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DETAILED EXPL ANATIONS

1. (d)
Field lines are always from higher potential point to lower potential point. So, at equipotential
surface, no component of field can be tangential to surface as otherwise potential difference will
produced.
Hence, electric field lines are orthogonal to equipotential surface.

2. (d)

3. (d)

D∇ ⋅
�� = ρv

Given D
��

= ˆ ˆsinx ya y a y+

D∇ ⋅
�� =

30 1 0 1 (C/m )yx zDD D
x y z

∂∂ ∂+ + = + + =
∂ ∂ ∂

4. (c)
This is Maxwell’s third law derived from Gauss’s law which says that total electric displacement

i.e., D  through a surface enclosing a volume is equal to the charge in the volume.

5. (b)

φm =
s

B ds⋅∫∫
� ���

ds
���

= ˆd dz aφρ =

= [ ]
2 2.5

2.5
0.5

0 0.5

20 2 20 lnd dzρ = × ρ
ρ∫ ∫

= 20 × 2 ln 5
= 40 ln 5 = 64.40 Wb

6. (c)
From the gauss law magnetic fields

B dS⋅∫
�� ���
� = 0 or B∇ ⋅

��
 = 0

H∇⋅µ
�

= 0

So, H∇ ⋅
�

= 0

7. (a)
∇ depends on space (x, y, z) and has direction

∇ = ˆ ˆ ˆx y za a a
x y z
∂ ∂ ∂+ +
∂ ∂ ∂

∴ del (∇) is a vector space function.
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8. (d)
From Ampere’s circuital law

H dl⋅∫
� ��
� = Ienc = I – I + I = I

B dl⋅∫
� ��
� = o oH dl Iµ ⋅ = µ∫

� ��
�

9. (a)

Energy = 21
2

CV  or ×
21

2
Q
C

4.8 =
−× ××

61 20 20 10
2 C

C =
−× ×

×

620 20 10
2 4.8

 = 41.66 µF

10. (b)
For a uniformly charged sphere of radius ‘R’ electric field intensity inside the sphere is given by,

E = π ∈ 3
0

1
4

Qr
R

For r = 2
R

, point will be inside the sphere,

E =

 
  

π ∈ 3
0

1 2
4

RQ

R
 = 

π∈ 3
08

QR
R

...(i)

For a uniformly charged sphere of radius ‘R’, electric field intensity outside the sphere is given
by,

E =
π ∈ 2

0

1
4

Q
r

For r = 2R, point will be outside the sphere,

E = =
π ∈ π ∈2 2

0 0

1
4 (2 ) 4 (4 )

Q Q
R R

...(ii)

From equation (i) and (ii),

=
 =  

(at 2 )

at
2

E r R
RE r

=
π ∈

=

π ∈

2
0

2
0

4 (4 ) 1
2

8

Q
R

Q
R

 = 0.5

11. (b)
Gauss’s law for magnetic fields states that the magnetic flux flowing through the closed surface is
equal to zero as free magnetic monopoles do not exist and magnetic flux lines are closed,

∇ ⋅
�
B = 0
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12. (a)

J = ∇ ×
�
H  = 

 
 
∂ ∂ ∂ 

 ∂ ∂ ∂
 
  

ˆ ˆ ˆ

3 7 2

x y za a a

x y z
y x

J = − ˆ2 ya

13. (a)
�
A = + + −2 3 3ˆ ˆ ˆ3 ( 2 )x y zx yza x za x y z a

∇⋅
�
A =

∂ ∂ ∂+ + −
∂ ∂ ∂

2 3 3(3 ) ( ) ( 2 )x yz x z x y z
x y z

= 6 xyz – 2

∇ ⋅
�
A ≠ 0

�
A  is not a solenoidal

∇ ×
�
A =

∂ ∂ ∂
∂ ∂ ∂

−2 3 3

ˆ ˆ ˆ

3 2

x y za a a

x y z

x yz x z x y z

= − − − + −3 3 2 2 2 2ˆ ˆ ˆ( ) (3 3 ) (3 3 )x y zx x a x y x y a x z x z a  = 0
�
A  is irrotational.

As ∇ ⋅
�
A  is nonzero, this means A is having some divergence. It is not a divergenceless function.

So, 
�
A  is a non solenoidal field. As A∇ ×

�
 = 0, A is an irrotational field.

14. (a)
∵ C1 and C2 are identical,

∴
�

1B = −
�

2B

∴
�

netB = 0

(0, 0, )h

(0, 0, 0)

1B

2B
 
  
0,0,

2
h

i

i C1

C2

As both the coils are same axis and carrying currents in opposite directions, the field components
produced by both the coils are in opposite direction and they cancel out each other. So, the net
field at the point on the axis midway between the coils is zero.
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15. (a)

∇ ⋅
� �

A = +ve, 
�
A  going away from source

∇ ⋅
� �

A = –ve, 
�
A  is coming towards the sink

∇⋅
� �

A = 0, neither source or sink of 
�
A  is present.

16. (d)

N S

17. (a)
Laplace equation in cylindrical coordinates

∇2V =
  ∂ ρ∂ ∂ ∂+ + =    ρ ∂ρ ∂ρ ρ ∂φ ∂   

2 2

2 2 2
1 1 0V V V

z

18. (a)
y

x

–Q

+Q
(0, 0)

+
(2, 2)

Q2

21

1

–Q

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

19. (c)

E∇ ×
�

=

ˆ ˆ ˆ
1

4 sin 0 0

za a a

z

ρ φρ
∂ ∂ ∂

ρ ∂ρ ∂φ ∂
ρ φ

1

90°

1

2

1

3

= 1 ˆ(4 sin ) za ∂− ρ φ ρ  ∂φ 

=
1 ˆ4 cos za− ρ φ
ρ  = ˆ4 cos za− φ

⋅∫
��

�E dl = E ds∇ × ⋅∫
��

Where, ds
�

 = ˆzd d aρ ρ φ

= 4cos d d− φρ ρ φ∫

=
π

− φ φ ρ ρ∫ ∫
/2 1

0 0
4 cos d d  =  

12
/2

0
0

4sin
2

π ρ− φ ×   = 
14 1
2

− × × = –2
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20. (d)
According to the Biot-Savart’s law,

�
H =

×
π∫
� �

34
IdL R

R

R

X

Y

Z

(0, 0, 1)

(0, 0, 0)

( , 0, 0,)x

�
R = − +ˆ ˆx zx a a

R = + 21 x

�
H = 2 3/2

0

ˆ ˆ ˆ10 ( ) ( )
4 ( 1)

x x zdx a x a a
x

∞ − × − +
π +∫

= 2 3/2
0

10 ˆ
4 ( 1) y

dx a
x

∞

π +∫

�
H =

2
0

10 ˆ
4 1

y
x a

x

∞

π +
 = 

10 ˆ
4 ya
π

21. (b)
Force on charge is given by,

�
F = + ×

� � �
( )Q E V B

= − + ×
� � �

( )e E V B

If 
�
F  = 0,

Then,
�
E = − ×

��( )v B

= ×
� �

( )B V

�
E = ×

� �
B V  = 

−
 
  × × 
 − 

5 3

ˆ ˆ ˆ

1 2 2 10 10 V/m
3 12 4

x y za a a

=  − − − − − + − × 
2ˆ ˆ ˆ( 8 24) ( 4 6) (12 6) 10x y za a a

=  − + + × 
2ˆ ˆ ˆ32 10 6 10 V/mx y za a a

�
E = − + +ˆ ˆ ˆ3.2 0.6x y za a a  kV/m

22. (a)
Since, both the electrodes are at the same potential we can say that both have same nature of
charge either positive or negative.
In such a case, of we draw electric field, the field due to both will be in same direction at A and
hence get added up. So electric field at A will be maximum.

A

B

CD 2

1
+Q+Q

E2

E1
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23. (d)
The ρv is dependent on the variable r. Hence though the charge distribution is sphere of radius ‘a’

we can not obtain Q just by multiplying ρv by 34
3

a π  
 as ρv is not constants. As it depends on r,

it is necessary to consider differential volume dV and integrating from r = 0 to a, total Q must be
obtained.

dV = r2 sin θ dr dθ dφ

∴ Q =
2 2

2
0 2

0 0 0
1 sin

a

v
v r

rdV r drd d
a

π π

φ= θ= =

 
ρ = ρ − θ θ φ   
∫ ∫ ∫ ∫

= [ ] [ ]
4

2 2
0 0 0 2

0
cos

a

r

rr dr
a

π π

=

 
ρ − θ φ −   

∫

= [ ]
3 5

0 2
0

( 1) ( 1) [2 ]
3 5

a
r r

a
 

ρ − − − − π − 
  

=
3 3

0 2 2
3 5
a a 

ρ × × π× − 
  

=
3

3
0 0

2 84
15 15
a a Cπρ × π× = ρ

24. (c)

F = 1 2
2

04 r

Q Q
dπε ε

F ∝
1
rε

∴
2

1

F
F = 1

rε

F2 = εr F1 = 2.25 F1

25. (c)
Given, φ = 4x2 + y2 + cz2

In source free region,

D∇ ⋅
� = 0

Also D = ∈E

So, ( )E∈ ∇⋅
�

= 0

or, E∇ ⋅
� = 0

Also E
� = V−∇ = −∇φ

V∇ = ˆ ˆ ˆx y z
y

a a a
x z
∂φ ∂φ ∂φ+ +
∂ ∂ ∂

E−
�

= ˆ ˆ ˆ8 2 2x y zx a y a cza+ +
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Again, E∇ ⋅
� = 0

yx zEE E
x y z

∂∂ ∂
+ +

∂ ∂ ∂ = 8 + 2 + 2c = 0

c = –5

26. (b)
When spheres are brought in contact total charge gets redistributed

Q = 1 2 4.5 1.5
2 2

Q Q+ −=  = 1.5 nC

After separation of 50 cm between spheres

Force, F =
1 2

2
04

Q Q
r

×
π ∈ ×

=
9 9

2 2
0

(1.5 10 ) (1.5 10 )
4 (50 10 )

− −

−
× × ×
π ∈ × ×

=
18

12 2 2
2.25 10

4 8.854 10 (50 10 )

−

− −
×

π × × × ×
 = 80.89 nN

27. (c)

Given, H
�

= 2 2ˆ ˆ ˆ4 ( ) 3 A/mx y zy a z x a y a+ − +

So, H∇ ×
� =

2 2

ˆ ˆ ˆ

4 3

x y za a a

x y z

y z x y

∂ ∂ ∂
∂ ∂ ∂

−

 = ˆ ˆ(3 2 ) ( 2 4)x za z a x− + − −

At origin (0, 0, 0), ∇ × H = −ˆ ˆ3 4x za a

H∇× = 2 23 4 5+ =

28. (d)

We know, F
� = ×

� �
( )I dl B

= ˆ ˆ10(2 2.5 )z xa a×  = ˆ50 Nya

T
�

= ˆ ˆ(0.4 ) (50 )x yr F a a× = ×
��

= ˆ20 N-mza
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29. (d)
Consider the layout shown below,

Q2 (–1, 0, 0) Q1 (1, 0, 0)

R1 R2

P z(0, 0, )
Z

Distance of Q1 and Q2 from point P,

R = 2 1z +
Also, Q1 = Q2
and R1 = R2 = R
Potential at P is twice that of due to single charge

V =
9

90 2

2 3 102
4 104 1

36

Q
R

z

−

−
× ×× =

π ∈  
π × + π 

 = 2

54 Volt
1z +

dV
dz = 2 1/2

54
( 1)

d
dz z

 
 +   = 2 3/2154 ( 1) 2

2
z z− × − + ×  

dV
dz = 2 3/2

54
( 1)

z
z
−
+

So,
dV
dz = 2 3/2

54 V/m
( 1)

z
z +

30. (a)
We know,

Biot Savart’s law, H = 2
ˆ

4
rI dl a

R
×

π∫
��

 = 
2

2
0

ˆ
ˆ( )

4

IR d a
a

R

π
φ

ρ
φ

−
π∫

=
2

2
0

ˆ( )
4 z
I Rd a

R

π φ
π ∫  = ˆ

2 z
I a
R


