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DETAILED EXPLANATIONS

1. (a)
In cylindrical coordinate system:

T N N
o 1| 0 b b 1|0 0 0
VxA = == = A== = =
% plop 9o 9z| Plop el 0z
A, pAy A, 0 psin2¢ 0

U s (0= pit(0) + 3,2 (psin20) | = L(sin20)a

= P_ P p (0] zap p = p z

at point P(4, n/6, 0),

2. (b)

The given vector A is in spherical coordinates

—

A = 2rc059~cos¢&r+rl/2&¢
- 10, 9 1 d . 1 04
iv.A = ——("-A)+ -—(sin@- Ag) + —
div r? 8r( ) rsin@ 89( o) rsin® ¢
10(,3
= ,,_2$(2r Cosecos¢)+0+rsme(0)

= 6 cos 0 cos ¢

At point (LE,E),
473
- T T
A = 6 — —| =2121
V-A COS(4)COS(3J

3. (d)
The incremental work is given by:

dW = —Q-E-dl
Now d/ in the direction of éq);
dl = rdéa, = 6><10_6ﬁ¢

Thus E.4] = -200 x 6 x 1076 = 1200 x 10
dW = -40 x 1076 x (~1200 x 10°)
= 48 nJ
5. (d)

As we know;

o1

VxA =

Where B is magnetic flux density:
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10.

11.

Wb

2

Wb

m

1

m
4dmea where € = ¢,
18 cm

-9
47X x18x1072

2 x 10711 = 20 pF

L;
2r ¢
Mol _ 41x107 x1x107 P
2r 2x2 ‘

03144, (n Wb/m?)

—9p
ot

v . . . .
1s continuity equation

. 0.01 n/4

[J.ds= | [ 100cos2ya,d,d, 4,
—0.01-1/4

n/4

[0.01+0.01]x 100 x S12Y

-n/4

(50 x 0.02) x [Sin (g) - sin(_z—“)] =2A

Units of B =
Therefore, unitof A =
units of V. =
(@
C =
a —
C =
()
At the centre of the loop, assuming loop is horizontal,
ﬁ =
Magnetic flux density, B =
B’ =
()
V-] =
()
I =
()
The potential is given by:
Vag =

Now, we know that E

A_ —
~[E-d
B
PL a, for infinite line charge
2mepp P
107 . 18

ay =—a, V/m

10°) °* p
2n| —— |p
36w
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dl = dp~ﬁp+pd¢ﬁ¢+dzﬁz
18
= = _ —dp

2
V= —J%dp =[-18Inp; = -18[In2 - In4]
4

18 In 2 = 12.48 volts

12.  (b)
Consider the diagram shown below:

R / R
2,/ M
y .
/ \

/) \
’ \
’ N

& Y x

Q1,000 0 Q10,0

Distance of Q, and Q, from point P are:

R, = Ry=+z2+1

Since, Q= Q,

and R, = R,

Now, potential at P is twice that of single charge

V= 2x Q
4megRy
- 144
= 2x §x10 > Volts
+1

-9 =
A [10)\/22 +1 vz
36w

v A 144
dz — dz\ (22 +1)Y/?

= 144x [—%(22 + 1)—3/2] X2z

dv. 144z
dz (2 +1)/%7
dvi 144z
dz| (22 +1)%?
13.  (¢)
AV _250-100 \
E= A7 5x103 —3x10°V/m
E =-VV=3x10%, V/m

R = (107 4 A
D = €& E= xX24x(-3x10%)a,
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D

—6.366 x107 4, C/m?

Since D is constant between the disks, and D, = p, at a conductor surface.

p, = £6.366 x 107 C/m?
Positive sign on the upper plate and negative sign on the lower plate.
14. (b)
Magnitude of electrical flux density,
Bl =
4m|R|
R = \12+(3)2 +(-4)> =5.099 m
L 40x107° )
B = 4n(5.009)2 ~ 12243 pC/m
15. (a)
The given vector is in cylindrical coordinates,
A = pzsindd, + 3pz? cos 0
A = Ajd, + Ayly + A,
- " 0A
div i = v.A=19 Ap)+1~—¢+ai
pap 0 0z
10 . 1 0 2
= ——(pxpzsing)+—-—(3pz~ cosd)+0
pap G
= 1(2pzsinq)) - 1(3pz2 sin¢)
P P
= 2z sin ¢ - 322 sin ¢
= (2-3z)zsin ¢
At point (5,2,1)
2
divA = (2-(3x1)x 1sing
= -1
16. (d)
With in the conductor,
] = VxH
_ _i( Ir )ﬁ Jlof 1 ).
0z\2ma? )" ror\ 2ma® )
1 1 .
=g = _ .2
I r 2ma® h
S
J na*
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Outside the conductor, ] = vxi
IETEANRTTIAN
- 0z 2mr) " ror\2m) ¢
J =0
17.  (b)
Magnetic flux = @ = j§d§
2025
= J J (E)&q).drdz&q)
r
005
= 2x2x [In25-1n 0.5]
o = 4X% ln(é) =6.4377 Wb
0.5
18.  (¢)
400
The turns per unit length = == 800

So, the axial field is,

B = p,H =p, 800/ (Wb/m?)
l I I
L -7
- = 400(8001 ><§47t x107")) o n(0.02)2
Inductance, L = 505.32 uH
19. (a)
W = 2y
Hy = 5u,

B, = 104, +154, — 204, mWb/m?

B =B1’l=152\l¢

2
H,, = H,,

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

B, = (44, —83,)mWb/m’

1 _ B
Wml = EBl'Hl—m

(42 +15% +8%)x107°
2x2x4nx107

305
= ——X 10 = 3
Ton 60.68 J/m
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20. ()
21. (a)
22.  (a)
23.  (¢)

v XxB

£

[(wxB)-dl

-0.15 sin10% u, V/m
0.25
| —0.15sin10°t dx
0

0.25
0

-0.0375 sin10® + V

~0.155in10° ¢[ x]

X
X B_w-1 _( ! )x4—yx10_3&
m— =

TR TTT 5)" Ko ’
2 104,
o
VxM
ay a, d

Jd 0 0 78
— — — | _ <° -3A _ 2
x dy oz _9M0X10 a, =2475.7 A/m
o o 2Bv

o

Ps_~
260 n
E,+E,+E;
(10 . (=20) 3 30 (_&Z)JX 10-6
260 260 260

10 . . . 6
zeo[ax—Zay—SaZ]xw
10 1122432 %10

S0

10 g7 1871 0

14 = x107° = 6

e < 2.11 x 10°V/m
H +H,

I A
4—np[cos 0Ly —cos oLy |d,

A

az) =

pro, (cos0° — cos90°) (-, x %[@A/m
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5.
H, = 4nx2(COSO°—cos9O°)(ﬁyxftz) = ot
5. .
H = g(ax_f'ay) A/m
2. (b)
L(cosoc —cos oL )4,
H = 4mp 2 1%
p = 52 +5% =/50m
H = %[cosaz—cosal]%
4n\N5° +5
0 10
oS0y = /50+100 /150
cos oy = cos90°=0
B = B XA = X 5a; +5a, ) _ e thy
e v R W
o 2 X( 10 —o)x —iy + 1,
H = y4rx5y2 " ({150 2
_ L(_,} +a )Xﬂ
T 20m\ Y Y56
1 " «
= ——|(-a,+a,|]A/m
107t\/8( g y) /
25.  (d)
Gy o L4 (pdV)+id2V+d2V_0
Vo= Sl dp p? do>  dz?
_ldfpdV)_,
pdp\ dp
VoA
dp— p
V=Alnp+B
V(p=4) = Aln4+B=0
V(p=12) = Aln12+B =V,
V, = AIn12-AIn4=AIn3
v J224]--A
E=-VV= dp P p P
E(p=8) = —64a,kV/m
A = 48
V., =48In3V
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26. (a)
2 2 _ _
vy - 1 alpdV+ 12d\2/+d\2/ _ Py _ =Py
pdp dp  p” do~ dz e g
- _ -12
1.dfpdv - Po_ 10>< 10 x 361 x 10°
pdp\ dp € p  36x1
VZV = __pU
€
d pdV
dp dp = -01m
pdV
dp - -0lmp+A
V=-=0lnp+Alnp+B
-01lnx2+AIn2+B =0
Aln2+B =02n
-01lnx5+AIn5+B = 60
Aln5+B = 60+05mn
AIn25 = (60 + 0.3 m)
_ (60+0.37t) _
A = o5 = 66.51
E =-VV
= —(—O.1n+é)&p
p
Atp =1, E = —(—0.1n+ 66.51)% = —66.1942, V/m
27. (b)
X, =y =1m y
B, = sintxsinny T
B = B, cos ot "
-dB .
= ||——-ndS
e = I
*
z
= [[wyBysinotids
S
1 1
E .. = 9 I J sinmx sinmy dx dy
y=0 x=0
E = 1000X21€><i2 = MV/turns
max T T
1 8000
E .= 7

rms

X x10 =
NG T 18 kV
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28. (b)
C = 4n eo( ab )
a-b
A, = 4na?
A, = 4nb?
A )
4 4n
JAA
h = a‘'b p
8 4r
iy = YA A4
Van
JAA N
C = 4neg L AP in
4 ( [A, - /Ah)
JAA
= \/EEO L et b
VA, — A,
29. ()
A
Capacitance, C = 87
G _ gAd
G digyhy
As the area of both the plates and the distance between the plates is same for both the capacitor.
C
N 1. 88
) & &
G _ 12 Co=1-
= C_2_48 = (:(,=1:4
30. (a)
AH —
V= —|E-dl
B
- Pr_ -
= a
where, E e, r v
Ax><109d —x><10‘9><36nA1d
Van = -] @ne,r) - 2ax107 J
B 0 B
= —18x[lnr]i

-18x[In 2 - In 4]
18x[In 4 - In 2]
18In2

12.48x V
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