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DETAILED EXPLANATIONS

1. (a)
In cylindrical coordinate system:

A∇ ×
�

=

ˆ ˆ ˆ
1

z

z

a a a

z
A A A

ρ φ

ρ φ

ρ
∂ ∂ ∂

ρ ∂ρ ∂φ ∂
ρ

 = 

ˆ ˆ ˆ
1

0 sin 2 0

za a a

z

ρ φρ
∂ ∂ ∂

ρ ∂ρ ∂φ ∂
ρ φ

=
1 ˆ ˆ ˆ(0) (0) ( sin 2 )za a aρ φ

⎡ ⎤∂− ρ + ρ φ⎢ ⎥ρ ∂ρ⎣ ⎦
 = 

1 ˆ(sin 2 ) zaφ
ρ

at point P(4, π/6, 0),

A∇ ×
�

= 1 ˆsin 2
4 6 zaπ⎛ ⎞×⎜ ⎟⎝ ⎠

 = 
1 3 ˆ
4 2 za⋅  = 

3 ˆ
8 za

2. (b)

The given vector A
�

 is in spherical coordinates

A
�

= 1/2ˆ ˆ2 cos cos rr a r aφθ ⋅ φ +

div.A
�

= 2
2
1 1 1( ) (sin )

sin sinr
A

r A A
r r rr

φ
θ

∂∂ ∂⋅ + ⋅ θ ⋅ +
∂ θ ∂θ θ ∂φ

= ( )3
2
1 12 cos cos 0 (0)

sin
r

r rr
∂ θ φ + +
∂ θ

= 6 cos θ cos φ

At point 1, ,
4 3
π π⎛ ⎞

⎜ ⎟⎝ ⎠
,

A∇ ⋅
�

= 6cos cos
4 3
π π⎛ ⎞ ⎛ ⎞

⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠
 = 2.121

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

dW = Q E dl− ⋅ ⋅

Now dl in the direction of âφ ;

dl = ˆr d aφφ  = 6 ˆ6 10 a−
φ×

Thus E dl⋅
� = –200 × 6 × 10–6 = –1200 × 10–6

dW = –40 × 10–6 × (–1200 × 10–6)
= 48 nJ

5. (d)
As we know;

A∇ ×
�

= B
�

Where B
�

 is magnetic flux density:
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Units of B
�

= 2
Wb
m

Therefore, unit of A
�

=
Wb
m

∵ units of ∇ =
1
m

6. (a)
C = 4 πε a where ε = ε0,
a = 18 cm

C =
9

2104 18 10
36

−
−π × × ×

π
= 2 × 10–11 = 20 pF

7. (a)
At the centre of the loop, assuming loop is horizontal,

H
�

= ˆ
2 z
I a
r

Magnetic flux density, B
�

=
7 3

0 4 10 1 10 ˆ
2 2 2 z

I a
r

− −μ π × × ×=
×

B
�

= ˆ0.314 za  (n Wb/m2)

9. (a)

J∇ ⋅
�

= v
t

−∂ρ
∂  is continuity equation

10. (a)

I =
/40.01

0.01 /4

ˆ ˆ. 100cos2 x y z xJ d s ya d d a
π

− −π

=∫ ∫ ∫
� �

=
/4

/4

sin 2[0.01 0.01] 100
2

y π

−π
+ × ×

= (50 0.02) sin sin 2A
2 2

⎡ π −π ⎤⎛ ⎞ ⎛ ⎞× × − =⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

11. (c)
The potential is given by:

VAB =
A

B
E dl− ⋅∫

Now, we know that E
�

=
0

ˆ
2

L aρ
ρ
πε ρ

 for infinite line charge

E
�

=
9

9
10 18ˆ ˆ
102
36

a a
−

ρ ρ−
=

ρ⎛ ⎞
π ρ⎜ ⎟π⎝ ⎠

 V/m
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dl = ˆ ˆ ˆzd a d a dzaρ φρ ⋅ + ρ φ +

E dl⋅ =
18 dρ
ρ

VAB =
2

2
4

4

18 18ln 18 ln 2 ln 4d− ρ = − ρ = − −⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ρ∫
= 18 ln 2 = 12.48 volts

12. (b)
Consider the diagram shown below:

0

R1R2

P z(0, 0, )

z

x
Q2(–1, 0, 0) Q (1, 0, 0)1

Distance of Q1 and Q2 from point P are:

R1 = 2
2 1R z= +

Since, Q1 = Q2
and R1 = R2
Now, potential at P is twice that of single charge

V =
0 1

2
4

Q
R

×
πε

=
9

9
2

8 102
104 1
36

z

−

−
××

⎛ ⎞
π × +⎜ ⎟π⎝ ⎠

 =  
2

144

1z +
 Volts

dV
dz = 2 1/2

144
( 1)

d
dz z

⎛ ⎞
⎜ ⎟+⎝ ⎠

= 2 3/21144 ( 1) 2
2

z z−⎡ ⎤× − + ×⎢ ⎥⎣ ⎦
dV
dz = 2 3/2

144
( 1)

z
z

−
+

;

dV
dz = 2 3/2

144
( 1)

z
z +

 V/m

13. (c)

E = 3
250 100
5 10

V
Z −

Δ −=
Δ ×

 = 3 × 104 V/m

E
�

= –∇V = 4 ˆ3 10 za− ×  V/m

D
�

=
9

4
0

10 ˆ2.4 ( 3 10 )
36r zE a

−⎛ ⎞
∈ ∈ = × × − ×⎜ ⎟π⎝ ⎠

�
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D
�

= 7 ˆ6.366 10 za−− ×  C/m2

Since D
�

 is constant between the disks, and Dn = ρs at a conductor surface.
∴ ρs = ±6.366 × 10–7 C/m2

Positive sign on the upper plate and negative sign on the lower plate.

14. (b)
Magnitude of electrical flux density,

D
�

= 24
Q
Rπ

R = 2 2 21 (3) ( 4)+ + −  = 5.099 m

D
�

=
9

2
40 10

4 (5.099)

−×
π  = 122.43 pC/m2

15. (a)
The given vector is in cylindrical coordinates,

A
�

= 2ˆ ˆsin 3 cosz a z aρ φρ φ + ρ φ

A
�

= ˆ ˆ ˆz zA a A a A aρ ρ φ φ+ +

div A
�

= 1 1( ) zA AA A
z

φ
ρ

∂ ∂∂∇ ⋅ = ρ ⋅ + ⋅ +
ρ ∂ρ ρ ∂φ ∂

�

= 21 1( sin ) (3 cos ) 0z z∂ ∂ρ × ρ φ + ⋅ ρ φ +
ρ ∂ρ ρ ∂φ

= 21 1(2 sin ) (3 sin )z zρ φ − ρ φ
ρ ρ

= 2z sin φ – 3z2 sin φ
= (2 – 3z)z sin φ

At point 5, ,1
2
π⎛ ⎞

⎜ ⎟⎝ ⎠

div A
�

= (2 (3 1)) 1sin
2
π− × ×

= –1

16. (d)
With in the conductor,

J
�

= H∇ ×
�

=
2

2 2
1ˆ ˆ

2 2r z
Ir Ira a

z r ra a

⎛ ⎞∂ ∂⎛ ⎞− +⎜ ⎟ ⎜ ⎟⎝ ⎠∂ ∂π π⎝ ⎠

J
�

= 2
1 ˆ2

2 z
I r a

r a
⋅

π

J
�

= 2
ˆz

I a
aπ



© Copyright : www.madeeasy.in

1111111111• EMTEMTEMTEMTEMTEE

Outside the conductor, J
�

= H∇ ×
�

=
1ˆ ˆ

2 2r z
I Ia a

z r r r
−∂ ∂⎛ ⎞ ⎛ ⎞+⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠∂ π ∂ π

J
�

= 0

17. (b)

Magnetic flux = .B dsΦ = ∫
� �

=
2.0 2.5

0 0.5

2.0 ˆ ˆ.a dr dz a
r φ φ

⎛ ⎞
⎜ ⎟⎝ ⎠∫ ∫

= 2 × 2 × [ln 2.5 – ln 0.5]

Φ =
2.54 ln 6.4377 Wb
0.5

⎛ ⎞× =⎜ ⎟⎝ ⎠

18. (c)

The turns per unit length =
400 800
0.5

=

So, the axial field is,
B = μ0 H = μ0 800 I (Wb/m2)

L
l = AN BN

I I
Φ ⎛ ⎞= ⎜ ⎟⎝ ⎠

L
l =

7
2400(800 (4 10 )) (0.02)I

I

−× π × × π

Inductance, L = 505.32 μH

19. (a)
µ1 = 2 µ0;
µ2 = 5 µ0

B2 = ρ φ+ − 2ˆ ˆ ˆ10 15 20 mWb/mza a a

B1n = B2n = φˆ15a

H1t = H2t

B1t =
μ
μ

1
2

2
tB  = ( )ρ −2 ˆ ˆ10 20

5 za a

B1t = ρ − 2ˆ ˆ(4 8 )mWb/mza a

Wm1 = ⋅ =
μ

2
1

1 1
1

1
2 2

BB H

=
−

−
+ + ×
× × π ×

2 2 2 6

7
(4 15 8 ) 10

2 2 4 10

= ×
π

305 10
16  = 60.68 J/m3
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20. (c)

E = × ⋅∫ ( )v B dl

v × B = –0.15 sin103t ux V/m

E = −∫
0.25

3

0
0.15sin 10 t dx

E = [ ]− 0.253
00.15sin10 t x

E = –0.0375 sin103 t V

21. (a)
M = χmH

= m
Bχ
μ  = 3

0 0

4( 1) 1 ˆ1 10
4.5

r
z

r

yB a−μ − ⎛ ⎞= − × ×⎜ ⎟⎝ ⎠μ μ μ

=
−×

μ
3

0

28 ˆ10
9 z

y a

J = ∇ × M

=

0

ˆ ˆ ˆ

280 0
9

x y za a a

x y z
y

∂ ∂ ∂
∂ ∂ ∂

μ

 = −×
μ

3

0

28 ˆ10
9 za  = 2475.7 A/m2

22. (a)

E =
0

ˆ
2

s
naρ

∈

E = E1 + E2 + E3

= 6

0 0 0

( 20)10 30ˆ ˆ ˆ( ) 10
2 2 2x y za a a −⎛ ⎞−+ + − ×⎜ ⎟∈ ∈ ∈⎝ ⎠

= 6

0

10 ˆ ˆ ˆ2 3 10
2 x y za a a −⎡ ⎤− − ×⎣ ⎦∈

E =
2 2 6

0

10 1 2 3 10
2

−+ + ×
∈

=
6

0 0

10 18.7114 10
2

−= ×
∈ ∈  = 2.11 × 106 V/m

23. (c)
H = Hx + Hy

H = [ ]2 1 ˆcos cos
4

I aφα − α
πρ

Hx = ( )5 ˆ ˆcos0 cos90 ( )
4 2 x za a° − ° − ×

π ×  = 
5 ˆ A/m

8 ya
π
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Hy = 5 ˆ ˆ(cos0 cos90 )( )
4 2 y za a° − ° ×

π ×
 = 

5 ˆ
8 xa

π

H
� =

5 ˆ ˆ( )
8 x ya a+

π  A/m

24. (b)

H = 2 1 ˆ(cos cos )
4

I aφα − α
πρ

ρ = 2 25 5 50 m+ =

H = [ ]2 12

2 ˆcos cos
4 5 5

aφ2
α − α

π +

cos α2 =
10 10

50 100 150
=

+
cos α1 = cos 90° = 0

âφ =
ˆ ˆ5 5

ˆ ˆ ˆ
5 2
x y

l z
a a

a a aρ
+⎛ ⎞

× = × ⎜ ⎟⎝ ⎠
 = 

ˆ ˆ

2
x ya a− +⎛ ⎞

⎜ ⎟⎝ ⎠

H
� =

ˆ ˆ2 10 0
4 5 2 150 2

x ya a− +⎛ ⎞⎛ ⎞× − ×⎜ ⎟ ⎜ ⎟⎝ ⎠π × ⎝ ⎠

= ( )1 10ˆ ˆ
20 5 6x ya a− + ×

π

= ( )1 ˆ ˆ A/m
10 6 x ya a− +

π

25. (d)

∇2V =
2 2

2 2 2
1 1 0d dV d V d V

d d d dz
⎛ ⎞ρ + + =⎜ ⎟ρ ρ ⎝ ρ ⎠ ρ φ

=
1 0d dV

d d
⎛ ⎞ρ =⎜ ⎟ρ ρ ⎝ ρ ⎠

dV
dρ =

A
ρ

V = A ln ρ + B
V(ρ = 4) = A ln 4 + B = 0

V(ρ = 12) = A ln 12 + B = V0
V0 = A ln 12 – A ln 4 = A ln 3

E = –∇V = ˆ ˆdV Aa a
d ρ ρ

⎡ ⎤
− = −⎢ ⎥ρ ρ⎣ ⎦

E(ρ = 8) = ˆ6 kV/maρ−

A = 48
V0 = 48 ln 3 V
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26. (a)

∇2V =
2 2

2 2 2
1 1d dV d V d V

d d d dz
ρ + +

ρ ρ ρ ρ φ  = 
0

v v

r

−ρ −ρ
=

∈ ∈ ∈

1 d dV
d dp

⎛ ⎞ρ
⎜ ⎟ρ ρ ⎝ ⎠ =

12
910 10 36 10

3.6 1
v

−−ρ −= × × π ×
∈ ρ ×

∇2V = v−ρ
∈

d dV
d d

ρ
ρ ρ = –0.1 π

dV
d

ρ
ρ = –0.1 πρ + A

V = –0.1 πρ + A ln ρ + B
–0.1 π × 2 + A ln 2 + B = 0

A ln 2 + B = 0.2 π
–0.1 π × 5 + A ln 5 + B = 60

A ln 5 + B = 60 + 0.5 π
A ln 2.5 = (60 + 0.3 π)

A =
+ π⎛ ⎞

⎜ ⎟⎝ ⎠
60 0.3

ln 2.5  = 66.51

E = –∇V

= ρ
⎛ ⎞

− − π +⎜ ⎟⎝ ρ ⎠
ˆ0.1 A a

At ρ = 1, E = ρ
⎛ ⎞− − π +⎜ ⎟⎝ ⎠

66.51 ˆ0.1
1

a   = ρ− ˆ66.19 V/ma

27. (b)
x1 = y1 = 1 m
B0 = sin π x sin πy T
B = B0 cos ω0t

E(t) = ˆ
s

dB ndS
dt

− ⋅∫∫

y1

xx1

y

z

= ω ω∫∫ 0 0 ˆsin
s

B t ndS

Emax =
= =

ω π π∫ ∫
1 1

0
0 0

sin sin
y x

x y dx dy

Emax = × π ×
π2
41000 2  = π

8000 V/turns

Erms = × ×
π

1 8000 10
2  = 18 kV
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28. (b)

C = ⎛ ⎞π ∈ ⎜ ⎟⎝ ⎠−04 ab
a b

Aa = 4π a2

Ab = 4π b2

a =
π4
aA

; −
π4
bAb

ab =
π4
a bA A

;

a – b =
−

π4
a bA A

C = ( )
⎡ ⎤π⎢ ⎥π ∈ ×

π⎢ ⎥−⎣ ⎦
0

44
4

a b

a b

A A
A A

= 04 a b

a b

A A
A A

π ∈
−

29. (c)

Capacitance, C =
A
d

ε

1

2

C
C

= 1 1 2

1 2 2

A d
d A
ε

ε
As the area of both the plates and the distance between the plates is same for both the capacitor.

⇒ 1

2

C
C

= 11

2 2

r

r

εε
=

ε ε

⇒ 1

2

C
C

=
12
48    ⇒   C1 : C2 = 1 : 4

30. (a)

VAB =
A

B
E dl− ⋅∫
� ��

where, E
�

= ˆ
2

l
r

o
a

r
ρ
πε

VAB =
910

(2 )

A

oB

x dr
r

−×
−

πε∫  = 
9

9
10 36 1

2 10

A

B

x dr
r

−

−
− × × π

π × ∫

= [ ]2
418 lnx r−

= –18x[ln 2 – ln 4]
= 18x[ln 4 – ln 2]
= 18 ln 2
= 12.48x V




