, —83,)mWb/m?

1 _ B}
Wml = EBl'Hl—m

(4> +15% +8%)x10°°
2x2x4nx1077
305

= 167)(10 =6068 ]/m3
20.  (¢)
E = [(vxB)dl
vxB = -0.15sin10% u_V/m
0.25
E = | —015sin10%t dx
0
- . 103,1.1025
E = -0.15sin10"t[x],
E = -0.0375sin103 t V
21. (a)
M =X H
oy B_oD =(1 1jx4—yx10‘3a2
"u Wrlo Yo
= 28_]/X10_3az
Mo
J=VxM
a, a, @,
o d 0 78
= Bo o2 Ao | = =2 %1073, = 2475, 2
ox ay oz 9“0 a, 2475.7 A/m
o o B
Mo
22.  (a)
Ps ~
E = E +E +E,
_ (20, 20, 30 (-,) | x107
2 ¢ 2¢, 7 2¢,
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23. (o)

T

24.  (b)

COos CX‘Z =

COos 0(1

T

25.  (d)

vy

10 22432 %10
2¢
10 1871 . ¢
14 = x107° = 6
re; J14 < 211 x10°V/m
H, +H,

I N
Hp[cosocz — cosoly |4,

P (cos0° - cos90°)(—d, x d,) = %%A/m
5 .
(cos0° —cos90°)(a, x d,) = gp

4 X2

5 . .
g(ﬂx +ﬂy) A/m

I .
4_7tp (cosaly —cosoy)a,

V52 +52 =/50m
2 N
m[COSOﬁZ - COSCll]ﬂ¢

10 10
J50+100 /150

= c0s90°=0
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v 4
o p
V=Alnp+B
Vip=4) = Aln4+B=0
Vip=12) = Aln12+ B =V,
Vo= Aln12-AIn4=A1In3
Jav. 4,
E(p=8) = —6&ka/m
A = 48
V, = 48In3V
26. (a)
2 2 _ _
oy o LAV AP BY
pdp dp  p~ do° dz € &<
1d(pdV -, - 12
(p _ P A0 10 aemx10?
pdpk dp € p 36x1
V2V = __pU
€
d pdV
dp_dp = -01mn
pdV
_dp = 0l1lnmp+A
V==0lnp+Alnp+B
-01lntx2+AIn2+B =0
Aln2+B =027
-01ntx5+AIn5+B = 60
Aln5+B = 60+05m
Aln25 = (60 + 0.3 m)
B (60+O.3n) B
A = 25 = 66.51
E =-VV
p
YA .
Atp=1, E = —(—O.ln+£)ap = —66.19a, V/m
27. (b)
X =y =1m
B, = sinnxsinny T
B = B, cos ot
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-dB ..
E(t) ISI - )
= J.J.(DoBO sinwtndS A
S
1 1
E . = O J. _f sinx sinmy dx dy x1 x
y=0 x=0 Z
1000x 21 x - = 8000y /¢
Emax = 7'52 = T / turns
L X 8000 x 10
E .= 2 x =18 kV
28. (a)
Total electric flux over a sphere of 5 m radius
=+t QL+
= (5+4-6)x108
=3x108C
29. (a)
a, Rag Rsina,
vxH=_L |9 9 0
R%sin0|or 96 El
0 0 R’sin®0
1 2 . A .2 ~
= 2R*sinBcos0a, —2Rsin” 0 Ra
R? sinG[ ’ J
= (2cos0a, —2sinBdy)
At origin IVxH| =2
30. (a) z
2 R
= L (0 L2
B (R + 12y Uz
4mx 1077 x 150 x 0.122 R
B = 0122012522 14 y
= 0.522 mT
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