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DETAILED EXPLANATIONS

curl[A] = 0; irrotational or conservative

r="=% _o5
N2 + My

.. Reflected electric field = E = I x E; = 50 V/m

y
and Reflected magnetic field = -50/100 = ) A/m

4. (b)
F- Mo Ll

- 2nd

Hol?a upgl%a

Net force on sides parallel to the wire =
2na 2n2a

1stterm attractive, 2" term repulsive and repulsion less than attraction.

2
F = Mo ! towards the wire
4
6 (b)
VxA = é
. _ 9B
VXE = FY:
. B 0A
VXE = __(VXA)_VX(__[‘]
R oA
= E = T3
7. (c)
A vector field T is said to be irrotational if vx T =0
4 4 &
VxT = 5 3y oz
L I, I
a, a, a,
0 0 0
:> — — — =
ox ay 0z

oxy + BZ?’ 3x? 74 3x2° -
= &,(-1+7)-4,(32° -382°) + &, (6x —ax) =0
y=1,B=1a=6
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8. (a)
For a sphere capacitance is given by
-9
c = 4nega=4nx 107 x 6.37x 10° = 0.708 mF
30

9. (c)
Since given function is a vector function and Stroke’s theorem is valid for any vector function.
10. (d)
Total charges given by

11
Q = [psds=[[xy(x®+ y? + 25)¥2dxdynC
00

’
= xdx = dez
Q- 1} yf<x2+ 2+ 25822y nC j V224122577
- 20 0 - 2O 5 0
1
5
= 5fy(y2+26)5/2_(y2+25)5/2dy = E( 21 06)%2 _ ()2 + 25)52 g2
0
_ Exg[( 2 4 08)12 _(y? +25)7/2]1 a E[(27)7/2 —(26)'2 - (26)"2 +(25)7/2]
= 27V y 0= 7
Q = 33.15nC
11. (b)

According to boundary conditions:
1. E, = E, [Tangential components of electric field is continuous]
2.D,, = D,, [Normal components of electric field density is continuous for source free region. ]

En = 6a,
5m = an
b = €obn
E, - :T’;Emz%x6é2=3.75éz

= _4éx + 5éy = EI‘Z

= E, +E,, =-44,+54,+3.7534,

D, = &,+E,=4(-44,+54,+3.754,) = -164, + 204, + 154,
12. (a)
E-2-_49
gy A-g
So, q = EAgy=10>x100x 10 x 8.854 x 10712 =8.854 x 10711 C
13. (a)
a a, a, a, a, a,
R A O
VXB =50 3y oz o oy oz
Bx By Bz| |y+zcosxz x xCOSxZ
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= 4,(0)-a,(-xsinxz - z+ cosxz + xzsinxz — cosxz) + a,(1-1)

=0
As V x B = 0, the field is conservative.

0

0 0

VB = = bBx +—By+a—BZ =-—z2sinxz+ 0-x?sinxz#0

ox

dy

V.B # 0(Notsolenoidal)

14. (b)

An emfis notinduced if the plane of the coil is parallel to the lines of the magnetic field, since the magnetic
flux through the coil does not change when the coil shrinks.

= (0.01) x

(37.5)

=0.375N/C=0.38 N/C

Net flux spreading out of any closed surface is equal to the total charge enclosed

15. (b)
The electric field is given by E = VB
16. (a)
Y= Oenclosed
le =

T

fpvdV— _[ f f%r sin® dr do do

r=0 ¢=00=0"

[k

9
_ 2p+2p,
= x>y oz

g

do j sine do — f dr f do [~ cos 0]

r=0 6=0 0

=2(2m)1 =4 n Coulombs

=pV

d d

jpvdv—4jxdxjdyj dz
-1

3

2
]

We know that if both B and E are present then, force on an electron is :

1 27
= I ar I de 2
r=0 0=0
17. (a)
We know, VxD
Py
Charge stored, Q
18. (d)
ﬁ =
Since F =
therefore,

q[E+V><§]

0

D, =0+ 4x-0=4x

)2
4{)“_} [y]f[z]i‘1 =4><§><1><5 =30C
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19.

20.

21.

or,

0 = q[E+V><§]

or, E=(-4.48,+1.38,+11.48,) kv/m

(b)

= _VxB=BxV = ‘

For spherical co-ordinate, ;%{ﬁ ﬂ/} -0

=

(c, and ¢, are constants)
Given,

at

=

When
at

And

(a)
We know E =-VN

So,

(c)

E
ar

V = T+C2
V=0
I = oo
c, =0
Va—

P
V=1V
r=a

C
V, -
c, = -aV,
V = Va

v .
E = —ga,+——

10 20 30

rsing op °

x 10% x 1073

..... Laplace equation in spherical co-ordinates.

-10 . . 10 . 10 .
- —[r—zsmecosq)ar +r—zcosecos¢a,l—28|n¢}

10 . . 10 ~ 10 . .
= r—23|neoos¢a, —r—zcosecosq)a, + l—zsmq)aq,

D = e at(2,1/2,0)

D = 80[%‘ér_o'+o}=2'580ér C/m2 = 221é, pC/m2
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22.

23.

24.

1 0(6
r—gg(;(‘l—COSSf’)) =p

Qi(%(—oos&)) =p

rem
30 .
= —Sin3r
Y e

(c)

L'LL L

a, =4q L1:L
9 =q L =1L
=g Ly = V5L
Q4:_q L4:\/§L

S a1t 1 1.2_a(_1
T odme,\L L 5L BL) T 4me, L J5
(a)
The magnetic field intensity produced due to a small current element /d! is defined as

. I1dIxa,
aH = "R

®

where d/is the differential line vector and &g is the unit vector directed towards the point where field is to

be determined. So for the circular current carrying loop, we have
dl = add)éq,
a = 4
Therefore the magnitude field intensity produced at the center of the circular loop is

T Iadoa, x(-&) I

21 ~ I .
= = —=2 = —a, Alm
¢.[0 Ana® 4na® [¢]0 z 247 /
(c)
Given, Magnetization, M = 2.8 A/m,
X, = 0.0025
The magnetic field intensity in a material,
H = M= 28 =1120 A/m
X 0.0025

The flux density, B = (1+%,)4H = (1+0.0025) x 4nx 107 x 1120
1.411mT
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25. (b)

Given, yza, +xya, + xza,

>l
I}

a & a
|9 9 9
VXA = 5 9y oz
yz xy xZ

vxA = &4(0-0)-4,(z-y)+a (y-2

= -a,(z-y)+a,(y-2)
At point (0, 1, 2)

vxA = -4,(2-1+4,(1-2)

VX/_A = _ay _az

VXA = JFF =2 =141
26. (a)
C one 2nx4x8.854x10712
= = = = 138.3 pF
L~ b In5 383p
a
27.  (d)

According to Gauss Law, the volume charge density in a certain region is equal to the divergence of electric
flux density in that region.

—

ie. p, = V.D

(%é +%é +£;izéz).[(3y2 +42)a, +2xya, + 4xéz]

p, = 2x
So, total charge enclosed by the cube is:

Q

jpvdV

o'—.r\)

21
(jjj (2x)dx dy d2) = [x*] x2x2

X

Hence, Q 16 C

28. (b)
According to Ampere’s circuital law the contour integral of magnetic field intensity in a closed path is equal
to the current enclosed by the path.
ie. cf)ﬁdf =1

enclosed

Now using right hand rule, we obtain the direction of the magnetic field intensity in the loop which will be
opposite to the direction of L.
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So, ngH.df = -/

enclosed —

20 A
(10 A is not inside the loop so it will not be considered)

29. (a)
Electric field at any point due to infinite surface charge distribution is defined as

Where p,— surface charge density,
a,— unit vector normal to the sheet directed towards the point where field is to be determined.

At origin electric field intensity due to sheetat y =1 is

= P A 5 .

E, = —=(-a,)=-——a
! 260( 2 2¢,
(én=_éy)

and electric field intensity at origin due to sheet at y = -1 is

= Ps /2 5 .
E, = ——a)=——a
B 260( y) 2¢y
(én=éy)
So, net field intensity at origin is
= oz 5 . 5 .
F = BE+E=-—a,+—a,=0
E 1+ £ P, oY V/im

30. (a)
Consider the two dielectric as shown below,

Region 1
- ~ -
E=2a, €1=4¢,

E-= 4a, Region 2
€256,

Since the field is normal to the interface so, the fields are

E1n =2
and E, =4
From boundary condition, we have

D1n_D2n = Ps

€Ep- B, = P

(where p. is the surface charge density on the interface)

4(€5)(2)=(€n)(4) = py
8e,-4€, = p,
46O = ps

L 1 1]
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