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Introductory Exercise 20.1
1. i q

t
= , here q e= , t r

v
= 2 p

\ i ev
r

=
2p  

         = ¥ ¥ ¥¥ ¥ ¥- -1.6 10 2.2 10
2 3.14 5 10

19 6

11

         = ¥ -1.12 10 3 A 
         = 1.12 mA

2. No. of at oms in 63.45 g of Cu = ¥6.023 1023 \ No. of atoms in 1 cm3 (8.89 g) of Cu

         = ¥ ¥6.023 10
63.54

8.89
23

         = ¥8.43 1022

As one conduction electron is present per
atoms,
n = ¥8.43 1022 cm-3 or 8.43 m¥ -1028 3

As i neAvd=fi v i
neAd =

    = ¥ ¥ ¥ ¥¥ ¥-
-

2.0
8.43 10 1.6 10 3.14

(0.5 10 )

28 19

3 2

    = ¥ -1.88 10 6 ms-1

3. Yes. 
As cur rent al ways flows in the di rec tion of
elec tric field.

4. False. 
In the ab sence of po ten tial dif fer ence,
elec trons passes ran dom mo tion.

5. Cur rent due to both pos i tive and neg a tive
ions is from left to right, hence, there is a net 
cur rent from left to right.

6. i t= +10 4  fi dq
dt

t= +10 4fi             dq t dtq

0 0

10 10 4Ú Ú= +( )fi               q t t= + =[ ]10 2 3002
0
10 C

Introductory Exercise 20.2
1. R L

A
= r

  = ¥ ¥ ¥ ¥ÊËÁ ˆ̃̄- -1.72
3.14 2.05

10 35

2
10

8

3
2

  = 0.57 W
2. (a)     J E= r

   fi   i JA EA= = r

= ¥ ¥ ¥¥ --0.49
2.75

3 14 042 10
10

3 2

8
. ( . )

       = 9.87 A
(b) V EL= = ¥ =0.49 5.8812  V
(c) R V

i
= = =5.88

9.87
0.6 W

3. Let us con sider the con duc tor to be made up
of a num ber of el e men tary discs. The
con duc tor is sup posed to be ex tended to form 
a com plete cone and the ver tex O of the cone

Current Electricity20



is taken as or i gin with the con duc tor placed
along x-axis with its two ends at x r=  and 
x l r= + . Let q be the semi-ver ti cal an gle of
the cone.
Consider an elementary disc of thickness dx
at a distance x from origin.
Resistance of this disc,

dR dx
A

= r
If y be the radius of this disc, then

A y= p 2

But y x= tan q
dR dx

x
= r p q2 2tan\ Resistance of conductor

R dR dx
xr

l r= =Ú Ú + rp q2 2tan

        R
x r

l r= -ÈÎÍ ˘̇̊ +rp qtan2
1

           = - +ÈÎÍ ˘̇̊rp qtan2
1 1
r l r

             R l
r l r

= + rp q( ) tan2

But,     r atan q =
     ( ) tanr l b+ =q
            R l

ab
= rp

4. True.         r s= 1

\ r s s s¥ = ¥ =1 1

5. R RCu Fe=
4.1 3.9Cu Fe( ) ( )1 1+ = +a aD DT T

4.1 4.0[ ( )]1 10 203+ ¥ -- T= + ¥ --3.9 5.0[ ( )]1 10 203 T
4.1 16.4+ ¥ --10 203( )T = + ¥ --3.9 19.5 10 203( )T
 3.1 0.2¥ - =-10 203( )T

T - = ¥ -20
10 3

0.2
3.1

  

   = ∞64.5 C
T = ∞84.5 CIntroductory Exercise 20.3

1. Potential difference across both the re sis tors 
is 10 V.

Hence, i1
10
2

5= = A

and  i2
10
4

= = 2.5 A

2. As A is grounded, VA = 0

V VB A= + =2 2 V
V VC A= + =5 5 V

   V VD C= + =10 15 V\      i V VC B
1 1

3= - = A

and          i V VD A
2 2

15
2

= - = = 7.5 A

3. Cur rent in the given loop is
i E= + 15

8

 V E i E E
AB = - = - ◊ +ÊËÁ ˆ̃̄ =2 2 15

8
0

fi E = 5 V       
4. Ef fec tive emf,

E = ¥ - ¥ =8 1 2 1 6 V
Effective resistance of circuit

3 

i1 i2

4W2W 10 V

i2

i11W B

2W A

2 V10 V
5 V

C

D

i1R1

R2 R3 10 V

i3i2
10 V



   R R r= +external 10  = + ¥ =2 10 1 12 W\        i E
R

= = =6
12

0.5 A

5. As R R2 3=  and V V1 2=
Potential difference across R1 is zero.
Hence, current through R i1 1 0fi =
and current through R2fi i V

R2
1

2
=

      = =10
10

1 A

6. i E
R r

= +
Also, V E ir= -

i E V
r

= -

Introductory Exercise 20.4
1.

Applying KCL at junction R
i = + =1 2 3 A

V V VST RU QP= =
Taking V VST RU=

6 1= - E
E = - 5 V

And from
V VST QP=

6 12= - +ir
r

i
= - = =12 6 6

3
2 W

2. Power de liv ered by the 12 V power sup ply,
P Vi1 =  = ¥ =12 3 36 W

and power dissipated in 3 W resister,
P i R3 3

2
3

22 3 12= = ¥ = W

Introductory Exercise 20.5
1. E

E
r

E
r

E
r

r r r

= + +
+ + = + ++ +

1

1

2

2

3

3

1 2 3

1 1 1

10
1

4
2

6
2

1
1

1
2

1
2

         = + +10 2 3
2

               = 7.5 V
 and 1 1 1 1

1 2 3r r r r
= + +

     = + + =1
1

1
2

1
2

2

fi                     r = 1
2

              = 0.5 W
2. i E

R r
= +

Rate of dissipation of energy

P i R= 2  = +E R
R r

2

2( )
For maximum or minimum power

dP
dR

= 0

fi E R r R R r
R r

2
2

4
2 0( ) ( )

( )
+ - ++ÈÎÍ ˘̇̊ =

 4

Qir12 V
P

U

T
2A

1A
R

S

E 1W
3W

E r

R

I

E
r

O R

I

E
r

O VE

(a) (b)



fi     E R r r R
R r

2
4 0( )( )

( )
+ -+ =

fi E r R
R r

2

3 0( )
( )

-+ =
fi       R r=
d P
dR

E R r r R R r
R r

2

2
2

3 2

6
1 3= + - - - ++ÈÎÍ ˘̇̊( ) ( ) ( )( )
( )

        = - -+E r R
R r

2

4
4 2( )

( )

Clearlyd P
dR

2

2   is negative at R r= .

Hence, P is maximum at R r=
and P E r

r r
E

rmax ( )
= + =2

2

2

4

3. When the bat ter ies are con nected in se ries
E Eeff = =2 4V, r reff = =2 2 W 

For maximum power
R r= =eff 2W

and P E
rmax

( )= = ¥ =eff

eff
W

2 2

4
4

4 2
2

4. Ig = 5 mA, G = 1 W, V = 5 V
R V

I
G

g
= - = ¥ --5

5 10
13

                            = 999 W
A 999 W resistance must be connected in
series with the galvanometer.

5. G = 100 W, ig = 50 mA, i = 5 mA\ S
i G

i i
g

g
= - = ¥ ¥¥ - ¥-- -50 10 100

5 10 50 10

6

3 6

               = - =1
1

1
0.01 0.99

               = 100
99

W
By connecting a shunt resistance of 100

99
W.

6. i V
Gg =

and R nV
i

G n G
g

= - = -( )1

7. V EAB = 15
16

Potential gradient
k V

L
EAB= = ¥15

16 600= E
640

 V/cm    

(a) E kL
2

=  fi L E
k

= =
2

320 cm

(b) V kl=  = ¥ =E E
640

560 7
8

Also, V E ir= -  \ E ir E- = 7
8

    i E
r

=
8AIEEE CornerSubjective Questions (Level 1)

1. i q
t

ne
t

= =
Given, 
    i = 0.7 , t = 1 s, e = ¥ -1.6 C10 19\ n it

e
=  = ¥¥ -0.7

1.6
1

10 19

      = ¥4.375 108 
2. q it= = ¥ ¥3.6 3 3600= 38880 C
3. (a) q it=  = ¥ =7.5 337.5 C45

(b) q ne=  fi n q
e

=

= ¥ = ¥-337.5
1.6

2.11 21
10

1019

4. T r
v

= 2 p  fi f
T

v
r

= =1
2 p

           = ¥¥ ¥ ¥ -2.2
3.14 5.3

10
2 10

6

11

           = ¥6.6 1019 s-1

          I q
T

ef= =
           = ¥ ¥ ¥-1.6 6.610 1019 19

           = 10.56 A

5 



5. (a) I t= -55 0.65 2

        I dq
dt

=fi    dq Idt=fi       q I dt= Ú\      q Idt t dt= = -Ú Ú0

8 2
0

8 55( )0.65

         = - ÈÎÍ ˘̇̊55
20

8
2

0

8

[ ]t t0.65

= - =440 20.8 419.2 C
(b) If current is constant
         I q

t
=    = =419.2 52.4 A

8
6. i vdµ\      

v
v

i
i

d

d

2

1

2

1
=

fi     v i
i

vd d2 1
2

1

46 00
1 20

10= = ¥ ¥ -.
.

1.20  

           = ¥ -6.00 10 4 ms-1 
7.   v i

neAd =
= ¥ ¥ ¥ ¥ ¥- -1

10 10 1 1028 19 48.5 1.6
    = ¥ -0.735 10 6 ms-1

    = 0.735mm/s

   t l
vd

= = ¥ -10
10

3

60.735
    = ¥1.36 109 s = 43 yr

8. Dis tance cov ered by one elec tron in 1 s= ¥ =1 0.05 0.05 cm
Number of electrons in 1 cm of wire= ¥2 1021\ Number of electrons crossing a given area
per second= Number of electrons in 0.05 cm of wire
     = ¥ ¥ =0.05 2 10 1021 20

    i q
t

ne
t

= =
     = ¥ ¥ = ¥-10 10

1
10

20 191.6 1.6  = 16 A

9. R L
A

= r
Given, 
     r m= 0.017 - mW  

           = ¥ -1.7 - m10 8 W
         l = 24.0 m

    A d= ÊËÁ ˆ̃̄ = ¥ ¥ÊËÁ ˆ̃̄-p
2 2

10
2

3
2

3.14 2.05

         = ¥ -3.29 10 6 m2

       R = ¥ ¥ ¥- -1.7 24.0
3.29

10
10

8
6

         = 0.12 W
10.      R L

A
= r

     A L
R

= r
If D is density, then

   m DV DA L D L
R

= = = r 2

= ¥ ¥ ¥ ¥-8.9 1.72 3.5
0.125

10 103 8 2( )

     = ¥ -1.5 10 2 kg = 15 g
11.  At 20∞C, 

R1 600= W, R2 300= W 
At 50∞C,
R R t1 1 11¢ = +( )a D
   = + ¥ = ¥600 1 30 600( )0.001 1.03
   = 618 W
R R t2 2 21¢ = +( )a D
   = + ¥ =300 1 30 336( )0.004\ R R R¢ = ¢ + ¢ = +1 2 618 336
           = 954 Wa = ¢ -¥ = -¥R R

R tD 954 900
900 30

 

         R = + =600 300 900 W
           = ∞ -0.002 C 1 

12. As both the wires are con nected in par al lel,
        V VAl Cu=
      i R i RAl Al Cu Cu=
   i L

d
i L

dAl Al
Al

Al
Cu Cu

Cu

Cu
r p r p2 2=

fi       d d i L
i LCu Al

Cu Cu Cu

Al Al Al
= rr

       = ¥ ¥ ¥¥ ¥-1 10 2 6
3

3 0.017
0.028 7.5= ¥ -0.569 10 3 m   

           = 0.569 mm.

 6



13. (a) E V
L

= = ¥ =-0.938 1.25
75 10 2  V/m

(b) J E= r  fi r = ¥1.25
4.4 107r = ¥ -2.84 - m10 8 W

14. (a) J E V
L

= =r r
Current density is maximum when L is
minimum, ie, L d= , potential difference
should be applied to faces with dimensions 
2 3d d¥ .
 J V

dmin. = r .

(b) i V
R

VA
L

= = r
Current is maximum when L is minimum
and A is maximum.
Hence, in this case also, V should be applied
to faces with dimensions 2 3d d¥
and i V d d

d
Vd

max = ¥ =( )
( )

2 3 6r r .

15. (a)   R L
A

= r
    r = RA

L
[r d= =

2
1.25 mm = ¥ -1.25 10 3 m]

      = ¥ ¥ ¥ -0.104 3.14 1.25
14.0

( )10 3 2

      = ¥ -3.64 - m10 7 W
(b) i V

R
EL
R

= =  = ¥ =1.28
0.104

172.3 A14

(c) i neAvd=
v i

neAd =
= ¥ ¥ ¥ ¥ ¥ ¥- -172.3

8.5 10 1.6 10 3.14 (1.25 10 )28 19 3 2= ¥ -2.58 10 3 ms-1

16. For zero ther mal co ef fi cient of resistance,
         DR = 0
     R T R TC C Fe Fea aD D+ = 0

R
R

1

2

3

3
10
10

= - = - ¥- ¥ --aa Fe

C

5.0
0.5

= 10

      R R1 210=
Also, R R1 2 20+ =fi 10 202 2R R+ =

fi R2
20
11

= W = 1.82 W
and R R1 220 20= - = - 1.82 W

       = 18.2 W
17. The cir cuit can be re drawn as

Reff 4.8= ¥+ =8 12
12 8

W
    I V

R
= = =

eff 4.8
24 5 A

18. Here, A and C are at same po ten tial and B
and D are at same po ten tial,

Hence, the circuit can be redrawn as

\ 1 1
4

1
8

1
12

1
6R

= + + +
= + + +6 3 2 4

24
             = =15

24
5
8

           R = 8
5

W
             = 1.6 W
            i V

R
= = 24

1.6
             = 15 A

19. Given cir cuit is sim i lar to that in pre vi ous
ques tion but 4 W re sis tor is re moved. So the
ef fec tive cir cuit is given by

7 

8W12W24 V

4W
8W

12W
6W

B

24V

CD

A

24V 8W4W 6W
A,C

B,D

12
W



1 1
8

1
12

1
6R

= + +
     1 3 2 4

24
9

24
3
8R

= + + = =
 R = =8

3
W W2.67

    i V
R

= = =24 9
2.67

A

20.

Wheatstone bridge is bal anced, hence 4 W
re sis tance con nected be tween B and C be
re moved and the ef fec tive cir cuit becomes

i V
R

= = 12
36 13/= 13

3
A    

21. (a)  i = ++ + =12 6
1 2 3

3 A

       VG = 0 
       V VA G= + =12 12 V
   V VA B- = 3 V
VB = - =12 3 9 V
    V VB C- = 6 V
       VC = - =9 6 3 V
   V VG D- = 6 V, VD = - 6 V
(b) If 6 V battery is reversed

i = -+ + =12 6
1 2 3

1 A

VG = 0,
 V vA G- = 12 V,  VA = 12  V
        V VA B- = 1 Vfi           VB = 11 V
         V VB C- = 2 Vfi           VC = 9 V
         V VD G- = 6 Vfi           VD = 6 V

 8

A

B

C

D

1W
i = 3A

12 V

6 V

G 2W
3W

B

12V

CD

A 6W

2W
6W12W 4W

3W
fl A

12W4W
2W

6W
3WB12

D

C
4W

8W 6W
A,C

B,D

24 V 12W

A

B

C

D

i = 1A

12 V

6 V

G
A

12W4W
2W

6W
3WB12V

D

C

fl
9W 12W

A

12V 6W
fl

12V
36 W13



22. i = + + =200
5 10 25

5 A

(i) V V3 0 5 25- = ¥fi V3 125=  V
(ii) V V0 2 5 10- = ¥

V2 50= -  V
(iii) V V2 1 5 5- = ¥

V1 75= -  V
(iv) V3 2 5 35 175- = ¥ =  V
(v) V1 2 5 5 25- = - ¥ = -  V
(vi) V1 3 200- = -  V

23. (a) 

    R R R R rv aeff = + +||

         = ¥+ + +50 200
50 200

2 1

         = 43 W
         i E

R
= = =

eff

4.3 0.1 A
43\ Reading of ammeter, i = 0.1 A

and reading of voltmeter = i R Rv( || )= ¥ =0.1 V40 4
(b) 

      R R R R ra veff = + +( )||

              = ¥+ +52 200
52 200

1

              = 42.26 W
            i E

R
= =

eff
0.102 W

Reading of voltmeter
          V E ir= -
              = - ¥4.3 0.102 1
       ª 4.2 W
Reading of Ammeter,

i V
R Ra

1 42
= + = =4.2 0.08 A

24. Con sider the di rec tions of cur rent as shown
in fig ure.

Applying KVL in loop 1, 2 and 3, we
respectively get,
I I I I1 1 2 16 5 42+ - + =( )fi 12 6 421 2I I- =fi 2 71 2I I- = …(i)

4 6 8 102 2 1 2 3I I I I I+ - + + =( ) ( )fi 9 3 4 52 1 3I I I- + = …(ii)
8 16 42 3 3( )I I I+ + =

2 6 12 3I I+ = …(iii)
On solving, we get,
I1 = 4.7 A, I2 = 2.4 A, I3 = 0.5 A

Resistor 5W 1W 4W 6W 8W 16W
Current 4.7 A 4.7 A 2.4 A 2.3A 2.9 A 0.5A

25.

9 

r

A

V

Ei

i1 R

i2

42V 5W 4W
6W

1W
6W

8W

4V
D

B

10V

C

A

I1 I2

I3

r

A

V

Ei

i1 R

Si2

1

0

3

200 V
2

5W
10W
25W

i1

V
R = 400W
400W
200W100W

i2
100W

100W
i 10 V

i1

200W100W
i2

100W
100W
i 10 V

fi
i

200W
D

B
A C



As Wheatstone bridge is balanced, 100W
resistance between B and D can be removed,
ie,

\ i i1 2
10

300
1

30
= = = A

Hence, reading of voltmeter
   = Potential difference between B and C
   = ¥ =200 20

32i V

   = 6.67 V
26. (a) (i) When S is open.

V
R

R R
E

V V
1

1

1 2

3000
5000

200= + = ¥
                     = 120 V

      V
R

R R
EV

V V
2

2

1 2

2000
5000

200= + = ¥
         = 80 V

(ii) When S is closed, 

Now, R1 and V1 are in parallel and their
effective resistance 

R
R R

R R
V

V
1

1

1

1

1

6000
5

1200¢ = + = = W
Similarly,
R2 and V2 are in parallel with their effective
resistance,

R
R R

R R
V

V
2

2

2

2

2

6000
5

1200¢ = + = = W
As  R R1 2¢ = ¢
Hence, 
reading of V1 = reading of V2

               = + ¥ =1200
1200 1200

200 100 V

(b) Current distribution is shown in figure

i E
R R

= ¢ + ¢1 2

     i = =200
2400

1
12

A

i
R

R R
iV

V
1

1

1

1

= +  = ¥3000
5000

1
12= 1

20
A

i R
R R

i
V

2
1

1 1

2000
5000

1
12

= + = ¥
= 1

30
A\ Current flowing through 

S i i= - = -1 2
1

20
1

30
            = 1

60
A

27. Ef fec tive emf of 2 V and 6 V bat ter ies
con nected in par al lel
E E r E r

r r
¢ = ++ = ¥ - ¥+1 2 2 1

1 2

2 1 6 1
1 1

                          = - 2 V
and r r r

r r
¢ = + =1 2

1 2

1
2

W
= 0.5W    

 10
E

'R2'R1

R1
S R2

E

V1 V2

i2 i1

i2i1
i

V1 V2

R1 S R2

E

V1 V2

R1 S R2

E

i2

A 100W 200W
100W 200W

i1

10 V

B C

D



Net emf, E = - =4 2 2 V
28. (a) 

As E E1 2>
Current will flow from B to A.
(b) E1 is doing positive work
(c) As current flows from B to A through
resistor, B is at higher potential.

29. i R2 2 5= <W W
Clearly X is doing negative work.

(a) P Vi=  fi V P
i

= = =0.5
1.0

5.0 V

(b) E V iR= - = - =5 2 3 V
(c) It is clear from figure that positive
terminal of X is towards left.

30. i = -+ =150 50
3 2

20 A

V V iP Q- = +50 3.0
VQ = - +100 50 60( )= - 10 V    

31. (a) As volt me ter is ideal, it has in fi nite
re sis tance, there fore cur rent is zero.
(b) V E ir= -  fi =E 5.0 V 
(c) Reading of voltmeter fi =V 5.0 V

32. V E i r1 1= -  fi E r- =1.5 8.4          …(i)
V E i r2 2= +  fi E r+ =3.5 9.4 …(ii)
On solving, we get

r = 0.2W
E = 8.7 V

33. In case of charg ing
V E i r= + = + ¥ =2 5 0.1 2.5 V

34. Clearly cur rent through each branch is zero.

35. i E
R G1 = +

On shunt ing the gal va nom e ter with
re sis tance S,

i E

R R GS
S G

2 = + ¢ + +
As i i1 2=

E
R G

E

R R GS
G S

+ = + ¢ + +fi R R GS
G S

R G+ ¢ + + = +
R G

G S
¢ = +2

36.
I r

R r
I V

R2 = + =

11 

8W8W4W
2W

2W
2V 2V

fi
2V 2V 2V

4W4W4W
2V

G

i2

E

R R'
S

R=2.0WiA

E B

+ +
––

A B

E1 E2

+ +
––

Q 3.0W

2.0W
150 V

50 V

P
i

A
A

V
I2

BI rI1

G

i1

E

R

4V 0.5W 2V

6V 1W
1W

fl
0.5W 0.5W

2V4V



fi r
R r

V
IR+ =

fi R
r

IR V
V

= -  = ¥ -5 2500 100
100

r = ¥ =100
12400

2500 20.16W
37.  

Let R be the resistance of voltmeter
As reading of voltmeter is 30 V,
1 1

400
1

300R
+ =  fi R = 1200W

If voltmeter is connected across 300W
resistor,

Effective resistance of 300W resistor and
voltmeter

R¢ = ¥+ =300 1200
300 1200

240W
          i = +60

400 240

           = 60
640

A

           = 3
32

A\ Reading of voltmeter, 
V iR= ¢ = ¥3

32
240= 22.5 V

38. V R
R R

V2
1 2

= ¢+ ¢ , 

R rR
r R2

2

2

120
3

¢ = + =
                    = 40 W 

V2
40

60 40
120= +

            = 48 V

39. S
i

i i
G Rg

g
= - +( )

              R
i i

i
S Gg

g
= - -
= - ¥ ---20 10

10
20

3

3 0.005

                 = 79.995 W
40. r L L

L
R= - = - ¥ =1 2

2
50.52 0.4

0.4
1.5 W

41. Let R be the re sis tance of voltmeter

R R
Re = + + +3 2 100

100= + +5 100
100

R
R

  

    i R
R

= + + =3.4 .04
5 100

100

0

fi       0.2 3.4+ + =4
100

R
R

  

fi         R = 400 W
Reading of voltmeter,

V i R
R

= ¥ +100
100

 = ¥ ¥+0.04 100 400
100 400

     = 3.2 V
If the voltmeter had been ideal,
Reading of voltmeter = ¥ =100

105
3.4 3.24 V

42. L
L

R
R

1

2

1

2
=  

fi  L
L

1

140
8

12- = (L L1 2 40+ = cm)

fi       L1 16= cm   from A.
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G B
R

S

A

60 V

V

300W 400W

60 V

V

300W 400W

3.4 V

A

i
3W

V

100W



43. S
i

i i
G Rg

g
= - +( )

fi R
i i

i
S Gg

g
= - -

= - ¥ -20 0.0224
0.0244

0.0250 9.36

       = 12.94 W
44. (a) i E

R rV
= +  

V iR E
R r

RV
V

V= = +
(b) r

R rV + = =1 1
100

%

R rV = = ¥99 99 0.45= 44.55 W  
(c)         V

E
R

R r
V

V
= +

As RV  decreases, V decreases, decreasing
accuracy of voltmeter.

45. (a) When am me ter is con nected
I E

R R rA
A

= + +
When ammeter is removed

I E
R r

R R r
R r

IA
A= + = + ++

(b) I
I
A = 99%

R r
R R rA

++ + = 99
100

 

fi R R rA = + = +1
99

1
99

( ) (3.8 0.45)

RA = 0.043 W
(c) As I

I
R r

R R r
A

A
= ++ +  , as RA increases, IA

decreases, decreasing the accuracy of
ammeter.

46. I
Rmax
max= = =r 36 15

2.4
A

For the given circuit
R R R Re = + =1

2
3
2

Maximum power dissipated by the circuit
P I Re¢ =max max

2

               = ¥ ¥ =15 3
2

542.4  W

47. To tal power of the cir cuit, P P P P= + +1 2 3= + +40 60 75= 175 W     

As P V
R

= 2
 fi R V

P
= 2

     = =( )120
175

2
82.3 W

48. Ther mal power gen er ated in the battery

P i r i E V1
2= = -( )

              = 0.6 W
Power development in the battery by electric 
forces

P IE2 = = 2.6 W
49. The given cir cuit can be con sid ered as the

sum of the cir cuit as shown.

\ P1 7 2 14= ¥ =  W,
P2 1 1 1= - ¥ =  W

50. (a) i E E
R R

= -+ = -+ =1 2

1 2

12 6
4 8

0.5 A

(b) Power dissipated in R I R1
2

1 1= =  W
and power dissipated in R I R= =2

2 2 W
(c) Power of battery E E I1 1== ¥ =12 60.5  W (supplied)
Power of battery E E I2 2== - ¥ = -6 30.6  W (absorbed)
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E

i
r

R

3W
2W2W

7V

21/6A
35
16 A 14/6A

+ 3W
2W

2/16A 5/16A

1Vfl
2W2W

2A

7V

1A
3W 1V

3
16 A

E

V
Rv

i
r



51. I E
R r

= + = + =12
5 1

2 A

(a) P EI= = ¥ =12 2 24 W
(b) P I R1

2 22 5 20= = ¥ =  W
(c) P I r2

2 22 1 4= = ¥ =  W

52. (a) 

         1 1 1 1
1 2 3R R R R

= + +
1 1 1 1
R

= + +
1.60 2.40 4.80

R = 0.80 W
(b) I V

R1
1

= = =28.0
1.60

17.5 A

I V
R2

2
= = =28.0

2.40
11.67 A    

       I V
R3

3
= = =28.0

4.80
5.83 A

(c)  I I I I= + + =1 2 3 35.0 A
(d) As all the resistance connected in

parallel, voltage across each resistor is

28.0 V.

(e) P V
R1

2

1

228 490= = =( )
1.6

 W

  P V
R2

2

2

228= = =( )
2.4

326.7 W

  P V
R3

2

3

228= = =( )
4.8

163.3 W

(f) As, P V
R

= 2

Resistor with least resistance will dissipate
maximum power.

53. (a) P V
R

= 2
 fi V PR=

            = ¥ ¥5 15 103 = ¥2.74 102

             = 274 V

(b) P V
R

= = ¥ =2 2

3
120

9 10
( ) 1.6 W

54. (a) 1 1
4

1
6

1
14

1
4R

= + + +

1 31
42R

=
R = 42

31
(b) 1 1

2
1

2
1

R R R Re
= + +  

Wheatstone bridge is balancedfi R R
e =

2

 14

R R

R RR

BA

fi
R R

RR

BA

RR fl
BA

2R

2R

R

BA
4W
4W fi B

4W
2W 4W

6W8W
4Wfl

A

B

4W
6W
14W
4W

A

4W
6W8W

2W
I2

1.60W
2.40W

4.80W
I

I3

28.0V

I1

(c)

flA B
i1 i + i1 2

i3i3

i + i21
i2

i + i2 3

1W

4W
3W3W

1W
2W

1W

4W
3W3W

1W
2W

BA

2W
i1i1

2W



By Star-Delta Method
R R R

R R RA = + +2 3

1 2 3

R R R
R R RB = + +1 3

1 2 3

R R R
R R RC = + +2 3

1 2 3

As circuit is symmetrical about
perpendicular bisector of AB, lying on it are
at same potential.

15 

(d)
10W

10W10W
10W

5W
5W

5W

5W

BA

i – i3 4

i4

i4

i2i2

i3

i + i + i1 2 3  i + i + i1 2 3  

i3

fl
10W10W

10W

10W
5W 5W

5W5W
A B

fi
BA

10W 10W
10W

10W
10W
10W

fl

BA

10W 10W
5W

5W
BA

5W
25W
fl

BA
4.17W

i1

(e) BA

4W
2W

10W
8W

2W fi 2W
2W

10W
8W

4W BA

C

D12
10W
8W

1W BA

C

Dfl O

W
1W8.5R

fiBA

BA
5.8W
11W

(f)

R

R

R
R R

R
R

R

R

RR

R

BA

fi R

R R

R
R

R

R
R R

R

BAfl fl
2R

2R

2R

R R

BA

fi
2R

R

R

R

6
5

fl
3R

2R

fi W
A B

BA
A B

fl
2W4W

6W
2W

2W
BA

fi2W2.4W
6W
2W

2W
Bfl

6.4

2W B

fi BA
1.52W

A

A



Clearly C  and D, E  and F are at same

potential.

Let R be the re sis tance of each con duc tor,
and R1 be the ef fec tive re sis tance be tween A
and F in first case then,\ R R1 5=  
If R2 be effective resistance between A and F
in second case then,

\ R
R

R
R

2

1

3
5

= = 0.6

fi R R2 1= 0.6

Here, C and E , D and F are at same
po ten tial.

Re = 23.3 W
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B D F

ECA

fi
EA

B R D

R

F

R

RC

R
R

fl
R R R

R  = 3R2

fl
A

2W 2W
1W1W

2W2W
1W

B fi 5W
A

B

5W 1W

fl
BA

0.71W

55. B

A C

D

E

F

56. 2W
6W

8W 15W 15WD

E

20W
30W 40WF

AB

B

fl
15W 15W
6W 40W 8W2W

C,E D,F

B

A

20W 30Wfl
2W 30W

46W
50W

8W

A

fl
5
3 r

BA

5
8 r

r

57.
a r

r r

r

b
ba r

rr
2r

r

r
ba

2
3 r

(a) r

(g)

A
2i +i21

i1i1

i1i1

2W 2W
1W1W

2W2W
2W
2W

1W
B

D
E

C
F



As Wheatstone bridge is bal anced

As Wheatstone bridge is balanced.
58. R r

e =
2

Objective Questions (Level-1)
1. When am me ter is con nected in se ries

R R Re A= +
Hence, net current decreases. So RA should
be very low.

2. Amount of charge entering per second from
one face is equal to the amount of charge
leaving per second at the other, hence I is
constant.
Again,

v I
neAd = = not constant.

As v eF
md = t 

fi E mv
e

d= t  = not constant

3. R V
I

=  

fi [R] = = - -[V]
[I]

[ML T I ]
I

2 3 1

[ ]
 = - -[ ]ML T I2 3 2

4. s r= 1

As unit of resistivity is ohm-m and
unit of s is ohm-1- m-1.

5. Fact.
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(c) fi rr

r r

abb

r r

rr

a
r

r

fl
b

2r

a

2r

r
b a fi

(d)

r
r
r
r

fi
b

r
r

r

r

a
fi r

4

(e)
rr

r r

bafi rr

r

r

r

ra b

fl
rr

r r

bafib

2r

a

2r

r
b a

fl

i –i1 3

i1

i1i1

i1
i3 i3

i3i3
i2 b

i –i1 3

(b)
2i +i1 2

a
i2

r

r

rr r

r
rr

r

r

r

fl
r

r
r

r
r

r

2r
2ra b

fi

fl

r r

rr
2r

ba

ba

2r/3

2r ba

8r/3

8r/ 3

fi
b

4/5r
a

fl

2r/ 3

(b) fi
fl

b

r

r

r

r
r

r

r
o a

b

a

B
rr/ 3

4
3 r fi



6. E I R r= +( )
Case I

E r= +0.5 3.75( )
Case II

E r= +0.4 (4.75 )
On solving

r = 0.25 W, E = 2 V
7. I

Ig
= 50

20
 fi I Ig= 5

2

S
I

I I
Gg

g
= -  fi G

I I
I

Sg

g
= -

= ¥3
2

12= 18 W
8. I I Ig = =2 1

50
%  

S
I

I I
G Gg

g
= - =

49

9. P V
R

= 2

P P V
R R

+ = +D D2
As R lµ DR R= - 10%DP V

R
V
R

= -2 2

0.9
 = -ÊËÁ ˆ̃̄1 1

0.9
P

= ª10
9

11P P%

10. Potential difference between any two points
is zero.

11.         r l l
l

R= -1 2

2

         = - ¥75 60
60

10

         = 2.5 W
12. (b) By ap ply ing KCL at O

I I I1 2 3 0+ + =
6

6
3

3
2

2
00 0 0- + - + - =V V V

fi 6 2 3 3 2 00 0 0- + - + - =V V V( ) ( )

V0 3= V
13. v I

neA
I

ne rd = = p 2

v I
ne r

v v
d

d¢ = = =2
2 2 22p ( )

14. Voltmeter has higher resistance than
ammeter. 
Again higher the range of voltmeter, higher
will be its resistance.

15. I R

R R R

I2
2

1 2 3

1

1 1 1= + +

fi 1 1 1
1 2 2 2 3R

I
I R R R

= - +ÊËÁÁ ˆ̃̃̄
      = ¥ - +ÊËÁ ˆ̃̄0.8

0.3 20
1

20
1

15

            = 1
60

         R1 60= W
16. (d) I E

R RA V
1 = + , V I RV1 1=

= -E I RA1
If resistance is connected in parallel with
voltmeter,

 18

A

I1
I

I3
I2

R =15W3

R =20W2

R1

A B
I2

I1

3W6W
V0O

2W
I3

C

A V

I1

E



I E

R RR
R R

I
A

V

V

2 1= + + >
and      V E I R VA2 2 1= - <

17. Be fore con nec tiv ity re sis tance is par al lel
with ammeter

I E
R RA V

1 = + , V I RV1 1=
= -E I RA1

After connecting resistance in parallel to the
ammeter.

I E
R RA

V
2

2

= + , 

Reading of ammeter = 1
2 2I

= + >E
R R

I
A V2

1
2 1

  V I R E
R R

VV
A V

= = + <2 1
2

2
2

18. R R
ne = 2

P V
R

= 2

P V
R

n Pe
e

= =2
2

19. As bulb A is in se ries with en tire cir cuit.

20. I E E
R r r R

= ++ + = +1 2

1 2

18
3

 

V E Irab = - =2 2 0

3 18
3

1 0- + ¥ =
Rfi R = 3 W

21. I R
R R

I
V

2 = +

V
R

R
R R

I
V V

= +
100

2500 2500
5= +R

R
R R+ =2500 125

R = 2500
24

W ª 100 W
22.

23. R
R

1

2

20
80

1
4

= =                         …(i)

R
R

1

2

15 40
60

2
3

+ = =

19 

V

A
I2

I1 RI

R/n

R/n

R/n

A V

I2

E

RA

VA

I1

E

R/10R/10

R/10R/10

R/10R/10

R/10R/10

R/10R/10

fl
R/5

R/5

R/5

R/5

R/5

fi R/ 25

VA

I2

E

R



R
R R

1

2 2

15 2
3

+ =
15 2

3
1
4

5
122R

= - =
fi R2 36= W,

R R
1

2
4

9= = W
24. (b) As V V

1 2
= , R R1 2=

R
R

V

V

¥+ =100
100

50

RV = 100 W
25. (d) E

R rPB + = + =2
4 1

0.4 W
V IRAB AB= = 1.6 W

K V
L
PB= = =1.6 0.016

100
 V/cm

L E
K

= = =1 751.2
0.016

 cm

26. (d) VAB = ¥ + + ¥ - + ¥3 2 3 1 4 2 6 1
       = 17 V

27. (c) E E r E r
r re = ++ =1 2 2 1

1 2
2 V

r r r
r re = + =1 2

1 2
0.5 W

For maximum power R re=
and P E

r
e

e
max

( )= = ¥ =2 2

4
2

4
2

0.5
 W

28. (a) V R
R r

E= +  

r E
V

R= -ÊËÁ ˆ̃̄ = -ÊËÁ ˆ̃̄1 1 52.2
1.8

         = 10
9

W
29. (d) I E E

R R r r
= -+ + +1 2

1 2 1 2

    = -+ + +10 5
25 15 2.5 2.5

= 1
9

A

V IAB = - +( )25 15= - ¥ ª -1
9

40 4 V

30. (a) V kLAB = = ¥0.2 100 = 20 mV
V R

R R
EAB

AB

AB
= +fi   0.02 = + ¥R

R
AB

AB 490
2

fi R RAB AB+ =490 100
RAB = ª490

99
4.9 W

31. (c) When key is open,
I E

R1
2
3

=

When key is closed

I E
R2

3
4

=
\ I

I
1

2

8
9

=

 20

2W 2W
1W1W2W2W

A 3V 2V
B

3A

1A 2A

A
E

I1

R 2R

2R R fi
A

E

3R

3R
I1

fl
A

E

3R

3/2R

I1

A
E

I2

R 2R

2R R fi
A

E

I2

fl

A

4R/3

I2

2R/3 2R/3



32. (b) S
I

I I
Gg

g
= -  = ¥1

34
33
34

3663
I

I
 

= 111 W

   R re = 5
11

r = ¥11
5

1.5= 3.3 W

As the circuit is symmetrical about

perpendicular bisector of AB, all points

lying on it are at same potential.

35. (c) R L
L L

R1
1

1 2
= +fi R R

1 6
3= = W

R l
l l2

2

1 2
= +  fi  R2 15= W

Hence R1 and R2 are in parallel
R R R

R Re = +1 2

1 2= 2.5W
36. (c) Let R R xAD BC= =

Clearly x < 1 as 1 W resistor is in parallel
with some combination.
Now R x xAB = + +1= +2 1x
As x < 1

1 3< <RAB

37. (d) R R R R R
R R

RAB = + ++ =( )0

0
02fi 2 22

0
2

0 0 0
2R RR R RR RR R+ + + = +fi 3 2

0
2R R=fi R R= 0

3
38.

21 

33. BA

r
r

r
r r

r r

r
r r

rr
r

r
2r

BAfi
fl

A B
r

r2r/3

2r/3
rA B fi

5/3r

5/3r

r

fl
5/11r

2r

(b)

34. r
r

r
r

r
r

r
r

r

r

A B fi
r

r
r

r

r
r

r

r

A

fl
B

2r
2r
2r

2r

BAfiBA
r/2

(b)

R2 R1

a

b
60°

1W
1W

1W 1W
1W

1W
1W 1W

1W 1W
1W 1W

1W
BA

P

Q

RR
R

R

fi
P

Q

RR/2

R/3

flP

Q

R5
11R‹5

6 R = 25W

R

R



39. Wheatstone bridge is bal anced.

fi   R Re = 7
6

40. (d) R L
L L

R R1
1

1 2

1
12

= + =  

= 3 W 

R L
L L

R2
2

1 2

11
12

= + =  = 33 W
R1 and R2 are in parallel,

R R R
R Re = + = ¥+1 2

1 2

3 33
3 33

           = 2.75 W
41. (a) Re sis tance per unit length of wire

               = 4
2 pr

R
r

r R1 2
4

2
2= ¥ = =p p

        R
r

r3
4

2
2 4= ¥ =p p\         1 1 1 1

1 2 3R R R Re
= + +
= + + = +1

2
1
2 4

4
4

p p 

        Re = +44 p W
42. (d) Points C and D are shorted hence the

por tion above line CD can be re moved.

43. (b) As AB is line of sym me try,
we can fold the network about AB.
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A

B30°
O

A R/2 R/2

R/2R/2
R/2

R/2

B

fi R/2 R/2
B

A

R

Rfl
3R/2

A B

A
R

R
R

2R/3

2R/32R/3

2R/3 ‹
P

R
R R

R R
R

R
R

R

R

R
R

R

B

Bfl
fi fi

4R/3 4R/3 4R/3 4R/3

7R/3 7R/3
RRR R

A

B

A R R

R

R

RR

R

R

R
B

R

A

B

R2R3R1

D

BA

C

fl
D

BA

C

R/2 R/2

R BA
‹

R

R

A B

R/2
BA ‹

fl



JEE CornerAssertion and Reason
1. (d) V IR= , If V = 0 ei ther I = 0 or R = 0
2. (b) As all the re sis tors are in par al lel

po ten tial dif fer ence is same, hence

P V
R

= 2
 is maximum if R is minimum.

3. (b) dH I dRt= 2  = I t
A

dH
2 r

I is same everywhere, hence portion having
less area is more heated.
Again J I

A
=\    J JA B> .

Reason is also correct but does not explain
assertion.

4. (b) Both as ser tion and rea son are cor rect but 
rea son does not ex plain the cause of de crease 
in volt me ter read ing.

5. (b) As R RA V< , more cur rent passes through 
am me ter when po si tions of am me ter and
volt me ter are in ter changed and po ten tial
dif fer ence across volt me ter be comes less that 
emf of cell.

6. (c) Dur ing charg ing cur rent in side the
bat tery flows from pos i tive ter mi nal to
neg a tive ter mi nal. Rea son is false while
as ser tion is true.

7. (d) I E
R r

= +  is max i mum when R is zero

hence rea son is false.

P E R
R r

= +2 2( )
 is maximum at R r= .

8. (c) I V
R

=  , P V
R

= 2
 both I and P are inversly

pro por tional to R hence both de crease with
in crease in R which in creases with
tem per a ture.
According to Ohm’s law V Iµ  not V IR= .
As R can be variable also.

9. (d) Drift ve loc ity is av er age ve loc ity of all the 
electrons but ve loc ity of all electrons is not
con stant.

10. (a) R L
A

= r r t= m
ne2

with increase in temperature, electron
collide more frequently, i.e., t decreases,
increasing r and hence R.

11. (d) E E r E r
r r

= ++1 2 2 1

1 2
   \   E E E1 2< <

If  E E1 2<
r r r

r r
= +1 2

1 2
, r r< 1, r r< 2

12. (d) R
R

L
L

1

2

1

2
=

Hence there is no effect of one while
measuring using meter bridge.

Objective Questions (Level-2)
1. (b) I E E

r r r r
= -+ = -+2 1

1 2 1 2

1.5 1.3

= +0.2
r r1 2

…(i)

V E Ir= +1 1 fi 1.45 1.3 0.2= + +r r
r

1 2
1

r
r r

1

1 2+ = 0.15
0.2

  fi  0.2 0.15 0.15r r r1 1 2= +
0.05 0.15r r1 2=   r r1 23=

2. (c) Let R = Re sis tance of volt me ter,

V ER
R R1

1
198= + =  V …(i)

V ER
R R

ER
R R2

2 12
180= + = + =  V …(ii)

2 198
180

11
10

1

1

R R
R R

++ = =
20 10 11 111 1R R R R+ = +

9 1R R=

23 



From Eq. (i),
ER

R R1
198+ =

E R
R

= ¥ =198 10
9

2201

1
 V

3. (b) P I R= 2

As R is same for all bulbs and maximum
current passes through bulb A, it will glow
most brightly.

4. (c) R R V
IA+ = = 5 W
R RA= - <5 5 W

5. (a) r L L
L

R= - = ¥1 2

2

10
60

132.40

ª 22.1 W
6. (b) Cur rent through R when S is open.

I E E
R r r1

1 2

1 2
= ++ +

Current throughR  when S is closed
I E

R r2
1

1
= +DI I I= -2 1= + - ++ +E

R r
E E

R r r
1

1

1 2

1 2= - ++ + +E r E R r
R r R r r

1 2 2 1

1 1 2

( )
( )( )DI = + ve if E r E R r1 2 2 1> +( )

7. (a) V IRA =

V I R IRB = ¥ =2
3

1.5

V I R IRC = ¥ =1
3

3\ V V VA B C= =
8. (d) Cur rent through 15 W re sis tor = =30

15
2 A

 VBC = + ¥ =( )2 5 5 35 V
Voltage drop across R = - +100 30 55( )

     = 35 V

\ Required ratio = =35
35

1

9. (a) r L L
L

R= -1 2

2
 = -x y

y
R

10. (d) R t-- = --20
40 20

10
30 20fi R t= + 10

I E
R t

= = +10
10

dq
dt t

= +10
10[ ]q

t
dt te= + = +Ú 10

10
10 10

10

30
10
30log ( )

= 10 2log e

11. (b) Let l1 length is kept fixed and l2 is
stretched,

R l
A1
1= r , R l

A2
2= r

Initial resistance,
R R R= +1 2 …(i)

Now full is stretched 3
2

 times, ie,

l l l l2 1 2 1
3
2

¢ = + -( )

= +1
2

31 2( )l l

  A A l
l

Al
l l2

2 2

2

2

1 2

2
3

¢ = ¢ ¢ = +
R

l l

Al2
1 2

2

2

1
2

3

2
¢ = +r ( )

R l l
Al2

1 2
2

2

3
4

¢ = +r ( )

Now, R R¢ = 4
R R R R1 2 14+ ¢ = +( )

l l l
l

l l1
1 2

2

2
1 2

3
4

4+ + = +( ) ( )

fi l
l
2

1

1
7

=
fi l

l L
2

1 2

1
8+ =     

12. (b) X
R

l
l

= -1

1100
 fi l1 40=  cm

If R¢ = 8 W

 24

C

B
Ax

I

2
3 I

y

1
3 I



   X
R

l
l¢ = ¢- ¢1

1100fi l1 60¢ =  cm
l l1 1 20¢ - =  cm   

13. (c) I I1 = +0.1
0.1 9.9

But I1 10=  mA
I = ¥10 10

0.1
 mA = 1000 mA = 1 kA

14. (d) Ef fec tive emf of two cells
E E r E r

r r
= ++ = ¥ + ¥+1 2 2 1

1 2

2 6 4 2
2 6= =20

8
2.5 V

RAB = ¥ =4 4 16 W
V R

R R
EAB

AB

AB
= + = + ¥0

16
4 16

12

= 9.6 V
k V

L
AB= = 2.4 V/m

Now, E kl=fi L E
k

= = =2.5
2.4

25
24

15. When k1 and k2 both are closed, the
resistance R1 is short circuited. Therefore
net resistance is

R r rnet = + ¥+ = +100 100
100 100

50

\         I E
r0 50

= +  …(i)

when, k1 is open and k2 is closed, net
resistance is
  R r R r Rnet = + + ¥+ = + +1 1

100 100
100 100

50( )

\     I E
r R

0

12 50
= + +  …(ii)

The above two equations are satisfied if r = 0
and R1 50= W.

16. (b) 20 100W W,  and 25 W re sis tors are in
par al lel.

R = 20 W
V IR= = 80 V

17. (a) Hence, points A and C, B and D are at
same po ten tial.

The equivalent circuit is given by

25 

I1
A

9W 10 mA

0.1W 0.9WI

A B C

I2

k1

A

V

+

–
4A

25W100W20W
6W

4W fi 6W
10W

4W

R B R R
DCA

E, r

V

A

V

R
R
R

B, DA, C

A
IE, r fl

V

A
E, r

R/3



I E
R r

= + =
3

1 A

V I R= ¥ =
3

3 V

18. (c) S
I

I I
Gg

g
= -  ,   G r= , S r=

4

I I Ig g= -1
4

( ) fi I Ig = 1
5

 = 0.006 A
19. (d) I1

10
14

5
7

= =  A

I2
10
7

=  A

V V IP A- = ¥2 4= 40
7

 A

V V IP B- = ¥ =1 8 40
7

 A

   V AA B- = 0An other method
As, R

R
R
R

1

2

3

4
= , V VB A=

20. (b) For se ries con nec tion
V
V

R
R

1

2

1

2
=

\ R
R

1

2

3
2

=
Now, R L

A
L
r1

1

1

1

1
2= =r rp ,

R L
A

L
r2

2

2

2

2
2= =d rp\ R

R
L
L

r
r

1

2

1

2

2

1

2= ¥ ÊËÁÁ ˆ̃̃̄
r
r

R L
R L

1

2

2 1

1 2

2 6
3 1

2= = ¥¥ =
r
r
2

1

1
2

=

21. (a) Volt age sen si tiv ity of voltmeter
 µ 1

Resistance of voltmeter\ 
V
V

R G
R G

s

s

1

2

2

1
= ++

     30
20

50
2950 50

2= ++R

R G2
30 3000

20
4500+ = ¥ =fi R2 4450= W

22. (b) For x = 0
V EAB =
  k E

L1 =
E k L EL

L0 1 1
1= = …(i)

For x x=  (say)

V R
R x

EAB
AB

AB
= +

k R E
R x L

AB

AB
2 = +( )

E k L R EL
R x L

AB

AB
0 2 2

2= = +( )
…(ii)

From Eqs. (i) and (ii),

L R L
R x

AB

AB
1

2= ++( )fi           20 10 30
10

= ¥+ xfi            x = 5 W
23. (d) To ob tain null point sim i lar ter mi nal of

both the bat ter ies should be con nected.
24. (c) Wheatstone bridge is bal anced.

\ I R
R R

I1
2

1 2
= + ¥
= ¥60

84
1.4

               = 1 A

 26

I1
P

I2I

B

A

10 V

8W 6W
4W 3W

fi 4W20WI1

I2

1.4A

50W 10W10W50W
15W

4W20W
1.4A



25. (b) 

I1
10

2 2
= ¥ = 2.5 A

26. (b) Ef fec tive re sis tance of voltmeter  and 
3 kW re sis tor,

R1
3 6
2 6

2= ¥+ = kW
V R

R R
E1

1

1 2

2
4

10 5= + = ¥ =  V

27. (d) P P P1 2 3= = , Clearly R R2 3=

\ i i i
2 3 2

= =
P i R1

2
1= , P i R i R2

2

2
2

22
1
4

= ÊËÁ ˆ̃̄ ¥ =
P i R3

2
3

1
4

=
R R2 14= , R R3 14=\ R R R1 2 3 1 4 4: : : :=

28. As E kL= 1 fi  k E
L

= = =
1

2
500

250

= 1
250

 V/cm

V kL= = ¥2
1

250
490 cm= 1.96 V

29. (c)     r L L
L

R= -1 2

2fi     R L r
L L

= -21 2

        = ¥ =490 10
10

490 WMore than One Correct Options
30.         H P t P t= =1 1 2 2 fi      t H

P1
1

= , t H
P2

2
=

If connected in series
1 1 1

1 2P P P
= +

fi  t t t= +1 2
If connected in parallel

P P P= +1 2fi t t t
t t

= +1 2

1 2

31. E E r E r
r r

= ++ = ¥ + ¥+1 2 2 1

1 2

6 3 5 2
2 3= 5.6 V 

As there is no load.
V E= = 5.6 V

If E E1 2= ,  I = 0
I E E

r r
= -+ = -+ =1 2

1 2

6 5
2 3

0.2 A

32. Let V = Po ten tial dif fer ence between T1 and 
T2.

I V
R RA B

1 = +
I V

RC
2 =

Now,. I I IA B= = 1
I IC = 2

Also, V I R I R RC C A B= = +1( )= +I R I RA A D B
I
I

I
I

R
R R

B

C

C

A B
= = +1

2

27 

10W50W
A B

E

HGF

C
10V

D fi
10V

GD
R

R
A,C,F

R
R

R R
E,B,H

fl

10V

R
R

R R

I

I2
I1

10V

‹ RI3

i
R1

R2

R3 A B

CI2

T1
I1

T2



33. As R R1 2π

V V1 2π
Also, V V V3 1 2= +

34. As R R1 2=
V V1 2=
R L

A
= r

But 
L L2 12=

and R R1 2=\ A2 2= A1

Also, v
Ad µ 1   (For constant current)

v vd d2

1
2 1=  fi v vd d1 2

2=
Again, v Ed µ\ E E1 22=

35. If E > 18 V cur rent will flow from B to A and
vice-versa.

36. V kl=
If Jockey is shifted towards right, I and
hence k will decreases as k Iµ .
Hence L will increase.
If E1 is increased, k will increase, hence L
will decrease.
If E2 is increased L will increase as V will
increase.
If r is closed V will decrease hence L will
decrease.

37. I E
R re

e e
= + , Ini tially, I E

R r
= +

If S1 is closed

I E
R r

Ie = + >
2

If S2 is closed
I E

R r Ie = + >
2

38. V V Ib a- = - + =10 2 2 V

     I = 6 A
From b to a.

V Vc a- = ¥ =2 6 12 V
39.

 28

R1 R2I

V1

A B

V2

V3

I
C b

2W
a

10 V

r

b

r r
a

r

d

r

b

r r
a

r

d

r

b

r r
a

r

d

c c cfl fl fl
b

r r
a

d

r

b

r r

a

r

d

cfl fl
2r 2r

2r

db r

b

r r
a

c

fl
2r
3

2r 2r

a

c

r/2
b d

fl

fl
a

r

b
r

a

fl
5r
8

5r
3

b



Match the Columns
1. By ap ply ing KCL at e

i i i i1 2 3 4 0+ + + =

2
1

4
2

6
1

4
2

0- + - + - + - =V V V Ve e e e

Ve = 4 V, I1 2= -  A, i2 0=  , i3 2=  A, i4 0=
2. Cur rent is same at ev ery point and A A1 2<  

J i
A

=  fi J J1 2>
v i

neAd =  fi v vd d1 2
>

r R
L A

= = r  fi r r1 2>
k V

L
=  fi k k1 2>

3. When switch S is closed
V1 decreases, V2 increases,\ Current through R1 decreases and through 
R2 increases.

4. [R] = [V]
[I]

 = - -[ML T A ]
[A]

2 3 1

= - -[ML T A ]2 3 2

[V] = = -[ ] [ML T ]
[AT]

2 2W
q[ ] = - -[ML T A ]2 3 1

[ s ] = [ ][ ]
[ ]

R A
L

 = - -[ML T A ][L ]
[L]

2 2 23

= - -[ML T A ]3 3 2

[ s ]= = - -1 1
[ ]r [M L T A ]3 3 2  

5. I E E
R r r

A B

A A
= -+ + = 1 A

V E IrA A A= - = 3 V
V E IrB B B= + = 2 V

P IVA A= = 3 W
P IVB B= = 2  W

29 

b

ca
i1 i4

i3e

2W
1W1W

2W
d

V1

R1

V2

R2

R3S

E

1W1V4V 1W
1W



In tro duc tory Ex er cise 21.1
1. No, be cause charged body can at tract an

un charged by in duc ing charge on it.
2. Yes.
3. On clear ing, a pho no graph re cord be comes

charged by fric tion.

4. No. of electrons in 3 g mole of hy dro gen atom
     = ¥ ¥3 10236.022\ q ne= = ¥ ¥ ¥ ¥ -3 6.022 1.610 1023 19

     = ¥2.9 105 CIn tro duc tory Ex er cise 21.2
1.  F q q

r
e
re = ◊ = ◊1

4
1

40

1 2
2

0

2

2pe pe
  F Gm m

rg = 1 2
2

 F
F

e
Gm m

e

g
= ◊ 2

0 1 24pe
     = ¥ ¥ ¥¥ ¥ ¥ ¥ ¥-- - -9 10 10

10 10 10

9 19 2

11 31 2
( )1.6

6.67 9.11 1.67 7

   = ¥2.27 1039

2.      F q q
r

= ◊1
4 0

1 2
2pe

     e p0
1 2

24
= q q

Fr

   [ ] [ ]
[ ][ ]

e0

2

2= q
F r

e

       = -[ ]IT
[MLT ][L]2

2

2

       = - -[ ]M L T I1 3 4 2

SI units of e0 = - -C N m2 1 2.

3. Let us find net force on charge at A.

   F q
aAB = ◊1

4 0

2

2pe   F q
aAC = ◊1

4 0

2

2pe
Net force on charge at A

F F FA AB AC= ∞ + ∞cos cos30 30

         = ◊3
4

2

0
2

q
ape

A
q

B q C
q

Electrostatics21

60°

FAC FAB

A
F sin 30°AB F sin 30°AC 

F cos 30°AB 

F cos 30°AC 



4. F FÆ Æ=OA OC

and F FÆ Æ= -OB OD

Hence, net force on charge at centre is zero.
5. No. In case of in duc tion while charge co mes

closer and like charge moves fur ther from
the source.

The cause of attraction is more attractive
force due to small distance. But if
electrostatic force becomes independent of
distance, attractive force will become equal
to repulsive force, hence net force becomes
zero.

6. When the charged glass rod is brought near
the metal sphere, neg a tive in duces on the
por tion of sphere near the charge, hence it
get at tracted. But when the sphere touches
the rod it be comes pos i tively charged due to
con duc tion and gets re pelled by the rod.

7. Yes as q emin =  

F e
rmin = ◊1

4 0

2

2pe
8. No. Elec tro static force is in de pend ent of

pres ence or ab sence of other charges.
9. F F21 12 4 3Æ Æ= - = - +( )^ ^i j  N.

Introductory Exercise 21.3
1. False.  E q

r
= ◊1

4 0
2pe

2. V VA B>  as elec tric lines of force move from
higher po ten tial to lower po ten tial.

3. False. Pos i tively charged par ti cle moves in
the di rec tion of elec tric field while neg a tively 
charged par ti cle moves op po site to the
di rec tion of elec tric field.

4. False. Di rec tion of mo tion can be dif fer ent
from di rec tion of force.

5. E = se0
 fi s e= = ¥ ¥ -E 0

12103.0 8.85

         = ¥ -2.655 10 11 C/m2

6. q1 and q3 are pos i tively charged as lines of
force are di rected away from q1 and q3. q2 is
neg a tively charged be cause elec tric field
lines are to wards q2.

7. If a charge q is placed at A also net field at
cen tre will be zero.

Hence net field at O is same as produced by 
A done but in opposite direction,02 i.e.,

E q
a

= ◊1
4 2pe

8. Net field at the cen tre (O) of wire is zero. If a
small length of the wire is cut-off, net field
will be equal to the field
due to cut-off por tion, i.e.,
  dE dq

R
= ◊1

4 0
2pe

     = ◊1
4

2
0

2pe pqR
dl

R

     = q dl
R8 2

0
3p e

31  

O

A
q

B
q

q
D

q
C

–q

+
+
+
+

–
–
–
–

+ + + + +

A

E B

D C

q

q q

O q

O

R



9.              E rÆ Æ= ◊1
4 0

3pe q
r

        = - ¥ ¥ ¥+ +-9 10 2 10
3 4

3 4
9 6

2 2 3 2( )
( )/

^ ^i j  = - +144 3 4( )^ ^i j  N/CIntroductory Exercise 21.4
1. Gain in KE = loss of PE

1
2

1
4

1 12

0
1 2

1 2
mv q q

r r
= ◊ -ÊËÁÁ ˆ̃̃̄pe

1
2

10 4 2¥ - v

= - ¥ ¥ ¥ ¥ ¥ -ÊËÁ ˆ̃̄- -1 10 2 10 9 10 1
1

16 6 9
0.5

v2 360=
      v = 6 10 ms-1

2. W q V VA B= -( )= ¥ ◊ - ¥ - ◊ - ¥ÊËÁÁ ˆ̃̃̄- - -
2 10 1

4
1 10

1
1

4
1 10

2
6

0

6

0

6pe pe= - ¥ -9 10 3 J = - 9 m J

3. When ever work is done by elec tric force,
po ten tial en ergy is de creased.

W U= - D
U U W2 1

810= - = - ¥ -8.6  J
4. No. As U q q

r
= 1 2

04pe
If there are three particles

U q q
r

q q
r

q q
r

= ◊ + +ÈÎÍÍ ˘̇̇̊1
4 0

1 2

12

2 3

23

3 1

31pe
Here U may be zero.
In case of more than two particles PE of
systems may same as if they were separated
by infinite distance but not in case of two
particles.

Introductory Exercise 21.5
1. V

W
qba

a b= = ¥Æ 12 102 = 1200 V

2. l a= x
(a) SI Units of l = C/m
             a l=

x
Hence SI unit of a = C/ m

m
 = C/m2.

(b) Consider an elementary portion of rod at

a distance x from origin having length

dx. Electric potential at P due to this

element.

dV dx
x d

= ◊ +1
4 0pe l

Net electric potential at P
V dx

x d
L= ◊ +Ú 1
4 00 pe l

fi ape4 0 0
◊ +Ú x dx

x d
L

      = ◊ - +ÈÎÍÍ ˘̇̇̊Ú Úape4 0 0 0
dx d dx

x d
L L

      = ◊ - +ape4 0
0 0[[ ] [ln ( )] ]x d x dL L

      = ◊ - +ÈÎÍ ˘̇̊ape4 0
L d L d

d
ln

3. Con sider an el e men tary por tion of length dx
at a dis tance x fro my centre O of the rod.

Electric potential at P due to this element,
dV dx

d x
= ◊ +1

4 0 2 2pe l
     V dx

d xl

l= ◊ +-Úlpe4 0 2 2

 32

L

xd

P

2l
x

d

d

P

O d–x



= ◊ ÈÎÍ ˘̇̊- -lpe4 0

1sin x
d l

l

    = ◊ ¥ -q
l

x
d4 2

2
0

1pe sin

          V q
l

x
d

= -
4 0

1pe sin

4. Con sider the cone to be made up of large
num ber of el e men tary rings.

 

Consider one such ring of radius x and
thickness dl. Let q be the semi-vertical angle
of cone and R be the radius of cone.

Charge on the elementary ring;
dQ dA Q

RL
x dl= = ◊s p p2

or       dQ Ql
RL

dl= 2 sin q
Potential at O due to this ring

dV dQ
l

= ◊1
4 0pe

    = Q
RL

dlsin qp e2 0

Total potential at O
V Q

RL
dl QL

RL
L= =Úsin sinqpe qpe2 20 0 0

         = Q
L2 0pe  [L Rsin q = ]

       U qV=
         = Qq

L2 0pe

Introductory Exercise 21.6
1. (a) V a x y= -( )2 2

   E v
x

v
y

ax y= - ∂∂ = ∂∂ÊËÁÁ ˆ̃̃̄ = - +i j i j^ ^ ^ ^2 2

(b) V axy=
   E v

x
v
y

a y x= - ∂∂ = ∂∂ÊËÁÁ ˆ̃̃̄ = - +i j i j^ ^ ^ ^( )

2. From x = - 2 to x = 0 & x = 2 to x = 4 
V is increasing uniformly.

Hence, E is uniform and negative
From x = 0 to x = 2

V is constant hence E is zero.
For x > 4
V is decreasing at constant rate, hence E is
positive.

3. E dV
dr

= - = - -- =( )50 100
5 0

10 V/m

True.
4. (a) V VP D- = ◊ =Æ ÆE l 0

(b) V VP C- = ◊ = ¥ ¥ ∞Æ ÆE l 20 1 0cos= 20 V

(c) V VB D- = - ¥ = -20 1 20 V
(d) V VC D- = - ¥ = -20 1 20 V

33  

–2 O 2 4 x

q
x

R

L

l

dl

O

A B

D C1m
1m E = 20V/m

Æ



Introductory Exercise 21.7

1. F qE1 =  to wards right
F qE2 =  towards left
Net torque about q,t q q= - +qE l x qEx( ) sin sin2
        = =q l E pE( ) sin sin2 q q
      tÆ Æ Æ= ¥p E

2.      E q
y a

1
0 2 2 2

1
4

= ◊ +pe ( )

     E q
y a

2
0 2 2 2

1
4

= ◊ +pe ( )

     E q
y3

0
2

1
4

2= ◊pe
Net field at P

E jÆ = - - -( cos cos ) ^E E E3 1 2q q                 = - - + - +ÈÎÍÍ ˘̇̇̊q
y y a y a4
2

0
2 2 2 2 2pe q qcos cos ĵ

= - - +ÈÎÍÍ ˘̇̇̊2
4

1
0

2 2 2 3 2
q

y
y

y ape ( ) / ĵ        
= - + -+ÈÎÍÍ ˘̇̇̊2

4 0

2 2 3 2 3

2 2 2 3 2
q y a y

y y ape ( )
( )

/

/ ĵ         
= - +ÊËÁÁ ˆ̃̃̄ -+

È
Î
ÍÍÍÍÍÍ

2
4

1

0

3
2

2

3 2
3

2 2 2 3 2
q

y q
y

y

y y ape
/

/( )

˘
˚
˙̇̇
˙̇̇ ĵ     

As y a>>
E q

y q
y

y

y
= - ◊ +ÊËÁÁ ˆ̃̃̄ -È

Î
ÍÍÍÍÍ

˘
˚
˙̇̇
˙̇2

4

1 3
2

0

3
2

2
3

5pe ĵ            
E qa

y
= - 3

4

2

0
4pe ĵ                                              

Introductory Exercise 21.8
1. (a) Charge q is com pletely the hemi sphere

    hence flux through hemi sphere is zero.
(b) Charge inside the sphere is q hence flux

through hemisphere f = qe0

(c) As charge q is at the surface, net flux

through hemispheref = q
2 0e

2. When charge is at any of the ver tex, net flux
through the cube, f = q

8 0e
If charge q is at D,
flux through three faces containing D is zero
and the flux f is divided equal among other
three faces, hence

f = f =EFGH
1

2 0

qpe
and f =AEHD 0             

3. True. As elec tric field is uni form, flux
en ter ing the cube will be equal to flux
leav ing it.\ f =net 0 fi f =net

qe0

   fi q = 0
4. (a) As net charge in side hemi sphere is zero,

f + f =1 2 0
But E is parallel to surface 2.
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E 

A

F1

2l

B+q

Q

q
F29

x
Q

2l

x

Æ

E 
1

2



\ f =2 0
Hence, f =1 0
(b) Again, f + f =1 2 0

   f = ¥ =2
2 2E R R Ep p\ f = - f = -1 2

2p R E

5. cos /q = =R
R

2 1
2

, q = ∞60

– = = ∞POQ 2 120q\ Length of arc PQ R= 2
3
p

Charge inside sphere,
q q

R
R= ¥0

2
2
3p p  fi q0

3\ Flux through the spheref = =q qe e0

0

03

6. Net charge in side the cube = 0.\ Net flux through the cube = 0.

Introductory Exercise 21.9
1. V q q q

RB
B= ◊ + + =1

4 2
0

0pe

q qB = - 2
Total charge inside a conducting sphere
appears on its outer surface,\ Charge on outer surface of A q= 2
and charge on outer surface of B= - =2 2 0q q

2. Let q¢ = charge on sphere B and charge f
flows from sphere C to A.

V q q Q
R

q Q
RB = ◊ ¢ + + + -ÊËÁ ˆ̃̄ =1

4 2
2

3
0

0pefi 3 0q q¢ + + f = …(i)
Again, V VP C=

1
4 2

2
3

1
4

3
30 0pe pe◊ + + + -ÈÎÍ ˘̇̊ = ◊ + ¢q Q

R
q
R

q Q
R

q q
R

6 3 2 2 2 3( ) ( ) ( )q Q q q Q q q+ + ¢ + - = + ¢
4 4 0q q q+ + ¢ =

On solving
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E 

1 2

q R

O

P Q
R—2

B
–2q

A +2q
–q

q R

2R

A
R

2R

B
C

–(q +Q)
q + Q

q +  + Q 'q )Q + q + 'q(–
3q

 + 
Q

3R



Q q= - 5
11

, q q¢ = - 24
11

A       B       C

Charge on

inner surface

0 - +( )q Q= - 6
11

q

- ¢ + +( )q q Q= 18
11

q

Charge on

outer surface

q Q+ = 6
11

q q Q¢ + += - 18
11

q

3q q+  = 9
11

q

3.

  A    B    C

Charge on

inner surface

- q - 2q + 4
3

q

Charge on

outer surface

+ 2q - 4
3
q + 2

3
q

AIEEE CornerSubjective Questions (Level-1)
1. F q Q q

r
= ◊ -1

4 0
2pe ( )

For maximum force
dF
dq

Q q
r

= ◊ - =1
4

2 0
0

2pe
q Q=

2
d F
dq r

2

2
0

2
1

4
2 0= ◊ - <pe

Hence F is maximum at q Q=
2

.

2. Min i mum pos si ble charge on a par ti cle = e.\ F e
rmin = ◊1

4 0

2

2pe  = ¥ ¥ ¥¥ --9 10 10
1 10

9 19 2

2 2
( )

( )
1.6

= ¥ -2.3 10 24 N
3.     F q q

re = ◊1
4 0

1 2
2pe                   …(i)

   F Gm m
rg = 1 2

2 …(ii)

    F
F

q q
Gm m

e

g
= 1 2

0 1 24pe= ¥ ¥ ¥¥ ¥ ¥-- -( )
( )

3.2
6.67 6.64

10 9 10
10 10

19 2 9

11 27 2

      = ¥3.1 1035

4.      F q q
r1

0

1 2
2

1
4

= ◊pe                  …(i)

     F q
r2

0

2

2
1

4
= ◊pe  …(ii) 

[As both the spheres are identical, find
charge on both the spheres will be equal]

q q q= -1 2
2fi q q q1 2 2- =

From Eq. (ii),
     q r F2

0
2

24= pe= ¥ ¥¥ =- -( )50 10
9 10

10
2 2

9
120.036

     q = -10 6 C = 1 mC
From Eq. (i),

q q r F1 2 0
2

1

2 2

94 50 10
9 10

= = ¥ ¥¥-pe ( ) 0.108

             = ¥ -3 10 12

Also,    q q q1 2
62 2 10+ = = ¥ -

On solving
         q1 3= ± mC
and      q2 1= + mC
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A

–2q A 

q
–q

B
C

+ 2q

–(q')
q'

2q + q'



5. (a) F q Q
a1

0

1
2

1
4 3 2

= ◊pe ( / )

F q Q
a1

0

1
2

1
4

4
9

= ◊pe …(i)

F q Q
a2

0

2
2

1
4 2

= ◊pe ( / )

 = ◊1
4

4
0

2
2pe q Q

a
…(ii)

For net force on Q to be zero
F F1 2=

or q q1 29=
(b) F q Q

a1
0

1
2

1
4

4
25

= ◊pe

F q Q
a1

0

2
2

1
4

4
9

= ◊pe
For net force on Q to be zero.

F F1 2 0+ =fi q
q

1

2

25
9

=
6. (a) In or der to make net force on charge at A

   and B zero, Q must have neg a tive sign.

Let the charge Q is planed at a distance x
from A (+ Q charge)

F qQ
xOA = ◊1

4 0
2pe

F qQ
x xOB = ◊ -1

4
4

0
2pe ( )

For net force on Q to be zero.
F FOA OB=

  1
4

1
4

4
0

2
0

2pe pe◊ = ◊ -qQ
x

qQ
L x( )

          ( ) ( )L x x- =2 22
x L=

3
  

Force on A,

F q
LAB = ◊1

4
4

0

2

2pe
F qQ

xAO = ◊1
4 0

2pe
                = ◊1

4 0
2pe qqQ

L
For net force on Q to be zero.

F FAB AO=
1

4
4 1

40

2

2
0

2pe pe◊ = ◊q
L

qqQ
Lfi  q Q= 9

4fi               Q q= 4
9

As Q is negative fi q q= - 4
9

(b) PE of the system

U q
L

qQ
x

qQ
L x

= ◊ + + -ÈÎÍÍ ˘̇̇̊1
4

4 4
0

2pe
   = ◊ - -ÈÎÍÍ ˘̇̇̊ =1

4
4 4

3
8
3

0
0

2pe q
L

qQ
L

qQ
L

Hence, equilibrium is unstable.
7. FBD of af  placed at left can be given by

DABD is equilateral
As beads are in equilibrium
        mg N= ∞sin 60
         F Ne = ∞cos60
        F

mg
e = ∞cot60

         q R mg2
0

24 60= ∞pe cot

          q R mg= 4
3

0
2pe

            = 2 6
3
0R mgpe

37  
–a
–a1

+a/2
O Q q2

+a

F1
Æ

F2
Æ

–a
q1 O +

Q
+Q

+a
2

F1
Æ

F2
Æ q2

A
+q Q +4q

B
x O –x

60°Fe N cos 60°

mg

N sin 60°
N

O

A BR

R R



8. As ball are in equi lib rium

  F Te = sin a
mg T= cos a
F mge = tan a

    q r2
0

24= pe atan
Here,      r l= 2 sin a

q l2
0

2 216= pe a asin tan
          q = ¥ -3.3 10 8  C.

9. Same as Q.7. In tro duc tory Ex er cise 21.3.
10. See Q.7. In tro duc tory Ex er cise 21.3.
11.     E q

r
= ◊ Æ1

4
1

0
3pe r

   = ¥ ¥ - ¥+ --9 10 109 9

2 2 3 2
( )

(( ) ( ) )
( )/

^ ^8.0
1.2 1.6

1.2 1.6i j
   = - -18 2 ( )^ ^1.2 1.6i j  N/C.

12. Con sider an el e men tary por tion on the ring
of length dl sub tend ing an gle df at cen tre ‘O’
of the ring.
Charge on this portion,

dq dl Rd= = fl l\ dE dq
R

d
R

= ◊ = f1
4

1
40

2
0pe pe l

Here, dE sin f components of field will cancel 
each other.
Hence, Net field at O

E dE
R

d= f = ◊ f fÚ Ú-cos cos
/

/1
4 0 2

2pe l pp
= ◊1

4
2

0pe l
R

13. Con sider el e men tary por tion of the rod of
length dl at a dis tance l from the cen tre O of
the rod.

Charge on this portion
dq dl Q

L
dl= =l     

\ dE dq
a

= ◊ f1
4 0

2pe ( )sec

        = ◊ f1
4 0

2 2pe Q dl
La sec

Now,
l a= ftan   fi dl a d= f fsec2\ dE Q d

La
= ◊ f1

4 0pe  

Net Electric field at P.
E dE= fÚ cos

[ dEsin f components will cancel each other
as rod in symmetrical about P.]= ◊ f f-Ú1

4 0pe qqQ
La

dcos

         = ◊1
4

2
0pe qQ

La
sin

But sin q = + ÊËÁ ˆ̃̄ = +L

a L
L

a L
2

2
42

2 2 2

\ E Q
a a L

= ◊ +1
4

2
40 2 2pe
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dE
dE cos f
dE cos f

dE

dE sin fdE sin f O

f
R

df

dldl

dE

dE cos f
dE cos f

dE

dE sin f

dE sin f
df

Q
P

dl

l

dl

f
O

a
O 

a
Fe Fe

mg

T sina
mg

r

T cos a
T T



14. (a) As shown in fig ure, di rec tion of elec tric
   field at P will be along + ve y-axis.

(b) Positive x-axis.

(c) Positive y-axis.

15. Let E q
R1

0
2

1
4

= ◊pe

Resultant fields of two opposite charges can
be shown as given in figure.

Clearly resultant field is along angle bisector 
of field towards 9 and 10.

Hence time shown by clock in the direction
of electric field is 9 : 30.

16. (a)  a F
m

eE
m

= = -
     = - ¥ ¥ ¥¥- -1.6

9.1
10 1 10

10

19 3

31

     = - ¥1.76 1014 ms-2

u = ¥5.00 108  cm/s = ¥5 106 ms-1

v = 0    
v u as2 2 2- =
       s = ¥¥ ¥ = ¥ =-( )5 10

2 10
1 10

6 2

14
2

1.7
.4 1.4 cm

(b)  v u at= +
t = ¥¥ = ¥ =-5 10

10
10 28

6

14
8

1.76
2.8  ns.

(c) Dk = work done by electric field.
     = ◊ = -F x eEx= - ¥ ¥ ¥ ¥ ¥- -1.6 10 1 10 8 1019 3 3

     = - ¥ -1.28 J10 18

Loss of KE = ¥ -1.28 J10 18

17. Here, u ux = ∞ =cos45 25
2

 ms-1

u uy = ∞ =sin45 25
2

 ms-1

     a qEx = = ¥ ¥ ¥-2 10 2 106 7

           = 40 ms-1

         a y = - 10 ms-1

          y u
a

tyt
y

= + 1 2

          y t t= -25
2

5 2
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E1
E

E2

P x 

y

–Q

Q

y

+Q

+Q

E2

E1

E
x

P

–Q

+Q

E1 E2

E

P

12
E12

2

3

4

5
6

7

8

9

10

11
E1

E2

E3

E4

E5E6
E7

E8

E9

E10

E11

1

6E1

6E1

6E1

6E1

E

6E1
6E1

q
u E



at the end of motion,
t T=  and y = 0\ T = 5

2
 s

Also at the end of motion,
         x R=\         x u t a tx x= + 1

2
2

  R = ¥ + ¥ ÊËÁ ˆ̃̄25
2

5
2

20 5
2

2

           = 312.5 m

18. (a)    R
qE

= m q2 2sin

   sin 2 2q = qER
mu

        = ¥ ¥ ¥ ¥¥ ¥ ¥- --1.6 1.27
1.67 9.55

10 720 10
10 10

19 3

27 3 2( )
        = 0.96
      2 88q = ∞ or 92∞
       q = ∞44  or 46∞
      T mh

E
= 2

2
sin q 

        = ¥ ¥ ¥ ¥ ¥¥ ¥
-

-2 10 1
2

10

10 720

3 31

19

9.55 1.67

1.6
        = ¥ -1.95 10 11 s

19. (a) a E jÆ Æ - -= - = - ¥ ¥¥e
m

1.6
9.1

10 120
10

19

31
^

= - ¥2.1 1013 î m/s

(b) t x
ux

= = ¥¥ = ¥- -D 2 10
10

4
3

10
2

5
7

1.5
 s

v u a ty y y= +
       = ¥ ¥ ¥ ¥ ¥ -3.0 2.110 10 4

3
106 13 7

        = ¥0.2 106 m/sv i jÆ = ¥ + ¥( ) ( )^ ^1.5 0.210 105 6

20. Ab so lute po ten tial can be zero at two points
on the x-axis. One in be tween the charges
and other on the left of charge a1 (smaller in
mag ni tude).

Case I.
In between two charges : let potential is zero
at a distance x from q1 towards q2.

V q
x

q
x

= ◊ + ◊ - =1
4

1
4 100

0
0

1

0

2pe pe
        = ◊ ¥ - ◊ ¥ - =- -1

4
2 10 1

4
3 10
100

0
0

6

0

6pe pex xfi 200 2 3- =x x
        x = 20 cmCase II.

Consider the potential is zero at a distance x
from charge q, on its left.

\   V q
x

q
x

= ◊ + ◊ + =1
4

1
4 100

0
0

1

0

2pe pe
    = ◊ ¥ + ◊ - ¥ + =- -1

4
2 10 1

4
3 10

100
0

0

6

0

6pe pex x
200 2 3+ =x x

          x = 200 cm
21. Let us first find the po ten tial at a point on

the per pen dic u lar bi sec tor of a line charge.
Consider a line of carrying a line charge
density l having length L.

Consider an elementary portion of length dl
on the rod. 
Charge on this portion
           dq dl= l\ dV dl

r
= ◊ f1

4 0pe l
sec

  

Now,         l r= ftan
            dl r d= f fsec2

 40

O 100cm

q1
q2

X

q1 q2
x 100–x

q1 q2
x 100 cm

fqL

r

l

dl



\   dV d= f fl pesec
4 0\     V dV d= = ◊ f fÚ Ú-lpe qq

4 0

2sec

       = + -lpe q q qq
4 0

[ln| tan |]sec

       = +-ΩΩΩ ΩΩΩÈÎÍÍ ˘̇̇̊lpe q qq q4 0
ln tan

tan
sec
sec

       = +2
4 0

lpe q qln| tan |sec

In the given conditionq = ∞60
Potential due to one side
 V V V1 2 3

0

2
4

60 60= = = ◊ ∞ + ∞lpe ln| tan |sec

= ◊ +2
4

2 3
0

lpe ln| |

Total potential at O
V V= = ◊ +3 6

4
2 31

0

lpe ln| |

= ◊ +Q
a2

2 3
0pe ln| |   

22. (a) V V2 1
2250 20 10- = - ◊ = - ¥ ¥Æ Æ -E d  = - 50 V

     W V q V V= = -D ( )2 1= ¥ ¥ --12 10 506  = - 0.6 mJ
(b) V V2 1 50- = - V

23. By work en ergy the o rem
       W K= D
q V V mv mv( )1 2 2

2
1
21

2
1
2

- = -
 - ¥ --5 10 20 8006 ( )= ¥ ¥ --1

2
2 10 54

2
2 2( ( ) )V

       v2
2 55=

       v2 55= = 7.42 ms-1

When a particle is released in electric field it 
moves in such a way that, it decreases its PE 
and increases KE

Hence, particle at B is faster than that at A.
24. Cen tre of cir cle is equi dis tant from ev ery

point on its pe riph ery,
Hence, V q

R0
0

1
4

= ◊pe , 

where q Q Q SQ= + = -1 2\    V Q
R0

0

1
4

5= - ◊pe
Similarly,      V q

R Z
p = ◊ +1

4 0 2 2pe
          = - ◊ +1

4 0 2 2pe SQ
R Z

25. Ini tial PE
U q q

ri = ◊1
4 0

1 2

1pe
U q q

rf = ◊1
4 0

1 2

2pe
Work done by electric force

W U U Uf i= - = - -D ( )

    = - ◊ -ÊËÁÁ ˆ̃̃̄1
4

1 1
0

1 2
2 1pe q q

r rfi  W = - ¥ ¥ ¥ ¥ - ¥- -9 10 10 109 6 62.4 4.3( ) 
1 1

0.25 2 0.15
-ÊËÁ ˆ̃̄

  W = - 0.356 mJ

26. (a) U q q
r

q q
r

q q
r

= ◊ + +ÈÎÍÍ ˘̇̇̊1
4 0

1 2

12

2 3

23

3 1

31pe
     = ¥ ¥ ¥ - ¥ÈÎÍÍ - -

9 10 4 10 3 109
9 9( )

0.2+ - ¥ ¥ ¥- -( ) ( )3 10 2 109 9

0.1

+ ¥ ¥ ¥ ˘̇̇̊- -4 10 2 109 9

0.1

U = ¥ - - + = --9 10 6 6 8 3608[ ]  nJ
(b) Let the distance of q3 from q1 is x cm. Then

U q q q q
x

q q
x

= ◊ + - +ÈÎÍÍ ˘̇̇̊ =1
4

0
0

1 2 2 3 3 1pe 0.2 0.2fi   9 10 4 10 3 10
20 10

9
9 9

0 2¥ ¥ ¥ - ¥¥ÈÎÍÍ - --( )

+ - ¥ ¥ ¥- ¥- --( )
( )

3 10 2 10
20 10

9 9

2x

41  

O



+ ¥ ¥ ¥¥ ˘̇̇̊ =- --2 10 4 10
10

0
9 9

2x
 

fi - - - + =6
10

6
20

8 0
x xfi x = 6.43 cm

27. Let Q be the third charge

U q
d

qQ
d

qQ
d

= ◊ + +ÈÎÍÍ ˘̇̇̊ =1
4

0
0

2pe
       Q q= -

2
28. V = - ◊Æ ÆE r

(a) r kÆ = 5 ^

V = - - - =( ) ( )^ ^ ^5 3 5 0i j k
(b) r i kÆ = +4 3^ ^

V = - - - +( ) ( )^ ^ ^ ^5 3 4 3i j i j
          = - 20 kV

29. EÆ = 400 ĵ V/m

(a) r jÆ = 20  ̂cm = ( )^0.2 j  m

V = - ◊ = -Æ ÆE r 80 V

(b) r jÆ = -( )^0.3  m 

V = - ◊ =Æ ÆE r 120 V

(c) r kÆ = ( )^0.15
V = 0

30. E iÆ = 20  ̂N/C

(a) r i jÆ = +( )^ ^4 2  m

V = - ◊ = -Æ ÆE r 80 V

(b) r i jÆ = +( )^ ^2 3  m

V = - ◊ = -Æ ÆE r 40 V

31. (a) [ [ ]
[ ]

A V
xy yz zx

] = + +  = - -[ ]
[ ]

ML T I
L

2 3 1

2

                    = - -[ ]ML T I0 3 1

(b) E V v
x

v
y

v
z

= - — = - ∂∂ + ∂∂ + ∂∂ÊËÁÁ ˆ̃̃̄Æ i j k^ ^ ^

   = - + + + + +A y z z x x y[( ) ( ) ( ) ]^ ^ ^i j k
(c) at (1m, 1m, 1m)

E = - + +10 2 2 2( )^ ^ ^i j k= - + +20( )^ ^ ^i j k   

32. V VB - = - ◊Æ Æ
0 E rfi V - = - +0 40 60( )fi V = - 100  

33. (a) E v
x

Ay Bxx = - ∂∂ = - -( )2

E V
y

Ax Cy - ∂∂ = - +( )

E V
Zz = - ∂∂ = 0

(b) For E = 0
Ex = 0 and Ey = 0

Hence, Ey = 0
Ax C+ = 0

x C
A

= -
Ex = 0

Ay B C
A

- -ÊËÁ ˆ̃̄ =2 0

y BC
A

= - 2
2

Hence, E is zero at - -ÊËÁ ˆ̃̄C
A

BC
A

, 2
2 .

34. f = qe0

     q = = ¥ ¥-e0
1210 360f 8.8

           = ¥ -3.18 10 9 C
           = 3.186 nC

36. (a) f = = - ¥¥ --qe0

6

12
10
10

3.60
8.85

        = ¥4.07 105 V-m.
(b) f = qe0

 fi q = e0f= ¥ ¥ = ¥- -8.85 6.90310 780 1012 9

   q = 6.903 nC
(c) No.

Net flux through a closed surface does

not depend on position of charge.

36. E i jÆ = +ÊËÁ ˆ̃̄3
5

4
50 0E E^ ^

S jÆ = 0.2  ̂m2 = 1
5

ĵ m2

\ f = ◊ =Æ ÆE S 4
25

 Nm2/C

 42



            = ¥ ¥4
25

1032.0  N-m2/C    

            = 320 N-m2/C                       

37. E iÆ = E x
l
0  ̂x1 0=

         E1 0Æ =
          x a2 =
         E i2

0Æ = E a
l

^

Flux entering the surfacef =1 0
Flux leaving the surfacef = =2 2

2 0
3

E a E a
l

                   

= ¥ ¥ ¥¥ --5 10 1 10
2 10

3 2 3

2
( )

= 0.25 N-m2 /C             
Net flux, f = qe0

    f - f =2 1
0

qe
        q = f - fe0 2 1( )
          = ¥ ¥-8.85 0.2510 12

          = ¥ -2.21 10 12 C = 2.21 pC
38. Con sider the charge is placed at ver tex of the 

cone of height b and ra dius R.

Let a be the semi-vertical angle of the cone,
then solid angle subtended by the cone.W = -2 1p a( cos )
Flux passing through conef = ◊ fW

4p total

But f = 1
4

ftotal  (Given)W = p     
2 1p a p( cos )- =
    1 1

2
- =cos a

cos a = 1
2
 fi a p=

3
R b b= =tan a 3

Hence proved

39. E i j kÆ = - + -B C D^ ^ ^, S i1
2Æ = - L ,̂ S j2

2Æ = - L ,̂ S i3
2Æ = - L ,̂ S j4

2Æ = - L ,̂ S k4
2Æ = - L ^, S k6

2Æ = - L ^

\ f = Æ◊Æ =1 1
2E S BL , f = Æ◊Æ =2 2

2E S CL ,        f = Æ◊Æ = -3 3
2E S BL , f = Æ◊Æ = -4 4

2E S CL ,f = Æ◊Æ = -5 5
2E S DL , f = Æ◊Æ =6 6

2E S DL    
(b) f = f + f + f + f + f + f =1 2 3 4 5 6 0

40. W = - f2 1p ( cos )

f = f = f1 2 4
Wp cot total  = - a ◊2 1

4 0

p p e( cos ) q

= -1
2

1
0e a( cos )

Total flux through the ring
   f = f + f1 2 = - = - +Ê

ËÁÁ
ˆ
¯̃̃q q l

R le a e0 0 2 2
1 1( cos )

41. From the given equa tion, 

radius of hemisphere = a
and its centre is at ( , , )a 0 0

43  

R

a
Q

a
q –q

O
q 45°

a

x

y

a



W = - = -ÊËÁ ˆ̃̄2 1 2 1 1
2

p a p( cos )

f = f = -ÊËÁ ˆ̃̄ ◊W
4

2 1 1
2

4 0p p p etotal
q

       f = -ÊËÁ ˆ̃̄q
2

1 1
20e

42. q r1
24= s p( ), q R2

24= s p( ) 

But, q q Q1 2+ =  fi s p= +Q
r R4 2 2( )

        V q
r

q
RA = ◊ +ÊËÁ ˆ̃̄1

4 0

1 2pe
         = ◊ +ÊËÁÁ ˆ̃̃̄1

4
4 4

0

2 2pe s p s p( ) ( )r
r

R
R

          = ◊ ++1
4 0

2 2pe Q r R
r R

( )

    V q q
R

Q
RB = ◊ +ÊËÁ ˆ̃̄ = ◊1

4
1

40

1 2

0pe pe
43. q aA = s p( )4 2 , q bB = - s p( )4 2

     q cC = s p( )4 2

         V q
a

q
b

q
cA

A B C= + +ÊËÁ ˆ̃̄1
4 0pe

          = + +se0
( )a b c

       V q q
b

q
cB

A B C= + +ÊËÁ ˆ̃̄1
4 0pe

          = - +ÊËÁÁ ˆ̃̃̄se0

2a
b

b c

        V q q q
cC

A B C= + +ÊËÁ ˆ̃̄1
4 0pe

          = - +ÊËÁÁ ˆ̃̃̄se0
a b c

c

2 2 2

44. (a) As charge Q is placed at the centre of the
sphere, charge - Q will appear on the
inner surface and Q on its outer surface.

Hence,  s pin = - Q
a4 2 

and s pout = Q
a4 2

(b) Entire charge inside  the sphere appears

on its outer surface, hences pin = - Q
a4 2 and s pout = +Q q

a4 2  

(c) In case (a)
E Q

x
= ◊1

4 0
2pe

In case (b)
   E E E= +1 2
     E1 = Field due to charge Q.
     E2 = Field due to charge on shell.

E Q
x

= ◊1
4 0

2pe  

for x a<
As field due to shell is zero for x a< .
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R

r A B

q1

q2

s
–s

a

s
A b

B

C c

+Q
–Q

Q

+Q
–Q

Q
x



and E Q q
x

= ◊ +1
4 0

2pe , for x a>  

45. Let Q be the charge on the shell B,

V q Q
b

q
cB = + + -ÈÎÍ ˘̇̊ =1

4
0

0pe
        Q q b c

c
= -ÊËÁ ˆ̃̄

Charge distribution on different surfaces is
shown in figure.

46. (a) Let E1 and E2 be the elec tric field at P due 
to in ner shell and outer shell re spec tively.

Now, E Q
r1

0

1
4

2= ◊pe  and E2 0=
\ E E E E Q

r
= + = = ◊1 2 1

0

1
4

2pe
(b) V Q

R
Q
RA = ◊ -ÈÎÍ ˘̇̊1

4
2

30pe
V Q Q

RB = ◊ -ÈÎÍ ˘̇̊1
4

2
30pe

V V Q
R

Q
RA B- = ◊ -ÈÎÍ ˘̇̊1

4
2 2

30pe= ◊1
4

4
30pe Q

R

(c) Whenever two concentric conducting

spheres are joined by a conducting wire

entire charge flows to the outer sphere.\ QA = 0, QB = 0

(d) Let QA be the charge on inner sphere.

V Q
R

Q
RA

A= ◊ -ÈÎÍ ˘̇̊ =1
4 3

0
0pe
Q Q

A =
3

47. (a) At r R=
V Q

R
Q
R

Q
R

= ◊ + - +ÈÎÍ ˘̇̊1
4

2
2

3
30pe = ◊1

4 0pe Q
R

At r R= 3

V Q Q Q
R

= ◊ - +ÈÎÍ ˘̇̊1
4

2 3
30pe= ◊1

4
2
39pe Q

R

(b) Let E E1 2,  and E3 be the electric fields at 

r R= 5
2

 due to shells A B,  and C

respectively.

\ E Q

R
1

0
2

1
4 5

2

= ◊ ÊËÁ ˆ̃̄pe
= ◊1

4
4

250pe Q
R

(outwards)

E Q

R
2

0
2

1
4

2
5
2

= ◊ ÊËÁ ˆ̃̄pe

45  

–q

a

q

b

A

C

b—qc 
–b—qc 

b—q –qc 

B
C

P r
+2Q

R
A

3R

–Q

B

R

A
3R

–Q

B

QA

R

Q2R

3R

A

B
C

–2Q 3Q



= ◊1
4

8
250pe Q

R
(inward)

           E3 0=
Net field at r R= 5

2
   E E E Q

R
= + = ◊2 1

0

1
4

4
25pe (inward)

(c) Total electrostatic energy of system is the 

sum of self-energy of three shell and the

energy of all possible pairs i.e.,

   U Q
R

Q
R

Q
R

= ◊ + -¥ + ¥ÈÎÍÍ1
4 2

2
2 2

3
2 30

2 2 2pe ( ) ( )

+ - + - ¥ + ¥ ˘̇̊Q Q
R

Q Q
R

Q Q
R

( ) ( )2
2

2 3
3

3
3

   U Q
R

= ◊1
4 0pe

(d) Let q charge flows from innermost shell

to outermost shell on connecting them

with a conducting wire.

V Q q
R

Q
R

Q q
RA = ◊ - + - + +ÈÎÍ ˘̇̊1

4
2

2
3

30pe
       = ◊ -1

4
3 2

30pe Q q
R

V Q q Q Q q
RB = ◊ - - + +ÈÎÍ ˘̇̊1

4
2 3
30pe

        = ◊1
4

2
30pe Q

R
But   V VA B=

1
4

3 2
3

1
4

2
30 0pe pe◊ - = ◊Q q

R
Q
Rfi      q Q=

2\ Charge on innermost shell = - =Q q Q
2

and charge on outermost shell= + =3 7
2

Q q Q

and V Q q
RA = ◊ -1

4
3 2

30pe= ◊1
4

2
30pe Q

R
(c) In this case

E Q

R R
1

0
2

1
4

2 5
2

= ◊ ÊËÁ ˆ̃̄pe
= ◊1

4
2
250pe Q

R
(outward)

E Q

R
2

0
2

1
4

2
5
2

= ◊ ÊËÁ ˆ̃̄pe
= ◊1

4
8

250pe Q
R

(inward)

Net electric field at r R= 5
2

E E E Q
R

= - = ◊2 1
0

1
4

6
25pe (inward)

Objective Questions (Level-1)
1. f = ◊E A

Units of f = N/C ¥ =m N- m2 2/C
or V/m ¥ =m V - m2

2. Net force
  F mg qE¢ = -

g g qE
m

¢ = -
      T l

g
T¢ = >2

1
p

3. Elec tric lines of force ter mi nate at neg a tive
charge.

4. F q
l

= ◊1
4 0

2

2pe
Initial PE

U q
l

q
l

q
l

Fli = ◊ + +ÊËÁÁ ˆ̃̃̄ =1
4

3
0

2 2 2pe
Find PE
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R

3R

2R
–2Q

3Q +q

Q2



U q
l

q
l

q
l

Flf = ◊ + +ÊËÁÁ ˆ̃̃̄ =1
4 2 2 2

3
20

2 2 2pe
W U U Flf i= - = - 3

2
5. KE = qV

        1
2

2mv qV=
            v qV

m
= 2  

fi V V V q V
m

q V
m

q V
m1 2 3

1 1

1

2 2

2

3 3

3
: : : :=

fi   V V V e
m

e
m

e
m1 2 3

1 2
2

2 4
4

: : : := ¥ ¥ ¥
     V V V1 3 1 1 2: : : :=

6. V q
r

= ◊1
4 0pe

V q
r

V¢ = ◊ =1
4

2
4 20pe

7. U q
a

q
ai = - ¥ + ¥ÈÎÍÍ ˘̇̇̊1

4
4

2
2

0

2 2pe

   = - -q
a

2

04
4 2pe [ ]

U q
a

q
a

q
f = ◊ - ¥ + ¥ - ¥ÈÎÍÍ ˘̇̇̊1

4
2 2

2
2

0

2 2 2pe
   = - 2

4

2

0

q
ape

W U U q
a

q
af i= - = - + -2

4 4
4 2

2

0

2

0pe pe [ ]

  = -q
a

2

04
4 2 2pe [ ] J

8. Po ten tial at point P

V q q
R

= ◊ +1
4 30

1 2pefi 9 10 3 10
3

9000
9 6¥ ¥ ¥ =-

R
            R = 1 m

9. As dis tance of ev ery point of ring from axis is 
same.

V kq
R x

= +2 2
, But x R= 2

  = kq
R3

10. For equi lib rium,

      mg Fesin30∞ =
   mg q

r
sin30 1

4 0

2

2∞ = ◊pe
r q

mg
= ∞1

4 300pe sin

     = ¥ ¥¥ ¥-2.0
0.1

10 91 10

10 1
2

6
9

           ª 20 cm
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4r

+q –q

–q +q

+q –q

+q –q

PR

2R

3R

30°

rmg sin q
A

mg cos qmg

B
Fe

w



11. Net force on C = 0

F Q
aCB = ◊ -1

4
2 2 1

0

2 2

2pe ( )

F Q
aCD = ◊ -1

4
2 2 1

0

2 2

2pe ( )

F Q
aCA = ◊ -1

4
2 2 1

20

2 2

2pe ( )

F Q
aCO = ◊ -1

4
2 2 2 1

0

2

2pe ( )

Net force on C
F F F F FCA CO CB CO= + + ∞ + ∞cos cos45 45= - - + -ÈÎÍÍ( ) ( ) ( )2 2 1 2 2 1

2
2 2 1

22
Q

a
Q Q

+ - + ˘̇̇̊ =( )2 2 1
2

2
1

0Q q

q Q= - 7
4

12. E = se0

F eF e= = se0

Acceleration of proton
a F

m
e

m
= = se0

s ut
a

t= + 1 2

             u = 0

  t
a

m
e

= =25 25 0es
= ¥ ¥ ¥ ¥ ¥¥ ¥ ¥- -- -2 10 10

10 10

27 12

9 19
0.1 1.67 8.8

2.21 1.6

  = 2 2 ms

13. Data is not suf fi cient.
14. If the charges have op po site sign, elec tric

field is zero on the left of smaller charge.
15. Net field is only due to charge on C.

E q
a

= ◊1
4 20

2pe ( )
 = q

a16 0
2pe

16. On touch ing two spheres, equal charge will
ap pear on both the spheres and for a given
to tal charge, force be tween two spheres is
max i mum if charges on them are equal.

17. Charge dis tri bu tion is shown in fig ure.

18. V q
r

= ◊1
4 0pe

If drops coalesce, total volume remains
conserved,

4
3

1000 4
3

3 3p pR r= ¥
R r= 10

V q
q

¢ = ◊ =1
4

1000
10

10
0pe V

19. V q
r

Q
RA = ◊ +ÈÎÍ ˘̇̊1

4 0pe
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r

q

A

R

B

Aq Bq

q qE D

F qCC FCD

FCA
FCB

FCO

O

A B

D

+8Q
–2Q
+2Q
–4Q
+4Q



V q Q
RB = ◊ +ÈÎÍ ˘̇̊1

4 0pe            

    V V q
r RA B- = ◊ -ÈÎÍ ˘̇̊

4
1 1

0pe\ V V qA B- µ
If q is doubled, V VA B-  will become double.

20. Charge dis tri bu tion is shown in fig ure.

21. f = Æ◊Æ = + ◊ =E S i j i( ) ( )^ ^ ^5 2 5 V-m.

22. F F Qq
aDA DC= = ◊1

4 0
2pe

F q
aDB = ◊1

4 20

2

2pe
Net force on charge at DF0 45 45 0
Æ = + ∞ + ∞ =F F FDB DA DBcos cosfi 1

4
4

2 2 2
00 2pe ◊ + +ÈÎÍ ˘̇̊ =q

a
q Q Q

q Q= - 2 2
23. As VB = 0, To tal charge in side B must be zero 

and hence charge on its outer sur face is zero
and on its in ner sur face is - q.

24. V
Vp = 1

0

1
4

1
2

1
4

3
20 0pe pe◊ + = ◊ ◊q

R r
q
R

1 3
4R r R+ = ∞       

4 3 3R R r= +
r R=

3
    

25. Net charge on any di pole is zero.
26. For net force to be zero.

T mgcos q =  fi T mg=
cos q

or T qEsin q =  fi T qE=
sin q

27.   E q
a

V
a1

0

11
4

= ◊ =pe
   E q

b
V
b2

0
2

21
4

= =pe
But     E E1 2=
       V

a
V
b

1 2=
fi      V

V
a
b

1

2
=

28. Elec tric field on equa to rial lines of di pole is
op po site to di pole mo ment.

29. Po ten tial dif fer ence be tween two con cen tric
spheres is in de pend ent of charge on outer
sphere.

30. E q
r

= ◊1
4 0

2pe
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2Q
–3Q
3Q
–Q

Q

FDC D C

BA Q

FDB

FDA

q

Q

q

Q

P
O

R r

q q
T T cos q

7 sin q
mg

q E



      V q
r

Er= ◊ =1
4 0pe

       r V
E

=ΩΩΩ ΩΩΩ= =3000
500

6 m

       q rV= = ¥ -¥ = -4 6 3000
9 10

20 9pe m( ) C

31. F F1 2=
1

4
1

40

1 2

1
2

0

1 2

2
2pe p e◊ = ◊q q

r K
q q
r

   r r
K2
1 50

5
10 5= = =  m

   ª 22.3 m
32. Elec tric field at a dis tance r from in fi nite line 

charge
E

r
= lpe2 0

dV E dr= -   
dV E dr

V

V

a

b

1

2Ú Ú= -     fi V V2 1
02

1
2

- = ◊lpe ln    

          W q V V q= - =( ) ln2 1
02

1
2

lpe
33. As neg a tive charge is at less dis tance from

the line charge, it is at tracted to wards the
line charge.

34. r = - + - + -( ) ( ) ( )4 1 2 2 0 42 2 2  = 5 m

V q
r

= ◊ = ¥ ¥ ¥ =-1
4

9 10 2 10
5

36
0

9 8pe  V

(b) and (c) are wrong.
35. V q

R
= ◊1

4 0pe
At a distance r from the centre,

E q
r

VR
r

= ◊ =1
4 0

2 2pe
36. When outer sphere is earthed field be tween

the re gion of two spheres in non-zero and is
zero in all other re gions.

37. W = Æ◊ÆF s = qEs cos q 

E W
qs

= = ¥ ¥ ∞ =
cos cosq 4

2 60
20

0.2
 N/C

38. V Q
R

Q
d R

1
0 2 2

1
4

= ◊ - +È
ÎÍÍ

˘
˚̇̇pe

V Q
R

Q
d R

2
0

2 2
1

4
= - + +È

ÎÍÍ
˘
˚̇̇pe.

V V Q
R

Q
d R

1 2
0

2 2
1

4

2 2- = - - +È
ÎÍÍ

˘
˚̇̇pe.

V V Q
R d R

1 2
0

2 24

1 1- = - + +È
ÎÍÍ

˘
˚̇̇pe.

39. Elec tric field in side a hol low sphere is
al ways zero.

40. W = Æ◊ÆF r  = Æ◊Æq E r
  = + - +q E E a b( ) ( )^ ^ ^ ^

1 2i j i j
        = +q aE bE( )1 2JEE CornerAs ser tion and Rea son

1. Neg a tive charge al ways moved to wards
in creas ing po ten tial.
On moving from A to B potential energy of
negative charge decreases hence its KE
increases.

2. U q q
r

= ◊1
4 0

1 2pe

If q1 and q2 have opposite sign, U decreases
with decrease in r.
F dU

dr
= -  fi work done by conservative force

always decreases PE.
3. E dV

dr
= - = - =( )10 10 V/m along x-axis.

4. V q
R

= ◊1
4 0pe
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r
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d
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Inside the solid sphere.
E qr

R
= ◊1

4 0
3pe

at r R=
2

 

E q
R

V
R

= ◊ =1
4 2 20

2pe
Assertion is correct.
Reason is false as electric field inside the
sphere is directly proportional to distance
from centre but not outside it.

5. Gauss the o rem is valid only for closed
sur face but elec tric flux can be ob tained for
any sur face.

6. Let V0 = Po ten tial at or i gin,

   VA = - + ◊ = -( ) ( )^ ^ ^4 4 4 16i j i  V

    VB = - + ◊ = -( ) ( )^ ^ ^4 4 4 16i j i  V
     V VA B=
Hence, Assertion is false.

7. In the line go ing A and B, the en ergy of third 
charge is min i mum at cen tre.

8. Di pole has both neg a tive and pos i tive
charges hence work done is not pos i tive.

9. Charge out side a closed sur face can pro duce
elec tric field but can not pro duce flux.

10. E qx
x a

= ◊ +1
4 0

2 2 3 2pe ( ) /  is max i mum at x a=
2

But V q
a x

= ◊ +1
4 0 2 2pe  is maximum at x = 0.Ob jec tive Ques tions (Level-2)

1. Elec tro static force al ways acts along the line
join ing the two charges, hence net torque on
charge + 2q is al ways zero.

As net torque is zero angular momentum of
charge remains conserved.
Initial angular momentum

L m V Ri = ∞( sin )30
When the separation between the charges
become minimum, direction of motion of
charge + 2q become perpendicular to the line 
joining the charges.

\ find angular momentum
L mv r mvr

f = ¢ =
2

By conservation of angular momentum

L Li f=  fi r R= 3
2

2. v j1
Æ = v ,̂ v i j2 2 30 2 30Æ = ∞ + ∞v vcos sin^ ^

= +3 i j^ ^v
As velocity along y-axis is unchanged,
electric field along x-axis is zero.
For motion along x-axis,

v u a x xx x x
2 2

02- = -( )

a v
a

v
ax = - =( )3 0

2
3
2

2 2

F ma mv
ax x= = 3

2

2

fi F iÆ = 3
2

2mv
a

^

Also,          F EÆ = - Æ
e  E iÆ = - 3
2

2mv
ea

^

Rate of work done by electric field at B

P = Æ◊ÆF v  = ÊËÁ ˆ̃̄ ◊ +3
2

3mv
a

v vi i j^ ^ ^( )

= 3 3
2

3mv
a

3. Elec tric field is al ways pos si ble, hence a
must be pos i tive and  b must be neg a tive.
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30°
+Q +2q

R

U

r

+1q

+2q

V '

–Q+q
a b



4. The sys tem can be as sumed as a
com bi na tion of three iden ti cal di poles as
shown in fig ure.
Here, P P P Q a1 2 3 2= = = ( )

Net dipole moment of the system
P P P P= + ∞ + ∞1 2 360 60cos cos

        = =2 4p Qa
Electric field on equatorial lines of short
dipole is given by

E P
x

= ◊1
4 0

3pe  

          = ◊ =1
4

4
0

3
0

3pe peQa
x

Q a
x

5. Po ten tial at cen tre will be same as po ten tial
at the sur face of in ner shell i.e., 10 V.

6. Ini tial charge dis tri bu tion is shown in fig ure,
Initial energy of system

U q
a

q
a

q
ai = ◊ + -¥ + ¥ÈÎÍÍ1

4 2 2 2 2 30

2 2 2pe ( )

+ - + + - ˘̇̊q q
a

q q
a

q q
a

( ) ( ) ( )
2 3 3

        = 5
48

2

0

a
ape

When switch S is closed, entire charge flows
to the outer surface of outer shell,

U q
a

q
af = ◊ ¥ =1

4 2 3 240

2 2

0pe pe
Heat produced = = =U U q

ai f

2

08pe= kq
a

2

2
7. Let Q charge flows to C 

V q Q
a

q
aC = ◊ + + -ÈÎÍ ˘̇̊ =1

4 3 4
0

0pe ( )

       Q q= -
4\      V q

a
Q
a

q
aA = ◊ + + -ÈÎÍ ˘̇̊1

4 2 3 40pe
        = ÈÎÍÍ ˘̇̇̊1

4 0pe sq
a

  V V q
aA C- = ◊1

4 0pe s
        = kq

as
8. V q

RS = ◊1
4 0pe   

and    V q
RC = ◊1

4
3
20pe\  V V q
RC S- = ◊1

4 20pe
= ◊ =1

4

4
3

20

3 2

0p

R

R
R
Ee p d ds

9. As par ti cle co mes to rest, force must be
re pul sive, hence it is pos i tively charged.
Again on moving down its KE first increases
than decreases, PE will first decrease than
increase.
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10. (1) is cor rect as the points hav ing zero
po ten tial are close to Q2, | | | |Q Q2 1< .
Again as potential near Q1 is positive, Q1 is
positive, hence (2) is correct.
At point A and B potential is zero not field,
hence they may or may not be equilibrium
point.
Hence (3) is wrong.
At point C potential is minimum, Q positive
charge placed at this point will have
unstable equilibrium but a negative charge
will be in stable equilibrium at this position.
Hence, (4) is wrong.

11. V1 is al ways neg a tive and V2 is al ways
pos i tive.

12. Elec tric field be tween the two points is
pos i tive near q1 and neg a tive near q2, hence 
q1 is pos i tive and q2 is neg a tive.
Again neutral point is closer to q1, hence 
q q1 2< .

13. Elec tric field due to a con duc tor does not
de pend on po si tion of charge in side it.

14. E i jÆ = ∞ + ∞400 45 4000 45cos sin^ ^

         = +200 2 ( )^ ^i j
  V V E rA B AB

Æ - Æ = - Æ◊ Æ
        = - + ◊ - ¥ -200 2 2 3 10 2( ) ( )^ ^ ^ ^i j j i

         = 2 2 V ª 2.8 V
15. Po ten tial dif fer ence be tween two con cen tric

spher i cal shells does not de pend on charge of 
outer sphere. Hence,

V V V VA B A B¢ - ¢ = -
But VB ¢ = 0\ V V VA A B¢ = - .

16. By work en ergy the o rem,

Work done by electric field= charge is KE
qE l mv( cos )1 1

2
02- = -q

v qE l
m

=
At point B

T qE mv
r

qE= + =2
2

17. Ve loc ity of par ti cle at any instant

V at qE
m

t= =\ L mvr qE x t= = 0
Hence, angular momentum of the particle
increases with time.

18. By work en ergy the o rem
W K= Dfi q V V mvS C( )- = -0 1

2
2

fi q Q
R

Q
R

mv1
4

1
4

3
2

1
20 0

2pe pe◊ - ◊ÊËÁÁ ˆ̃̃̄ = -
fi u Q q

mR
=

4 0pe
19. Po ten tial at the cen tre of neg a tively charged

ring

V Q
R

Q
R1

0

1
4 2

= ◊ - +ÊËÁ ˆ̃̄pe= - Q
R8 0pe      

Potential at the centre of positively charged
ring

V Q
R

Q
R2

0

1
4 2

= ◊ -ÊËÁ ˆ̃̄pe= Q
R8 0pe

Kinetic energy required = Work done required= -q V V( )2 1  = Q
R4 0pe
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Bl(1–cosq)
q

(x, 0)
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O
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20. E
V V

x xx
x x= - -- = - -- - =2 1

2 1

16 4
2 2

3 V/m

E
V V

y yy
y y= - -- = - -- = -3 1

3 1

12 4
4 2

4 V/m

\ E E Ex y= + = -i j i j^ ^ ^ ^( )3 4  V/m.

21. Con sider a point P x y( , )
where potential is zero.
Now, VP

V Q
a x y

Q
x a y

P = - + + -+ +ÊËÁÁ ˆ̃̃̄1
4 3

2
30 2 2 2 2pe ( ) ( )

   = 0fi ( ) [( ) ]x a y a x y+ + = - +3 4 32 2 2 2fi 3 3 30 27 02 2 2x y ax a+ - + =fi    x y ax a2 2 210 9 0+ - + =
The equation represents a circle with radius= ÊËÁ ˆ̃̄ - =10

2
9 4

2
2a a a

and centre at 10
2

0 5 0a a, ( , )ÊËÁ ˆ̃̄ =
Clearly points x a=  and x a= 9  lie on this
circle.

22. Work done = =qEy  Charge in KE
Hence, K mv qEyf = +1

2
2

All other statements are correct.
23. Elec tro static force of at trac tion pro vides

nec es sary cen trip e tal force.

ie, mv
r

q
r

2

02
= lpe     

fi V q
m

= lpe2 0

T r
V

r m
q

= =2 2 2 0p p pel = 2
2

p lr m
K q

 

24. T mg qE mv
l

- - =cos sinq q 2

Tension will be minimum when velocity is
minimum.
Minimum possible in the string is zero.

ie, mv
l

mg qE
2 = - +( cos sin )q q

Diff. both sides w.r.t. q
2mv

l
dv
d

mg qEq q q= -sin sin …(i)

For minima or maxima
dv
dq = 0 fi q = -tan 1 qE

mg

or p + -tan 1 qE
mg

Differentiating Eq. (i) again,
2 22

2

2mv
l

d v
d

m
l

dv
d

mg qEq q q q+ ◊ ÊËÁ ˆ̃̄ = +sin sin

\ d v
d

2

2q = + ve for q = -tan 1 qE
mg

and –ve for q p= + -tan 1 qE
mg

25. q aA = s p( )4 2 , q bB = - s p( )4 2  
and q cC = - s p( )4 2

V q q
b

q
cB

A B C= ◊ + +ÊËÁ ˆ̃̄1
4 0pe = - +ÈÎÍÍ ˘̇̇̊se0

2

2
a
b

b c

26. U q
a

q
a

q
a

q
a

q
ai = ◊ - - + - - ¥ÈÎÍÍ ˘̇̇̊1

4 2
2

0

2 2 2 2 2pe
   = - 2

4

2

0

q
ape

U q
af = ◊1

4 0

2pe
W U U q

af i= - = ◊ +1
4

2 1
0

2pe ( )
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27. q aA = s p( )4 2 , q bB = - s p( )4 2 , q cC = s p( )4 2

Given, V VA C=  
1

4
1

40 0pe pe◊ + +ÊËÁ ˆ̃̄ = ◊ + +ÊËÁ ˆ̃̄q
a

q
b

q
c

q q q
c

A B C A B C

fi a b c a b
c

c- + = - +2 2

fi a b c+ =
28. Po ten tial at min i mum at mid-point in the

re gion be tween two charges, and is al ways
pos i tive.

29. U q
r

Ui = ◊ =1
4

2pe0
U q

r
Uf = ◊ ¥ =1

4
3 3

2pe0\ W U U Uf i= - = 2
30. Loss of KE = Gain in PE

1
2

1
4

2

0
mv qQ

r
= ◊pe

r
v

µ 1
2

31. When the spheres are in air

T mgcos q =
T Fesin q =\ F mge = tan q …(i)

When the spheres are immersed in liquid

F T1 ¢ = ¢sin q
g F TB- = ¢cos q    \        F mg Fe B¢ = -( ) tan q …(ii)

On dividing Eq. (ii) by Eq. (i),
F
F

mg F
mg

e

e

B¢ = -
1 1 1 1

2K
F
mg

B= - = - =0.8
1.6

K = 2

32. V q
a

q
a b

P = ◊ ¥ - + ¥È
ÎÍÍ

˘
˚̇̇1

4
2 2

0 2 2pe
= ◊ + -+È

ÎÍÍ
˘
˚̇̇2

4 0

2 2

2 2
q a b a

a a bpe
= +ÊËÁÁ ˆ̃̃̄ -

+
È
Î
ÍÍÍÍÍÍ

˘
˚
˙̇̇
˙̇̇ =2

4

1

0

2

2

1 2

2 2
q

a b
a

a

a a bpe
/

2
4 0

2

3
q b

ape ◊  

[As b a<< ]
33. In any case elec tric field at or i gin is 1

4
5

0
2pe ◊ q

r
along x-axis and 1

4
5

0
2pe ◊ q

r
 along y-axis.

34. < > = = ◊ÊËÁÁ ˆ̃̃̄u E q
R

1
2

1
2

1
40

2
0

0
2

2e e pe
         = ¥ ¥ ¥È

Î
ÍÍÍÍ

˘
˚
˙̇̇
˙

-
1
2

9 10 1
9

10

120

9 9e
= e0

2
 J/m3    

35. If Q is ini tial charge on B  
then, V V Q

b
VA B- = ◊ =1

4 0pe
Now, if A is earthed, let charge q moves on A
from ground, then

V q
a

Q
bA = ◊ +ÊËÁ ˆ̃̄ =1

4
0

0pe
          q a

b
Q= -
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         V q Q
bB = ◊ +1

4 0pe
           = ◊ -ÊËÁ ˆ̃̄ = -ÊËÁ ˆ̃̄1

4
1 1

0pe Q
b

a
b

V a
b

36. E i j kÆ = - ∂∂ + ∂∂ + ∂∂ÊËÁÁ ˆ̃̃̄v
x

v
y

v
z

^ ^ ^

  = - - + - + -ÊËÁ ˆ̃̄2
1

2
1

2
1

i j k^ ^ ^

  = + +2 ( )^ ^ ^i j k  N/C
If VP is potential at P, then

V VP - = - Æ◊Æ0 E r
VP - = - + + ◊ + + = -10 2 6( ) ( )^ ^ ^ ^ ^ ^i j k i j k

VP = 4 V
37. On touch ing two spheres, charge is equally

di vided among them, then due to in duc tion a 
charge -ÊËÁ ˆ̃̄q

2
 ap pears on the earthed sphere.

38. Neg a tive charge will in duce on the con duc tor 
near P.

39.

0 for

for

for

r r
kQ

r
r r r

k Q Q
r

r r

A
P

P B

A B
B

<< <- >
Ï
ÌÔÔÔ
ÓÔÔÔ ( )

As | | | |Q QB A>  
E is –ve for r rB> .

40. E i jÆ = - ∂∂ + ∂∂ÊËÁÁ ˆ̃̃̄v
x

v
y

^ ^

  = +k y x( )^ ^i j
| |EÆ = + =k y x kr2 2

41. Let charge on outer shell be comes q.

V Q q
rB = ◊ +ÊËÁÁ ˆ̃̃̄ =1

4 2
0

0pe
q Q= -

42. Let charge q¢ flows through the switch to the
ground, then

1
4 2

0
0pe ◊ - ¢ -ÈÎÍÍ ˘̇̇̊ =Q q

r
Q
r

q Q¢ = 1
2

43. Af ter n steps
    q Qn¢ = 1

2
 and q Qn= - -12 1\   V q

r
q
rA = ◊ ¢ +ÊËÁÁ ˆ̃̃̄ =1

4 2
0

0pe
   V q q

rB = ◊ ¢ +1
4 20pe

      = ÈÎÍÍ ˘̇̇̊+12 41
0

n
Q

rpe
44. Con sider a spher i cal Gaussi an sur face of

ra dius r R( )<  and con cen tric with the sphere,

Charge on a small sphere of radius r
dq dV r dr= =d p d4 2

     = -ÊËÁÁ ˆ̃̃̄r r r
R

drpd0
2

3

Total charge inside the Gaussian surface,

q r r
R

drr= -ÊËÁÁ ˆ̃̃̄Ú4 0
2

3

0
p d

= -ÈÎÍÍ ˘̇̇̊4
3 40

3 4pd r r
R\ E q

r
r r

R
= ◊ = -ÈÎÍÍ ˘̇̇̊1

4 3 40
2

0

0

2pe de
45. To tal charge in side the sur face.

Q R R
r

R= -ÈÎÍÍ ˘̇̇̊ =4
3

1
30

3 3

0
3pd pd

E Q
r

R
r

= ◊ =1
4 120

2
0

3

0
2pe d e

46. E r r
R

= -ÈÎÍÍ ˘̇̇̊de0

0

2

3 4

For maximum intensity of electric field
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dE
dr

r
R

= -ÈÎÍ ˘̇̊ =de0

0

1
3 2

0

fi             r R= 2
3

d E
dr R

2

2
0

02
= - =d e - ve,

hence E is maximum at r R= 2
3

.

47. E

R

R
R

qmax = - ÊËÁ ˆ̃̄È
Î
ÍÍÍÍÍ

˘
˚
˙̇̇
˙̇ =re

l r e0

0

2

0

0

2
3
3

2
3
4

48. Po ten tial dif fer ence be tween two con cen tric
spheres do not de pend on the charge on
outer sphere.

49. When outer sphere B is earthed

V Q q
bB = ◊ +ÊËÁ ˆ̃̄ =1

4
0

0

1pe
q Q1 = -

Now, if A is earthed

q q
a

q
bA = ◊ +ÊËÁ ˆ̃̄ =1

4
0

0

2 1pe
q a

b
q a

b
Q2 1= - =      

50. When con nected by con duct ing wires, en tire
charge from in ner sphere flows to the outer
sphere, ie,

q q q a
b

Q3 1 2 1= + -ÊËÁ ˆ̃̄
= -a b

b
Q

More than One Correct Options
1. Be fore earthing the sur face B,

V q
R

q
RA

A B= ◊ +ÊËÁ ˆ̃̄ =1
4 2

2
0pe  V

V q q
RB

A B= ◊ +ÊËÁ ˆ̃̄ =1
4 2

3
20pe  V

fi q
q

A

B
= 1

2
On earthing the sphere B,

q qA A¢ =
V q q

RB
A B= ◊ ¢ + ¢ =1

4 2
0

0pe
q qB A¢ = - ¢fi q
q

A

B

¢¢ = - 1

As potential difference does not depend on
charge on outer sphere,

V V V V V
A B A B¢ - ¢ = - =

2
V VA ¢ = 1

2
  

2. For the mo tion of par ti cle

ux = 0, v vx = , a q E
mx = , a gy = - ,

x0 0= , y0 0=
x x u t a tx x= + +0

21
2

           x qE
m

t=
2

2 …(i)

     y y u t a ty y= + +0
21

2= -ut gt1
2

2 …(ii)

At the end of motion
t T= , y = 0, x R=

q1

Q B
A

q1

q2

m
y

x

E



From Eq. (ii),
0 1

2
= -ÊËÁ ˆ̃̄u gT T

  T u
g

= = ¥ =2 2 10
10

2 s

From Eq. (i),
R qE

m
T=

2
2

= ¥ ¥¥ ¥-1 10 10
2

4
3 4

g
 = 10 m

Now, v u a y yy y y
2 2

02- = -( )
At highest point (i.e., y H= ), vy = 0

0 10 2 10 02- = - ¥ -( ) ( )H
H = 5 m

3. Let R be the ra dius of the sphere
V q

R r1
0 1

1
4

= ◊ +pefi q q
R S

¥ ¥+ ¥ =-10
10

100
9

2( )
…(i)

V q
R r2

0 2

1
4

= ◊ +pefi 9 10
10 10

75
9

2
¥ ¥+ ¥ =-q

R( )
…(ii)

On solving,
R = 10 cm, 

q = ¥ -5
3

10 9 C = ¥ -50
3

10 10 C

Electric field on surface,

E q
R

= ◊ = ¥ ¥ ¥¥ -
-1

4

9 10 5
3

10

10 100
2

9 9

2pe ( )= 1500 V/m
Potential at surface,

V q
R

= ◊ ¥ ¥ ¥¥ -
-1

4

9 10 5
3

10

10 100

9 9

2pe = 150 V
Potential at Centre

V VC S= =3
2

225 V

4. For all charges to be in equi lib rium, force
ex pe ri enced by ei ther charge must be zero
ie., force due to other two charges must be
equal and op po site.

Hence all the charges must be collinear,
charges q1, and q3 must have same sign and 
q2 must have opposite sign, q2 must have
maximum magnitude.
Such on equilibrium is always unstable.

5. Flux through any closed sur face de pends
only on charge in side the sur face but elec tric 
field at any point on the sur face de pends on
charges in side as well as out side the sur face.

6. As net charge on an elec tric di pole is zero,
net flux through the sphere is zero.
But electric field at any point due to a dipole
cannot be zero.

7. Gauss’s law gives to tal elec tric field and flux
due to all charges.

8. If two con cen tric spheres carry equal and
op po site charges, Elec tric field is non-zero

only in the re gion be tween two sphere and
po ten tial is  is zero only out side both the
spheres.

9. As force on the rod due to elec tric field is
to wards right, force on the rod due to hinge
must be left.
The equilibrium is clearly neutral.

10. If moved along per pen dic u lar bi sec tor, for all 
iden ti cal charges, elec tro static po ten tial
en ergy is max i mum at mid point and if
moved along the line join ing the par ti cles,
elec tro static po ten tial en ergy is min i mum at
the mid-point.

 58
q1 q2 q3

Q1

Q2



Match the Col umns
1. (a Æ s), (b Æ q), (c Æ r), (d Æ p).

If charge at B is removed

E E ED Enet = ∞ + ∞cos cos30 30= 3E                        
If charge at C is removed 

E E ED fnet = ∞ + ∞cos cos60 60= E                          
If charge at D is removedEnet

Æ = 0 and E EB E
Æ = - Æ

and  E EE E
Æ = - Æ

If charge at B and C both are removed,
E E E EE D Fnet = + ∞ + ∞cos cos60 60

         = 2E
2. (a Æ q), (b Æ p), (c Æ s), (d Æ r).

V = - Æ◊ÆE r
If r iÆ = 4 ,̂ V = - 8 V, 

If r iÆ = - 4  ̂, V = 8 V

If r jÆ = 4 ,̂ V = - 16 V,

If r jÆ = - 4 ,̂ V = 16 V

3. For a solid sphere
V q

R
R rin = ◊ -1

4 2
3

0
3

2 2pe ( )

at        r R=
2

     V q
R

R R
1

0
3

2
21

4 2
3

4
= ◊ -ÊËÁÁ ˆ̃̃̄pe  

  = 11
8

V

V q
rout = ◊1

4 0pe
at r R= 2

V q
R

V
2

0

1
4 2 2

= ◊ =pe
Ein = ◊1

4 0
3pe qr

R

at r R=
2

E q
R

V
R

V
1

0
2

1
4 2 2 2

= ◊ = =pe (Q R = 1 m)

Eout = ◊1
4 0

2pe q
r

at r R= 2
E q

R
V
R

V
2

0
2

1
4 2 4 4

= ◊ = =pe ( )\ (a Æ s), (b Æ q), (c Æ q), (d Æ p).
4. (a Æ r), (b Æ q), (c Æ q), (d Æ s)
5. (a Æ p), (b Æ q), (c Æ r), (d Æ s)

For a spherical shell,

E
r R

Kq
r

r R= <≥ÏÌÔÓÔ
0

2

for

for

V
Kq
R

r R
Kq
r

r R
= £≥

ÏÌÔÔÓÔÔ
for

for

For a solid sphere,

E
Kqr
R

r R
Kq
r

r R
= £≥

ÏÌÔÔÓÔÔ
3

2

for

for
                         

V
Kq
R

R r r R
Kq
r

r R
= - £≥

ÏÌÔÔÓÔÔ2
22

2 2

2

( ) for

for
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Introductory Exercise 22.1
1. C qV=  = = - -[ ] [ ]C AT

[ML T A ]2 3 1= - -[ ]M L T A1 2 4 2     
2. False.

Charge will flow if there is potential
difference between the conductors. It does
not depend on amount of charge present.

3. Consider the charge distribution shown in
figure.

Electric field at point P
    E E E E EP = + - -1 3 2 4= - - + - -10

2 2 2
4

20 0 0 0

qA qA qA q Ae e e e
But P lies inside conductor\  EP = 0fi 10 4 0- - + - + =q q q qfi q = 7 mC             
Hence, the charge distribution is shown in
figure.Sort-cut Method
Entire charge resides on outer surface of
conductor and will be divided equally on two
outer surfaces.

Hence, if q1 and q2 be charge on two plates
then.

q q q q
1 4

1 2
2

3= = + = mCq q q
2

1 2
2

7= - = mC        q q q
3

2 1
2

7= - = - mC    

Capacitors22

E4 E3

PE2 E1

10–q q –q (q – 4)

1 2 3 4

3mC 7mC –7mC 3mC

q1 q2 q3 q4

q2 q3q1 q4



4. Charge distribution is shown in figure.
  q q q q q

1 4
1 2

2 2
= = + = -

q q q q
2

1 2
2

5
2

= - =         

                   q q q q
3

2 1
2

5
2

= - = -\  Charge on capacitor = Charge on inner
side of positive plate.

q q= 5
2

and    C Ad= e0

\ V qC q dA= = 5
2 0e

Introductory Exercise 22.2
1. All the capacitors are in parallel

q C V1 1 1 10 10= = ¥ = mCq C V2 2 2 10 20= = ¥ = mCq C V3 3 3 10 30= = ¥ = mC
2. Potential difference across the plates of

capacitor
               V = 10 V
                q CV= = ¥ =4 10 40 mC

3. In the steady state capacitor behaves as
open circuit.

I = + =30
6 4

3 A

Potential difference across the capacitor,V IAB = ¥ = ¥ =4 4 3 12 V\ Charge on capacitorq CVAB= = ¥ =2 12 24 mC
4. (a) 1 1 1 1

1
1
21 2C C Ce = + = +

      Ce = 2
3

mC

       q C Ve= = ¥ =2
3

1200 800 mC

(b) V qC1
1

800
1

800= = =  V

   V qC2
2

800
2

400= = =  V

Now, if they are connected in parallel,

Common potential, V C V C VC C= ++ÊËÁÁ ˆ̃̃̄1 1 2 2

1 2= ¥ ¥ ¥+ =1 800 2 400
1 2

1600
3

 V

q C V1 1
1600

3
= = mC, q C V2 2

3200
3

= = mC

5. Common potentialV C V C VC C= ++1 2 2 2

1 2

But V = 20, V2 0= , V1 100=  V, C1 100= mC\ 100 100 0
400

202

2

¥ + ¥+ =CCfi C2 400= mC
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Introductory Exercise 22.3
1. Let q be the final charge on the capacitor, 

work done by battery

W qV=
Energy stored in the capacitorU qV= 1

2\ Energy dissipated as heatH U W qV U= - = =1
2

2. We have I I e t= -
0

/ t
        I I e t0

02
= - / t fi e t- =/ t 1

2
      t = =t tln2 0.693t = 0.693  time constant.

3. Let capacitor C1 is initially charged and C2 is 
uncharged.

At any instant, let charge on C2 be q, charge
on C1 at that instant = -q q0
By Kirchhoff’s voltage law,

( )q qC IR qC0 0- - - =
fi dqdt q qRC= -0 2

fi      dqq q dtRCq t
00 02- =Ú Ú

fi   [ln ( )] [ ]q q RC tq t0 0
0

2
2

1-- =

fi      q q e t= - -0
2

1( )/ t
\ At time t,
Charge on C q q e t

1
0

2
1= = - -( )/ t

Charge on C q q q e t
2 0

0
2

1= - = + -( )/ t
4. Let q be the charge on capacitor at any

instant t 

By Kirchhoff’s voltage lawqC IR E+ =dqdt CE qRC= -
        dqCE q dtRCqq t- =Ú Ú0 0fi q CE e q et t

0 01= - +- -( )/ /t t
where, t = RC

5. (a) When the switch is just closed,
Capacitors behave like short circuit.

\ Initial current I ERi =
1(b) After a long time, i.e., in steady state, boththe capacitors behaves open circuit,I ER Rf = +1 3

6. (a) Immediately after closing the switch,
capacitor behaves as short circuit,
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\ I ER1
1

=  and I ER2
2

=
(b) In the steady state, capacitor behaves asopen circuit,\ I ER1

1
= , I2 0=

(c) Potential difference across the capacitors in the steady state, V E=\ Energy stored in the capacitorU CE= 1
2

2

(d) After the switch is open

R R Re = +1 2          t = = +R C R R C3 1 2( )AIEEE CornerSubjective Questions (Level-1)
1. C Ad= e0  fi A Cd= = ¥ ¥¥ --e0

3

12
1 1 10

108.85
        = ¥1.13 108 m2

2. C Ad1
0 1= e  and C Ad2

0 2= e  

If connected in parallelC C C= +1 2 = +e e0 1 2 2Ad Ad= + =e e0 1 2 0( )A Ad Ad   

where, A A A= + =1 2  effective area.
Hence proved.

3. The ar range ment can be con sid ered as the
com bi na tion of three dif fer ent ca pac i tors as
shown in fig ure, where

C k A
d k Ad1

1 0 1 02
2 4

= =e e
C k A

d k Ad2
2 0 2 02

2 2 2
= =e e

/

C k A
d k Ad3

3 0 3 02
2 2 2

= =e e
/

Therefore, the effective capacitance,C C C CC C= + +1
2 3

2 3

       = + +ÊËÁÁ ˆ̃̃̄e0 1 1 3

2 32 2
Ad k k kk k

4. (a) Let the spheres A and B carry charges q
and - q respectively,

\ V qa qdA = ◊ -ÈÎÍ ˘̇̊1
4 0pe

   V qb qdB = ◊ - +ÈÎÍ ˘̇̊1
4 0pe

Potential difference between the spheres,V V V q a b dA B= - = + -ÈÎÍ ˘̇̊
4

1 1 2
0pe

   C qV a b d= = + -4
1 1 2

0pe
Hence proved.
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(b) If d Æ •C a b
aba b= + = ◊+4

1 1
40 0pe pe

If two isolated spheres of radii a and b are
connected in series,
then, C C CC C¢ = +1 2

1 2

where, C a1 04= pe , C b2 04= pe\ C aba b¢ = ◊+4 0pe
\ C C¢ =
Hence proved.

5. (a) 

(b)

(c)

Let effective capacitance between A and BC xAB =
As the network is infinite,C C xPQ AB= =
Equivalent circuit is shown in figure,

R C CxC x xAB = + + =2
2fi 2 2 22 2C Cx Cx Cx x+ + = +fi x Cx C2 22 0- - =

On solving, x C= 2  or - C
But x cannot be negative,
Hence,  x C= 2

6. q CV= = ¥ =7.28 C25 182 m
7. (a) V qC= = ¥¥ =--0.148 10

245 10
604

6

12  V

(b) C Ad= e0  fi A Cd= e0= ¥ ¥ ¥¥- --245 10 10
10

12 3

12
0.328

8.85
       = ¥ -9.08 m10 3 2

       = 90.8 cm2

(c) s = = ¥¥ =--qA 0.148
9.08

16.310
10

6

3  mC/m2

8. (a) E0
510= ¥3.20  V/m

    E = ¥2.50 105 V/m

    k EE= = ¥¥ =0
5

5
10
10

3.20
2.50

1.28

(b) Electric field between the plates ofcapacitor is given byE = se0
 

fi s e= = ¥ ¥ ¥-
0

12 510 10E 8.8 3.20
    = ¥ -2.832 10 6 C/m2 = 2.832 mC/m2  

9. (a) q C V1 1 4 660 2640= = ¥ = mC
   q C V2 2 6 660 3960= = ¥ = mC
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As C1 and C2 are connected in parallel,V V V1 2 660= = =  V

(b) When unlike plates of capacitors areconnected to each other,
Common potentialV C V C VC C= -+ = ¥ - ¥2 2 1 1

1 2

6 660 4 660
6

    = 220 Vq C V1 1 4 220 880= = ¥ = mCq C V2 2 6 220 1320= = ¥ = mC
10. E Vd= = ¥ = ¥-400

5 10
8 103

4 V/m

Energy density,u E= = ¥ ¥ ¥ ¥- -1
2

1
2

10 8 100
2 12 4 2e 8.85 ( )

            = ¥ -2.03 10 2 J/m3

         = 20.3 mJ/m3

11. Dielectric strength = maximum possible
electric fieldE Vd=  fi d VE=

    = ¥ = ¥ -5500
10

107
4

1.6
3.4  m

               C k Ad= e0  fi A Cdk= e0

  = ¥ ¥ ¥¥ ¥- --1.25 3.4
3.6 8.85

10 10
10

9 4

12

                  = ¥ -1.3 m10 2 2

                  = 0.013 m2

12. Let CP and CS be the ef fec tive ca pac i tance of
par al lel and se ries com bi na tion re spec tively.
For parallel combination,
            UP = 0.19 J
               U C VP P= 1

2
2

fi          C UVP P= = ¥ =2 2
22 2

0.1 0.05 F
( )

                   = 50 mF

For series combination,US = ¥ -1.6 10 2 J = 0.016 J
        U C VS S= 1

2
2 fi     C UVS S= = ¥ =2 2

22 2
0.016 0.008 F

( )
           = 8 mF
Now, C C CP = + =1 2 5 mF 
or C C2 15= -( ) mF
and 1 1 1 1

81 2C C CS = + =
fi 1 1 1

81 1C S C+ - =
On solving,C1 40=  mF, C2 10=  mF or vice-versa.

13. In the given cir cuit,V V qC E qCA B- = - + =
1 2

5

fi q q
10

10
2 10

56 6- -- + ¥ =
fi q = ¥ -10 10 6 C = 10 mC\     V qC1

1
10= =  V, V qC2

2
5= =  V

14. (a) In order to increase voltage range n
times, n-capacitors must be connected in
series.Hence, to increase voltage range to 500V,5 capacitors must be connected in series.Now, effective capacitance of seriescombination,C CS n= = =10

5
2 pFHence, no parallel grouping of such units is required.Hence, a series grouping of 5 suchcapacitors will have effective capacitance2 pF and can withstand 500 V.(b) If n capacitors are connected in series and 

m such units are connected in parallel,V nVe =C mCne =
Here, V = 100 V Ve = 300 V\   n VVe= = 3
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+q –q +q –q
C1 E C2

A B

C  = 4.00mF1

C  = 6.00mF2

660 V



 C = 10 pFCe = 20 pF m nCC e= = ¥ =3 20
10

6

Hence, the required arrangement is shown
in figure.

15. Case I. V CC C V1
2

1 2
60= + =  V

V CC C V2
1

1 2
40= + =  V

fi CC1

2

2
3

=
fi   C C2 1

3
2

=Case II. V CC C1
2

1 2 2
10= + + =  V

V CC C C2
1

1 2

2 90= ++ + =  V

fi    CC1 2

2 90
10

9+ = =
fi    C C1 22 9+ =fi     C C1 12 9 3

2
+ = ¥

fi 25
2

21C =  fi C1
4

25
= mF= 0.16 FmC C2 1

3
2

= = 0.24 Fm
16. (a) q CV= = ¥ =10 12 120 mC

(b) C Ad= e0

If separation is doubled, capacitance will
become half. i.e.,
 C C¢ =

2q E V C V¢ = ¢ = =
2

60 mC

(c) C Ad rd= =e pe0 0
2

If r is doubled, C will become four times, i.e.,C C¢ = 4q C V¢ = ¢ = 480 mC
17. Heat pro duced = En ergy stored in the

                 ca pac i torH CV= = ¥ ¥ ¥-1
2

1
2

450 10 2952 6 2( )= 19.58 J

18. (a) C Ad= = ¥ ¥¥ --e0
12

3
10 2
10

8.85
5

          = ¥ -3.54 F10 6

          = 3.54 Fm
(b) q CV= = ¥ ¥-3.54 10 100009= ¥ =-35.4 35.4 C10 6 m
(c) E Vd= = ¥ = ¥-10000

5 10
2 103

6 V/m

19. Given,

    C1 = 8.4 Fm , C2 = 8.2 FmC3 = 4.2 Fm , V = 36 V
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(a) Effective capacitance,
1 1 1 1

1 2 3C C C Ce = + +
   = + +1 1 1

8.4 8.2 4.2
 fi  Ce = 2.09 Fmq C Ve= = ¥ =2.09 75.2 C36 m

As combination is series, charge on each
capacitor is same, i.e., 75.2 mC.
(b) U qV= = ¥ ¥1

2
1
2

3675.2  ¥ -10 6

    = ¥ =-1.35 J 1.35 mJ10 3

(c) Common potential,V C V C V C VC C C= + ++ + =1 1 2 2 3 3

1 2 3
10.85 V

(d) U C C C V¢ = + +1
2 1 2 3

2( )

     = ¥ + + ¥ ¥ -1
2

102 6( ) ( )8.4 8.2 4.2 10.85

      = ¥ -1.22 J10 3  = 1.22 mJ
20. The Given cir cuit can be con sid ered as the

sum of three cir cuits as shown

(Charge is shown in mC).
Hence, charge on 6 mF capacitor = 10 mC
and Charge on 4 mF capacitor = 40

3
mC

21. (a)

(b) Charge supplied by the source of emfq CV= = ¥ ¥-2.52 10 2206

          = 554.4 Cm
       q q q1 5= = = 554.4 Cm
       q q2 = 4.2

4.2 + 2.1

    = ¥ =4.2
6.3

554.4 C 369.6 Cm m
and q q q3 4= = = ¥2.1

4.2 + 2.1
2.1
6.3

554.4 Cm
= 184.8 CmV qC V1

1

1
566= = = =554.4

8.4
V

V qC2
2

2
88= = =369.6

4.2
 V

V V qC3 4
3

3
44= = = =184.8

4.2
 V

22. Let C1 and C2 be the capacitances of A and B
respectively.\ C k Ad1

1 0 1

1
= e , C k Ad2

1 0 2

2
= e

Now,     V CC C V1
2

1 2
= +  

fi   CC C2

1 2

130
230

13
23+ = = …(i)
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b
C =4.2mF2

C =8.4mF1 C =4.2mF3

C =8.4mF5 C =4.2mF4

a

a

b

b

4.2mF

8.4mF

8.4mF
8.4mF

8.4mF

2.1mF

6.3mFa b
2.52mF

5V 4mF

4mF

4mF

3mF

3mF

3mF

+12

+12

–4

–12

–12

+4

6mF

6mF

6mF

+6

–24

+8

–6

2mF

2mF

2mF

+2

–2
–4

+4

+

+

+24

+12

+8/3

–12

+24

–24

10V

5V

–8 –8/3

4–4—
3

4+4—
3

+

4mF

3mF
+20mC

6mF
–10mC

2mF

10V

5V
+10mC

+50—3 mC

–50—3 mC

+40—3 mC

–40—3 mC

5V
–20mC



         V CC C V2
1

1 2
= +fi   CC C1

1 2

10
23+ = …(ii)

From Eqs. (i) and (ii),CC1

2

10
13

=
If dielectric slab of C1 is replaced by one for
which k = 5 then,
       C Ad C1

0 1

1
1

5 5
2

¢ = =e
\       VV CC CC2

1

1

2

1

2

5
2

50
26

¢¢ = ¢ = =
     V V2 1

50
26

230¢ + ¢ =
Also,
   V V1 2 230¢ + ¢ =
        V V1 1

50
26

¢ = ¢
        V1 ¢ = 78.68 V
and     V2 = 151.32 V

23. In this case

Common potential,
         V C VC C CC C= + +1 1

1
2 3

2 3

         V = ¥+1 110
1 1.2

           = 110
2.2

 

           = 50 V
Charge flown through connecting wires,= +C CC C V2 3

2 3

              = ¥1.2 50
              = 60 mC

24. (a) Hence, ef fec tive ca pac i tance across the
    bat tery is 3 mF.

(b) q CV= = ¥ =3 20 60 mC
(c) Potential difference across C1V1

6
6 6

20 10= + ¥ =  V    

q C V1 1 1 3 10 30= = ¥ = mC
(d) Potential difference across C2V2

6
6 6

20 10= + ¥ =  V     

q C V2 2 2 2 10 20= = ¥ = mC

(e) Potential difference across C3V V3 2
4

4 4
5= + ¥ =  V   

q C V3 3 3 4 2 20= = ¥ = mC
25. (a) When switch S2 is open, C1 and C3 are in

series, C2 and C4 are in series their
effective capacitances are in parallel with 
each other.

Hence, q q C CC C V1 3
1 3

1 3
= = +
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2mF
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20V

20V
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20V 20V
6mF
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    = ¥+ ¥ =1 3
1 3

12 9 mC

q q C CC C2 4
2 4

2 4
= = +     

     = ¥+ ¥ =2 4
2 4

12 16 mC

(b) When S2 is closed, C1 is in parallel with C2 and C3 is in parallel with C4.

Therefore, V V C CC C C C1 2
3 4

1 2 3 4
= = ++ + +  V

      = ¥ =7
10

12 8.4 V

V V C CC C C C3 4
1 2

1 2 3 4
= = ++ + +  V

      = ¥ =3
10

12 3.6 Vq C V1 1 1 1= = ¥ =8.4 8.4 Cmq C q2 2 2 2= = ¥ =8.4 16.8 Cmq C V3 3 3 3= = ¥ =3.6 10.8 Cmq C V4 4 4 4= = ¥ =3.6 14.4 Cm
26. Initial charge on C1Q C V= 1 0

Now, if switch S is thrown to right.
Let charge q flows from C1 to C2 and C3.
By Kirchhoff’s voltage law,

qC qC Q qC2 3 1
0+ - - =

q C C C QC1 1 1
1 2 3 1

+ +ÊËÁÁ ˆ̃̃̄ =

q C C QC C C C C C= + +2 3

1 2 2 3 3 1= + +C C C VC C C C C C1 2 3

1 2 2 3 3 1\     q Q q C C C VC C C C C C1
1
2

2 3

1 2 2 3 3 1
= - = ++ +( )

  q q q C C C VC C C C C C2 3
1 2 3

1 2 2 3 3 1
= = = + +

27. C Ad= e0 , q CV AVd= = e0

(a) C Ad¢ = e0
2

, q q¢ =
   (As battery is disconnected)V qC¢ = ¢¢ = 2 V

(b) V C V AVdi = =1
2 2

2 0
2e

     U C V Ad Vf = ¢ ¢ = ◊1
2

1
2 2

22 0 2e ( )

         = e0
2AVd

(c) W U U AVdf i= - = e0
2

2
28. In the steady state, capacitor behaves as

open circuit,

I I ER R1 2
1

1 2
= = + = 1 mA and IC = 0

V I R E RR RPD = = +2 2
1 2

1 2

When switch is shifted to B,
At this instant,
      V E RR RPD = +1 2

1 2I VR ER RPD
2

2

1

1 2
1= = + = mA
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   I E VR E E RR RRPD
1

2

1

2
1 2

1 2

1
= + = + +
= + +( )R R E E RR1 2 2 1 2

1

          = 2 mAI I IC = + = + =1 2 1 2 3 mA  
29. (a) When switch S is open, no current pass

through the circuit,

Hence, Vb - =0 0
   Vb = 0

18 0- =Va   fi  Va = 18 Vfi V Va b- = 18 V
(b) a is at higher potential.
(c) When switch S is closed,

I VR R= + =
1 2

2 A

V IRb - = = ¥0 2 32        
           Vb = 6 V
(d) q C V1 1 6 18 108= = ¥ = mC

q C V2 2 3 18= = ¥ = 54 Cm
After closing the switch,q C V1 1 1 6 12 72¢ = = ¥ = mCq C V2 2 2 3 6 18¢ = = ¥ = mCDq1 18= mC, Dq2 36= - mC 

30. (a) I VR R= + = =
1 2

18
9

2 A

q C CC C V= + = ¥ =1 2

1 2
2 18 36 mC

Now,    V IRa - =0 2 fi Va = 6 V
and     V qCb - = = =0 36

3
12

2
 V

       V Va b- = - 6 V
(b) b is at higher potential.
(c) When switch S is closed, in steady state,

V va b- = 6 Vq C V1 1 1 6 12 72= = ¥ = mCq C V2 2 2 3 6 18= = ¥ = mC
Charge flown through S= - = - =q q1 2 72 18 54 mC
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31.

(a) Consider the circuit as combination of twocells of emf E and OV.

E E R E RR R Ve = ++ =1 2 2 1

1 2 2R R R Re = + =
2

3
2

     

          q q e t= - -
0 1( )/ t  

         q CE
0 2

=
          t = 3

2
RC    

\ q CE e t RC= - -
2

1 2 3( )/

(b) I dqdt ER e t RC
1

2 3
3

= = - /

In loop EDBA  qC I R I R+ - =1 2 0

    I qRC I2 1= += - +- -ER e ER et RC t RC
2

1
3

2 3 2 3( )/ /

     = - -ER e t RC
6

3 2 3( )/

Objective Questions (Level 1)
1. F Q A= 2

02e  is independent of d.

2. C qV=
On connecting the plates V becomes zero.

3. The system can assumed to a parallel
combination of two spherical conductors.C C C a b= + = +1 2 0 04 4pe pe

        = +4 0pe ( )a b
4. V qC=

On connecting in seriesq q¢ = = Charge on any capacitorC Cn¢ =\ V nqC nV¢ = =

5. In cor rect di a gram.
6. Charge on capacitor of capacitance 

C C V
2 2

30= = CV qCMN = = 30 V

7. For equilibrium,
     qE mg=
        q Vd r g= 4

3
3p r

          V rqµ 3
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VV rr qq2

1

2

1

3
1

2
= ÊËÁÁ ˆ̃̃̄ ¥

fi           V2 4= V
8. Electric field between the plates is uniform

but in all other regions it is zero.
9. Initially the capacitor offers zero resistance.

i = + =12
1 2

4 A

10. q CV CE= =
11. In the steady state, capacitor behaves as

open circuit. the equivalent diagram is given 
by

I ER R ER= + =3
4

4
7

But potential difference across capacitor,V IR=   fi 10 4
7

= ER Rfi E = 17.5 V
12. As all the capacitors are connected in series

potential difference across each capacitor is
    V E= = =

4
10
4

2.5 V

       V VA N- = =3V 7.5 V
           VA = 7.5 V
       V VN B- = 2.5 V
           VB = - 2.5 V

13. Heat produced = Loss of energy
             = + -C CC C V V1 2

1 2
1 2

2
2( )

( )

             = ¥ ¥ ¥+ ¥ -- --2 10 2 10
2 2 2 10

100 0
6 6

6( )
( )

             = ¥ =-5 10 53 J mJ
14.   q q e t= -

0
/ h

    I I e t= -
0

/ h
   P I R I e Rt= = -2

0
2 2 / h  = -P e t

0
2 / hfi     h h¢ =

2

15. Common potential = ++ =C V C VC C E1 1 2 2

1 2 2

16. V VA B- = + ¥ - + ¥ =6 3 2 9
1

3 3 12 V
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17. In the steady state, current through battery

I = + =12
6 2

3
2

A

Potential difference across the capacitor,VAB = ¥ =6 3
2

9 N\ q CVAB= = ¥ =2 9 18 mC
18. C2 and C3 are in parallel

Hence, V V2 3=
Again Kirchhoff’s junction rule- + + =q q q1 2 3 0fi q q q1 2 3= +

19. For the motion of electronR mu eE l= =2 2sin q …(i)

and H mu eE d= =2 2

2
sin q …(ii)

Dividing Eq. (ii) by Eq. (i),
tan q = 4dl

20. V Ed=  fi d VE V= = 2
6

0e
= ¥ ¥ ¥ --2 5 10

10

12

7
8.85

  = ¥ =-8.85 0.8810 4  mm
21.

P and Q are at same potential, hence
capacitor connected between them have no
effect on equivalent capacitance.

22.

23. C k Ad k Ad1
1 0 2 0
2 2

= +e e  

  = +( )k k Ad1 2 0
2

e  (Parallel grouping)

1
2 22 1 0 2 0C dk A dk A= +e e  (Series grouping)

C k kk k Ad2
1 2

1 2

02= + e
CC k kk k1

2

1 2
2

1 2

2

4
2 3

4 2 3
25
24

= + = +¥ ¥ =( ) ( )
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24.

25. Cases (a), (b) and (c) are balanced
Wheatstone bridge.

26. The given arrangement can be considered as 
the combination of three capacitors as shown 
in figure.

Hence, C k Ad1
1 0
2

= e
C k A

d k Ad2
2 0 2 02

2
= =e e

/

C k A
d k Ad3
3 0 3 02

2
= =e e

/
Effective capacitance,C C C CC C Ad k k kk k= + + = + +ÈÎÍ ˘̇̊

1
2 3

1 2

0 1 2 3

2 32
e

27. Here, plate 1 is connected to plate 5 and
plate 3 is connected to plate 6.

Capacitance of all other capacitance is same, 
i.e., C Ad= e0  but that of formed by plates 4

and 5 is C
2

 as distance between these two

plates is 2d.
The equivalent circuit is shown in figure.

\ C C Adeq F F= = = ¥ =11
7

11
7

11
7

7 110e m m
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d

2d

d

A

B

C1

C2

C3

B

A

C C CC C

C

P

A

B

Q

A

B

C C
QP C

C C

A

B

C C
C

C C

A

B

CC
—
2

C
—
2

A

B
2C

C



JEE CornerAssertion and Reason
1. Capacitance = qV  is constant for a given

capacitor.
2. Reason correctly explains the assertion.
3. U qV= 1

2
, W qV=

4. For discharging of capacitorq q e t= -
0

/ tdqdt q e t= - -0t t/

    = - -qRC e t0 / t
Hence, more is the resistance, less will be
the slope.

5. Charge on two capacitors will be same only if 
both the capacitors are initially uncharged.

6. As potential difference across both the
capacitors is same, charge will not flow
through the switch.

7. C and R2 are shorted.
8. Time constant for the circuit, t = RC
9. In series, charge remains same

and U qC= 2

2
 fi U Cµ 1

10. In series charge remains same\ V qC1
1

= , V qC2
2

=
On inserting dielectric slab between the
plates of the capacitor, C2 increases and
hence, V2 decreases. So more charge flows to C2.

Objective Questions (Level 2)
1. E

QA x dQA d x dQA d x
=

- <
- < <

< <
4

2 2

4 2 3

0

0

0

e
e
e

i
i
i

^

^

^

for

for

for

 

d
Ï
Ì
ÔÔÔ
Ó
ÔÔÔ

2. Let E0 = external electric field 
and E = electric field due to sheet\ E E E1 0 8= - =E E E2 0 12= + =fi      E = 2 V/m  fi  se2

2
0

=
s e= 4 0

3. When the switch is just closed, capacitors
behave like short circuit, no current pass
through either 6 W or 5 W resistor.

4. For charging of capacitorI I e t= -
0

/ t
ln logI I t= -0 t

ln lnI VR tRC= -

But, I I01 02=fi VR VR1

1

2

2
=

Also, 1 1
1 1 2 2R C R C>

fi R C R C2 2 1 1>
As only two parameters can be different,C C1 2=R R2 1>
and V V2 1>

5. Charge on capacitor at the given instant.q q CE= =0
2 2

Heat produced = Energy stored in capacitor= =qC CE2 2

2 8
Heat liberated inside the battery,= + ¥rr r2

Total heat produced

      = CE2

24

75 



6. Capacitor is not inside any loop.

7. I E ER R= -+ 0

0 V qC EBA = -

    - + = -E IR qC E
q IRC E E RCR R= + - +( )0

0

8. C C CC C= +1 2

1 2

       C C Ad1 2
0= = e

        C Ad= e0
2

      C Ad1
02¢ = e , C Ad2

0
2

¢ = e
       C C CC C Ad C¢ = ¢ ¢¢ + ¢ = <1 2

1 2

02
5
e

9.            R Re =
3t = =R C RCe 3

  q q e t= - -
0 1( )/ t

     = - -CV e t RC( )/1 3

10. Energy loss = + -C CC C V V1 2

1 2
1 2

2
2( )

( )

= ¥¥ - - ¥ -2 4
2 2 14

100 50 102 6
( )

( )

      = ¥ -1.7 10 3 J
11. q q e t RC= -

0
/ I dqdt qRC e t RC= - = -0 /

at t = 0 I qRC= =0 10         

      V qC R0
0 10 10 10 100= = ¥ = ¥ =  V

12. V VA B= -ie, V V V VA P P B- = -  [VP = 0]fi    qC qCn123
=

fi     C Cn = 123fi    1 1 1 1
1 2 3C C C Cn = + +

13. When connected with reverse polarity
   H C CC C V V= + +1 2

1 2
1 2

2
2( )

( )

= ¥+ ¥ + =C CC C V V CV2
2 2

4 25
3

2 2
( )

( )

14. HH RR RS1

2

2

1
= =

Also, H H CV1 2
2 6 21

2
1
2

2 10 5+ = = ¥ ¥ ¥- ( )

H H1 2 25+ = mJ H2 25 10 15= - = mJ
10
15 5

= R fi R = 10
3

W
15. When current in the resistor is 1 A.IR qC E+ =

1 5
2

10¥ + =q
fi          q = 10 mC
When the switch is shifted to position 2. In
steady state, charge on capacitorq¢ = ¥ =5 2 10 mC
but with opposite polarity.\ Total charge flown through 5 V battery,= + ¢ =q q 20 mC
Work done by the battery = ¥20 5

            = 100 mJ
Heat produced = -W UD
But,      DU = 0 \           H W= = 100 mJ
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16. V V q q qA B- = - + - =
6 2 3

0

Hence, no charge will flow from A to B.
17. As potential difference across both the

capacitors is same, they are in parallel. 
Hence, effective capacitance,C Ad= 2 0e

        U CV Ad V= =1
2

2 0 2e
18. Rate of charging decreases as it just charged.
19. Potential difference across capacitor = 6 V

q CV= = ¥ =2 6 12 mC
In loop ABCD,
   I ¥ - - =1 2 5 0 fi I = 7 A

20. While chargingR Re =  fi t = RC
While dischargingR Re = 2  fi t = 2RC

21. Common potential,V C V C VC C= -+ = ¥ - ¥+2 2 1 1

1 2

3 100 1 100
1 3

              = 25 V

22. q1
1
1

30= ¥+ ¥1.5
1.5

 = 18 mC

       q2 30= ¥+ ¥2.5 0.5
2.5 0.5

          = 12.5 Cm\   V V qCp a- = =1

1
18 V

   V V qCp b- = 2

3

         = =12.5
2.5

V5

   V Vb a- = 13 V
23. As all the capacitors are identical, potential

difference across each capacitor,

   V E= =
4

3 VV VN B- = 3 V
           VB = - 3 V
   V VA B- = 12 Vfi          VA = 9 V

24. By Kirchhoff’s voltage law,

q q q1 2 3 0+ + =C C V C V V C V VA B C1 0 2 0 3 0 0( ) ( ) ( )- + - + - =V C V C V C VC C CA B C
0

1 2 3

1 2 3
= + ++ +V0
60 6 2 20 3 30

60 20 30
= ¥ + ¥ + ¥+ +

          = 49
11

V

25. In the steady state, there will be no current
in the circuit.
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30V
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q1 q1
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a

b

12V
+ –

C

A C C C

B
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4W2V 2mF 6V5V
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+ –
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\ V CC C V1
2

1 2

3
3 6

10 10
3

= + = + = V

26. I ER r1
1

1 1

18
5 1

3= + = + = A

I ER r2
2

2 2

15
4 2

= + = + = 2.5 A

In loop ABCD,
  q I R q I R

3 2
02 2 1 1- + - =

fi 5
6

3 5 4q = ¥ + ¥2.5  fi q = 30 mC

27. During dischargingq q e t= -
0

/ tq CE0 10= = mC
at t = 12 s, q e e= =- -10 1012 6 2/= ( )0.37 C210 m

28. q C CC C E E= + -1 2

1 2
1 2( )

V qC CC C E Eap = = + -
2

1

1 2
1 2( )

= -+ÊËÁÁ ˆ̃̃̄E EC C C1 2

1 2
1

29. H C CC C V V= + -1 2

1 2
1 2

2
2( )

( )  is independent of

resistance.
30. Immediately after switch is closed, capacitor

behaves like short circuit.
31. i VR e t RC

1 2
= - / , i VR e t RC

2 = - /  ii e tRC1

2

5
61

2
=

Increases with time.
32. R dA dA= =r s C k Ad= e0

t s e= = ¥RC dA k Ad0
      = = ¥¥ =--e0

12

126
10

10
68.85

7.4
 s

33. i i e t= -
0

/ t
fi i i e RC0

0

4

2
= - ln

fi ln ln4 2RC =     fi ln ln4 2= RC  fi RC = 2      fi R C= = =2 2 4
0.5

W  

34. Potential difference across each capacitor is
equal, hence they are in parallel,
charge on each capacitorq C Ve= = ¥ =2 10 20 mC
As plate C contributed to two capacitors,
charge on plate, C q= = +2 40 mC 

35. Charge distribution on the plates of the
capacitor is shown in figure

\ V QC CV Q
C¢ = ¢ = +

2

= +V QC2
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2
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36. Let q be the charge on C2 (or charge flown
through the switches at any instant of time)
By Kirchhoff’s law

IR qC q qC+ - - =
2

0

1
0dqdt C q C C qC C R= - +2 0 1 2

1 2

( )

dqC q C C q dtC C Rq t
2 0 1 20 1 20- + =Ú Ú( )[ ]= + - +1
1 2

2 0 1 2 0C C C q C C q qln| ( )

= 1
1 2C C R t

 q C qC C e t= + -ÊËÁÁ ˆ̃̃̄-2 0

1 2
1 t

 t = +C CC C R1 2

1 2

or q CC q e tRC= -ÊËÁÁ ˆ̃̃̄-
1

0 1

where, C C CC C= +1 2

1 2
                

37. H C CC C V V= + -1 2

1 2
1 2

2
2( )

( )

= + ÊËÁÁ ˆ̃̃̄C CC C qC1 2

1 2

0

1

2

2( )= + =C qC C C C qC2 0
2

1 1 2

0
2

1
22 2( )

38. Electric field in the gap will remain same.
39. Electric field inside the dielectric slabE Ek Vkd¢ = = .

More Than One Cor rect Op tions
1. Charge distribution is shown in figure

   E E E E EB = + + +1 2 3 4= + + -QA QA QA QA4 4 4 40 0 0 0e e e e= QA2 0e

| | | | | |E E E E E EA C= = + - +1 2 3 4  but EA and EC have opposite direction.

2. q CE e tRC1 1= -ÊËÁÁ ˆ̃̃̄-

q CE e tRC2 2 1= -ÊËÁÁ ˆ̃̃̄-
dqdt ER e tRC1 = -

        dqdt ER e tRC2 22= -
      qq1

2

1
2

=  fi 
qq0

0

1

2

1
2

=    

t t1 2= = RC      

3. V qC1

3

6
4 10

100 10
40= = ¥¥ =- - V
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—
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—
2
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—
2
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—
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+
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+
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I1 0=
  I V

2
1

900
40

900
2

45
= = = A

         V I2 2 200 2
45

200 80
9

= ¥ = ¥ = V

   E V V= + = +1 2 40 80
9

             = 440
9

V

4. Initially I1 0= ,I I ER2 = =  

As the capacitor starts charging,I2 decreases and I1 increases, 
In the steady stateI I ER1 = = , I2 0=
At any instantP I R1 1

2= , P I R2 2
2=

Steady state potential difference across the
capacitor, V E=

2
         

U CV CE= =1
2 8

2
2

5. F Q A= 2

02e  independent of d.

E QA= e0
 independent of d.

 U QC Q dA= =2 2

02 2e

fi U dµV QC QdA= = e0fi           V dµ
6. When switch S is open

C C CC C Ce = ¥+ =2
2

2
3q CE1

2
3

=
When switch S is closedC Ce ¢ = 2q CE2 2=
Charge flown through the batteryDq q q CE= - = =2 1

4
3

 positive

7. Let charge q flows to C1 at it falls to the free
end of the wire.

By Kirchhoff’s voltage law,q qC q qC qC2

2

3

3 1
0- + - - =

        q qC qC
C C qC= +

+ +
2

2

3

3

1 2 3

1 1

          = ++ +V V
C C C2 3

1 2 3

1 1 1

        q = ++ + =150 120
1
2

1
3

1 180

1.5

Cm
       q q q2 2 150 2 180¢ = - = ¥ -

    = 120 mC
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q –q2
+ – + –

C2
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C3

–q
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E
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C
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S

+ –

E
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8. C Ad= e0

U QC Q dA= =2 2

02 2e  fi U dµ
V QC QdA= = e0

 fi V dµ
C Ad= e0  fi C dµ 1

E QA= e0
 fi E is independent of d.

9. R = + =1 2 3 W, C = 2 Fq CV0 0 2 6 12= = ¥ = C
At any instant q q e tRC= ÊËÁÁ ˆ̃̃̄-

0

I dqdt qRC e tRC= = -
0

at t = 0 I qRC= = ¥ =0 12
3 2

2 A

at t = 6 2ln

I qRC e= = ¥ --
0

6 2
6 12

6
1

2

ln

= ¥ =2 1
2

1 A

Potential difference across 1 W resistor fi 1 1 1¥ = V
Potential difference across 2 W resistorfi 1 2 2¥ = V\ By Kirchhoff’s voltage law, potential
difference across capacitors = + =1 2 3 V.

10. q C V= = ¥ =1 1 1 10 10 mF

V qC2
2

10
4

= = = 2.5 V

V qC3
3

10
9

= = V    Match the Col umns
1. C kC1 1 8¢ = = mF, C Ck2

2 2¢ = = mF     

       q C CC C V V¢ = ¢ ¢¢ + ¢ =1 2

1 2
( )1.6 Cm

q V= ( )2 mC       \ q q¢ <
    U qC V V2

2

2

2
2

2 2
¢ = ¢ ¢ = ¥ =( )1.6 0.64 ,

    U qC V2

2

2

2

2
2

2 2
1= = ¥ =( ) ( ) mC

    U U2 2¢ < V qC V V2
2

16
8

¢ = ¢¢ = =. 0.2 ,

V qC V V2
2

2
4

= = =( ) 0.5

                 V V2 ¢ <

                 E qA VA2
0 0

¢ = ¢ =e e1.6 ,

E qk A V A VA2
0 0 0

2
2

= = ¥ =e e e
       E E2 2¢ >  
( a Æ q), (b Æ q), (c Æ q), (s Æ p).

2. Before switch S is closed, charge distribution 
is shown in figure (1). 

After switch S is closed, charge distribution
is shown in figure (2).
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1mF 4mF

6mF

3mF

E

1mF 4mF 9mF

E

V1 V2 V3

30V

S
40mC

20mC
+ –

+ –
4mF

3mF

2mF

+ –
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(a Æ s), (b Æ p), (c Æ q ), (d Æ s).
3. (a Æ q), (b Æ p, r), (c Æ q), ( d Æ p, p)

(p) 

V V V V
1 2 3 3

= = =
q q q CV

1 2 3 3
= = =

(q) 

V V V V1 2 3= = =q q q CV1 2 3= = =
(r) 

         V V V V V
1 2 3

2
3 3

= = =,

q CV q q CV
1 2 3

2
3 3

= = +,

(s) 

V V
2

2
3

= , V V V
1 2 3

= =      

q CV
2

2
3

= , q q CV
1 3 3

= =
4. Common potential

V C V C VC C V¢ = ++ =1 1 2 2

1 2 3U C V CV1 1
2 21

2
1

18
= ¢ =`

U C V CV2 2
2 21

2
1
9

= ¢ =    

     DU C CC C V V= + -1 2

1 2
1 2

2
2( )

( )

         = ¥+ -C CC C V
2

0
1 2

2
( )

( )

            = 1
6

2CV
(a Æ r), (b Æ p), (c Æ q).

5.         C k Ad Ad1
0 0

2 2
= +e e
= + =( )k Ad Ad1

2
3
2

0 0e e
           = = +1

2 22 0 0C dk A dAe e
          = +ÊËÁ ˆ̃̄dA kk2

1
0efi      C k Ad k Ad2

0 02
1

4
3

= + =e e
( )

       CC1

2

9
8

=
As combination is series, q q1 2=  fi qq1

2
1=

    UU CC1

2

2

1

8
9

= =
(a Æ s), (b Æ s), (c Æ s).

6. Charge distribution is shown in figure.
(a Æ p), (b Æ p, q), (c Æ s), (d Æ p, q, r).
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Introductory Exercise 23.1
1. [ ] [ ]F Fe m=

[ ] [ ]qE qvB=             fi EB vÈÎÍ ˘̇̊ = = -[ ] [L T ]1

2. F v BÆ = Æ ¥Æq ( ) \ F vÆ ^Æ and F BÆ ^Æ
Because cross product of any two vectors is
always perpendicular to both the vectors.

3. No. As Fm qÆ = Æ ¥Æ
( )v B

fi | | sinFm qvBÆ = q
If Fm = 0, either B = 0 or sin q = 0,i.e., q = 0

4. F v BÆ = Æ ¥Æq ( )

= - ¥ ¥ ¥- - -4 10 10 106 6 2 [( )^ ^ ^2 3i j k- +  ¥ + -( )]^ ^ ^2 5 3i j k= - ¥ + +-4 10 4 8 162( )^ ^ ^i j k= - + + ¥ -16 2 4 10 2( )^ ^ ^i j k  NIntroductory Exercise 23.2
1. As mag netic field can ex ert force on charged

par ti cle, it can be ac cel er ated in mag netic
field but its speed can not in creases as
mag netic force is al ways per pen dic u lar to
the di rec tion of mo tion of charged particle.

2. F v Bm eÆ = - Æ ¥Æ
( )

By Fleming’s left hand rule, BÆ must be along 
positive z-axis.

3. As mag netic force pro vides nec es sary
cen trip e tal force to the  particle to de scribe a
circle.

              qvB mvr= 2

fi               r mvqB=

(a)       r mvqB=
 fi       r mµ
Hence, electron will describe smaller circle.
(b)     T rv mqB= =2 2p p  

       f T qBm= =1
2pfi      f mµ 1

\ electron have greater frequency.
4. Elec trons are re fo cused on x-axis at a

dis tance equal to pitch, i.e.,n p v T= = ||

     = 2p qmveBcos

Magnetics23



5. (a) If L r mvqB≥ = ,

(b) The particle will describe a semi-circle.
Hence, q p=
(c)          Ll = cos q

2fi      LR2
2

2sin
cosq q=

            LR = sin q fi  sin q = 1
2fi           q p=

6

6. r mveB mkeB= = 2

      = =2 1 2m eVeB B mVe
For electron, r = ¥ ¥ ¥¥ - -1 2 10 100

10

31

190.2
9.1

1.6
   

= ¥ -1.67 10 4 m = 0.0167 cm
For protonr = ¥ ¥ ¥¥ --1 2 10 100

10

27

190.2
1.67

1.6= ¥ -7 10 3 m = 0.7  cm           

7. r mvqB m kqB= = 2

\ r mqµ     

\ r r rp d: : : :a = 1
1

2
1

4
2

         = 1 2 1: :

Introductory Exercise 23.3
1. Let at any in stantV i j kÆ = + +V V Vx y z^ ^ ^

Now, V V Vx y2 2
0
2+ = = constant

and V V qEm f2 0= -
VÆ is minimum when V2 0=
at            f mvqE= 0

and     V Vmin = 0

2. Af ter one rev o lu tion, y = 0, x p=  = pitch of heating

= 2p qmvqBsin

Hence, coordination of the particle,= ( , )x b  = ÊËÁÁ ˆ̃̃̄0 2, sinp qmvqB
3. F l B i j kÆ = Æ ¥Æ = ¥ +i ilB( ) [ ( )]^ ^ ^

( )FÆ = 2 ilB
4. No. as i i j k i j i j k^ ^ ^ ^ ^ ^ ^ ^ ^( ) ( )¥ + + = ¥ + ¥ ¥

But i j^ ^¥ = 0\  i i j k i j k^ ^ ^ ^ ^ ^ ^( ) ( )¥ + + = ¥ ¥
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Introductory Exercise 23.4
1. Con sider the disc to be made up of large

num ber of elementary concentric rings.
Con sider one such ring of ra dius x and
thick ness dx.
Charge on this ring

dq qR dA qR x dx= ◊ + ¥p p p2 2 2

       dq qx dxR= 2
2

Current in this ring,di dqT dq qx dxR= + =w p w p2 2\  Magnetic moment of this ring,

dM di A qx dxR x= ¥ = ¥wp p2
2

= w qR x dx2
3

\ Magnetic moment of entire disc,M dM qR x dxR= =Ú Úw
2

3
0= ÈÎÍÍ ˘̇̇̊ =w wqR R qR2

4
2

4
1
4

2. M OA ABÆ = ¥ Æ ¥ Æi [( )]OA j kÆ = +OA OAcos sin^ ^q qAB iÆ = AB ^

\ M j k iÆ = ¥ ◊ + ¥i OA AB [(cos sin ) ]^ ^ ^q q= ¥ ¥ +ÊËÁÁ ˆ̃̃̄ ¥ÈÎÍÍ ˘̇̇̊
4 3

2
1
2

0.2 0.1 j k i^ ^ ^

= -( )^ ^0.04 0.07j k  A-m2Introductory Exercise 23.5
1. (a) B B B B1 2 3 4= = == ◊ ∞ + ∞mp04 2

45 45il /
[sin sin ]

= ◊mp04
2 2il

Net magnetic field at the centre of the
square,B B B B B il= + + + = ◊1 2 3 4

0
4

8 2mp= =2 2 0mp mil 28.3 T (inward)

(b) If the conductor is converted into a
circular loop, then

2 4pr l=  fi r l= 2pB i r il= = =m pm m0 0
2 4

24.7 T (inward)

2. B ix= ◊mp04
(As P is lying near one end of conductor 1)B2 0=  (Magnetic field on the axis of a current 
carrying conductor is zero)

       B B= 1

               = ◊mp04
ix

By right hand thumb rule, direction of
magnetic field at P is inward.
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3. Mag netic field due to straight con duc tor at O

B iR1
0

4
2= ◊mp

Magnetic field at O due to circular loopB iR2
0

2
= m

By right hand thumb rule, both the filds are
acting inward.
Hence, B B B iR= + = +1 2

0
2

1mp p( )

       = ¥ ¥¥ ¥ +ÊËÁ ˆ̃̄- -4 10 7
2 10 10

1 22
7

7

2
pp

               = ¥ =-58 10 586 T Tm  (inward).
4. B B1 2 0= =  (Mag netic field on the axis of

cur rent car ry ing con duc tor is zero)

B iR iR3
0 01

4 2 8
= ◊ =m m

    = ¥ ¥¥ ¥- -4 10 5
8 3 10

7

2
p

               = ¥ -2.62 10 5 T
       = 26.2 Tm  (inward).

5. B B1 2 0= =  (Mag netic field on the axis of
straight con duc tor is zero)

B ib ib2
0 060

360 2 12
= ∞∞ ◊ =m m  (inward)

  B ia a3
0 060

360 2 12
= ∞∞ = =m m  (outward)

As B B3 2> ,
Net magnetic field at P,
        B B B= -3 2

          = -ÈÎÍ ˘̇̊m 0
12

1 1i a b
6. AB AP,  and BP  from Pythagorus trip let, 

hence – = ∞APB 90  

\  B PB1
0 1

14
2Æ = ◊mp ir ^

B AP2
0 2

24
2Æ = ◊mp ir ^

  B B B= +1
2

2
2

     = ÊËÁÁ ˆ̃̃̄ + ÊËÁÁ ˆ̃̃̄mp0 1

1

2
2

2

2

2
ir ir

= ¥ ¥ ÊËÁ ˆ̃̄ + ÊËÁ ˆ̃̄-4 10
2

3 37 2 2p p 0.05 0.12
     = ¥ -1.3 10 5 T
     = 13 mT

7. t q= NIABcos= ¥ ¥ ¥ ¥ ¥ ∞100 3 301.2 0.4 0. 0.8 cos
        = 9.98 N-m
Rotation will be clockwise as seen from
above.
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Introductory Exercise 23.6
1. By right hand thumb rule, di rec tion of

magnetic field due to con duc tor A B C, ,  and D are as shown in fig ure.

B B B B IrA B C D= = = = ◊mp04
2

Here, I = 5 A

r a= = =
2 2

0.2 0.14\ Net magnetic field at PB B B B BA D B C= + + +( ) ( )2 2

                = ◊mp04
4 2 Ir

       = ¥ ¥ = ¥- -10 4 2 5 20 10
7

6
0.2 / 2

T

                = 20 mT
Clearly resultant magnetic field is
downward.

2. At point A

B Ir1
0 1

14
= ◊mpB2 0=  (Magnetic field inside a current

carrying hollow cylinder is zero)\  B B B Ira = + = ◊1 2
0 1

14
mp

   = ¥¥ -- - -10 1
1 10

10
7

3
4 T

  = 100 mT (upward)

At point BB Ir1
0

0

1

24
= ◊ ≠mpe , B Ir2

0 2

24
= ◊ Ømp

Net field at BB B B r I I= - = ◊ -2 1
0

2
2 14

1mp ( )

                = ¥ ¥ - = ¥- - -10
3 10 3

3 2 10
7

4( ) 0.67 T

                  = 67 mT
3. Con sider the cyl in der to be made up of large

num ber of el e men tary hol low cyl in ders.

Consider one such cylinder of radius r and
thickness dr.
Current passing through this hollow
cylinder,di jdA j r dr br dr= = ( )2 2 2p p
(a) Total current inside the portion of radius r1,
     I di b r drr

1
2

0
2 1= =Ú Úp

          = ÈÎÍÍ ˘̇̇̊2
3
1
3

0

1pb r r

       = 2
3 1

3p br
By ampere’s circuital law,
       B dl ir ◊ =Ú

2
0 1

1p m
      B r br1 1 0 1

32 2
3

¥ = ÊËÁ ˆ̃̄p m p
fi              B br

1
0 1

2

3
= m

(b) Total current inside the cylinder
          i b r drR= Ú2 2

0
p

           = 2
3

3p bR
         B ir bRr2

0

2

0
3

24
2

3
= =mp m
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AIEEE CornerSubjective Questions (Level-1)
1. Pos i tive. By Flem ings left hand rule.
2. F evBm = sin qfi    v FeB e=

sin q= ¥¥ ¥ ¥ ¥ ∞-- -4.6
1.6 3.5

10
10 10 60

15

19 3 sin
         = ¥9.46 106 m s/

3. F qvBm = sin q= ¥ ¥ ¥ ¥ ¥-( )2 10 10 119 51.6 0.8
           = ¥ -2.56 10 14 N

4. (a)  F v Bm eÆ = Æ ¥Æ
( )

   = - ¥ ¥ + ¥-16 10 20 10 3 0 1019 6 6. [( . ) ( . ) ]^ ^i j¥ +( . . )^ ^003 015i j
     = - ¥ -( ) ^6.24 N10 4 k
(b) = Æ Æ ¥Æ = - ¥ -F v B km e ( ) ( . ) ^624 10 4N

5. F v Bm eÆ = Æ ¥Æ
( )

( ) [( )^ ^ ^6.4 1.6¥ = - ¥ +- -10 10 2 419 19k i j¥ +( )]^ ^B Bx xi j3

6.4 1.6¥ = - ¥- -10 10 219 19k k^ ^[ ]BxBx = ¥- ¥ = ---6.4
3.2

2.0 T10
10

19

19

6. (a) As mag netic force al ways acts
per pen dic u lar to mag netic field, mag netic
field must be along x-axis.
     F qv B1 1 1= sin qfi B Fqv B= = ¥¥ ¥ ¥-

-1

1 1

3

6 6

5 2 10

1 10 10 1
2

sin q
fi B = -10 3 T

or    B iÆ = -( ) ^10 3 T
(b) F qv B2 2 2= sin q
     = ¥ ¥ ¥ ¥ ∞- -1 10 10 10 906 6 3 sin
     = -10 3 N
   F2 1= mN

7. Let B i j kÆ = + +B B Bx y z^ ^ ^

(a) F v BÆ = Æ ¥Æq( )

7.6 5.2¥ - ¥- -10 103 3i k^ ^

             = - ¥ ¥ ¥ --7.8 3.810 106 3( )^ ^B Bz xi kfi      Bx = - 0.175 T, Bz = - 0.256 T
(b) Cannot be determined by this information.

(c) As F v BÆ = Æ ¥Æq ( )F BÆ ^Æ
Hence, B FÆ◊Æ = 0

8. B iÆ = B ^

(a) v jÆ = v ^

F v B kÆ = Æ ¥Æ = -q qvB( ) ^

(b) v jÆ = v ^

F v B jÆ = Æ ¥Æ =q qvB( ) ^

(c) v iÆ = - v  ̂ F v BÆ = Æ ¥Æ =q ( ) 0

(d) v i kÆ = ∞ - ∞v vcos cos^ ^45 45  F v B jÆ = Æ ¥Æ = -q qvB( ) ^

2

(e) v j kÆ = ∞ - ∞v vcos cos^ ^45 45

   F v B j kÆ = Æ ¥Æ = - -q qvB( ) ( )^ ^

2

     = - +qvB
2

( )^ ^j k
9. r mvqB m ke B m eVe B= = =2 2

fi          B mVe r= 2  

= ¥ ¥ ¥ ¥¥ ¥- -2 10 2 10
10

31 3

19
9.1

1.6
0.180
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         = ¥ -0.36 10 4 T
       B = ¥ -3.6 10 4 T

10. (a) r mvqB=  fi v qBrm=
         = ¥ ¥ ¥ ¥¥- --1.6 2.5 6.96

3.34
10 10

10

19 3

27

         = ¥8.33 105 ms-1

(b) t T mqB= =
2

p
        = ¥ ¥¥ ¥ --3.14 3.34

1.6 2.5
10

10

27

19

        = ¥ -2.62 10 8  s
(c) k eV mv= = 1

2
2

fi V mve= 2

2

         = ¥ ¥ ¥¥ ¥- -3.34 8.33
1.6

10 10
2 10

27 5 2

19
( )

        = ¥7.26 103 V
        = 7.26 kV

11. (a) - q. As ini tially par ti cle is neu tral, charge 
on two par ti cles must be equal and op po site.
(b) The will collide after completing half
rotation, i.e., t T mqB= =

2
p

12. Here, r = =10.0 5.0
2

 cm,

(a) r mvqB=  fi B mvqr=
        = ¥ ¥ ¥¥ ¥ ¥- - -9.1 1.41

1.6
10 10
10 5 10

31 6

19 2

    = ¥ -1.6 T10 4

By Fleming’s left hand rule, direction of
magnetic field must be inward.
(b) t T mqB= =

2
p

= ¥ ¥¥ ¥ ¥-- -3.14 9.1
1.6 1.6

10
10 10

31

19 4

                 = ¥ -1.1 10 7 s

13. The com po nent of ve loc ity along the
mag netic field (i.e., vx) will re main
un changed and the pro ton will move in a
he li cal path.

At any instant,
Components of velocity of particle alongY-axis and Z-axis¢ = =v v v ty y ycos cosq w
and    ¢ = - =v v v tz z zsin sinq w
where,      w = qBm\  v i j kÆ = + -v v t v tx y z^ ^ ^cos sinw w

14. For the elec tron to hit the tar get, dis tanceG S must be mul ti ple of pitch, i.e.,GS np=
For minimum distance, n = 1fi     GS p mvqB= = 2p qcos

fi       p mkqB= ∞2 2 60p cos
 (mv mk= 2 )

fi         B mkqp= ∞2 2 60p cos

= ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥¥ ¥- -
-2 2 10 2 10 1

2
10

31 16

19

3.14 9.1 1.6

1.6 0.1fi B = ¥ -4.73 10 4 T
15. (a) From Ques tion 5 (c)

   Introductory Exercise 23.2LR = sin q fi L R= sin q
R Rsin60

2
∞ =fi L mvqB mvqB= =

2 2
0

0

(b) Now, L L R¢ = =2.1 1.05
As L R¢ > ,
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Particle will describe a semicircle and move
out of the magnetic field moving in opposite
direction, i.e., v v v¢ = - = - 0 î
and t T mqB= =

2 0

p
16. v iÆ = -( ) ^50 1ms , B jÆ = ( ) ^2.0 mT

As particle move with uniform velocity,F E v BÆ = Æ + Æ ¥Æ =q ( ) 0fi E B vÆ = Æ ¥Æ = - ( 0.1 N/C)k̂
17. If v be the speed of par ti cle at point ( , , )0 y z

then by work-en ergy the o rem,

W K mv= =D 1
2

2

But work done by magnetic force is zero, 
hence, network done = work done by electric
force

      = qEZ\ qE Z mv0
21

2
=

fi           v qE Zm= 2 0

As the magnetic field is along Y-axis,
particle will move in XZ-plane.
The path of particle will be a cycloid. In this
case, instantaneous centre of curvature of
the particle will move along X-axis.
As magnetic force provides centripetal force
to the particle,

qvB mvR0

2=v qB Rm= 0

v v qB Rmx = =cos cosq q0

         = qB Zm0 (Q R Zcos q = )

Now, v v v qE Zm q B Zmz x= - = -2 2 0
2

0
2 2

2
2

18. Given, E jÆ = E  ̂, B kÆ = B ^,v j kÆ = +v vcos sin^ ^q q
As protons are moving undeflected,FÆ = 0 fi e ( )E v BÆ + Æ ¥Æ = 0fi       e E vB( cos )^ ^j j- =q 0

or         v EB=
cos q

Now, if electric field is switched offp mvqB mEqB= =2 2
2

p q p qsin tan

(Component of velocity along magnetic field = =v vz sin q)
19. F I l B= sin qI FlB= = ¥ ¥ ∞sin sinq 0.13

0.2 0.067 90
  = 9.7 A

20. For no ten sion in springs
     F mgm =fi   I lB mg=
       I mglB= = ¥ ¥¥ ¥--13.0

62.0 0.440
10 10

10

3

2

        = 0.48 A
By Fleming left hand rule, for magnetic force 
to act in upward direction, current in the
wire must be towards right.

21. (a) FBD of metal bar is shown in fig ure, for
metal to be in equi lib rium,
       F N mgm + =fi         F mg Nm = -fi        I lB m N= -fi       VR lB mg N= -
fi          V RlB mg N= -( )

 90

qq

z
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v
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For largest voltage,
     N = 0V R mgl B=  = ¥ ¥ ¥¥ ¥--25 750 10

10

3

2
9.8

50.0 0.450
              = 817.5 V
(b) If I lB mg> I lB mg ma- =a I lB mgm V lBRm g= - = -

= ¥ ¥ ¥¥ ¥ -- -817.5 0.45 9.850 10
2 750 10

2

3

      = 112.8 m/s2

22. I = 3.50 A, l = - ( ) ^1.00 cm ifi l = - ¥ -( ) ^1.00 m10 2 i
(a) B jÆ = - ( ^0.65 T)F l B km IÆ = Æ ¥Æ = -( ) ( ^0.023 N)

(b) B kÆ = + ( ^0.56 T)F l B jm IÆ = Æ ¥Æ =( ) ( ^0.0196 N)

(c) B iÆ = - ( ^0.33 T)F l Bm IÆ = Æ ¥Æ =( ) 0

(d) B i kÆ = - Æ( ( )^0.33 T) 0.28TF l B jm IÆ = Æ ¥Æ = -( ) ( ^0.0098 N)

(e) B j kÆ = + -( ( )^ ^0.74 T) 0.36 TF l B k jm IÆ = Æ ¥Æ = - +( ) ( ( )^ ^0.0259 N) 0.0126 N
           = -( ) ( )^ ^0.0126 N 0.0259 Nj K

23. B jÆ = ( ^0.020 T)l ab j1
Æ = Æ = - ( ^40.0 cm)= - ¥ -( ) ^40.0 m10 2 jF l B1 1 0
Æ = Æ ¥Æ =I ( )l bc k2
Æ = Æ = ( ^40.0 cm)= - ¥ -( ) ^400 m10 2 kF l B i2 2
Æ = Æ ¥Æ =I ( ) ( ) ^0.04 N

l cd i j3
2 240 10 40 10

Æ = Æ = - ¥ + ¥- -( ) ( )^ ^mF l B k3 3
Æ = Æ ¥Æ = -I ( ) ( ^0.04 N)l da i k4

2 240 10 40 10
Æ = Æ = ¥ - ¥- -( ) ( )^ ^m mF l B i k4 4
Æ = Æ ¥Æ = +I ( ) ( (^ ^0.04 N) 0.04 N)

24. M MÆ = IA ^

= ¥ ¥ --0.20 8.0 0.60 0.80p( ) ( )^ ^10 2 2 i j
   = ¥ --( . ) ( . . )^ ^40 2 10 060 0 804 i j A-m2

B i kÆ = +( (^ ^0.25 T) 0.30 T)

(a) tÆ = Æ ¥ÆM B
    = ¥ - - +-( )( )^ ^ ^40.2 0.24 0.18 0.210 4 i j k

       = - - + ¥ -( )^ ^ ^9.6 7.2 8.0i j k 10 4 N-m.

(b) U = - Æ◊Æ = - ¥ -M B ( )(40.2 0.15) J10 4ª - ¥ -6.0 J10 4

25. Con sider the wire is bent in the form of a
loop of N turns,
Radius of loop, r LN=

2p
Magnetic dipole moment associated with the 
loop M NiA Ni r i LN= = ¥ =p p2

2

24

        t p= ∞ =MB i L BNsin90
4

2

Clearly t is maximum, when N = 1
and the maximum torque is given byt pm i L B= 2

4
26. Con sider the disc to be made up of large

num ber of el e men tary rings. Con sider on
such ring of ra dius x and thick ness dx.
Charge on this ring,

dq qR x dx qR x dx= ¥ =p p2 22 2
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Current associated with this ring,di dqT dq qR x dx= = =w p wp2 2

Magnetic moment of this ringdM x di qR x dx= =p w2
2

3

Magnetic moment of entire disc,M dM qR x dx qRR= = =Ú Úw w2
3

0
21

4
     …(i)

Magnetic field at the centre of disc due to the 
elementary ring under considerationdB dix qR dx= =m m wp0 0

2

22 2
Net magnetic field at the centre of the disc,B dB qR dx qRR= = =Ú Úm wp m wp0

2 0
0

2 2\ MB R= pm 3

02
27. (a) By prin ci ple of con ser va tion of en ergy,

Gain in KE = Loss in PE
       KE PE ME= - +cos q

    f Kcos q = - = - ¥¥ ¥ - -1 1 10
52 10

3

3ME
0.80

0.02

          = 10
13

        q = = ∞-cos 1 10
13

76.7

(b) q = = ∞-cos 1 10
13

76.7

Entire KE will again get converted into PE
28. DU U U MB MB= - = - - +2 1 ( )

            = - 2 MB
          = - ¥ ¥ = -2 1.45 0.835 2.42 J

29. (a) T rv= = ¥ ¥ ¥¥ -2 2 10
10

11

6
p 3.14 5.3

2.2
      = ¥ -1.5 10 16 s

(b) i eT= = ¥¥ = ¥-- -1.6
1.5

1.1 A10
10

10
19

16
3

   = 1.1 mA
(c) M r i= p 2= ¥ ¥ ¥ ¥- -3.14 5.3 1.1( )10 1011 2 3= ¥ -9.3 10 24 A-m2

30. Sup pose equal and op po site cur rents are
flow ing in sides a d and e h, so that three
com plete cur rent car ry ing loops are formed,

M kÆ = -abcd i l2 ^

M kÆ =efgh i l2 ^

M jÆ =adeh i l2 ^\ Total magnetic moment of the closed path,M M M M jÆ = Æ + Æ + Æ =abcd efgh adeh i l2 ^

31. Cir cuit is same as in Q.30M j jÆ = =i l2 ^ ^

B jÆ = 2 ^

tÆ = Æ ¥Æ =M B 0

32. B Ir1
0

4
= ◊mp B Ir2

0
4

= ◊mp
Here, B1  and B2 are perpendicular to each
other, hence,

       B B B= +1
2

2
2

= ◊ = ¥ ¥¥- -mp0 7

24
2 10 2 5

35 10
Ir

        = ¥ -2.0 T10 6

        = 2.0 Tm
33. Clearly D DBOC AOB~\           rr ADBC2

6
=

fi           r r2 2=
              = 100 mm
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and AD BC= =2 200 mmq = = ∞-cos 1

2

45rBC
B Ir IrBC = ∞ + ∞mp04

45 45 2[sin sin ]  = mp04
(outwards)

B IrAD = ◊ ∞ + ∞mp0 24
45 45(sin sin )

        = ◊mp0 24
2 Ir  (inwards)

Net magnetic field at O.B B B I r rBC AD= - = -ÈÎÍÍ ˘̇̇̊2
4

1 10

1 2

mp= ¥ ¥ ¥ - ¥ÈÎÍÍ ˘̇̇̊- - -2 10 2 1
50 10

1
100 10

7
3 3

   = ¥ =-2 10 26 T Tm (outwards)
34. Let us con sider a point P x y( , ) where

mag netic field is zero. Clearly the point must 
lie ei ther in 1st quad rant or in 3rd quad rant.

B Iy Ix= ◊ - ◊ =mp mp0 1 0 2
4

2
4

2 0

fi I x I y1 2=fi y II x= ÊËÁÁ ˆ̃̃̄1

2

35.   q = ∞45B B Ia1 2
0

4
= = ◊ +mp q q(sin sin )

= ◊mp04 2
Ia  (inwards)

B B Ia3 4
0

4 2
0 0= = +mp (sin sin )

= ◊mp04 2 2
Ia (outwards)

Net magnetic field at PB B B B B= + - +1 2 3 4( )= ◊mp04 2
Ia (inwards)

36. B IR IR= ¥ ◊ - ¥ =2
4 2 2

00 0mp m qpfi q = 2 rad.

37. (a) Con sider a point P in be tween the two
con duc tors at a dis tance x from con duc tor
car ry ing cur rent I1 (= 25.0 A),

Magnetic field at PB Ix Ir x= ◊ - ◊ - =mp mp0 1 0 2
4 4

0

fi Ix Ir x1 2= -fi r xx II- = 2

1fi x II I r= + = ¥ =1

1 2
40 1025.0

100.0
cm
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(b) Consider a point Q lying on the left of the
conductor carrying current I1 at a distance x
from it.

B Ix Ir x= ◊ - ◊ + =mp mp0 1 0 2
4 4

0

fi Ix Ir x1 2= +fi x II I r= - = ¥1

2 1
4025.0

50.0
             = 20 cm

38. B N r Ir x= ◊ +mp p0
2

2 2 3 24
2

( ) /

But, x R=
    B NIr= m 0

4 2
 fi N BrI= 4 2

0m= ¥ ¥ ¥ ¥¥ ¥- --4 2 10 6 10
4 10

4 2

7
6.39

2.5pfi  N = 69
39. For mag netic field at the cen tre of loop to be

zero, mag netic field due to straight
con duc tor at cen tre of loop must be out ward,
hence I1 must be rightwards.
At the centre of the loop

B B B= -1 2 = ◊ - =mp m0 1 0 2
4

2
2

0ID IRI DR I1 2= p
40. (a) B NIR= m 0

2
 fi I BRN= 2

0m

                 = ¥ ¥ ¥¥ ¥ --2 10
4 10 800

2

7
0.0580 2.40pfi          I = 2.77 A

(b) On the axis of coil,B NIAr x= ◊ +mp0 2 2 3 24
2

( ) /BB r xrC = +( ) /2 2 3 2

3  fi r xr2 2

2

3 2

2+ÊËÁÁ ˆ̃̃̄ =/

fi x = 0.0184 m
41. Let the cur rent I I2 ( )=  up wards

B B B B B= - + - +1 2 3 4= ◊ - + - + =mp0 1 2 3 44
2 0r I I I I[ ]

    I I I I2 1 3 4= + -
      = + -10 8 20
      = - 2 A
Negative sign indicates that current I is
directed downwards.

42. B iÆ = -KLM IRm 0
4

^

B jÆ =KNM IRm 0
4

^

B B BÆ = Æ + ÆKLM KNM = - +m 0
4

IR ( )^ ^i j
(a) F v B kÆ = Æ¥Æ = -q IqvR( ) ^m 0

4

(b) l l k1 2 2
Æ = Æ = - R ^

      F l B i1 1 2
Æ = Æ ¥Æ =I IRB( ) ^

      F l B i2 2 2
Æ = Æ ¥Æ =I IRB( ) ^

F F F iÆ = Æ + Æ =1 2 4 IRB ^
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43. (a) Length of each side

           l rn= 2 p
           q p= na l rn= =

2
cot cotq p q

           B n ia= ¥ ◊mp q0
4

2( sin )

             = ◊mp qp q0
2

4
2nr sin

cot

= m p
p p0

2 2

22

i n nr n
sin

cos
 

(b) lim lim
sin

cosn nB i n nr nÆ • Æ •= m p
p p0

2 2

22fi limn irÆ =
0

0
2
m

44.  B dlÆ◊Æ = ¥Ú -3.83 10 7 T-m

(a) By Ampere’s circuital lawB dlÆ◊Æ =Ú m 0Ifi I = Æ◊Æ = ¥ ¥ ¥Ú - -1 1
4 10

10
0

7
7m pB dl 3.83

              = 0.3A
(b) If we integrate around the curve in the

opposite direction, the value of line integral 

will become negative, i.e.,- ¥ -3.83 10 7 T-m.

45. B dlÆ◊Æ =Ú m 0I
As the path is taken counter-clockwise
direction, B dlÆ◊ÆÚ  will be positive if current is
outwards and will be negative if current is
inwards.B dlÆ◊Æ =Úa 0

B dlÆ◊Æ = - = - ¥Ú -b Im 0 1
6105.0  T-m

B dlÆ◊Æ = - = ¥Ú -c I Im 0 2 1
610( ) 2.5  T-m

B dlÆ◊Æ = + - = ¥Ú -d I I Im 0 2 3 1
610( ) 5.0  T-m

46.

Current densityJ Ia a Ia= - ÊËÁ ˆ̃̄ =p p p2
2 2

2
2

2

Let us consider both the cavities are
carrying equal and opposite currents with
current density J.
Let B B1 2,  and B3 be magnetic fields due to
complete cylinder, upper and lower cavity
respectively.
(a) At point P1B i i1

0 1 0
2

4
2

4
2Æ = - ◊ = - ◊ ¥mp mp pIr J ar^ ^

= - mp0Ir î    

B i i2
0 2 0

2

4
2

2
4

2
2

2

Æ = ◊ - = ◊ ¥ ÊËÁ ˆ̃̄
-mp mp pIr a J a

r a^ ^

= - -ÊËÁ ˆ̃̄mp 0

4
2

Ir a î
B i i3

0 3 0
4

2

2 4
2

Æ = ◊ + = +ÊËÁ ˆ̃̄mp mpIr a r a^ ^

B B B BÆ = Æ + Æ + Æ
1 2 3

= - + - + +
È
Î
ÍÍÍÍ

˘
˚
˙̇̇
˙

m p04
4 1

2

1

2

I r r a r a î
    B iÆ = --ÈÎÍÍ ˘̇̇̊mp0 2 2

2 24
2
4

Ir r ar a ^
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\  ( )BÆ = --ÈÎÍÍ ˘̇̇̊mp0 2 2

2 24
2
4

Ir r ar a , towards left.

(b) At point P2

    B j j1
0 1 0

4
2Æ = ◊ =mp mpIr Ir^ ^

   B i j2
0 2

2
24

2

4

Æ = ◊ + - -mp q qIr a [ sin cos ]^ ^

= - + +mp q q0
2 22 4

Ir a [sin cos ]^ ^i j
B i j3

0 3

2
24

2

4

Æ = ◊ + -mp q qIr a [sin cos ]^ ^

= + -mp q q0
2 22 4
Ir a [sin cos ]^ ^i j

   B B B BÆ = Æ + Æ + Æ
1 2 3= - +È

ÎÍÍ
˘
˚̇̇m p q0

2 22
2 2

4
I r r acos ĵ

but, cos q = + = +rr a rr a2
2 2 2

4

2
4

\      B jÆ = - +ÈÎÍÍ ˘̇̇̊m p0 2 22
2 4

4
I r rr a ^

        = ++ÈÎÍÍ ˘̇̇̊mp0 2 2

2 24
2
4

Ir r ar a ĵ
     ( )BÆ = ++ÈÎÍÍ ˘̇̇̊mp0 2 2

2 24
2
4

Ir r ar a  , upwards.

47. Let us first find mag netic field due a cur rent
car ry ing in fi nite plate.
Consider a rectangular amperian loop 
(WXYZ) as shown in Fig. 1.

B dlÆ◊Æ =ÚWXYZ lm l0fi B dl B dl B dl B dlÆ◊Æ + Æ◊Æ + Æ◊Æ + Æ◊Æ =Æ Æ Æ ÆÚ Ú Ú ÚW X X Y Y Z Z W lm l0B l B l l+ + + =0 0 0m lB = 1
2 0m l      

In Fig. 2.

At point P, B B1 2 0
1
2

= = m lB B B= - =1 2 0,
At point Q, B B1 2 0

1
2

= = m lB B B= + =1 2 0m l
48. B dl r v rÆ = ◊ Æ ¥Æ = ◊ Æ ¥Æmp mp0

3
0

34 4
I r q r( )

v jÆ = ¥ -( ) ^8.00 ms106 1

(a) r iÆ = ( ) ^0.500 m

     B v rÆ = ◊ Æ ¥Æmp0 34
q r( )
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= ¥ ¥ ¥ ¥- -10 10 107 6 6

3
6.00 8.00 0.500

0.500
[( ) ( ) ]
( )

^ ^j i
fi  B kÆ = - ¥ -( ^1.92 T )10 5

(b) r jÆ = - ( ) ^0.500 m

     B v rÆ = ◊ Æ ¥Æ =mp0 34
0q r( )

(c) r kÆ = + ( ) ^0.5 m00

     B v r iÆ = ◊ Æ ¥Æ = ¥ -mp0 3
5

4
10q r( ) ( ) ^1.92 T

(d) r j kÆ = - +( ^ ^0.50 m) 0.500 m

     B v r iÆ = ◊ Æ ¥Æ = ¥ -mp0 3
5

4
10q r( ) ( ) ^1.92 T

49. q = - 4 80. mC = - ¥ -4.80 10 6 C

     v iÆ = ¥( ) ^6.80 m / s105

(a) r iÆ = ( ) ^0.500 m

     B v rÆ = ◊ Æ ¥Æ =mp0 34
0q r( )

(b) r jÆ = ( ) ^0.500 m

     B v r kÆ = ◊ Æ ¥Æ = - ¥ -mp0 3
6

4
10q r( ) ( ) ^1.3 T

(c) r i jÆ = +( ) ( )^ ^0.500 m 0.500 m

     B v r kÆ = ◊ Æ ¥Æ = - ¥ -mp0 3
6

4
10q r( ) ( ) ^1.31 T

(d) r kÆ = ( ) ^0.500 m

     B v r jÆ = ◊ Æ ¥Æ = ¥ -mp0 3
6

4
10q r( ) ( ) ^1.31 T

50. B v r
1

0 1 1 2

1
34

Æ = ◊ Æ ¥Æmp q r( )

fi B i j
1

7 6 510 10 10Æ = ¥ ¥ ¥ ¥ -- -4.00 2.00 0.300
0.300

[( ) ( )]
( )

^ ^

3

     = - ¥ -( ) ^8.89 T10 7 k
B v r

2
0 2 2 2

2
34

Æ = ◊ Æ ¥Æmp q r( )

fi B i j
2

7 6 510 10 10Æ = ¥ - ¥ ¥ ¥ -- -( )[( ) ( )]
(

^ ^1.5 8.00 0.400
0.400)2

= - ¥ -( ) ^7.5 T10 7 kB B B kÆ = Æ + Æ = - ¥ -
1 2

610( ) ^16.4 T= - ¥ -( ) ^1.64 T10 6 k
or B = ¥ -1.64 T10 6  (inwards)

51. Mag netic force per unit length on the
con duc tor AB, f I Ir= ◊mp0 1 2

4
2

For equilibriumf ml g g= = l
fi l mpg I Ir= ◊0 1 2

4
2   …(i)

Suppose wire AB  is depressed by x,

Net force on unit length of wire ABl la g f= - ¢= ◊ - ◊ -mp mp0 1 2 0 1 2
4

2
4

2I Ir I Ir x= - ◊ ◊-mp0 1 2
4

2 I I xr r x( )
If x r<< l ma I Ir x= - 0 1 2

22a I Ir x= - m l0 1 2
22

 …(ii)
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General equation of SHMa x= - w2  …(ii)
Hence, motion of wire AB will be simple
harmonic.
From Eqs. (i) and (ii),w m l= 0 1 2

22
I Ir

T rI I rg= = =2 2 2 2
2

0 1 2

pw p lm p
= ¥2 3.14 0.01

9.8= 0.2 s
52. (a) f I Ir= ◊mp0 1 2

4
2

    I f r I2
0

14
2

= ◊mp
        = ¥ ¥ ¥¥ ¥- --4.00 2.50

0.600
10 10

10 2

5 2

7

        = 8.33 A
(b) As the wires repel each other, current must

be in opposite directions.

53. f I IrCD = ◊mp0 1 2

14
2

f I IrCG = ◊mp0 2 3

24
2

f f fCD CG= -f f fCD CG= - = ◊ -ÈÎÍÍ ˘̇̇̊mpo I Ir Ir4
2 2

1

1

3

2

  = ¥ ¥ ¥ - ¥ÈÎÍÍ ˘̇̇̊- - -10 2 10 30
3 10

20
5 10

7
2 2f = ¥ -12 10 4 N = ¥ -1.2 10 3 N/mF f l= = ¥ ¥ ¥- -1.2 10 25 103 2= ¥ -3 10 4 N

54. Force per unit length on wire MNf I IaMN = ◊mp0 1 2
4

2

F f L I I LaMN= ¥ = m p0 1 2
2

Torque acting on the loop is zero because
magnetic field is parallel to the area vector.Objective Questions (Level 1)

1. Fact

2. T mqB= 2 p  is in de pend ent of speed.

3. Out side the wireB Ir= ◊mp04
2  where, r is distance from the

centre.
4. The path will be pa rab ola if force act ing on

the par ti cle is con stant in mag ni tude as well
as in di rec tion.

5. B Ir= ◊mp04
2

m p
0

4
2

= rBI
Units of m 0 = ¥m Wb / m

A

2

= Wbm-1A-1

6. Fact

7. M AÆ = Æi , where AÆ = Area vec tor. 

8. Force act ing on a closed cur rent car ry ing
loop is al ways zero.

9. M NIA=
10. a BÆ ^Æ

 fi a BÆ◊Æ = 0

( ) ( )^ ^ ^ ^ ^ ^x i j k i j k+ - ◊ + +2 3 4  = + - =2 3 4 0xfi x = 0.5
12. A cur rent car ry ing closed loop never

ex pe ri ences a force mag netic field.
13. r mvqB PqB= = ,

P mv= = momentum.\  r qµ 1

\ 
rr qqp pa a=  fi r rP : :a = 2 1
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14. W MB= -(cos cos )q q1 2
Here, q p1 = , q p q2 = -W MB= - -(cos cos ( ))p p q= - -MB ( cos )1 q

15. B IrP = ◊mp q0
4

2( sin )

     r = - =5 3 42 2 cm= ¥ -4 10 2 m
sin q = 3

5

\ BP = ¥ ¥ ¥¥-
-10 50 2 3

5
4 10

7

2

            = ¥ -1.5 T10 4

            = 1.5 gauss.
16. Mag netic field on the axis of cur rent

car ry ing cir cu lar loop,B Mr x1
0

2 2 3 24
2= ◊ +mp ( ) / …(i)

Magnetic field at the centre of current
carrying circular loop,B Mr2

0
34

2= ◊mp …(ii)

From Eqs. (i) and (ii),

       BB r xr2

1

2 2 3 2

3= +( ) /

          = +( ) /3 4
3

2 2 3 2

3

          = 125
27fi    B2

125
27

54 150= ¥ = mT

17. F l B ba BÆ = Æ ¥Æ = Æ ¥ÆI I( ) ( )= - Æ ¥ÆI ( )ab B  = Æ ¥ ÆI ( )B ab
18. Ki netic en ergy of elec tron,K mv e V= =1

2
2

fi           v eVm= 2

Magnetic force,F evBm = sin qF vm µ  fi F vm µ
Hence, if potential difference is doubled,
force will become 2 times.

19. Mag netic field at O due to P,

B IR IR1
0 0

4
2

2
= ◊ =mp mp/

 (inwards)

Magnetic field at O due to Q,B IR IR2
0 0

4
2

2
= ◊ =mp mp/

 (inwards)

Net magnetic field at O,B B B IR= + =1 2
02mp

20. As solved in Ques tion 16,BB x RR2

1

2 2

2

3 2= +ÊËÁÁ ˆ̃̃̄ /

 

fi x RR2 2

2

3 2

8+ÊËÁÁ ˆ̃̃̄ =/

fi x RR2 2

2 4+ =fi x R= 3
21. Com po nent of ve loc ity of par ti cle along

mag netic field, i.e.,v q Em t E ty = = a
is not constant, hence pitch is variable.

22. r mvqB mKqB= = 2

Now, R mKe B= 2

R m Ke R R¢ = =2 2
3

2
3

( )
( )
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23. Same as ques tion 1. In tro duc tory ex er cise
23.6.Note. Her di a gram is wrong cor rect di a gram 
should be

24. r mvqB mKqB mqVqB= = =2 2
 [K qV= ]

fi r mVq B= ÊËÁ ˆ̃̄2 1

25. Mag netic field due to a con duc tor of fi nite
length. B Ir= ◊ +mp a b0

4
(sin sin )

Here, a q= - 2, b q= 1 and r a=\ B Ia= -m q q0
1 22

(sin sin )

26. In case C, mag netic field of con duc tor 1-2
and 2-3 at O is in ward while those of 3-4 and
4-1 at O is out ward, hence net mag netic field
at O in this case is zero.

27. dF dl BÆ = Æ ¥ÆI ( )

But B dlÆ Æ
||  at every point,

hence, dFÆ = 0.

28. B B1 3 0= =  (Mag netic field on the axis of
cur rent car ry ing straight con duc tor is zero)

B k2
01

4 2
Æ = - ÊËÁ ˆ̃̄m Ib ^ = - m 0

8
Ib k̂,

B k3
01

4 2
Æ = ÊËÁ ˆ̃̄m Ia ^ = m 0

8
Ia k̂

B B B B BÆ = Æ + Æ + Æ + Æ
1 2 3 4= -ÈÎÍ ˘̇̊m 0

8
1 1I a b k̂

29. Cur rent as so ci ated with elec tron,I qT ef= =
B IR efR= =m m0 0

2 2
30. Same as ques tion 1(a). In tro duc tory Ex er cise 

23.5.
31. At point 1,

Magnetic field due to inner conductor is
non-zero, but due to outer conductor is zero.
Hence, B1 0π
At point 2,
Magnetic field due to both the conductors is
equal  and opposite.
Hence, B2 0=

32. Ap ply Flem ing’s left hand rule or right hand
thumb rule.

33. Mag netic field due to straight con duc tors at O is zero be cause O lies on axis of both the
con duc tors.
Hence, B Ix Ix= f ◊ = f

2 2 4
0 0p m m p

34. In side a solid cyl in der hav ing uni form
cur rent den sity,
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B IrR= mp0
22

Here, r R x= -\ B I R xR= -m p0
22

( )

35. Mag netic force is act ing ra di ally out ward on
the loop.

JEE CornerAssertion and Reason
1. For par a bolic path, ac cel er a tion must be

con stant and should not be par al lel or
antiparallel to ve loc ity.

2. By Flem ing’s left hand rule.
3. Magnetic force on up per wire must be in

up ward direction, hence cur rent should be in 
a di rec tion op po site to that of wire 1.
Reason is also correct but does not explain
Assertion.

4. t a= MBsina = ∞90\ t = πMB 0
5. F I lB xO2 1=

F I lB x4 0 2=\ F F4 2>    
Hence, net force is along X-axis.

6. Ra dii of both is dif fer ent be cause mass of
both is dif fer ent

r mvqB meVe B= = 2

7. For equi lib riumF Fe mÆ + Æ = 0fi q qE v BÆ = - Æ ¥Æ
( )fi       E v B B vÆ = - Æ ¥Æ = Æ ¥Æ

8. Pm m= Æ ◊ÆF v
As FmÆ

 is always perpendicular to vÆ,PmÆ = 0

Again, Pe e= Æ◊ÆF v , may or may not be zero.

9. Rea son cor rectly ex plains As ser tion.
10. Mag netic force can not change speed of

par ti cle as it is al ways per pen dic u lar to the
speed of the par ti cle.

11. a vR= 2

but R also depends on v.\ a Fm qvBmm= =fi   a vµ
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Objective Questions (Level 2)
1. For net torque to be zero.

        IAB mgR0 =I mgRAB mgRR B= =
0

2
0p

             = mgRBp 0

2. As it is clear from di a gram,

Effective length of wire,l iÆ = ( ) ^4 m

    F l BÆ = Æ ¥ÆI ( )

      a F l BÆ = Æ = Æ ¥Æm Im ( )

= ¥ - =2 4
0.1

0.02 1.6( ( ))^ ^ ^i k j m /s2

3. Im pulse = Change in mo men tumI lB dt mvÚ = - 0lB dq mvÚ =dq mvlB m ghl B= = 2

4. Con sider the sphere to be made up of large
num ber of hol low, co ax ial cyl in der of
dif fer ent height and ra dius. Con sider one
such cyl in der of ra dius x, height y and
thickness.
Now, y R= 2 cos q, x R= sin q, dx R d= cos q q

Charge on this cylinder,

dq qR yx dx= ◊4
3

2
3p p( )

  = 3 2q dcos sinq q q
Current associated with this cylinder,di dqT dq q d= = =w p wp q q q

2
3
2

2cos sin

Magnetic moment associated with this
cylinder,dM di A q d x= = ¥3

2
2 2wp q q q pcos sin

dM R qA d= 3
2

2 2 3w q q qcos sin

M dM R q d= =Ú Ú3
2

2 2
2

0 3cos sinp q q q
= -Ú3

2
12 2

2

0 2R q dw q q q qp cos ( cos )sin
/

      = -ÈÎÍÍ ˘̇̇̊3
2 3 5

2
3 5

2

0R qw q q
p

cos cos

/

      = 1
5

2R qw
5. As solved in ques tion 5(c). In tro duc tory

Ex er cise 23.2. LR = sin q
Here, L d= , R mVqB=
\ qB dmV = sin q
or qm VBd= sin q

6. Force on por tion AC will more com pared to
that on por tion CB.
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7. Con sider an el e men tary por tion of the wire
car ry ing cur rent I1 of length dx at a dis tance x from end B.

Force on this portion
          dF I dx B= 1= ◊ +mp0 1 2

4
2 I Ia x dx

Total force on wire ABF dF I I dxa xa a= = ◊ +Ú Úmp0 1 2
2

4
2

= m p0 1 2
2

3I I ln

8. Mag netic field line due to cur rent car ry ing
con duc tor is shown in fig ure.

9.    B IAx r1
0 1

1
2

1
2 3 24

2= ◊ +mp ( ) /

     = ◊ ◊+mp p0 1
2

1
2

1
2 3 24

2I rx r( ) /

   B I rx r2
0 2

2

2
2

2
2 3 24

2= ◊ ◊+mp p
( ) /

  BB r x rr x r1

2

1
2

2
2

2
2 3 2

2
2

1
2

1
2 3 2= ++( )

( )

/

/

But,      r x1 1= tan q
and       r x2 2= tan q\       BB1

2
2=

10. b a-  must be less than or equal to ra dius of
cir cu lar path,

i.e., b a mvqB- £
or v qB b am≥ -( )

11. Con sider an el e men tary por tion of length dx
at a dis tance x from the piv oted end.

Charge on this portiondq ql dx=
Current associated with this portiondi dqT qfl dx= =
Magnetic moment of this portiondM x di qfl x dx= =p p2 2

    M qfl x dx qfll= =Úp p
0

2 21
3

12. At x = 0, y = ± 2 m
Effective length of wirel = ( ) ^4 m j\    F l B j km IÆ = Æ ¥Æ = ¥( ) ( )^ ^3 4 5= 60 î N

13. Ef fec tive length of wire,

l ST a= = ¥ ¥ ∞2 3
4

60cot= a
2

For equilibrium, I lB Mg=  fi    I MglB= 2
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14. For par ti cle not collide with the so le noid,
ra dius of path of par ti cle £ half or ra dius of
so le noid. mvqB r≥

2
But B n i= m 0fi v rqBm qr n im> =

2 2
0m

16. Mag netic force can not do work on charged
par ti cle, hence its en ergy will re main same,
so that q re mains same.
Again, magnetic force is always along the
string, it will never produce a torque hence, T will also remain same.

17. Let the x-co or di nates of loops be as shown in
fig ure,

then,        F Ia B a I a B1 0
2

00= - =( )
         F Ia B b a Ia B b2 0 0= + -( ( )) ( )
           = I a B2

0\        F F1 2 0= π
18. Con sider an amperian loop of ra dius x b x c( )< < , threaded by cur rent the

amperian loop,

I I x bc b I¢ = - --2 2

2 2

= --c xc b I2 2

2 2   

     I Ix I c xx c b= ¢ = --mp mp0 0
2 2

2 22 2
( )
( )

19. As E v BÆ = - Æ ¥Æ
Net force on the particle must be zero.

20. Con sider an el e men tary por tion of length dy
at y y-  on the wire.
Force on this portion,dF I= Æ ¥Æ

( )dy B
Here, dy jÆ = - dy  ̂ (Current is directed along
negative y-axis).dF I dy y y= - +{ ( )}^ ^ ^j i j0.3 0.4= - ¥ --2 10 3( )^0.3 y dy k
Total force on the wire,F dF y dy= = - ¥ -Ú Ú-2 10 3

0

1( )^0.3 kF = ¥ -( )^3 10 4 k N

21. E v BÆ = - Æ ¥Æ
| |EÆ = =vB rqBm B
    = ¥ ¥¥- --( )( )( )

( )
5 10 20 10

20 10

2 6 2

9
0.1

\  EÆ = 0.5 V/m     ( )1 10 9mg kg= -
22. Con di tion is shown in fig ure.

B IR1
0 1

12
= m

B IR2
0 2

22
= m

\               B B B= +1
2

2
2

                 = ÊËÁÁ ˆ̃̃̄ + ÊËÁÁ ˆ̃̃̄m 0 1

1

2
2

2

2

2
IR IR
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B2
Æ

B1
Æ

1

2A

B

× ×

C

b

a

O x

y

1

a b b + a



    = ¥ ¥ ¥
Ê
Ë
ÁÁÁÁ

ˆ
¯
˜̃̃
˜ + ¥ÊËÁÁ ˆ̃̃̄-

- -4 10
2

5
5
2

10

5 2
5 10

7

2

2

2

2p
  = ¥ ¥¥ = ¥-- -4 10 2

2 10
4 10

7

2
5p p T

23. Ini tially, net force on the par ti cle is zero.
Hence, V EB=
Now, if electric field is switched off.r mvqB ESB= = 2  qm S=ÊËÁ ˆ̃̄

24. For equi lib rium,f mgl=  [f = magnetic force per unit length on 

the conductors]fi mp l0 1 2
4

2◊ =I Ir g
fi        r I Ig= ◊mp l0 1 2

4
2

= ¥ ¥ ¥¥-10 2 100 50
10

7

0.01
          = 0.01 m
Clearly, equilibrium of conductor B is
unstable.

25. If  B B1 2
Æ Æ

,  and B3
Æ

 be mag netic fields at the
given point due to the wires along x y,  and z
axis re spec tively, then

   B j1
0

4
2Æ = ◊mp Ia ^

   B i2
0

4
2Æ = - ◊mp Ia ^

   B3 0
Æ =

  B B B B j iÆ = Æ + Æ + Æ = -1 2 3
0

2
mp ia ( )^ ^

26. Ef fec tive length, l AC= = +4 32 2  

    = 5 m

F I lB= = ¥ ¥ =2 5 2 20 N
27. At point P, E qxR x= ◊ +1

4 0
2 2 3 2pe ( ) /

B iAR x= ◊ +mp0 2 2 3 24
2

( ) /

Hence, i qT qvR= =
2 p

and A R= p 2\ EB v cv= ◊ =1 1
0 0

2m e  c =ÈÎÍÍ ˘̇̇̊1
0 0m e

More than One Correct Options
1. B N IR1

0 1 1

1

7

22
4 10 50 2

2 5 10
= = ¥ ¥ ¥¥ ¥- -m p

= ¥ -4 10 4p  TB N IR2
0 2 2

2

7

22
4 10 100 2

2 10 10
= = ¥ ¥ ¥¥ ¥- -m p

= ¥ -4 10 4p  T
If current is in same sense,B B B= + = ¥ -

1 2
48 10p  T

And if current is in opposite sense,B B B= - =1 2 0

2. F F F E v BÆ = Æ + Æ = Æ + Æ ¥Æe m q ( )

If FÆ = 0

Either, E v BÆ = - Æ ¥Æ
,EÆ π 0, BÆ = 0

or EÆ = 0, or v BÆ ¥Æ = 0

Again, If v BÆ ¥Æ = 0

Either BÆ = 0

or q = ∞0 , i.e., v BÆ Æ
|| .
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3. The par ti cle will de scribe a cir cle in x-y plane 
with ra dius,

      r mvqB= = ¥ +¥ =1 8 6
1 2

5
2 2

 m

and   T mqB= =2p p s = 3.14 s

4.     t qÆ = MBsin
     U pE= - cos q
     q = ∞80
Hence, t = 0, U pE= =  maximum.
As PE (U) is maximum, equilibrium is
unstable.

5. Fact.
6. Up ward and down ward com po nents of force

will can cel each other while left ward force is
more than right ward force, hence net force is 
left wards.

7. F E v BÆ = Æ + Æ ¥Æq q ( )= + ¥q E v B{ ( ) ( )}^ ^ ^
0 0k j i

= -q E vB( ) ^
0 0 k

If v EB< 0

0
, particle will deflect towards

positive z-axis.
If v EB> 0

0
, particle will deflect towards

negative z-axis.
If v EB= 0

0
, particle will move undeflected and

its KE will remain constant.
8. K e V=  fi K Vµ  will be come dou bleR mKqB= 2  fi R Kµ  will become 2 times.

w p= qBm2
 is independent of kinetic energy.

9. Use right hand thumb rule.
10. For cd to be in equi lib rium, force on it must

be re pul sive while for ab to be in equi lib rium, 
force on it must be at trac tive.
Equilibrium of cd will be stable while that of ab will be unstable.Match the Col umns

1. ( a Æ r), (b Æ  q), (c Æ p), (d Æ r)F v B v Bm q eÆ = Æ ¥Æ = - Æ ¥Æ
( ) ( )

and  F E Em q eÆ = Æ = - Æ
2. (a Æ r), (b Æ s), (c Æ q), (d Æ p)

As F v Bm qÆ = Æ ¥Æ
( )

By Fleming’s left hand rule, positively
charged particles deflects towards left and
negatively charged particles deflects towards 
right.

Again, r mvqB mKqB= = 2

fi r mqµ
3. (a Æ p, s), (b Æ p, q), (c Æ p, r), (d Æ p, s)

Whenever a closed current carrying loop is
placed in uniform magnetic field, net force
experienced by it is zero.
Also   t a= PEsin

is maximum if a = ∞90 , i.e., in case (b) only.
And     U PE= - cos aU is positive if a is obtuse, i.e., in cases (a)
and (d).
and U is minimum if a = 0, i.e., in case (c).

4. (a Æ q), (b Æ r), (c Æ s), (d Æ s)
Use right hand thumb rule.

5. (a Æ q), (b Æ r), (c Æ q), (d Æ r)

Direction of different forces on different
wires is shown in figure.
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6. (a Æ q, s), (b Æ p, r), (c Æ p, r), (d Æ q, s)

When the current is increased or the loop is
moved towards the wire, magnetic flux
linked with the loop increases. As a result of
this, induced current will produce in the loop 
to decrease the magnetic field. Because
initial magnetic flux linked with the loop is
inward, induced magnetic flux will be
outward and induced current will be
anti-clockwise and vice-versa.

7. (a Æ r, s), (b Æ r, s), (c Æ q, r), (d Æ p, r)

Effective lengths of two conductors,l l l l1 2= = +i j^ ^

If  B iÆ = B0
^

F l B l BÆ = Æ ¥Æ + Æ ¥ÆI I
2 21 2( ) ( ) = - B I l0 k̂

tÆ = 0, because lines of action of force on the
two wires are equal and opposite.

If B jÆ = B0
^

    F kÆ = B I l0
^

Again, lines of action of force on the two
wires are equal and opposite.
          t = 0

If      B i jÆ = +B0 ( )^ ^

        FÆ = 0

        tÆ = 0

If     B kÆ = B0
^

       F i jÆ = -B I l0 ( )^ ^  fi | |FÆ = 2 0B I l
        t = 0
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In tro duc tory Ex er cise 24.1
1. Mag netic field in side the loop due to cur rent

car ry ing con duc tor is in wards.
As the current in the conductor
increases, magnetic flux linked
with the loop increases as a
result of which, induced current
will produce in the loop to
produce an outward magnetic field, i.e.,
induced current will be anti-clockwise.

2. No.
Emf is in duced if the field is time vary ing.

3. ddtBf = induced emf

\ ddt VBfÈÎÍ ˘̇̊ = = - -[ ] [ML T I ]2 3 1

Introductory Exercise 24.2
1. If the out ward mag netic flux in creases,

in duced cur rent will be in such a way that it
pro duces in wards mag netic flux, i.e., it will
be clock wise.

2. Mag netic flux linked with the coil will not
change, hence in duced cur rent will be zero.

3. If the cur rent in coil 1 (clockwise) in creases,
out ward mag netic flux linked with the coil 2
in creases and the coil 2 will pro duce in duced
cur rent in clock wise di rec tion to op pose the
change in mag netic flux linked with it. Hence, if the current in coil 1 increases,

induced current will be in same sense andvice-versa.

In tro duc tory Ex er cise 24.3
1. f = = -B atBS B S e0e ddt a B S eB at= - f = -

0

2. No.
As, F i lBm = = 0

Because, i = 0 as the circuit is not closed. As
net force acting on the bar is zero, no
external force is required to move the bar
with constant velocity.

Electromagnetic

Induction

24

i 1 2 i'

i increasing

i 1 2 i'

i decreasing



3. | |e t= f - f2 1

But, f =1 1NB Acos q, f =2 2NB Acos q\ | | cos ( )e NA B Bt= -q 2 1

fi A e tN B B= -| |
( )cos2 1 q

 = ¥ ¥¥ ¥ - ¥ ¥
-

- -80.0 0.410

50 600 10 200 10 3
2

3

6 6( )

   = 1.85 m2

Side of square, a A= = 1.36 m
Total length of wire = ¥50 4a

         = ¥ ¥50 4 2721.36 =  m
4. (a) Consider an el e men tary por tion of length dx of the bar at a dis tance x from end a.

Magnetic field at this point,

B ia x= ◊ +mp04
2

Induced emf in this portion,de B dxv vid x dx= = ◊ +mp04
2

5. (a) EMF in duced in the bar ab,
   e de vi dxd xl= = ◊ +Ú Úmp0 04

2

= +mp0 04
2vi d x l[ln ( )]

          = +m p02vi d ldln

        = +ÊËÁ ˆ̃̄m p02 1vi ldln(b) Magnetic field in the region ab isinwards, hence by Fleming’s left handrule, positive charge will move up and awill be at higher potential.
OrUse Fleming’s right hand rule.(c) No.As flux linked with the square loop willremain same.

In tro duc tory Ex er cise 24.4
1. Po ten tial dif fer ence across an in duc tor,

                        V L didt L ddt t t= = ( sin )3

                              = +3L t t t[sin cos ]In tro duc tory Ex er cise 24.5
1. (a) To tal num ber of turns on the so le noid,

         N ld= = ¥¥ --40 10
10

2

20.10
               = 400L N Al= m 0

2

  = ¥ ¥ ¥ ¥¥- --4 10 400 10
40 10

7 2 4

2
p ( ) 0.90

   = ¥ -4.5 10 5 H
(b)     e L didt= -
        = - ¥ ¥ --4.5

0.10
10 0 105

        = ¥ -4.5 V10 3

        = 4.5 mV
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In tro duc tory Ex er cise 24.6
1. Con sider a cur rent i is flow ing in the outer

loop.

Magnetic field at the centre of the loop.B iR= m 0
2

As R r>> , magnetic field inside smaller loop
may assumed to be constant.
Hence, magnetic flux linked with the
smaller loop,f = ¥ =m B r r iRp m p2 0

2

2M i rRm= f = pm 0
2

2
   

In tro duc tory Ex er cise 24.7
1. (a) V i R0 0

336 10 175= = ¥ ¥ =- 6.3 V
(b) i i e t= - -

0 1( )/ t
where, t = LR
Now, at t = 58 ms 
       i = 4.9 mA\  4.9 = - -36 1 58( )/e tfi e- =58

36
/ t 31.1

fi t m= 397 sLR = 397 ms fi                L = ¥ ¥ -175 397 10 6

    = 69 mH
(c)          t m= 397 s

2.         [ ] [ ] [ ][ ]
[ ]

L edidt
V ti= ÈÎÍ ˘̇̊ =

and     [ ] [ ]
[ ]

R Vi=
\      LR LRÈÎÍ ˘̇̊ = =[ ] T

[ ]
[ ]

3. (a) Ini tially
       E L didt=
fi     didt EL=
         = =12.0

3.00
4 A/s

(b)    E V VL R= +

fi    E L didt iR= +
fi        didt L E iR= -1 [ ]

 = ¥ - ¥1
3 00

12 1 7
.

[ ]

fi        didt = =5
3

1.67 A/s

(c)   t = =LR 3
7

     i i e t= - -
0 1( )/ t= - = -- -ER e et( ) ( )/1 12

7
1 3t 1.4/

fi    i = 0.639 A
(d) i ER0

12
7

= = = 1.71 A

4. (a) P Ei ER e t= = - -2
1( )/ t

   = - = -- -( ) ( ) ( )/12
7

1 1
2

7 3e et t20.6 2.33  W

(b) Rate of dissipation of energy,
      P i R i R eR t R= = - -2

0
2 7 21( )/= - -20.6 2.33( )1 2e t  W    

(c) Rate of increase of magnetic energy
      P ei L didt iL = == -- -20.6 2.33 4.67( )e et t  W
(d) Clearly, P P PR L= +

5. No.
 E V VL R= +  and VR cannot be negative inRL circuit.
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6. Con sider the sys tem as a com bi na tion of two
bat ter ies (E1 10= V and E2 0= ) as shown

E E R E RR R= ++ =1 2 2 1

1 2
5 V

R R RR R= + =1 2

1 2
2W         

i ER0 8
5

10
= + = = 0.5 A

t = + =LR 8
1

10
             

i i e t= - -
0 1( )/ t             

 i e t= - -0.5( )1 10   A       \ Current through inductori e t= - -2.5 A( )1 10

In loop ABCDAi R i L didt E1 1 18 0+ + - =i e et t
1

10 104 8 1 1 5 10 0¥ + ¥ - + - =- -0.5( ) ( )i e t
1

10= - -( )1.5 0.25  A

In tro duc tory Ex er cise 24.8
1.    [ ] [ ]

[ ]
[ ][

[ ]
C qV i TV= = ]]

   [ ] [ ] [ ] [
[ ]

L edidt
V Ti= ÈÎÍ ˘̇̊ = ]

fi [ ] [ ] [ ]LC L C= = T
2. In LC os cil la tions, mag netic en ergy is

equiv a lent to ki netic en ergy in spring block
system. i dqdt=  fi v dxdt=
Also L is equivalent to inertia (m) in
electricity, hence
Magnetic energy = 1

2
2Li  is equivalent to

kinetic energy = 1
2

2mv .

3. In LC os cil la tions, 
(a) didt LC q= - 1  fi q LC didt= -

fi   | |q = ¥ ¥ ¥-18 10 6 0.75 3.40
       = ¥ -46.5 10 6 C
       = 46.5 Cm
(b) e L didt L LC q= - = - -ÊËÁ ˆ̃̄1

    = = ¥¥ =--qC 4.8 23.310
18 10

4

6  V

4. i q0 0= w
where, w = 1LCfi    V qC iC0

0 0= = w
     V i LC0 0

3

6
20 10

10
= = ¥ ¥¥ --0.1

0.5

        = 20 V

In tro duc tory Ex er cise 24.9
1. (a)  B ni= m 0

    f = =m NBA n NAim 0

      e ddt nNA didtm= - f = - m 0= - ¥ ¥ ¥ ¥ ¥ ¥ -- -4 10 25 10 107 4p
0.01

5.0 0.2( )
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     = ¥ -3.14 V10 6

     = 3.14 Vm
(b) E eR= = ¥¥ ¥ ¥ ¥- -2

10
2 25 10 10

6

2p 3.14
3.14

        = ¥ -2 10 7 V/m

2. B t t= - +( )2.00 4.00 0.83 2  TdBdt t t= -( )6.00 8.002  T/s

From, t = 0 to t = 1.33 s, dBdt  is negative,

hence B is decreasing in that interval.
For t > 1.33 s, dBdt  is positive, hence B is

increasing for t > 133.  s.
(a) For point P2,

induced emf, V ddt R dBdtm
2

22= - f = - p
Induced electric field at P2,E Vr Rr dBdt= = - ◊2

2

2

22 2p

              = - -Rr t t2

2

2
2

( )6.00 8.00

      F eE Rr t t= - = -2

2

2
2

( )6.00 8.00

       = ¥ -8.0 10 21 N
As magnetic field is increasing in this region, 
induced electric field will be anti-clockwise
and hence, electron will experience force in
clockwise sense, i.e., downward at P2.
(b) For point P1,

Induced emf, V ddt r dBdtm
1 1

21= - f = - p
Induced electric field at P1,
 E Vr r dBdt= - = -1

1
12

1
2p

   = - -1
2 1

2r t t( )6.00 8.00  = 0.36 V/m

At, t = 2.00 s
magnetic field is increasing, hence, induced
electric field will be anti-clockwise, i.e.,
upward at P1 and perpendicular to r1.AIEEE Cor nerSubjective Questions (Level 1)

1. < > = - f - f = - -e t B A At2 1 2 1( )

              A r1
2 2= = ¥p 3.14 0.1( )= ¥ =-3.14 0.031410 2

              A a r
2

2
22

4
= = ÊËÁ ˆ̃̄p

      = ¥ ¥ÊËÁ ˆ̃̄ =2
4

23.14 0.1 0.025

\         < > = - -e 100(0.025 0.0314)
0.1

                   = 6.4 V
2. f = = ¥ ¥ ¥ -

1
4500 4 10NBA 0.2= 0.04 Wbf = - = -2 NBA 0.04 Wb

Average induced emf,< > = - f - fe t( )2 1

Average induced current,< > = < > = - f - fi eR Rt( )2 1

Charge flowing through the coilq i t= < >fi q R= - f - f = - - -( ) (2 1
50

0.04 0.04)

= = ¥ -0.08 1.6
50

10 3 C= =1.6 mC C1600 m
3. f =1 NBS, f = -2 NBS

Induced emf,< > = - f - f =e t NBSt( )2 1 2

Induced current< > = < > =i eR NBSRt2

Charge flowing through the coil,q i t NBSR= < > = 2

fi B qRNS= = ¥ ¥¥ ¥ ¥- -2
10 40

2 60 3 10

6

6
4.5
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= 0.5 T   

4. B i kÆ = - ¥ -( )^ ^4.0 1.8 10 3 T,S kÆ = ¥ -( )^5.0 m10 4 2

f = Æ◊Æ = - ¥ -B S 9.0 10 7 Wb

5. e Blv= = ¥ ¥ =1.1 0.8 4.45  V
By Fleming’s right hand rule, north end of
the wire will be positive.

6. A r= = ¥ ¥ =-p 2 2 2 212 103.14 0.045 m( )
(a) For t = 0 to t = 2.0 sdBdt = slope = -- =0.5

2.0
0.250

1
 T/s

        e ddt A dBdtm= - f = -
    = - ¥ = -0.045 0.25 0.011 V

      | |e = 0.011 V
(b) For, t = 2.0 s to t = 4.0 sdBdt = slope = 0 e = 0

(c) For, t = 4.0 s to t = 6.0 sdBdt = slope = -- = -0 0.5
6.0

0.25
40.e ddt A dBdtm= - f = - = 0.11 V

7. (a) When mag netic flux linked with the coil
changes, in duced cur rent is pro duced in it, in 
such a way that, it op poses the change.
Magnetic flux linked with the coil will
change only when coil is entering in (from x L= - 3

2
 to x L= -

2
) or moving (from x L=

2
to x L= 3

2
) of the magnetic field.

Because, of induced current, an opposing
force act on the coil, which is given byF ilB BLvR BL B L vR= = = 2 2

Hence, equal force in direction of motion of
coil is required to move the block with
uniform speed.(b) When the coil is entering into themagnetic field, magnetic flux linked with the coil increases and the inducedcurrent will produce magnetic flux inopposite direction and will becounter-clockwise and vice-versa.

8. Con sider an el e men tary sec tion of length dl
of the frame as shown in fig ure. Mag netic
flux linked with this sec tion,

d BdB ix l adlmf = = ◊ +mp04
2

Total magnetic flux linked with the frame,f = f = +Ú Úm m ad ai dlx lm p0 02= + -m p02 ai x a x[ln ( ) ln ]

Induced emf

   e ddt ai x a x dxdtm= - f = - ◊ + -ÈÎÍ ˘̇̊m p02 1 1

    = + = +mp mp0
2

0
2

2 2
a ix x a v a ivx x a( ) ( )

9. As solved in Qusetion 4. In tro duc tory
Ex er cise 24.3.
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i

x a

l
dl

i0
x

i  =0
BLv

R

i

–i0

F

F0

x

F  =0

2 2B L v
R

–3L
2

–L
2

O L
2

3L
2

d

l
v

i



  e iv ld= +ÊËÁ ˆ̃̄m p02 1ln

Here,        i = 10  A
             v = -10 1ms
    l = - =10.0 cm 1.0cm 9.0 cm
    d = 1.0 cm

    e = ¥ ¥ ¥ +ÊËÁ ˆ̃̄-4 10 10 10
2

1
7p p ln 9.0

1.0
   e V= ¥( ) ln ( )2 10 10  V

10. In duced cur rent i eR BlvR= =
Force needed to move the rod with constant
speed = Magnetic force acting on the rodie., F i lB BlvR lB= =

= B l vR2 2
 = ¥ ¥ ¥-( ) ( )0.15 2 2 250 10 2

3fi F = 0.00375
11. Sup pose the mag netic field is act ing into the

plane of pa per.
Rods 1 and 2 can be treated as cells of emf E Blv1 1( )=  and E Blv2 2( )=  respectively.

Now, E Blv1 1
210= = ¥ ¥ ¥-0.010 10.0 4.00

       = 0.004 VE Blv2 2
210 0 10= = ¥ ¥ ¥ ¥-0.010 8.00

     = 0.008 V

Effective emf
     E E r E rr r= -+2 1 1 2

1 2

       = ¥ - ¥+0.008 15.0 0.004 10.0
15.0 10.0

       = 0.0032 V
      r r rr r= + = ¥ =1 2

1 2

15 10
25

6 W
     i ER r= + = + =0.0032 0.003

5 6
 A = 0.3 mA

12. (a) e L didt= - = - ¥ -0.54 0.030( )= ¥ -1.62 10 2 V(b) Current flowing from b to a is decreasing, hence, a must be at higher potential.
13. (a) i t= +5 16 , | |e = 10mV = ¥ -10 10 3 V

| |e L didt=  fi 10 10 5 163¥ = +- L ddt t( )

L = ¥ =-10 10
16

3
0.625 mH

(b) at t = 1 s i = + =5 16 1 21( )  A
Energy stored in the inductor,U Li= = ¥ ¥ ¥-1

2
1
2

10 212 3 20.625 ( )

            = 0.138 JP dUdt Li didt= = = ¥ ¥ ¥-0.625 10 21 163

         = 0.21 W
14. From t = 0 to t = 2.0 msVt -- = -¥ =-0

0
0

10
03

5.0
2.0fi V t= 2500     

          L didt t= 2500

           di L tdtÚ Ú= 2500

fi         di L tdti t
0 0

2500Ú Ú=
            i L t= 1250 2

at           t = 2.0 ms
    i = ¥ ¥ ¥- -1250

150 10
103

3 2( )2.0

        = ¥ -3.33 A10 2
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From t = 2.0 ms to t = 4.0 msVt -- ¥ = -- ¥- -5.0
2.0

0.50
4.0 2.0)10

0
103 3(

  V t= - - ¥ +-2500 10 3( )2.0 5.0
    = - +2500 t 10.0L didt t= - +2500 10.0

  di L t dt= - +1 2500( )10.0

    i L t t= - +1 1250 2[ ]10.0

at  t = 4 s
   i = ¥ - ¥ ¥- -1

150 10
1250 103

3 2[ ( )4.0+ ¥ -10.0 4.0( )]10 3

         = ¥ -3.33 10 2 A

15. (a) | |e L didt= fi  L edi dt= =| |
/

0.0160
0.0640

 = 0.250 H
(b) Flux per turnf = = ¥LiN 0.250 0.720

400= ¥ -4.5 10 4 Wb   16. | |e M didt M i it= = -2 1    

fi  50 10 12 43¥ = ◊ -- M
0.5

  M = ¥ ¥ = ¥- -50 10 0 5
8

10
3

3. 3.125  H

      = 3.125 mH
If current changes from 3 A to 9 A in 0.02 s.

| |e M didt M i it= = -2 1

     = ¥ ¥ --3.125
0.02

10 9 33

= 0.9375 V   
17. (a) Mag netic flux linked with sec ond ary coil,

     f =m M i
2 1M i= f = ¥ ¥ =-

2

1

310 1000
3

6.0 2 H

(b)    e ddt M d idtm= - f = -2 1

        = - ¥ - =2 0 3 30
0.2

 V

(c) L im= f = ¥ ¥ =-
1

1

3600 5 10
3

1 H

18. (a) | |e M didt= = ¥ ¥-3.25 10 8304

            = 0.27 VAs, di
dt

 is constant, induced emf isconstant.(b) Coefficient of mutual induction remainssame whether current flows in first coilor second.Hence, | |e M di
dt

= =1 0.27 V
19. (a) Mag netic flux linked with the sec ond ary

coil, f =2 1MiM i= f = ¥2

1

4000.0320
6.52= 1.96 H

(b) f = = ¥1 2Mi 1.96 2.54 = 4.9784 Wb
Flux per turn through primary coil= f =1

1 700N 4.9784

= ¥ -7.112 10 3 Wb/turn.
20. Same as Ques tion 2. In tro duc tory Ex er cise

24.4
21.             i i e t= - -

0 1( )/ t
= - -ER e RtL( )1

           didt EL e RtL= -
Power supplied by battery,P Ei ER e RtL= = - -2

1( )

Rate of storage of magnetic energyP Li didt ER e eRtL RtL1

2
1= = - - -

( )PP e e eRtL1
10

1 1= = = =- - ¥ -0.1

0.37

22. (a) t = = =LR 2
10

0.2 s
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(b) i ER0
100
10

10= = =  A

(c) i i e t= - -
0 1( )t

i e= - -
10 1

1
( )0.2        = - =-10 1 5( )e 9.93 A

23. (a) Power de liv ered by the bat tery,

       P Ei ER e RtL= = - -2
1( )

= - ¥( ) ( )3.24
12.8

12.8 0.278
3.56

2
1 e= - =-0.82 0.518( )1 1e  W= 518 mW

(b) Rate of dissipation of energy as heatP i R ER e RtL2
2

2
21= = - -

( )

      = - =-0.82 0.328( )1 1 2e  W
           = 328 mW
(c) Rate of storage of magnetic energyP P P1 2 190= - =  mW

24. E V V L didt iRL R= + = +

(a) Initially, i = 0\ didt EL= = =6.00
2.50

2.40 A/s

(b) When, i = 0.500 Adidt E iRL= - = - ¥6.00 0.500 8.00
2.50= 0.80 A/s

(c) i ER e RtL= -ÊËÁÁ ˆ̃̃̄-
1

= -ÊËÁÁ ˆ̃̃̄- ¥6.00
8.00

8.00 0.250
2.51 e

   = - =-0.750 0.413 A0.8( )1 e
(d) i ER0 = = =6.00

8.00
0.750 A

25. (a) i i e RtL= -ÊËÁÁ ˆ̃̃̄-
0 1

But i i= 0
2

     i i e RtL0
02

1= -ÊËÁÁ ˆ̃̃̄-
   e RtL- = 1

2t LR= = ¥ ¥-
ln2 10 31.25

50.0
0.693

        = ¥ =-17.3 17.310 6 ms
(b) U Li L i= = ÊËÁ ˆ̃̄1

2
1
2

1
2

2
0
2

          i i= 1
2 0

   i e iRtL0
01
2

-ÊËÁÁ ˆ̃̃̄ =-
 

fi e RtL- = -2 1
2

   

fi     t LR= -ln 2
2 1

 = 30.7 ms .
26. Steady state cur rent through the in duc tor

 i Er0 =
When the switch S is opent = +LR r
(a) i i e t= -

0
/ t

fi i Er e R rL= - +ÊËÁÁ ˆ̃̃̄( )

(b) Amount of heat generated in the solenoidH i r dt i r e dtt= =• -•Ú Ú2
0 0

2 2
0

/ t
= -ÏÌÓ ¸̨̋- •Er e t2

2
02

t t[ ]/

           = +( )R r ErL 2

2
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27. At any in stant of time,

L didt L didt1
1

2
2=fi  L i L i1 1 2 2=

   i i1 22= …(i)
In steady state,
inductors offer zero resistance, hence
             i = =20

5
4 A

But      i i i1 2+ =i2 4
3

=  A, i1 8
3

=  A

28. When the switch is closed,

i ER e R t L
2

2
1 2= - -( )/

didt EL e R t L2 2= - /       

Potential difference across LV L didt E e R t L+ = -2 2 /  = -( )12 5e t  V

When the switch S is open, current  i2 flows
in the circuit in clockwise direction and is
given by i i e t

2 0= - / t
Here, i ER2

2
=

t = +LR R1 2i ER e R RL t
2

2

1 2= - +ÊËÁÁ ˆ̃̃̄
= =- -12

2
610 10e et t( ) A

29. For cur rent through gal va nom e ter to be
zero,

V VP Q=L didt i R L didt i R1
1

1 1 2
2

2 2+ = + …(i)

Also, i R i R1 3 2 4= …(ii)
From Eqs.(i) and (ii),L didt i Ri R L didt i Ri R1

1
1 1

1 3

2
2

2 2

2 4

+ = +
…(iii)

In the steady state,didt didt1 2 0= =
\ RR RR1

3

2

4
=  fi RR RR1

2

3

4
=

Again as current through galvanometer is
always zero.

         ii12 = constant

or di dtdi dt1

2

/
/

= constant

or            
didtdidt

ii1

2
1

2
=  …(iv)

From Eqs. (iii) and (iv),
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LL RR RR1

2

3

4

1

2
= =

30. (a) In LC cir cuit
Maximum electrical energy = Maximum
magnetic energyfi 1

2
1
20

2
0
2CV Li=

L C Vi= ÊËÁÁ ˆ̃̃̄ = ¥ ¥ÊËÁÁ ˆ̃̃̄- -0

0

2
6

3

2

4 10
50 10

1.50

= ¥ -3.6 10 3 Hfi L = 3.6 mH
(b) f LC= 1

2p= ¥ ¥ ¥ ¥- -1
2 10 4 103 63.14 3.6

      

     = ¥1.33 103 Hz
     = 1.33 kHz        
(c) Time taken to rise from zero to maximum
value,t T f= = = ¥ ¥4

1
4

1
1034 1.33= ¥ -3 10 3 s = 3 ms.

31. (a) w p= = ¥ ¥2 2 103f 3.14= 6.28 rad/sT f= = = -1 1
10

103
3 s = 1 ms

(b) As initially charge is maximum, (i.e.., it is extreme position for charge).
               q q t= 0 cos wq CV0 0

61 10 100= = ¥ ¥-= -10 4\ q t= ¥-[ cos ( ) ]10 104 36.28  C.
(c) w = 1LC  

fi L C= = ¥ ¥ -1 1
10 102 3 2 6w ( )6.28

         = ¥ -2.53 10 3fi      L = 2.53 mH(d) In one quarter cycle, entire charge of thecapacitor flows out.< > = =i qt CVT4

= ¥ ¥ =- -4 10 100
10

6

3 0.4 A

32. (a) V qC0
0

6

4
10

4 10
= = ¥¥ --5.00

= ¥ -1.25 10 2 V= 12.5  mV
(b) Maximum magnetic energy = Maximum
electric energy

1
2 20

2 0
2Li qC=

fi        i qLC0
0=

fi i0 6

4
410

4 10
10= ¥¥ ¥ = ¥- - -5.00

0.090
8.33  A

(c) Maximum energy stored in inductor,
       = 1

2 0
2L i

= ¥ ¥ ¥ -1
2

10 4 20.0900 8.33( )

       = ¥ -3.125 10 8 J
(d) By conservation of energy,qC Li Li2

2
0
2

2
1
2

1
2

+ =
But i i= 0

2 qC Li2

0
2

2
3
8

=
q i LC q= =0

02
3 3

2= ¥ ¥ -1.732 5.00
2

10 6

= ¥ -4.33 10 6 CU Li Lim = = ÊËÁ ˆ̃̄1
2

1
4

1
2

2
0
2

= ¥ -7.8 10 9 J
33. (a) w = = ¥ ¥ ¥- -1 1

10 103 6LC 2.0 5.0

          = 104 rad/s
      didt QΩΩΩ ΩΩΩ= w2

        = ¥ ¥ =-( )10 100 10 104 2 6 4 A/s
(b) i Q Q= -w 0

2 2

  = ¥ - ¥ =- -10 200 10 200 10 04 6 2 6 2( ) ( )

(c) i Q0 0
4 610 200 10= = ¥ ¥ -w  = 2 A

(d) i Q Q= -w 0
2 2
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fi i Q Q0
0
2 2

2
= -w

fi  w wQ Q Q0
0
2 2

2
= -

      Q Q= = ¥ ¥ -3
2

200 10
20

61.73

        = 173 mC
34. As ini tially charge is max i mumq q t= 0 cos w

and | | sini i t= 0 w
where, w = = ¥ ¥ -1 1

840 10 6LC 3.3ª 19 rad./si q0 0
619 105 10= = ¥ ¥ -w

       ª ¥ -2.0 10 3 A = 2.0 mA
At t = 2.00 ms

(a) U qC qC te = =2
0
2

2
2 2

(cos )w
= ¥¥ ¥ - -( ) [cos ( ]105 10

2 840 10
38

6 2

6
2 rad)

    Ue = ¥ -6.55 10 6 J = 6.55 mJ
(b) U Li Li tm = =1

2
1
2

2
0
2 (sin )w

   = ¥ ¥ ¥ -1
2

2 10 383 2 23.3 rad( ) sin ( )

      = ¥ -0.009 10 6 J = 0.009 m j

(c) U qC Li= =0
2

0
2

2
1
2= ¥ -6.56 10 6 J = 6.56 mJ

35. As the in ward mag netic field is in creas ing,
in duced elec tric field will be anticlockwise.

At a distance x from centre of the region,
Magnetic flux linked with the imaginary
loop of radius x f =m x Bp 2e ddt x dBdtm= - f = - p 2

Induced electric field,E e x x dBdt= =
2

1
2p

At a, E r dBdt= 1
4

, towards left.

At b , E r dBdt= 1
2

, upwards. 

At c, E = 0
36. In side the so le noid,B ni= m 0dBdt n didt= m 0

Inside the region of varying magnetic fieldE r dBdt nr didt= =1
2

1
2 0m

(a) r = 0.5 cm = ¥ -5.0 10 3 mE rn didt= 1
2 0m

= ¥ ¥ ¥ ¥ ¥ ¥- -1
2

4 10 10 900 607 3p 5.0= ¥ -1.7 10 4 V/m
(b) r = 10.  cm = ¥ -1.0 10 2 mE rn didt= 1

0m= ¥ ¥ ¥ ¥ ¥ ¥- -1
2

4 10 10 900 603 3p 5.0

   = ¥ -3.4 10 4 V/m
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AIEEE CornerOb jec tive Ques tions (Level 1)
1.  V L didt=

[ ] [ ][ ]
[ ]

[ ] [ ]
[ ]

L V Ti= = - -ML T A T
A

2 3 1

= - -[ ]ML T A2 2 2

2. M n nµ 1 2
3. Both will tend to op pose the mag netic flux

chang ing with them by in creas ing cur rent in 
op po site di rec tion.

4. Mov ing charged par ti cle will pro duced
mag netic field par al lel to ring, Hencef =m 0
Velocity of particle increases continuously
due to gravity.

5. In duced elec tric field can ex ist at a point
where mag netic field is not pres ent, i.e.,
out side the re gion oc cu py ing the mag netic
field.

6. At, t = 1 s

q t= =4 42 C
     i dqdt t= = =8 8 A

  didt = 8 A/s     

As,          didt d qdt= =2
Positive

Charge in capacitor is increasing, current i
must be towards left.
   V I L didt qCab = - + - -2 4

 = - ¥ + - ¥ = -2 8 4 2 8 4
2

30_  V

7. | | ( sin )e M didt M ddt i t= = 0 w= w wMi t0 cos
Maximum induced emf = w Mi0= ¥ ¥100 10p 0.005
           = 5p

8. 1
2

1
20

2
0
2Li CV=  fi i LC0 62 2

4 10
= ¥ ¥ -= ¥2 103 V

9. e B l= 1
2

2w, is in de pend ent of t.
10. | |e ddt t= f = fD

Df =| |e t = iRt
         = ¥ ¥ ¥-10 10 53 0.5
         = ¥ -25 10 3 Wb
         = 25 mWb.

11. As in ward mag netic field is in creas ing,
in duced elec tric field must be anti-clockwise.
Hence, direction of induced electric field at P
will be towards and electron will experience
force towards right (opposite to electric
field).

12. f = - = -at t a t at( )t t 2

| |e ddt a at= f = -t 2

i eR a atR= = -| | t 2

H i R dt a atR dt= = -Ú Ú2
0

2

0
2t t t( )

         = -¥ -ÈÎÍÍ ˘̇̇̊1 2
3 2

3

0
R a ata( )

( )
t t

         = - - -1
6

3 3 3 3Ra a a[ ]t t
         = a R2 3

3
t

13. E L didt= -
14. V L didt iRBA = - + -15

    = - ¥ - + - ¥-5 10 10 15 5 13 3( )
    = 15 V

15. didt = 10 A/s, at t = 0, i = 5Adidt = 10 A/s

 120

2W 4 V 2 H 2F
ba

i –a
+



V V iR L didt EA B- = + - = 0

       = ¥ + ¥ - =5 3 1 10 10 15 V

16. didt d qdt q qLCÊËÁ ˆ̃̄ = ÊËÁÁ ˆ̃̃̄ = =
max max

2
2

0
0w

17. V L didt=
18. f =m BAcos qfi e ddt BA ddtm= - f = sin q q

fi            iR BA ddt= sin q q
fi       dqdt R BA ddt= sin q q
fi           dq BAR d= sin q q
fi             q BAR d= =Ú sin

/

/ q qp p
2

3 2 0

19. A kÆ = ab ^, B i j kÆ = + +20 10 502t t^ ^ ^ f = Æ◊Æ =m abB A 50e ddtm= - f = 0

20. E V iRb= +V E iRb = - = - ¥ =200 20 1 5 170.  V
21. VV NNsp sp=  fi Vs = ¥ =1

2
290 10 Vii NNps sp=  

fi i NN is ps p= = ¥ =2 4 8 A

22. Vr = 0, hence mag netic flux linked with the
coil re main same.\  e ddt= - f = 0

23. s at= 1
2

2

Due to change in magnetic flux linked with
the ring, magnet experiences an upward
force, hence, a g<s gt< 1

2
2 fi s < 5 m

24. V V L didt tA B- = = - a

25. i ER0
12 40= = =
0.3

 A

U Li0 0
2 3 21

2
1
2

50 10 40= = ¥ ¥ ¥- ( )

         = 40 J

26. i i e ER et RtL= -ÊËÁÁ ˆ̃̃̄ = -ÊËÁÁ ˆ̃̃̄- -
0 1 1t

didt EL e RtL= -
V L didt EeL RtL= = -

at t = 0 V EL = = 20 V
at t = 20 msV EeL R L= - ¥ ¥ -20 10 3

 fi 5 20 50= -e RLRL50
4= ln  fi R = ( ln )100 4 W

27. | | | |i eR R ddt R NA dBdt= = ◊ f =1 1

= ¥ ¥ ¥ ¥- -10 10 10
20

10 10
4

8 4

              = 5 A
28. In the steady state, in duc tor be haves as

short cir cuit, hence en tire cur rent flows
through it.

29.    f =m ABcos q 
But, q = ∞90\  f =m 0   

30. i eR R ddtm= = - f| | 1

fi dqdt nBAR ddt= - (cos )q
= nBAR ddtsin q q

fi         dq nBAR d= sin q q
      Q nBAR d nBAR1 0

2= =Ú sinp q q
    Q nBAR d2 0

2 0= =Ú sinp q q
\          QQ2

1
0=

31. Ac cord ing to Lenz’s law, in duced cur rent
al ways op poses the cause pro duc ing it.
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32. i i e ER et RtL= -ÊËÁÁ ˆ̃̃̄ = -ÊËÁÁ ˆ̃̃̄- -
0 1 1t

= -ÊËÁÁ ˆ̃̃̄- ¥15
5

1
5 2
10e  = - -3 1 1( )e

= -ÊËÁ ˆ̃̄3 1 1e  A

33. Ve loc ity of AB is par al lel to its length.
34. Velocity of rod is par al lel to its length.
35. V V V V BRVc a c b- = - =

and V Va b- = 0
36. In duced cur rent al ways op poses the cause

pro duc ing it.

37. E ddt= - f
38. Mag netic flux linked with the coil does not

change, hencei eR R ddt= = - ◊ f =1 0

39. e Blv Bl= =cos cosq w q1
2

2      Qv l=ÊËÁ ˆ̃̄
2

w
As |cos |q  varies from 0 to 1e varies from 0 to 1

2
2B l w.

JEE Cor nerAssertion and Reason
1. Mag netic flux linked with the coil is not

chang ing with time, hence in duced cur rent
is zero.

2. Both As ser tion and Rea son are cor rect but
Rea son does not ex plain As ser tion.

3. In duced elec tric field is non-con ser va tive but 
can ex ert force on charged par ti cles.

4. i t= -2 8didt = 2

V V L didta b- = = ¥ =2 2 4 V

5. didt iÊËÁ ˆ̃̄ = = ¥ =
max

max( ) w 1 2 2 A/s

6. V V V Va b c a- = -
 V V Vc a b> >

7. Fact.

8. L n lAr= m m 0
2 , for fer ro mag netic sub stance,mr g>

and L does not depends on i.
9. As soon as key is opened

i i ER= =0
1

10. Inductors op pose change in cur rent while
re sis tor does not.

Ob jec tive Ques tions (Level 2)
1. By con ser va tion of en ergy

1
2

1
20

2
0
2L i mv=

   i mk v0 0=
2. Wire AB be haves as a cell of emf, E Blv=
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b
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          i ER BlvRR = =
          ic = 0U CE CB l vc = =1

2
1
2

2 2 2 2

3. Ap ply Flem ing’s left hand rule.
4. For SHM,

          v A t= w wcose Blv Bl A t= = w wcos

e e t nT t n T
e t n T t nT= < < -- - > >

Ï
0

0

2 1
2

2 1
2

cos ( )

cos ( )
ww for

for
ÌÔÓÔ

5. f =m BA
At any instant when wires have moved
through a distance x,
         A a x= +( )2 2

         f = +m B a x( )2 2

| | ( )e ddt B a x dxdtm= f = +4 2

           = +4 2 0B a x v( )

    | | | | ( )
( )

i eR B a x va x= = +¥ +4 2
4 2

0l  = Bv0l
6. A l= 2 dAdt l dldt l= = -2 2 a a = -ÊËÁ ˆ̃̄dldt

            f =m BA
          e ddt B dAdt Blm= - f = - = 2 a

at            l a=
             e a B= 2 a

7. At this in stant, di rec tion of mo tion of wire PQ is per pen dic u lar to its length.\  e Blv=
8. q CV CBlv= = = ¥ ¥ ¥ ¥-20 10 016 0.5 0.2.

       = 0.2 mC
Plate A is positive while plate B is negative.

9. f = = ÊËÁ ˆ̃̄m BA B lx1
2

But l x= 2 tan q

\   f =m B xtan q 2

       e ddt B x dxdtm= - f = - 2 tan q
          = 2B vxtan q
   R r l r x= = ( tan )2 q
where, r = resistance per unit length of the
          conductor.\      i eR Bvr= = = constant.

10. f = =m BA BA tcos cosq w
   e ddt BA tm= - f = w wsin

But       A b= 2\           e b B t= 2 w wsin
11. In duced emfe a dBdt= = ¥ ¥ -2 2 31 2 10( )

                = ¥ -2 10 3 V
       W qe= = ¥ ¥ ¥- -1 10 2 106 3

         = ¥ -2 10 9 J
12. In the steady state, cur rent through

ca pac i tor = 0. iL = =20
5

4 Af =1 0, f = = ¥ ¥ -
2

24 500 10i LL
            = 2 WbDf = f - f =2 1 2 Wb.

13. 1
2

1
2

1
2

2
0
2Li Li= ÊËÁ ˆ̃̄

     i i= 0
2

   i e it
0

01
2

-ÊËÁÁ ˆ̃̃̄ =- t
        e t- = -/ t 2 1

2

           t = -ÊËÁÁ ˆ̃̃̄t ln 2
2 1= -ÊËÁÁ ˆ̃̃̄LR ln 2
2 1

14. B ia= mp0
2 F qvB iqva= = m p02

15. Con sider an el e men tary sec tion of loop of
width dx at a dis tance x from wire AB
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      d BdA ix C dxmf = = mp02f = =Úm abiC dxx iC bam p m p0 0
2 2

ln

       M i C bam= f = m p02 ln

16. From pre vi ous question

         f =m iy bam p02 ln

e ddt i ba dydtm= f = m p0

2

ln

          e iv ba= m p02 ln

          i eR ivR ba= = mp02
ln

Consider an elementary portion of length dx
of the rod at a distance, x from the wire PQ.
Force on this portion,

   dF i dxB=        
  = ◊i ix dxmp04

2

             F i i dxxab= ◊ Úmp04
2

          = ÈÎÍ ˘̇̊mp m p0 0
2 2

ivR ba i baln ln

       = ÈÎÍ ˘̇̊1
2
0

2vR iv bam p ln

17. E r dBdt= 1
2

 fi E rµ

18. In duced cur rent op poses change in mag netic
flux.

19. V E iRL = -
20. The rod can be as sumed as a cell of emf E Blv=

The equivalent circuit is shown in figure,

i E Blv= + = = ¥ ¥
2 3 5

4
5

0.50 0.25

       = 0.1 A
21. Out side the re gion of mag netic field, in duced 

elec tric field, E rR dBdt BrR= =2 2

2 2
                     F qE=t = =qER qBr1

2
2

22. V V B R VA - =0 2( )fi V V BRVA - =0 2
23. L L

1 1
= +hh , L L

2 1
= +h

R R
1 1

= +hh , R R
2 1

= +hh
          1 1 1

1 2L L Le = +
= + + +hh h1 1L L= + +ÈÎÍ ˘̇̊(h h1 1 1

1
)L

           L Le = +hh( )1 2

Similarly,   R Re = +hh( )1 2    \   t = =LR LRee
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24. i i e t= -
0

/ t Bi i e T
0 0= - / tt = ÊËÁ ˆ̃̄T

Bln 1

25. Given, i R P0
2 = , LR = t 

when, choke coil is short circuited,
Total heat produced = Magnetic energy

stored in the choke coil= = ÊËÁ ˆ̃̄ =1
2

1
2

1
20

2Li R PR P( )t t
26. i i e RtL= -

0

For current to be constanti i= 0e RtL- = 1RtL = 0 = not possible.

27. To fi nal time con stant, short the bat tery and
find ef fec tive re sis tance in se ries with
in duc tor

R Re =
2t = =LR LRe 2

28. When switch is at po si tion 1.
In steady state,

i ER1 =i2 0=

When switch is thrown to position 2.i ER1 = , i ER2 = -
29. 1

2
1
4

1
2

2
0
2Li L i= ÊËÁ ˆ̃̄

i i= 0
2i e it

0
01
2

-ÊËÁÁ ˆ̃̃̄ =- t
t = t ln 2fi              t L=

2
2ln

30. At the mo ment when switch is thrown to
po si tion 2, 
current in capacitor = current in inductor
just before throwing the switch to position 2,fi i ERc =

31. Ini tially, in duc tor of fers in fi nite re sis tance,
hence, i = 0 and didt = maximum\        E V V VL C R= + +
But     V VC R= = 0fi      V EL =

32. Same as Q.12 ob jec tive Ques tions (Level 2).
33. Let V0 = Po ten tial of me tal lic rod,V V B R V BRB - = =0

22 2( ) w …(i)V V B R V BRC0
22 2- = =( ) w …(ii)

Adding Eqs. (i) and (ii), we getV V B RB C- = 4 2w
34. e Blvc=

           v v vc = +1 2
2\ e Bl v v= +1

2 1 2( )  

or
            e B dAdt=

dA l dx dx= +1
2 1 2( )   

    e Bl dxdt dxdt= +ÊËÁ ˆ̃̄1
2

1 2

= +1
2 1 2Bl v v( ) 
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35. Ini tially, ca pac i tor of fer zero re sis tance and
in duc tor of fers in fin i te resistance.
Effective circuit is given by

i ER= = 1 A

36 . i ER e R tL1
1

1
1= -ÊËÁÁ ˆ̃̃̄-

, i ER e tR C
2

2

2= ÊËÁÁ ˆ̃̃̄-

       i i i= +1 2= -ÊËÁÁ ˆ̃̃̄ +- -ER e ER eR tL tR C
1 2

1
1

2

at t = -10 23 ln

 i e e= -Ê
Ë
ÁÁÁ

ˆ
¯
˜̃̃ +- ¥ ¥ -- -20

10
1 20

10

10 10 2
10 10

10 23

3

3ln ln
10 10 3¥ ¥ -0.1

   = -ÊËÁ ˆ̃̄ + ÊËÁ ˆ̃̄ =2 1 1
2

2 1
2

2 A

37. | | | |i eR AR dBdt= =
= = -B AR B b aR0 0

2 22[( ) ]p
= -B b aR0

2 24( )p
As inward magnetic field is increasing, net
current must be anticlockwise. Hence
current in inner circle will be clockwise.

38. From Q. 48 Subjective Questions (Level 1).f = +ÊËÁ ˆ̃̄m ai axm p0
2

1ln

Case 1 x b= , a a=f = +ÊËÁ ˆ̃̄m ai ab1
0
2

1m p ln

= +ÊËÁ ˆ̃̄m p0
2

ai b abln

Case 2 x b a= -a a=    

    f = + -ÊËÁÁ ˆ̃̃̄m ai ab a2
0
2

1m p ln

        = -ÊËÁÁ ˆ̃̃̄m p02 ai bb aln

   < > = - f - fe tm m2 1

   < > = < > = - f - fe eR R tm m2 1

      q i t mRm= < > = - f - f
2 1

    = - +ÊËÁ ˆ̃̄ - -ÊËÁ ˆ̃̄ÈÎÍ ˘̇̊m p02
aiR b ab bb aln ln

       = - -ÊËÁÁ ˆ̃̃̄mp0
2 22

aiR bb aln

    | | lnq aiR bb a= -ÊËÁÁ ˆ̃̃̄mp0 2 22

39. Mag netic flux linked with the coil.
     f = =m nBA n iArm 0

2
    | |e ddtm= f
fi     iR ddtm= f
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fl
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fi
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  dqdt R ddtm= f  fi dq R d m= f1

     q nArR di n iArRi= =Úm m0
0

0
2 2

40. In duced elec tric field in side the re gion of
vary ing mag netic fields,E r dBdt r t x r t x= = + = +1

2
1
2

6 2 32 2( ) ( ) V/m

At, t = 2.0 s and r R= =
2

1.25 cm

      = ¥ -1.25 10 2 m
           E x= ¥ ¥ ¥ +-3 10 421.25 ( )= 0.3 V/m

         F eE= = ¥ ¥-1.6 0.310 19

    = ¥ -48 10 21 N
41. E r dBdt= 1

2
 fi E rµ

42. As in ward mag netic field is in creas ing,
in duced elec tric field must be anticlockwise.

43. e ddt a dBdt a Bm= f = =p p2 2
0

44. E ea aB= =
2

1
2 0p

45. t a= =qEa i
a = = ¥qEama q aB ama2

0
2

1
2

           = qBm0
2

46. P t i t= = = ◊tw t a a( ) 2

      = ¥ma q Bm t2
2

0
2

2m
At t = 1 s P q B am= 2

0
2 2

4
47. i eR AR dBdt= = ◊

dBdt = 2T/s, A = ¥ =0.2 0.4 0.08 m2

\    i = ¥ ¥ =0.08
1.01

2 16 A [Q R r b l= ¥ +( )2 ]

As outward magnetic field is increasing,
induced current must be clockwise.

48. e B dAdt A dBdt Blv A dBdt= + = +
At t = 2 s,B = 4 T, A vt= ¥ - =0.2 0.4 0.06 m( ) 2

    v = 5 cm/s = 0.05 m / s\    e = - ¥ ¥ + ¥4 20.2 0.05 0.06
     = - + =0.04 0.12 0.08 V

49. F ilB eR lB= =
= ¥ ¥ ¥0.08

0.8
0.2

1
4

= 0.008 N
50. When ter mi nal ve loc ity is at tained,

power delivered by gravity = power dissipated
in two resistors

       mgv = +0.76 1.2
          v = ¥ =1.96

0.2 9.8
1 m/s

51. e Blv= = ¥ ¥ =0.6 0.61 1  VP eR1

2

1
=    

fi R eP1

2

1

2= = =( )0.6
0.76

0.47 W
52. P eR2

2

2
=  

fi R eP2

2

2

2= = =( )0.6
1.2

0.3 W
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More than One Cor rect Op tions
1. e B v BLv= ÊËÁ ˆ̃̄ =1

2
1
2

By Fleming’s left hand rule, P must be
positive w.r.t. Q.

2. d BdA Ba dxmf = =

= m p02
a ix dxf =m a iim p02 2lnM i am= f = m p02

2ln

If the loop is brought close to the wire, upward 
magnetic flux linked with the loop increases,
hence induced current will be clockwise.

3. f = Li = Henry-Am pere.L Vdi dt V dtdi= =
/

 = Volt-second
Ampere

4. t = =LR 1 s

i i e ER et t= - = -- -
0 1 1( ) ( )/ /t t

= - -4 1( )e t    
At t = ln2,
            i A= 2
Power supplied by battery, P EI= = 16  J/s.
Rate of dissipation of heat in across resistor= =i R2 8 J/sV iRR = = 4 V     
       V V E Va b R- = - = 4 V

5. In both the cases, mag netic flux linked with
in creases, so cur rent i2 de creases in or der to
op pose the change.

6. f = = ¥ =1 4 2 8BA  Wb, f =2 0
    e t= f - f = =2 1 8 80

0.1
 V

i eR= = =80
4

20 A

    q it= = ¥ =20 20.1  C
Current is not given as a function of time,
hence heat produced in the coil cannot be
determined.

7. In LC os cil la tions,w = 1LC , f LC= =wp p2
1

2
       T f LC= =1 2p
       i q qLC0 0

0= =w
  didt q qLCÊËÁ ˆ̃̄ = =

max
w 0

0

( )maxV L didt qCL = ÊËÁ ˆ̃̄ =
max

0

8. If mag netic field in creases, in duced elec tric
field will be anticlockwise and vice-versa.

9. q t= 2 2 i dqdt t= = 4didt = 4 A/s    

As dqdt = Positive  

Charge on the capacitor is increasing, hence
current flows from a to b.

t = 1 s, q = 2 C,  i = 4 A    didt = 4 A/s    

      V V L didta b- = = ¥ =1 4 4 VV V qcb c- = = =2
2

1 V  

  V V iRc d- = = ¥ =4 4 16 V
  V Va d- = + + =4 1 16 21 V

10. V V Bla b- = 1
2

2wV V Blc b- = 1
2

2w
            V Va c- = 0
[Direction of velocity of rod a-c is parallel to
length a-c]
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Match the Col umns
1.           [ ] [ ]

[ ][ ]
[ ]

[ ][ ]
B Fi l= = -ML T

A L

2

   = - -[ ]ML T A0 2 1

         [ ] [ ][ ]
[ ]

[ ][ ]
[ ]

L V dtdi= = -ML T T
A

2 3

  = - -[ ]ML T A2 2 2

          [ ]LC = [T ]2

           [ ] [ ][ ]f =m B S
  = =- - - -[ [ ] [ ]ML T A ] L ML T A0 2 1 2 2 2 1

2. i i e t= - -
0 1( )/ t

            t = =LR 1 s

            i ER0 5= =  AV iR E eR t= = - -( )1V E V EtL R t= - = -
At t = 0, V EL = = 10 V, VR = 0
at          t = 1 sV E e eL = - = -ÊËÁ ˆ̃̄-( )1 1 1 101  V

    V eR = 10 V

3. In LC oscillations,w = = ¥ =1 1

1 1
4

2LC  rad/s

       q0 4=  C
       i q0 0 8= =w  A
  didt qÊËÁ ˆ̃̄ = =

max
w2

0 16 A/s.

When, q = 2 CV V qCL C= = = 8 V

When, didt didtÊËÁ ˆ̃̄ = ÊËÁ ˆ̃̄ =1
2

8
max

 A/s.

V V L didtC L- = = ¥ =1 8 8 V

4. i ER1
1

9
6

= = = 1.6 A

i ER e eR tL t
2

2

31 3 1
2= - = -- -( ) ( )/

At t = (ln )2  sV E i R qeL t= - = -
2 2

3/  = q
21 3/V i R q eR t

2 2 2
31= = - -( )/  = -ÊËÁ ˆ̃̄q 1 1

21 3/V i RR1 1 1 9= =  VV V Vbc L R= + =
2

9 V
(a Æ s), (b Æ s), (c Æ p), (d Æ p).

5. Induced emf

| |e = slope of f - t graph= -- =4 0
2 0

2 V

| | | |i eR= = =2
2

1 A

| | | |q i t= = ¥ =1 2 2 C
As current i is constantH i Rt= = ¥ ¥ =2 21 2 2 4( ) J
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Introductory Exercise 25.1
1.     R VI= = =DC 100

10
10 W

     Z VI= = =AC 150
10

15 W
     X Z RL = -2 2  = -( ) ( )15 102 2

      = 5 5 W
      L X X fL L= =w p2

 = ¥ ¥5 5
2 503.14

       ª 0.036 H\ V IXL L= = 50 5 V  
      = 111.8 V

2. For phase an gle to be zero,

     X XL C=fi       w wL C= 1  

fi L C f C= =1 1
22 2w p( )

                  = ¥ -1
360 102 6( )

                 ª 7.7 H
As   X XL C=\      Z R=
      I VZ= = =120

20
6 A

In tro duc tory Ex er cise 25.2
1. Res o nat ing fre quency,wr LC= = ¥ ¥ -1 1

2 10 60.03= 10
6

4
  

fr r= = ¥ ¥wp2
10

2 6

4

3.14
    ª 1105 Hz

Phase angle at resonance is always 0∞.

2. Re sis tance of arc lamp, 
          R VI= DC

            = =40
10

4 W
Impedance of series combination,
          Z VI= = =AC 200

10
20 W

Power factor = f = =cos RZ 4
20

 = 1
5
 

Alternating Current25



AIEEE CornerSub jec tive Ques tions (Level-1)
1. (a) X L fLL = =w p2

  = ¥ ¥ ¥2 50 23.14  
           = 628 W 
(b) X LL = w  fi L XL= w= = ¥ ¥X fL2

2
2 50p 3.14

   = 6.37 mH
(c) X C fCC = =1 1

2w p
   = ¥ ¥ ¥ ¥ -1

2 50 2 10 63.14
     

      = =1592 1.59 kW W 
(d) X CC = 1w  fi C XC= 1w
      = ¥ ¥ ¥ =1

2 50 23.14
1.59 mF

2. (a) Z R X XL C= + -2 2( )

     = + -ÊËÁÁ ˆ̃̃̄R L C2
2

1w w
 = + ¥ - ¥ ¥ÊËÁÁ ˆ̃̃̄-( )300 400 1

400 8 10
2

6

2

0.25

= 367.6 WI VZ0
0 120= = =

367.6
0.326 A

(b) f = --tan 1 X XRL C
= ª - ∞-tan 1

300
212.5 35.3

As X XC L>  voltage will lag behind
current by 35.3∞.
(c) V I RR = = ¥0 3000.326  = 97.8 V,
        V I XL L= =0 32.6 V

   V I XC C= = ¥0 0.326 312.5
    = ª101.875 V 120 V

3. (a) Power fac tor at res o nance is al ways 1, 
   as Z R= , Power factor = f = =cos RZ 1.

(b) P I E ER= f =0 0 0
2

2 2
cos

         = ¥ =( )150
3 150

75
2

W

(c) Because resonance is still maintained,
average power consumed will remain
same, i.e., 75 W.

4. (a) As voltage is lag behind current,
inductor should be added to the circuit
to raise the power factor.

(b) Power factor = f =cos RZfi Z R= f =
cos

60
0.720

 = 250
3

W
       X Z RC = -2 2

         = ÊËÁ ˆ̃̄ -250
3

60
2

2( )

         = 58 W
        C XC= 1w
         = 1

2pf XC
         = ¥ ¥ ¥1

2 50 583.14
         = 54 mF
For resonance, 
   wr LC= 1  

fi    L Cr= 1
2w

        = 1
2 2( )pf Cfi       L = ¥ ¥ ¥ ¥ -1
2 50 54 102 6( )3.14

        = 0.185 H
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5. V t t( ) sin ( / )= +170 6280 3p  volti t t( ) sin ( / )= +8.5 6280 2p  amp.

(b) f = = ¥ =wp2
6280

2
1000

3.14
 Hz

      = 1 kHz
(c) f = - =p p p

2 3 6fi cos cosf = =p
6

3
2

As phase of i is greater than V , current is
leading voltage.
(d) Clearly the circuit is capacitive in

nature, we have
cos f = RZfi 3

2
= RZ  fi Z R= 2

3
Also,   Z Vi= = =0

0

170 20
8.5

W
  R Z= =3

2
10 3 W

Again, Z R XC= +2 2  fi X Z RC = -2 2

         = - =400 300 10 W
     X C XC C= fi = ¥1 1 1

6280 10w w
          = 1592. mF

6. I VX VLL= = w
(a) w = 100 rad/s\ I = ¥ =60

100 5
0.12 A

(b) w = 1000 rad/s\ I = ¥ = ¥ -60
1000 5

10 21.2  A

(c) w = 10000 rad/s\ I = ¥ = ¥ -60
10000 5

10 31.2  A

7. V tR = ( ) cos [( ) ]2.5 V rad/s950
(a) I VRR=

= ( ) cos [(2.5 V rad/s) ]950
300

t
  = ( cos [( ) ]8 . mA) rad / s33 950 t

(b) X LL = = ¥w 950 0.800
           = 760 W
(c) V I X tL L= +0 2cos ( / )w pfi  V I X tL L= - 0 sin w= - 6.33 rad / ssin [( ) ]950 t  V

8. Given, L = 0.120 H, R = 240 W, C = 7.30 Fm , Irms .450 A= 0 , f = 400 Hz
      X L fLL = =w p2

    = ¥ ¥ ¥2 4003.14 0.120
         = 301.44 W
      X C f CC = =1 1

2w p
          = ¥ ¥ ¥ ¥ -1

2 400 10 63.14 7.3
         = 54.43 W
(a) cos

( )
f = = + -RZ RR X XL C2 2

 

= + -240
240 2 2( ) ( )301.44 54.43

       = 0.697
     f = ª ∞-cos ( . ) .1 0697 458
(b) Z R X XL C= + -2 2( )

     = + -( ) ( )240 2 2301.44 54.43  = 344 W
(c) V I Zrms rms 0.450= = ¥ 344
       = 154.8 V ª 155 V
(d) P V Iav = frms rms cos

    = ¥ ¥ =155 0.450 0.697 48.6 W 
(e) P I RR = = ¥rms 0.450)2 2 240(  = 48.6 W
(f) and (g) Average power associated with

inductor and capacitor is always zero.
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Objective Questions (Level-1) 
1. In an AC cir cuit, cos f is called power

fac tor.
2. DC am me ter mea sures charge flow ing in

the cir cuit per unit time, hence it
mea sures av er age value of cur rent, but
av er age value of AC over a long time is
zero.

3.      Z R X XL C= + -2 2( )  

       = + -ÊËÁÁ ˆ̃̃̄R L C2
2

1w w
Hence, for X XL C< , Z decreases with
increase in frequency and for X XL C> , Z
increases with increase in frequency.

4. As volt age leads cur rent and f < p
2

, hence

ei ther cir cuit con tains in duc tance and
re sis tance or con tains in duc tance,
ca pac i tance and re sis tance with X XL C> .

5. RMS value of sine wave AC is 0.707 I0,
but can be dif fer ent for dif fer ent types of
AC’s.

6. P I Ev v= f =cos 0

7. Z R X XL C= + -2 2( )

8. P V I= 0 0
2

 [V0 and I0 are peak volt age and

cur rent through re sis tor only]
9. V V

rms = =0
2

170 V

   f = = ¥wp2
120

2 3.14
 ª 19 Hz

10. Cur rent is max i mum at w w= =r LC1  = ¥ ¥ -1
8 10 60.5

           = 500 rad/s.
11. P I E= f0 0

2
cos

  = ¥ ¥ =-100 100
2 3

10 3cos p 2.5 W

12. X CC = = •1w  if w = 0, i.e., for DC

13. V t= 10 100cos p
at t = 1

600
 s,

    V = 10 100 1
600

cos p
       = = ¥ =10

6
10 3

2
5 3cos p  V

14. For purely re sis tive cir cuit f = 0.
15. X CC = 1w  fi XC µ 1w or X fC µ 1 

16.     sin f = =XZ 1
3

 

fi      f = ÈÎÍ ˘̇̊-sin 1 1
3

17. f = = f =3
2 2

00 0p , cosP I E
18. R VI= =DC

DC
100 W

      Z VI= = =AC

AC 0.5
100 200 W

    X Z RL = - =2 2 100 3 W
      L X X fL L= = = ¥w p p2

100 3
2 50

       = ÊËÁÁ ˆ̃̃̄3p  H

19. I VX CVCrms
rms

rms= = w
         = ¥ ¥ ¥-100 1 10 200 2

2
6

      Irms mA= 20
20. V V VR L= + = +2 2 2 220 15( ) ( )

  = 25 V, V0 25 2=  V
21. P I V= f =0 0

2
0cos

fi cos f = 0fi     f = ∞90
22. R is in de pend ent of fre quency.
23. L is very high so that cir cuit con sumes

less power.
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24. tan f = XRL  fi tan 45
100

∞ = XL
fi       XL = 100 W
        wL = 100 W

      L = ¥ ¥ ª100
2 10

1633.14
mH

25. The min i mum time taken by it in reach ing 
from zero to peak value = T

4

    = = ¥ = =1
4

1
4 50

1
200

5f  ms

26. f = ∞60

P I V= f = ¥ ¥
0 0

2

4 220 1
2

2
cos

        = 220 W

JEE CornerAssertion and Reasons
1. XC and XL  can be greater than Z be causeZ R X XL C= + -2 2( )

Hence, V IXC C=  and V IXL L=  can be
greater than V IZ= .

2. At res o nance X XL C= , with fur ther
in crease in fre quency, XL  in creases but XC de creases hence volt age will lead
cur rent.

3. f LCr = 1
2p , if di elec tric slab is in serted

be tween the plates of the ca pac i tor, its
ca pac i tance will in crease, hence, fr  will
decrease.

4. q = Area under graph
  = ¥ ¥ + + ¥ ¥ +1

2
4 2 3 1

2
4 2 4( ) ( )

  = 22 C
Average current = = =qt 22

6
3.6 A

5. On in sert ing fer ro mag netic rod in side the
in duc tor, XL  and hence VL  in crease. Due
to this cur rent will in crease if it is lag ging
and vice-versa.

6. V V VR L C= =  fi R X XL C= =
Hence, f = 0 and I is maximum.
as Z R X XL C= + -2 2( )  is minimum.

7. I I IL C= - = 0
8. P I R= = ¥ =rms W2 22 10 20( )
9. In duc tor coil re sists vary ing cur rent.

10. I ER L0
0

2 2 2
= + w , f = -tan 1 wLR  

11. At res o nance, cur rent and volt age are in
same phase and I VR0

0= . Hence, I0

de pends on R.

Objective Questions (Level-2)Sin gle Cor rect Op tions
1. For par al lel cir cuitf = ÈÎÍ ˘̇̊-tan /

/
1 1

1
XRL  = -tan 1 4

3

            = ∞53
2. Cur rent will re main same in se ries cir cuit

given by

        I I t= - f0 sin ( )w
     = -ÊËÁ ˆ̃̄-I t XRL

0
1sin tanw

3. R R RL= + =1 10 WX LL = =w 10 W,X CC = =1 10w W
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Reading of ammeterI VRrms
rms= = 10 2

10
          = =2 A 1.4 A

Reading of voltmeter,V I RL= =rms 5.6 V
4. X CC = = ¥ ¥ ¥ ¥ -1 1

2 5 10 1 103 6w p p= 100 W                       I VRR = = =200
100

2 A,            

I VXC C= = =200
100

2 A          

[Question is wrong. It should be choose
the correct statement].

5. Let i i i= +1 2
where, i1 5=  A, i t2 5 100= sin w  A
Average value of i1 5=  A
Average value of i2 0=\ Average value of i = 5 AAn other methodi t= + +ÊËÁ ˆ̃̄ÈÎÍ ˘̇̊5 1

2
100cos p w

= +ÊËÁ ˆ̃̄ÈÎÍ ˘̇̊5 2
4

502cos p wt    

= +ÈÎÍ ˘̇̊10
4

502cos p wt        

Average value of cos2
4

50 1
2

p w+ÊËÁ ˆ̃̄ =t
\  average value of i = =10

2
5 A.

6. As volt age is lead ing with cur rent, cir cuit
is in duc tive, and as f = p

4
,X RL =  

or L R R= =w 100
7. As X XC L>  volt age will lag with cur rent.

Again V V V VR L C= + - =2 2 10( ) V\ V VC<
and cos f = = =RZ VVR 4

5
Hence, a b,  and c are wrong.

8. For par al lel RLC cir cuit,I I I IR C L= + -2 2( )

fi      I VR VX VXC L= ÊËÁ ˆ̃̄ + -ÊËÁÁ ˆ̃̃̄0
2

0 0
2

      = + -ÊËÁÁ ˆ̃̃̄V R C L0 2

2
1 1w w

9.     V V VL R= + =2 2 72.8 V

    f = = ÊËÁ ˆ̃̄- -tan tan1 1 2
7

VVLR
10. Clearly P is ca pac i tor and Q is re sis tor,

as, V VP Q= , X RC =  .\ When connected in series,Z X R RC= + =2 2 2

and f = p
4

, leading.\ I = 1
4 2

A, leading in phase by p
4

.

11. I I I IR C L= + -2 2( )

Here, I IC <  or I IL >
12. I I IL C= - = 0.2 A
13. For a pure in duc tor volt age leads with

cur rent by p
2

.

14. V IRR = = 220V
Hence it is condition of resonance, i.e.,V VL C= = 200 V

15. HH I RI R II1

2

2

2

2

22
= =DC

rms ( / )
 = 2 

16. H I R I R= =rms
2 0

2

2
 = +V RR L0

2

2 2 22( )w
17.    V IX I LL L= = w

      V IX ICC C= = w
If w is very small,VL ª = 0,V VC ª 0 .

18. Re sis tance of coil, R VI= = 4 W
When connected to batteryI VR r= + = + =12

4 4
1.5 A
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19. V V VR C= - =2 2 6 Vf = =- -tan tan1 1 4
3

VVCR
20. V V VC R= - =2 2 16 V

21.    I I t= +ÊËÁ ˆ̃̄
0 2

sin p p
     I I= 0 at p p p

2
3
2

+ =
     t = 1 s

22.     I V R0
0

2
=

   X C RC¢ = =3 3w  

fi   I VR I
0

0 0
2 2

= =
23. R VI= = =DC

DC

12
4

3 W
24. X Z RL = -1

2 2  = -( ) ( )5 32 2

             = 4 W

          X CC = 1w
          = ¥ ¥ =-1

50 2500 10
86 W

         Z R X XL C= + - =2 2 5( ) W
Average power = =I R V RZrms

rms2
2

2

        = ¥ =( )
( )

12 3
5

2

2 17.28 W

25. Al ready X XC L> , with in crease in w, XC
fur ther de crease in w, XC in creases and XL  de creases, hence, I will de crease.

26. For max i mum cur rentw w= = = ¥ ¥ ¥- -r LC1 1
1 10 106 34.9= 10
7

5
 rad/s.

27. In res o nance,Z R XP C= + ª2 2 77 W
28. In res o nance, cos f = 1.

More than One Correct Answers
1. V VR L2 2 10000+ =           …(i)

 V VL C- = 120 …(ii)V V VR L C2 2 2130 16900+ - = =( ) ( ) …(iii)
On solvingVr = 50 V, VL = 86.6 V, VC = 206.6 V
and cos f = = =VVR 50

130
5

15
As V VC L> , circuit is capacitive in nature.

2.   i t t= +3 4sin cosw w
   = + fR tsin ( )w
  R = 5 and f = -tan 1 4

3i i Rm = = =2 2 100p p p    

If        V V tm= sin w  
current will lead with the voltage. 
If V V tm= cos w  
current will lag with voltage.

3. I PV= = 1 A, R VI= = 60 W
For AC, Z = =100

1
100 WXC or X Z RL = - =2 2 80 WL XL= = ¥ =w p p80

2 50
4
5

H    

or    C XC= = ¥ ¥ =1 1
2 50 80

125w p p mF

or R R VI¢ + =  fi R¢ = - =100 60 40 W
4. cos f = = ==ÏÌÓRZ R ZR1

0 0
if
if

5. As X XL C> , volt age will lead with the
cur rent.Z R X XL C= + - =2 2 10 2( ) W
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f = - = = ∞-tan 1
4

45X XRL C p
cos f = =RZ 1

2
6. As X XL C> , w w> r

with increase in w, XL  and hence, Z will
increase while with decrease in w, Z will
first decrease and then increase.

7. X VIc C= = 50 W
      V IRR = = 80 V
       V IXL L= = 40 V

V V V VR L Crms V= + - =2 2 100( ) ,

       V0 100 2= V

8. I V
R L C

= + -ÊËÁÁ ˆ̃̃̄2
2

1w w
with change in L or C I may decrease or
increase depending on effect on w wL C- 1 .

Match the Col umns
1. (a) Æ (p, r), (b) Æ (q, r), (c Æ s), (d) Æ (p) 

Concept based insertion.
2. (a) Æ (p, s) cur rent and volt age are in

same phase so ei ther XC = 0, XL = 0
or X XC L= π 0.
(b) Æ (q) I I t= - 0 cos w

     = -ÊËÁ ˆ̃̄I t0 2
sin w p

f = ∞90  fi R = 0
(c) Æ (r, s) current is leading with voltage
by p

6
, either XL = 0 or X XC L>  

but XC and R are non-zero.
(d) Æ (s) current lags with voltage by p

6
, R

and XL  are both non-zero.
3. (a) Æ (q, s), (b) Æ (r, s), (c) Æ (r, s),

(d) Æ (r, s). I VZ=  and P V rZ= 2

2

with increase in L C,  or f , Z may increase
or decrease, hence power and current.

4. (a Æ q),

             R VIR= = =40
2

20 W
(b Æ p) V IXC C= = ¥ =2 30 60 V
(c Æ r) V IXL C= = ¥ =2 15 30 V
(d Æ s ) V V V VR L C= + -2 2( )

           = 50 V
5. (a Æ s) R is in de pend ent of f .

(b Æ p) X fC µ 1

(c Æ r ) X fL µ 1

(d Æ q)

        Z R L C= + -ÊËÁÁ ˆ̃̃̄2
2

1w wi.e., first decreases then increases.
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