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For a science student, physics is the most important subject as it requires logical rea-
soning and high imagination. Without improving the level of physics, it is difficult to 
achieve a goal with the kind of competition that exists today. This five part volume 
covers all parts of general physics—Mechanics, Heat, Wave, Light, Electromagnet-
ism and Modern Physics—which is written in accordance with the latest syllabus of 
the IIT-JEE and AIEEE. There is no single book that is available in the market that 
contains a large amount of solved examples. 

Preface

Salient features

■	 Entire syllabus is covered in five volumes.
■	 Content of each chapter is well defined and builds new concepts from the 

scratch.
■	 Each chapter describes the theory in a simple and lucid style.
■	 Covers a wide spectrum of questions to enable the student to develop enough 

expertise to tackle any problem.
■	 Helps students in building analytical and quantitative skills, which, in turn, de-

velop confidence in problem solving.
■	 Practice exercises are given at the end of each chapter.
■	 Numerous diagrams in every chapter. 

After studying the entire chapter, students will be able to learn different tricks and 
techniques of problem solving with suitable level of analytical ability.

Suggestions for improving the book are always welcome.

All the best!
� S. C. PANDEY 
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Electrostatics 1
C H A P T E R

C
O

N
C

E
PT

1.1 INTrODuCTION

It is that branch of physics in which we study properties of charge at rest.
Benjamin Franklin (1706-1790) was the fi rst “American Scientist” who proved 

that charge is of two types:
“Conventionally he assumed that charge appears on glass rod is (+ve) positive, 
while that on the rubber rod is (–ve) negative.”

Now with the comparison of these two charges an unknown charge can be 
labelled at either (+ve) positive or negative (–ve).

 (i) The excess or defi ciency of electrons in a body gives concept of charge.
    If body has a excess of electrons then it will be negatively charge and if 

it has defi ciency of electrons then it will be positively charged.
  (ii) If n is the number of electrons transferred, then the charge acquired by the body 

will be
Q = ne

 (iii) If a physical quantity does not vary continuously rather it can have only 
discrete value, then such physical quantity is said to be quantized. Therefore 
charge is quantized.

 (iv) During the process of charging, mass of body changes.
  Can a body have charge of 7 Coulomb?
  Since, Q = ne
  therefore, 7 = n × 1.6 × 10–19 C

  or 19
19 19

7 70 70 10
1.6 10 16 10 16

n − −= = = ×
× ×

   n = 4.375 × 1019 = 4375 × 1016

   n = 4.375 × 1019 = 4375 × 1016

  Yes, a body can have charge of 7 C.
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1.2  Electrostatics

C
O

N
C

E
PT

C
O

N
C

E
PT     (v) Total charge of an isolated system is conserved. Charge can be created or 

destroyed but net charge cannot be changed.
   (vi) Charge is an invariant with speed of charged body while mass and length are 

variant with speed.
 (vii) If a particle is massless, then it will be chargeless too. But if it is chargeless 

then it can have mass.

Method of Charging:
A body can be charged via

   (i) Rubbing
  (ii) Conduction
 (iii) Induction

   (i) After induction, attraction takes place.
  (ii) Therefore, attraction is not a sure test of electrifi cation.
 (iii) The sure test of electrifi cation is repulsion.
 (iv) If a charged body and uncharge body are connected through a wire, then 

charge fl ows from charged body to the neutral body till the potential becomes 
same.

 (v) The amount of induced charge is always less than or equal to the amount of 
inducing charge.
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Electrostatics  1.3

Example
Five	balls,	numbered	one	to	fi	ve	are	suspended	as	shown.	Pairs	(1,2),	(2,4)	(4,1)	
show	electrostatic	attraction,	while	pairs	(2,3)	and	(4,5)	show	repulsion.	There-
fore,	ball	1	must	be	neutral.

Testing of Charge of Gold Leaf Electroscope

1.2 COuLOMB’S LaW

According to Coulomb, the force that operates between two point charges is directly 
proportional to

 (i) the product of the magnitude of two charges, and
 (ii) inverly proportional to square of distance between them.

 Let q1 and q2 are the two point charges separated by distance r.
 According to Coulomb,
 If r be kept constant, then F ∝ q1 q2

 ⇒ 1 2
2F q q

r
∝ ; 1 2

2F kq q
r

=  in vacuum

 are the two point charges separated by distance r.
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1.4  Electrostatics

C
O

N
C

E
PT

 Here, 
2

9
2

N9 10 mk
e
−

= ×

 Here, q1 and q2 denotes magnitude of charges.

 (i) In C.G.S., unit of charge is Stat-Coulomb	(e.s.u).

  1C = 3 × 109 esu

  In C.G.S., k = 1

  and 1 2
2F q q

r
=

 (ii)  Coulombian force always operates between two charges along the line join-
ing the centres of the particles. Therefore, it is a central force.

F = f (r)

 (iii) Coulombian force is of a long range. It operates upto ∞ (infi nity)
 (iv) Coulombian force is much stronger than the gravitational force.

    
111 2

2

GF 6.67 10m m
r

−= = ×

  Since 1 2
2F kq q

r
=

  k is also written as, 1
4 0

k =
π∈

     
2

12
0 2

1 C8.85 10
4 Nk m

−ε = = ×
π −

                     = 8.85 × 10–12 F/m

 Here, ε0 is known as Absolute	permitivity	of	vacuum.

  1 2
Vacuum 2

0

1F
4

q q
r

=
πε

  For a medium,

  1 2
medium 2

1F
4

q q
r

=
πε

 Here, ε is known as Absolute	permitivity	of	medium.

  

1 2
2

0

1 2 0

2

1
F 4

1F
4

vacuum

medium

q q
r

q q
r

πε ε
= =

ε
πε

  ∴ 
0

r
ε

ε =
ε

  or 0 rε = ε ε
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Electrostatics  1.5

C
O

N
C

E
PT

Here, 
F
F

vacuum
r

medium

ε = =  Relative permitivity, 

or Dielectric Constant of medium.
Relative	permitivity is the ratio of force between two charges in vacuum to the 

force between same two charges at same distance in medium.

1 2
medium 2

0

1F
4 r

q q
r

=
πε ε

εr has no unit and εr different for different medium
For Water, εr = 80
For Air,  εr ≈ 1.0001 (approximately).
For Metals εr = ∞ (infi nity).

εr is greater than 1 for all medium except for plasma.
For plasma εr is less than 1

Coulombs Law in Isotropic Media

     

1 2
2

0

1F
4 r

q q
r

=
πε ε

Coulombs Law in an Isotropic Media

        

1 2
vacuum 2

0

1F
4

q q
r

=
πε

 

       1 2
medium 2

0

1F
4 r

q q
d

=
πε ε

Since   vacuum medium.F F=

∴ 1 2 1 2
2 2

0 0

1 1
4 4 r

q q q q
r d

=
πε πε ε
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1.6  Electrostatics

or  2 2

1 1

rr d
=

ε

or d2εr = r2

or    
r

rd =
ε

∴    rr d= ε

where, d distance of a medium is equivalent to r distance of air.

Example

t distance of medium rt= ε  distance in air.

       

1 2
2

0

1F
4 [( ) ]r

q q
r t t

=
πε − + ε

Example
Initially,	two	charges	are	separated	by	a	distance	of	1m.	When	a	dielectric	slab	
of	thickness	40	cm	is	introduced	between	them,	then	force	becomes	half	of	its	
previous	value.	Find	dielectric	constant	of	medium.

Solution )  1 2
vacuum 2

0

1F
4 (1)

q q
=

πε

      1 2
medium 2

0

1F
4 (0.6 0.4 )r

q q
=

πε + ε

But          m
FF .
2
v=
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Electrostatics  1.7

∴ 1 2 1 2
22

0 0

1 1
4 4 (1) 2(0.6 0.4 )r

q q q q
= ×

πε πε+ ε

or 2(0.6 0.4 ) 2r+ ε =

or 0.4 1.4 0.6 0.8rε = − =

or 0.8 2
0.4rε = =

∴ εr = 4

Example
Two	charges	are	separated	by	a	distance	of	1m.	Find	minimum	force	between	
the	two	charges.

Solution )  1 2
2F kq q

r
=

Since, minimum possible charge is electronic charge.

 
min min.

min 1 2
2F kq q

r
×

=

        

9 19 2

29

9 10 (1.6 10 )
1

9 2.56 10 N.

−

−

× × ×
=

= × ×

Example
How	should	a	point	charge	Q	be	divided	into	two	parts,	so	that	force	between	
them	becomes	maximum	for	a	given	separation?

Solution )  Let the two parts be q and (Q – q)

Since, minimum possible charge is electronic charge.
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1.8  Electrostatics

      2
2 2

(Q )F (Q )kq q k q q
r r

−
= = −

For F to be maxm. F 0d
dq

=

or        2 (Q 2 ) 0k q
r

− =

or                Q – 2q = 0
or                        Q = 2q

or                        Q
2

q =

Hence, for force to be maximum, charge should be divided into two equal parts.

Example
In	the	fi	gure	shown,	fi	nd	force	experienced	by	the	charge	at	lower	right	corner.

Solution )  Here,
2

2F kq
a

=

Resultant force 2 2F F 2FFcos120= + + °

                     2 22F 2F ( 1/2) F= + − =

     

2

2

kq
a

=  at an angle 240° anti-clockwise direction.

Example
Find	the	force	experienced	by	the	charge	2q,	shown	in	the	fi	gure.

Solution )   2

Q 2qF k
a

× ×
=  2

2 Qkq
a

=

           1 2 2

2 QF
2

k q Q kq
a a

× ×
= =

 Net Force 12  F F= − 2 2

2 Q Q2 kq kq
a a

= × −

               
2

QF (2 2 1)
a

k q
= −
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Electrostatics  1.9

Example
Two	similar	balls	of	mass	m	are	hung	from	silk	thread	of	length	l	and	carry	simi-
lar	charge	q	as	shown	in	the	fi	gure.	Assuming	θ	to	be	very	small,	prove	that

1/32

02
q lx

mg
 

=  πε 

Solution )  Here,  T cos θ = mg
and T sin θ = F

∴    Ftan
mg

θ =

or          F = mg tan θ

or  
2

2
0

1
4 2

q xmg
x l

= ×
πε

     [∵ sin θ = tan θ, θ being very small.]

or       
2

3

02
q lx

mg
=

πε
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1.10  Electrostatics

Example
A	test	charge	q0	is	kept	on	the	perpendicular	bisector	of	a	line	joining	the	two	
charges	separated	by	a	distance	2a.	Find	radius	of	symmetry	r	for	which	force	
(F)	on	the	test	charge	will	be	maximum.

Net force, F = 2 F' cos θ

             
2

2 2 2 2
0

12
4 ( )

q r
r a r a

= × ×
πε + +

         2 2 2 3/2

0

1F ( )
2

q r r a −= +
πε

For F to be maximum,

 

d
dr

q

r r a r r a

F =

× −





+( ) × + +








 =

− −

2

0

2 2
5

2 2 2
3

2

2

3
2

2 0

πε

( )

or (r2 + a2)–3/2 [–3r2(r2 + a2)–1 + 1] = 0

or 
2

2 2

3 1 0r
r a

 −
+ = + 

or 
2 2 2

2 2

3 0r r a
r a

 − + +
= + 

or 
2 2

2 2

2 0a r
r a

−
=

+

or a2 – 2r2 = 0

∴ 
2

ar =

θ
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Electrostatics  1.11

C
O

N
C

E
PT

1.3  ELECTrIC FIELD aND ELECTrIC INTENSITy

Electric Field and Electric Intensity

According to the modern concept, the force between two charges is not a single step 
process, but it is two step process:

 (i) First of all, a charge creates a fi eld around it and when another charge comes into 
contact with this fi eld, it then experiences force.

 (ii) Also, fi eld due to a charge propagates (travel) with speed of light.

Electric Intensity
To study the behaviour of electric fi eld we introduce a parameter, which is known as 
electric intensity. It is defi ned as the force experienced by unit test charge at required 
point.

 2 2
0 0

1 Q 1 QF
4 4r r

×
= =

πε πε P 2
0

QE
4 r

=
πε

Note:

 0
2

QF k q
r

=   ∴ 2
0

F QE k
q r

= =

 (i) If Q charge lies in electric fi eld E, then it experiences force.

F = qE

According to the modern concept, the force between two charges is not a single step 

1 Q 1 Q Q
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1.12  Electrostatics

  (ii)  Positive charge experiences force in direction of electric fi eld while negative 
charge experiences force opposite to the fi eld.

 (iii) In vector notation,

   F Eq=
 

  where, sign of charge should be taken.

   2
2 2

QE k
r

=  1
1 2

QE k
r

=

   F12 = Force on 1 due to 2
 F21 = Force on 2 due to 1

   E2 Q1  E1 Q2

     1 2
12 2

Q QF k
r

=  1 2
21 2

Q QF k
r

=

     E = 0
 (iv) Field due to a monopole (single pole) charge is spread upto ∞.
  (v) If there are several charges, then electric intensity at a point will be sum of 

indivisible intensity.

      





      2

QE k
r

=

   (i) 3

Q ˆE k r
r

−
=


   (ii) 3 2 3

Q Q Qˆ ˆE E=k k r kr r
r r r r

−  = − = − 
 







  (iii) 3

QE= k r
r

−



Electric Field due to Dipole
When two equal and opposite charges are separated by a very small distance then 
the system is known as dipole and the line joining the two charges is known as 
dipole axis.

Dipole moment (p) = Q × 2l
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Electrostatics  1.13

Dipole	 moment is defi ned as product of magnitude of a charge and separation 
between the two charges.

It is vector quantity and is directed from (–ve) negative to (+ve) positive charge.

Electric Intensity on the axis of Dipole

We have to fi nd electric intensity at point P at a distance r from the centre of dipole.

 1 2E E E= +
  

 1 2E E E= −

 1 2

QE
( )

k
r l

=
−

 
1 2

Q ˆE
( )

k n
r l

=
+



 
2 2

Q ˆE ( )
( )

k n
r l

= −
+



Νet electric intensity, 1 2E E E= +
  

             2 2

Q Qˆ ˆ( )
( ) ( )

k kn n
r l r l

= + −
− +

             2 2

1 1ˆQ
( ) ( )

k n
r l r l

 
= − − + 

It is vector quantity and is directed from (–ve) negative to (+ve) positive charge.

We have to fi nd electric intensity at point P at a distance r from the centre of dipole.
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1.14  Electrostatics

    
2 2

2 2

( ) ( )ˆQ
( ) ( )
r l r lk n
r l r l

 + − −
=  − + 

     2 2 2

2 2ˆQ
( )

r lk n
r l

 × ×
=  − 

or 2 2

4ˆE Q
( )

rlk n
r l

=
−



If  r > > l, then

 3 3

ˆ ˆQ 4 2 (Q 2 )E k n l k l n
r r

× ×
= =


 3

ˆ2 (pn)E k
r

=


or 3

2E kp
r

=




∴ ˆp pn=


On the axis of dipole, electric intensity at each point is in direction of dipole 
moment.

Example
In	the	fi	gure	shown,	two	dipoles	each	of	dipole	moment	p	are	kept	at	square	of	
side	a	as	shown	in	the	fi	gure.	Find	resultant	intensity	at	point	P.

Solution )  P 3

2 2E
( 2 )

kp
a

=

           33

2 2
2 2

kp kp
aa

= =  at an angle 45º from the +ve –axis
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Electrostatics  1.15

Example
For	what	value	of	θ	electric	intensity	E	will	be	perpendicular	to	dipole	axis?

Solution )  Here, 
              90 = θ + α
∴          α = (90 – θ)
or   tan  α = tan (90 – θ)
                   = cot θ

∴ 1 1tan
2 tan

θ =
θ

or   tan2 θ = 2
or    tan 2θ = ±
∴          θ = ± 55º

Electric Intensity due to Continuous Charge Distribution
Uniformally charge per unit length same.

Here, Q = charge on ring.
         a = radius of ring.
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1.16  Electrostatics

Charge per unit length (λ) Q
2 a

=
π

Charge on element = dq = λdl

Electric intensity at point P due to small element

 2 2dE
( )

kdq
a r

=
+

       = Net electric intensity cosdE= θ∫
Integrating,

 2 2 2 2
E k dl r

a r a r
λ

=
+ +

∫

     
2 2 3/2( )
k r dl

a r
λ

=
+ ∫

     
2 2 3/2 2 a

( )
k r

a r
λ

= × π
+

∴ 2 2 3/2

QE
( )

k r
a r

=
+

In case of positively charged ring, electric intensity on both sides of ring will be away 
from the centre of the ring and along the axis. While in case of negatively charged 
ring, electric intensity is towards the centre of the ring.

Note: Since, electric fi eld at the centre of the ring is zero, therefore, there will be no 
force on the charge kept at the centre of ring.
If r >> a, then

 2 2 3/2 3

Q QE
( )

k r k r
a r r

= =
+

or 2

QE k
r

=

For large distance ring behaves like a point charge.
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Electrostatics  1.17

Example
A	negative	charge	–	q0	is	kept	at	very	small	distance	from	the	centre	of	the	ring.	
If radius of ring is a	and	total	charge	on	the	ring	is	Q,	prove	that	motion	of	the	
charge	will	be	simple	harmonic.	Mass	=	m

Solution )  Force on negative charge  
  F = q0 E

    0
2 2 3/2( )
q kQr

a r
=

+

Acceleration 0
2 2 3/2

Q
( )

kq r
m a r

= −
+

If  r << a, then

Acceleration 0
3

Qk q r
ma

 = − 
 

Acceleration,  a = α α r
Hence, motion is simple harmonic.

Electric	intensity	at	perpendicular	bisector	of	uniformally	charged	rod	of	fi	nite	
length
Let, λ = charge per unit length on the rod 
Then, charge on element = λ dx

Net intensity Ecosd= θ∫
              2 2 cos

( )
k dx

r x
λ

= θ
+∫

From fi gure,   tan x
r

θ =

or        x = r tan θ
Differentiating,        dx = r sec2 θ d θ
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1.18  Electrostatics

∴ N et intensity 2
2 2 sec cos
sec
k r d

r
λ

= × θ θ× θ
θ∫

     1

2

cosk d
r

θ

−θ

λ
= θ θ∫

                     E = [ ]−
k
r
λ θ

θ

θsin
2

1

or                     E k
r
λ

=

Finite rod. If both the ends tend to infi nite,

then  1 2 2
π

θ = θ =  and 2E k
r
λ

=

Example
Find	electric	intensity	at	the	centre	of	a	charged	circular	sector	(portion)	mak-
ing	an	angle	θ	at	centre	of	the	ring.

Solution  ) λ = charge per unit length.
Charge on element ds,
 λds = λRd α

Electric intensity, 2 Esin
R R

k d k ddE dλ α λ α = α =  
 

Net intensity at the centre

 E cosy dE= α∫
    

/2

cos
R
k d

θ

λ
= α α∫

    cos
R

k dλ α
= α∫

    
/2

/2
/2

/2

cos [sin ]
R R
k kd

θ
θ
−θ

−θ

λ λ
= α α = α∫
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Electrostatics  1.19

  sin sin
R 2 2
dλ  θ −θ  = −     

  2sin
R 2
kλ θ =   

   y
2E sin
R 2
kλ θ =   

*In case of semi-ring 
    θ = π

 y
2E
R
kλ

=

*In case of ring in the form of a quadrant.

    2E sin
R 2
kλ θ

=

   2 sin 45
R
kλ

= °

    2E
R
kλ

=

Example
A	charge	q	is	distributed	uniformally	on	a	circular	ring	of	radius	R.	A	rod	hav-
ing	charge	per	unit	length	λ	is	kept	along	the	axis	of	ring	with	its	one	end	at	the	
centre	of	ring.	Find	interaction	force	between	rod	and	the	ring.

 Solution )  Charge on element = λdx
force on element = (λdx) dE

                        2 2 3/2( R )
dxkqx

x
λ

=
+

Net force on rod 2 2 3/2( R )
xdxkq

x
= λ

+∫
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1.20  Electrostatics

 2 2 3/2
0

F
( R )

xdxkq
x

∞

= λ
+∫

     2 2 3/2

0

2 ( R )
2

kq x x dx
∞

−λ
= +∫

 
2 2 1/2

0

( R )F
2 ( 1/2)

kq x
∞− λ +

=  − 

     
2 2

0

2
2 R

kq
x

∞
 λ −

=  
+ 

∴ 2F
2 R

kqλ
= ×

or F
R

kqλ
=

Example
Find	 electric	 intensity	 at	 the	 centre	 of	 a	 heavy	 sphere	 having	 charge	 per	 unit	
area, σ.

 

Solution )  Charge on ring 
 = σ × 2πr × Rdθ
 = 2πRσ × R sinθ dθ
 = 2πR2 σ sinθ dθ
Electric intensity due to ring

 
2

2 2 2 2 3/2

2 R sin R cosE
(R sin R cos )

k d× π σ θ θ× θ
=

θ + θ

     
2 2

3

R sin R cos
R

k dπ σ θ θ× θ
=

      = πk σ sin2 θ d θ

Net intensity 
/2

0

sin 2k d
π

= πσ θ θ∫

  
/2

0

cos2
2

k
π− θ = πσ   
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Electrostatics  1.21

  cos cosk π = πσ − + θ  2
  = k π σ

 
0

1
4

= × πσ
πε

∴ Net intensity 
04

σ
=

∈

Electric Field Intensity on the axis of Disc

Charge per unit area = σ
Radius of disc = R
Charge on ring = (2π xdx) σ

Electric intensity due to ring

 
2 2 3/2

(2 )
( )

k p x dx r
x r

σ
=

+

Electric intensity due to disc 

 2 2 3/22 ( )k r x x r dx−= π σ +∫

 
R

2 2
0

2k r
x r

 −
= π σ  

+ 

 
2 2

2 2
R

k r
rr

 −
= π σ + 

+ 

 
2 2

2 1
R

rk
r

 
= π σ − 

+ 

∴ 
2 2

0

E 1
2

r
R r

 σ
= − ε + 

If R tends to infi nity then disc will become a sheet intensity due to infi nite sheet

     
02

σ
=

ε

 
0

E
2
σ

=
ε

Field set up by infi nite sheet is uniform.

Torque	due	to	Electric	Diploe
    τ = p E sin θ
and I α = pE sin θ

∴ Esin
I

p θ
α =
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1.22  Electrostatics

Since, θ is very small, therefore

 E
I

p
α = θ

Also, α is opposite to θ.

∴ E
I
p−

α = θ

 α ∝ – θ
Hence, motion is angular simple harmonic

 2 E
I

p
ω =

 2 IT 2
Ep

π
= = π

ω

θ	=	180°	position	of	dipole	is	the	case	of	unstable	rotational	equilibrium.

Example

C
O

N
C

E
PT
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Electrostatics  1.23

Prove that  Ex at point P E 5/2x
pxy

x y
=

+( )
3

4 0
2 2πε

Where, p = dipole moment

Solution )

      
r 3 3

2 cos sinE ; and Ekp kp
r rθ

θ θ
= =

∴ Ex = Eq cos q + Er sin q

           3 3

sin 2 cos .sincosqkp kp
r r

θ θ θ
= +

           3

2kp x y y x
r r r r r

 = × + ×  

           = =
+( )

3 3
5 2 2

kpxy
r

k kpy

x y
5/2

Potential Energy of dipole in uniform the electric fi eld
Case (i) When θ = 0º is taken as reference level.

Let at any instant, dipole is at an angle α.
Torque on dipole due to external agent

τExt = pE sin α (anti-clockwise)

Work done by external agent during small rotation dα,

    Wd d= τ ⋅ θ




  = τ d θ
  = p E sin α d α

∴ Total
0

W E sinp d
θ

= α α∫
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1.24  Electrostatics

    0P.E. (U) E[ cos ]p θ= − α

                = p E [– cos θ + cos 0]
          U = p E [1 – cos θ]

U is maximum at unstable (θ = 180º) rotational equilibrium and is minimum for 
stable equilibrium (θ = 0).

Example

The	charges	q1	and	q2	are	spread	on	the	fi	rst	half	and	the	second	half	of	a	non-
conducting	ring.	Find	components	of	electric	intensity	at	point	p	along	x-axis,	
y-axis	and	z-axis	respectively.

 
ˆˆ ˆAP ( 0) (0 cos ) (0 sin )x i a j a k

→

= − + − θ + − θ

     ˆˆ ˆcos sinxi a j a k− θ − θ

∴  
^

2 2

ˆˆ ˆAP cos sinAP
| AP |

xi a j a k
x a

→

− θ − θ
= =

+

∴   Charge on element 1
1

qds ds
a

= λ =
π

Electric intensity due to charge element

 1
2 2E

( )
kq dsd

a x a
=

π +
 

^
E ( E) APd d

→

=

   1
2 2 2 2

ˆˆ ˆ( cos sin )
( )
kq ds xi a j a k

a x a x a
− θ − θ

=
π + +

     1
2 2 3/2E

( )x
kq dsxd

a x a
=

π +
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Electrostatics  1.25

∴      12 2 3/2E
( )x

kx q ds
a x a

=
π + ∫

          1 22 2 3/2( )
kx q ds q ds

a x a
 = + π + ∫ ∫

     

1 2 2 2 3/2

1 2
2 2 3/2

( )
( )

( )
( )

kxq q a
a x a

kx q q
x a

= + π ×
π +

+
=

+

      1
y 2 2 3/2

cosE
( )

kq ds ad
a x a

− θ
=

π +

Since,   ds = adθ, there fore

       
2

1
y 2 2 3/2

cosE
( )

kq a dd
a x a

− θ θ
=

π +

∴        
2

12 2 3/2E cos
( )y

ka q d
a x a

= θ θ
π + ∫

        
2

1 22 2 3/2
0

cos cos
( )

ka q d q d
x a

π π

π

 
= θ θ + θ θ π +  

∫ ∫

∴       Ey = 0

Again,       1
2 2 3/2

sinE
( )z

kq ds ad
a x a

θ
=

π +

Since,            ds = adθ, therefore

∴                 
2

1
2 2 3/2

sinE
( )z

kq a dd
a x a

θ θ
=

π +

Integrating,

 

2

12 2 3/2E sin
( )z

ka q d
a x a

= θ θ
π + ∫

   

2

1 22 2 3/2
0

sin sin
( )

ka q d q d
x a

π π

π

 
= θ θ + θ θ π +  

∫ ∫

   
=

+
−[ ] + −[ ]





ka
a x a

q q
π

θ θπ

π

π

( )
cos cos/2 2 3 2 1 0 2

2

   

2

1 22 2 3/2 [ (1 1) ( 1 1)]
( )

ka q q
a x a

= + + − + −
π +  

2

1 22 2 3/2

2 ( )
( )

ka q q
a x a

= −
π +
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1.26  Electrostatics

Line of Force of Geometrical Interaction
A line of force of E



 in a electric fi eld is an imaginary curve, the tangent to which at 
end point on each represent the direction of E



 at that point.

Important properties of lines of forces of  E
→

    (i) Lines of force E


 are always in the state of tence

   (ii) Lines of force are always originate from a positive charge and terminate of 
charge.

  (iii) Lines of force need not be continuous.

  (iv) Lines of E


 is drawn such that the density, that is the number of lines per unit 
area normal to the lines is proportional to the magnitude of E



NF
cosds

=
θ

→

   (ii) Lines of force are always originate from a positive charge and terminate of 

 is drawn such that the density, that is the number of lines per unit 
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Electrostatics  1.27

    (v) Lines of force never intersect each other.
   (vi) Any confi guration at line of E



 at a static fi eld should obey the property of 
rational fi eld i.e.,

   E. 0dr =


E. dr 0=∫
 (vii) Along a line of force, the magnitude E



 decreases (except the case of uniform 
electric fi eld).

 (viii) If there is no negative charge, then line of force goes up to infi nity.
   (ix) Number of lines of force imenates or terminates is directly proportional to the 

magnitude of charge.
    Consider a point charge Q from each. Let N lines of force are originating 

and these lines of force passes through a hollow sphere of radius r.

   Number of lines per unit area 2

N
4 r

=
π

   Number of lines of force through area ∆ s

      2

NN S
4 r

∆ = ∆
π

  But N ∝ Q

     N = C Q

              2

CQN S
4 r

∆ = ∆
π

                2

N CQ
S 4 r

∆
=

∆ π
 ...(i)

  But          2

QE k
r

=  ...(ii)

  Dividing equation (i) by equation (ii), we

    (v) Lines of force never intersect each other.
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1.28  Electrostatics

      

2

2

N
CQ CQS

E 4 Q
r

r k r

∆
∆ = × =

π π

  ∴  N (constant)E
S

∆
=

∆

  No density, N E
S

∆
∝

∆

  If ∆S = constant, then ∆N ∝ E
 (x) It means electric intensity is large where electric lines of force are crowded 

together.

Example
Where	electric	density	is	large?

      EC > EA > EB EA > EB > EC

 (xi) Electric lines of force are never closed looped because if it will be a closed 
loop, then work done on a charge during round trip will be zero by the fi eld. 
Therefore, fi eld will not remain conservative, but it is conservative in not ture.

 (xii) It is general misconception that electric lines of force are the path of charged 
particle followed in electric fi eld.

    If electric lines of force is a curve then a charged particle cannot follow 
this path because there will be no centripetal force. The only force will be in 
tangential direction.

      E  > E  > E  E  > E  > E

 (xii) It is general misconception that electric lines of force are the path of charged 
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Electrostatics  1.29

Example
If	a	(positive)	charge	is	released	at	point	A	whether	it	will	reach	at	point	B?
Ans:	No.

 (xiii) When a conductor is kept in external fi eld, then due to redistribution of charge 
electric intensity inside the conductor becomes zero.

     As there is no fl ow of current in electrostatic condition. Hence, electric 
lines of force never enter inside the metallic conductor.

 (xiv) Electric lines of force always Emenate or terminates on a surface of conductor 
normally.

    Suppose a line of force emenates from surface of a positively charged 
conductor at an angle θ as shown, then due to the component E cos θ, charge 
will fl ow along the surface of conductor and hence current will fl ow but elec-
trostatic condition current does not fl ow.

 (xiii) When a conductor is kept in external fi eld, then due to redistribution of charge 

    Suppose a line of force emenates from surface of a positively charged 
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1.30  Electrostatics

C
O

N
C

E
PT

  Hence E cos θ must vary
  E cos θ = 0
       cos θ = 0

           2
π

θ =

 (xv) Electric Lines of force cannot be a continuous curve.

1.4 ELECTrIC FLux

Flux: The general meaning of fl ux is fl ow.
Velocity	fl	ux: The amount of liquid fl own through a given area in 1 second is known 
as velocity fl ux.
Let a liquid is fl owing with velocity v is through on area ∆s.
In 1 sec, liquid up to length v will cross the given area Amount of liquid fl own = v∆S

      

      Velocity fl ux = (v∆S)

Here, B = angel between ÄS and v
→



area = vS cos θ
Amount of liquid fl own = v ∆S cos θ
Velocity fl ux = v∆S cos θ

.ÄSv
→

=


Area vector is that vector whose magnitude is equal to area of the body and its 
direction is perpendicular to the surface.
  In case of closed body, area vector is always taken perpendicular to the surface 
and always in outward direction.
  The dot product of any vector with area vector is known as fl ux of that vector.
Therefore,

EElectric Flux ( ) E . S E Scos
→ →

φ = ∆ = ∆ θ

Flux is always defi ned for a vector quantity.

      

      Velocity fl ux = (v∆S)

Here, B = angel between ÄS and 
→


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Electrostatics  1.31

  The physical meaning of electric fl ux is the number of lines of force passing 
through a given area.

Example
A ring of radius R	is	kept	at	the	perpendicular	bisector	of	a	dipole	as	shown	in	
the	fi	gure.	Find	electric	fl	ux	due	to	the	dipole	through	the	ring.
Consider a ring of radius x and width dx. 
Electric fl ux through the ring.

  d φ = 2 E cos θ × 2 π x dx

  
2 2 2 2

2 2kq l x dx
l x l x

= × × × π
+ +

  

=
+( )

4
2 2

3
2

kq l xdx

l x
π

∴     φ
ε

π=
+( )

∫
ql dx

l x

R

2
2

0 2 2
3
20

  = +( ) ×
−

∫
ql l x x x

2
2

0

2 2 3 2

0ε
/

R

d

  = − +( )





−ql l x
2

2
0

2 2 1 2

0ε
/ R

     
2 2

0

2 2
2
ql

ll x

 
φ = − + ε + 

     
2 2

0

1
R

q l
l

 
φ = − ε + 

Example
A	semi	infi	nite	rod	lies	along	the	axis	of	a	ring	with	its	one	end	coincinding	
with	the	centre	of	the	ring.	Find	electric	fl	ux	through	the	ring	if	charge	per	
unit length on the rod is λ.
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1.32  Electrostatics

Here, E Ex y
k
x
λ

= =

Flux due to the rod through the ring

    E. Sd d
→ →

φ =

  = Ex × 2π x dx cos 0°

   2k x dx
x
λ

= × π

   
0

1 2
4

dx= × λ × π
πε

 
02

dxλ
=

ε

∴ Total fl ux,  
R

0 02
dxλ

φ =
ε ∫  R

0
0 0

[ ] [R 0]
2 2

xλ λ
= = −

ε ε

              
0

R
2
λ

φ =
ε

Example
A	point	charge	+q0	is	kept	at	the	centre	of	a	spherical	shell	of	radius	R.	Find	
the	electric	fl	ux	due	to	point	charge	through	the	hollow	sphere.

 Solution )  Electric fl ux through the small area Sd
→

 Electric fl ux, E . Sd d
→ →

φ =

           = E dS

           0
2 S

R
kq d=

   Total fl ux,         0 0
2 2S S

R R
kq kqd dφ = =∫ ∫

                              20
02

0

14 R 4
R 4

= × π = × × π
πε

kq q

             0

0

q
φ =

ε
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Electrostatics  1.33

Example
A	tube	of	side	2	m	is	kept	as	shown	in	the	fi	gure.	If	the	intensity	Ex	depends	on	co-
ordinate X as Ex	=	2	x

2,	fi	nd	electric	fl	ux	through	the	cube	shown	in	the	fi	gure.

 Solution )  Since, Electric intensity on the surface ABCD is constant

∴ ABCD E.A E A cos 
→ →

φ = = θ

       = 2a2 × a2 cos π = – 2 a4

      = – 2 × 16 = – 32 Nm2/C

       EFGH E.A E Acos
→ →

φ = = θ

      = 2 (2a2) a2 cos θ

      = 8a4 = 128 Nm2/C
∴ Total fl ux = 128 – 32
	 	 											=	96	Nm2/C
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1.34  Electrostatics

Gauss’s Law
According to this theorem, the total electric fl ux through a closed body enclosing a 
charge q is equal to ;o

o

q
ε

 where, q is equal to net charge enclosed by the body.

  If there are so many charges inside a closed body, for example q1, – q2 and q3, then the 
electric fl ux through the closed body due to these charges will be

 0

netq
φ =

ε

 

1 2 3

0

q q q− +
φ =

∈

 (i) If a body does not enclose any charge, then the electric fl ux through the body 
will be zero.

 (ii) Electric fl ux is independent from the position of charge inside the closed 
body.

 (iii) The total electric fl ux through a closed body is independent from the shape of 
body.

Example
A	heavy	spherical	ball	of	radius	R	is	kept	as	shown	in	the	fi	gure	in	uniform	elec-
tric	fi	eld	E.	Find	electric	fl	ux	through	the	curve	surface.
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Electrostatics  1.35

C
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As there is no charge inside the bowl, hence from Gauss’s Law,

  0

0q
φ = =

ε
 φF + φC = 0

         φC = – φF

         = – E A cos θ

          = – E π R2 cos 180º

or         φC = E × π R2

Plane	Angle

          
l
r

θ =

 If       r = 1, θ = l

Plane angle is nothing but the length of the circle of unit radius intercepted between 
the two lines.

 (i) Plane angle around a point at an interval point of a close curve is always equal 
to 2π.

  
1 2

i
2........ 2nll l r

r r r r
π

θ = Σθ = + + + = = π
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1.36  Electrostatics

 (ii) If plane angle at an external point due to closed curve is equal to zero.

   

Solid Angle

   

 
2

S
r
∆

∆Ω =

 If r = 1, then ∆Ω = ∆ S
Solid angle is nothing but the area of sphere of unit radius intercepted by the 
cone.

 2

Scos
r

∆ α
∆Ω =

Note:

 Ω = Σ Δ Ωi

     
1 2

2 2 2

SS S ..... n

r r r
∆∆ ∆

= + + +

      
2

2 2

S 4 4i r
r r

Σ∆ π
= = = π  

 Ω = 4π
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Electrostatics  1.37

Note:

 (i) The total solid angle formed by a closed body as an internal point is equal to 4π.
 (ii) Solid angle at external point due to a closed body is equal to zero.

The Most General proof of Gauss’s Law
Let us consider a charge q0 inside a closed body of an arbitrary shape.
Electric fl ux due to point charge q0 through the small area Sd

→

     . Sd E d
→ →

φ =
    = E dS cos α

      0
2 Scoskq d

r
= α

   0
2 ( Scos )kq d

r
= ∝

    0 2

Scosdkq
r

α =  
 

     d φ = kq0 dΩ

   total 0kq dφ = Ω∫
    = kq0 × 4π

     0
0

1 4
4

q= × × π
π∈

Hence 0
total

0

q
φ =

ε
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1.38  Electrostatics

C
O

N
C

E
PT Electric fl ux due to a charge lies outside the closed body is equal to zero.

Electric fl ux through small area Sd
→

    E. Sd
→ →

∆φ =

  = E ΔS cos (180° – α)

  = – E ΔS cos α

  0
2 Scoskq

r
−

= ∆ α

  
0 2

Scoskq
r

∆ α = −  
 

     ∆φ = – kq0 ∆Ω
∴      φtotal = Σ ∆φ

  = Σ (– kq0 ∆Ω)
  = – kq0 Σ ∆Ω = 0

applications Based on Gauss’s Law
Let, λ = charge per unit length on rod.

Electric fl ux through small area Sd
→

 on the Gaussian surface.

 E. S E Sd d d
→ →

φ = =  
  curved portion E Sdφ = ∫
                E Sd= ∫
              = E × 2π rl
 φtotal through closed surface.

 φ = E × 2π rl + 0 + 0 = E × 2π rl

Also,  
0 0

q lλ
φ = =

ε ε

     
0

E 2 lrl λ
× π =

ε

or                
0

E
2 r

λ
=

π∈

Example
Using	Gauss	law,	fi	nd	electric	intensity	due	to	a	point	charge	at	distance	r	from	it.

 Solution  ) Let us draw a Gaussain surface of radius r.

∴ 
0

E. S qd
→ →

=
ε∫
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Electrostatics  1.39

                total E. S E Sd d
→ →

φ = =∫ ∫   

             E Sd= ∫
            = (E × 4π r2)

∴ 2

0

E 4 qr× π =
ε

or             2
0

E
4

q
r

=
πε

Electric	intensity	due	to	hollow	sphere	at	external	point.
Case A: Draw a Gaussian sphere of radius r.

 total E. Sd
→ →

φ = ∫
                E Sd= ∫
                 = E ×  4π r2

According to Gaussian Law,

 Total
0

q
φ =

ε

or 2

0

E 4 qr× π =
ε

or 
2

0

E
4

q
r

=
π∈

or 2E kq
r

=

Electric	intensity	due	to	hollow	sphere	at	external	point.

According to Gaussian Law,
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1.40  Electrostatics

C
O

N
C
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PT

For external point, hollow sphere behaves like a point charge where total charge 
may be supposed to be concentrated at the centre.
Case	B: Electric intensity at an internal point.
As there is no charge inside the Gaussian surface, therefore, total electric fl ux through 
the Gaussian surface is zero, which is only possible when electric intensity is zero, 
inside the sphere.

If a conductor is given charge, then the total charge appears on the outer surface 
of the conductor.

  As there is no electric intensity inside the metal is zero, therefore, total fl ux 
through the Gaussain surface is zero.
But According to Gauss’s Law,

 0

q′
φ =

ε
    or 

0

0 q′
=

ε
   or q′ = 0
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Electrostatics  1.41

C
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Example
In	the	fi	gure	shown,	if	the	outer	sphere	is	given	charge	2Q,	then	what	will	be	
the	charge	on	inner	and	outer	surface?
Ans.	– q and (Q + q)

  (i) If a conducting plate is given a charge Q, then the charge is equally distributed 
in the two parts, so that electric intensity inside the metal becomes zero.

 (ii) If a conducting solid sphere is given charge, then there will be no charge 
inside the sphere. Therefore, the electric fl ux through the Gaussain surface 
inside the sphere will be zero. Therefore, electric intensity inside metallic 
solid sphere is zero, while for outside point same as hollow sphere.

Electric	intensity	due	to	non-conducting	solid	sphere
Draw a Gaussian surface of radius r. Electric fl ux through small area Sd

→

 on 
Gaussian surface

 E. S E Sd d d
→ →

φ = =

    E S E Sd dφ = =∫ ∫ 

     φ = E × 4π r2
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1.42  Electrostatics

But, according to Gauss’s Law, 

        total
0

Q
φ =

ε

or 2

0

QE 4 r× π =
ε

or            2
0

QE
4 r

=
πε

∴            2

QE k
r

=

For outside point, solid sphere behaves like a point charge.

Electric Intensity Inside the Solid Sphere
Draw a gaussian sphere of radius r. 
Flux through the gaussian sphere,

E. Sd
→ →

= ∫
E Sd= ∫

= E × 4π r2

Charge inside the gaussian sphere

     3
inclosed

3

Q 4q 4 3R
3

r= × π
π ε

3

3

Q
R

r
=    ∴ φ = qinclosed/εo

But, 
3

2
3

0

QE 4
R

rr× π =
ε

∴             3
30 0 0

Q QE 44 R 3 3R
3

rr r r ρ
= = × =

πε ε επ

or             3

QE
R
k r

=
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Electrostatics  1.43

alternative Methods
Charge on spherical shell volume

    = ρ × (4 π x2 dx)

Electric intensity at point ρ due to spherical shell 

    
2

2

4E k x dx
r

ρ× π
=

 2
net 2

0

4E
rk x dx

r
ρ× π

= ∫

         
3

2
0

4
3 3

k r r
r

ρ× π ρ
= × =

ε

Electric Intensity due to Infi nite Sheet

σ = Charge per unit area
Electric fl ux through the gaussain surface.
φ = E A + E A + 0 = 2 E A
qenclosed = σ A

According to Gauss’s Law, 

  enclosed
Total

0

q
φ =

ε

or 
0

A2E A = σ
ε

or       
0

E
2
σ

=
ε

In case of conducting sheet,
 qenclosed = 2 σ A

∴         
0

σ
ε =

ε
– (ve) Towards the plates.
+ (ve) Away from the plates.

Electric	intensity	near	the	surface	of	charge	conductor	is	always	equal	to	
0

.σ
ε

Total fl ux through the gaussian surface,
      φ = E A + 0 + 0

     enclosed

0 0

Aq σ
φ = =

ε ε

 
0

AE A σ
=

ε 0

E σ
=

ε
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1.44  Electrostatics

C
O

N
C

E
PT Identical Plates:

As φ through the Gaussian surface = 0, therefore
 qenclosed = 0

⇒ 
0

0σ
=

ε

∴ σ1 A + σ2 A = 0

or σ1 A = – σ2 A

or σ1 = – σ2

or 1 2

A A
q q−

=

or q1 = –q2

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Electrostatics  1.45

Example

Two	identical	metallic	plates	are	given	charges	Q	and	2Q	as	shown	in	the	fi	gure.	
Find	the	charge	that	will	appear	on	the	inner	and	outer	surface	of	two	plates.

Solution )

 
P

0 0 0 0

Q 2QE ( ) ( )
2A 2A 2A 2A

q q q qi i i i
→ − +

= + + − + −
ε ε ε ε

      
0

(Q 2Q )
2A

i q q q q= − + − − −
ε

 P

0

E ( Q 2 ) 0
2A

i q
→

= − − =
∈

⇒ Q + 2q = 0

⇒          Q
2

q −
=

Final distribution of charge on two plates.
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1.46  Electrostatics

Example

There	is	a	solid	sphere	of	radius	R	having	volume	charge	density	 0 (1 ),ρ = ρ −
r
R

 

where	 ρ0	 is	 any	 constant	 and	 r	 is	 the	 distance	 from	 the	 centre	 of	 sphere.	
Assuming	permittivity	of	medium	to	equal	to	1,	fi	nd

 (i)	 Electric	intensity	E	inside	the	sphere	and	outside	the	sphere	at	distance	r.
 (ii) Also	fi	nd	where	will	this	intensity	be	maximum.

 Solution  ) Consider a Gaussian surface of radius r.

 (i) (a) When rº R Electric fl ux through small area,

    E. S E dSd d
→ →

φ = =

   ∴   E Sdφ = ∫  E Sd= ∫ = E × 4 π r2

   But according to Gauss’s Law,

    
0

enclosedq
φ =

ε
    Charge q contained between radius x to x + dx.

    2
04 (1 )

R
xdq x= π ρ −

   ∴ 
3

2
04

R
xq x dx

 
φ = πρ − 

 

   Charge enclosed inside the Gaussian surface,

   
3

2
0

0

4
R

r

enclosed
xq x dx

 
= πρ − 

 
∫

   
3 4

0
0

4
3 R

r
x x 

= πρ − 
 

   
3 4

04
3 4R
r r 

= πρ − 
 

  But 
3 4

2 0

0

4E 4
3 4R
r rr

 πρ
× π = − ε  

  ∴           0

0

1E
3 4R

r rρ  = − ε  

  ∴             0

0

3E 1 , when R.
3 4R

r r rρ  = − ≤ ∈  

   Charge enclosed inside the Gaussian surface,

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Electrostatics  1.47

  (b) When r ≥ R, then 

         
R3 4

0
0

q 4
3 4Renclosed
x x 

= πρ − 
 

      
R3 4

0
0

4
3 4R
r r 

= πρ − 
 

  ∴ 
3

0
2

0

RE
12 r
ρ

=
ε

 (ii) For E to be maximum, E 0d
dr

=

  ∴      0

0

E 31 2 0
3 4

d R r
dr

ρ  = − × = ∈  

  or   
31 0
2R

r
− =

  or            31
2R

r
=

  ∴        v 2R
3

r =

Electric	Flux	through	the	ring	of	radius	r.	

Here, E. Sd d
→

φ =


             = E dS cos θ

             2 2

2 2
0

2
3

hh x xdx
h x

ρ
= + × π ×

ε +

Integrating 
2 2

0

2
3 R

h x dxd
h

πρ
φ =

ε −
∫ ∫

∴                 
2 2R

0 0

2
3

hh x dx
−πρ

φ =
ε ∫

                    
2 2R2

00

2
3 2

hh x
−πρ  =  ε  

                  [ ]2 2

0
R3

h
h

πρ
φ = −ε
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1.48  Electrostatics

Electric	intensity	inside	an	infi	nite	solid	cylinder

ρ = volume change density

Case	A.	When	r	<	R
From symmetry, electric intensity on the Gaussian surface will be perpendicular to 
the Gaussian surface.
Electric fl ux through Gaussian surface

 E. S E. S E S E 2d d d rl
→

φ = = = = × π∫ ∫ ∫


    
From Gauss’s law,

        φ total = q enclosed

or 
2

0

E 2 r lrl π
× π = ρ×

ε

or            
0

E
2

rρ
=

ε

Case	B.	When	point	lies	outside	the	cylinder

 
2

0

RE 2 lrl π
× π = ρ×

ε
; 

2

0

RE
2
ρ

=
ε

Electric	potential	difference	and	Electric	potential

ρ = volume change density
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Electrostatics  1.49

C
O

N
C

E
PT

  Electric potential difference in a electric fi eld between two points is defi ned as 
work done by external agent is moving unit positive charge from one point to another 
point keeping it to be in dynamic equilibrium.

If W be the amount of work done in moving a test charge q0 from point A to B, 
then electric potential difference (PD)

B A
0

WV V
q

− =

Equi potential vector quantity

  Since, electric potential difference depends on workdone, therefore, electric po-
tential difference between two points may be +ve, –ve or zero.

 (i) If points A and B lie in the fi eld of positive point charge, then in this case, 
work (W) will be (+ve) positive.

  i.e., VB – VA > 0
  VB > VA (Higher potential)

    On the other hand, if the two points lie in the fi eld of (–ve) points charge, 
then work (W) will be (–ve) negative,

  i.e., VB – VA < 0
  or VB < VA

    *S.I. unit of electric potential difference is “Joulel per Coulomb”, also 
known as “volt”

 (ii) To fi nd electric potential at a particular point, we choose a reference level where, 
electric potential is arbitrarily taken zero and in general reference level is taken as 
∞ (infi nity). You may assume electric potential at reference level to be 100 V or 
200 V etc.

    If V = electric potential of fi nal point and reference level is taken at A, 
then

    VA = 0

    
0

V W
q

=
x

Equi potential vector quantity
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1.50  Electrostatics

  Therefore, electric potential at a point due to a charge is defi ned as workdone 
by external agent in bringing unit (+ve) charge slowly from reference level to 
that point.

Relation	between	electric	intensity	and	potential	difference.

Consider two points A and B in non-uniform electric fi eld. A test charge q0 
moves from point A to B.

Since, here fi eld E is variable, therefore, force due to external agent will be also 
variable.
Here, Force due to external agent

     0F Eext q
→ →

= −

Work done by external agent during small displacement d l
→

     W F .extd d l
→ →

=

      0 E .q d l
→ →

= −

    0W E .ext q d l
→ →

= −∫
     0W E.ext q d l

→ →

= − ∫
Now, electric potential difference,

       B A
0

WV V ext

q
− =

 B AV V E. d l
→ →

− = −∫
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Electrostatics  1.51

C
O

N
C

E
PT

If point A is taken as reference level, then

 VA = 0

 
V E. d l

→ →

∞

= −∫
*Electric potential near a point charge at distance r from it.

Electric potential difference,

 V V E.p d l
→ →

∞− = −∫
or          V E cos 180p dl= − °∫

               2 2E d dkq kqdl l x
x x

= = = −∫ ∫ ∫

               2
1 rr dxkq kq

x x ∝∝

− = − = −   ∫
1 1kq
r

 = − − +  ∞ 

∴         Vp
kq
r

=

Note: If point charge q will be (–ve) then Vp
kq
r

= − . Therefore, we write the equa-

tion only as V kq
r

=  and here, we remember that sign of charge q should be taken.

The same formula is applicable for the outside point due to spherical shell or solid 
sphere. Electric potential at the surface of spherical shell

               S
QV
R
k

=

Now, SV V E.p dl
→ →

− = −∫
        Vp – VS = 0;  Vp = VS; 

QV
Rp
k

=
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1.52  Electrostatics

All points inside spherical shell are equipotential.

Electric	potential	due	to	solid	sphere

  If ρ is volume charge density inside the solid sphere, then electric intensity 
inside the solid sphere is given by

          
0

E
3

rρ
=

ε

 V V E .p s dl
→ →

− = −∫
            E cos180 Edl dl= ° =∫ ∫
            

0

( ) ( )
3

x dxρ
= − −

ε∫
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Electrostatics  1.53

            
0 R3

rr xdxρ
= −

ε ∫

            
2

R03 2

r
x−ρ  =  ε  

                 

2 2

0

R
3 2 2

r−ρ  = − ∈  

∴    [ ]2 2

0

V V R6p s r
−ρ

− = −ε

Again      2 2

3
0

Q QV ( R )4R R 6
3

p
k r= − −

π × ε

                  
2 2

2

Q ( R )1R 2R
k r −= −  

                  
2 2 2

2

Q 2R R
R 2R
k r − +=   

                 
2 2

2

Q 3R
R 2R
k r −=   

                  [ ]2 2
3

Q
3R2R

k
r= −

At the centre, r = 0 therefore, electric intensity at the centre of sphere will be zero, 
while electric potential at centre of sphere will not be zero.

Inside the solid sphere, electric potential V varies parabolically with distance.

alternative Methods

A solid sphere may be thought or taken as combination of small solids sphere of 
radius r and a thick hollow sphere.
A solid sphere may be thought or taken as combination of small solids sphere of 
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1.54    Electrostatics

Charge on small solid sphere 34
3

r= ρ× π

	

3
3

33

Q 4 Q
4 3 R
3

rr
R

 = × π =  
 π

Electric potential at point. P due to small solid sphere,

	
3

2
1 3 3

Q QV
R R

kq k r k r
r r

= = =

Charge on spherical shell,
	 q′ = ρ × 4 π x2 dx

	    2

3

Q 44 R
3

x dx= × π
π

2

3

3Q
R
x dx =  

 

Electric potential at P due to spherical shell

	    2
3

3Q
R

kq k x dx
x x

′
= = ×

	    3

3 Q
R
k xdx=

Due to thick hollow sphere 

       3

3 QV
R

R

r

k xdx′ = ∫

	    
R2

3

3 Q
R 2 r

k x =   

	    
2 2

3

3 Q R
R 2 2
k r = −  

	    [ ]2 2
3

3 Q
R2R

k
r= −

      Vnet = V1 + v′

	     [ ]
2

2 2
3 3

Q 3 Q
RR 2R

k r k
r= + −

	      [ ]2 2 2
3

Q 3
RR 2

k
r r

 = + − 

	     
2 2 2

3

Q 3R 3
R 2
k r r + −=  

 

	       2 2
3

Q (3R 2 )
2R
k r= −
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Electrostatics  1.55

Electric	potential	due	to	a	ring	in	X-axis

If λ = charge per unit length on ring, then charge on element = λ dl
Electric potential due to charged element

      
2 2

k dl
a r

λ
=

+
Net electric potential, 

2 2
V k dl

a r
λ

=
+

∫

     
2 2

2
2

k q a
aa r

= × × π
π+

∴ 
2 2

V kq
a r

=
+

Electric potential Energy
Electric potential energy of a system is defi ned as work done by external agent to 
assemble the system.

1 2V kq q
r

=
kq q
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1.56  Electrostatics

C
O

N
C

E
PT Initially, it is assumed that the charges of the system considered is separated by (∞) 

infi nite distance.
If q1 and q2 are the two point charges separated by a distance r, then we have to 

fi nd electric potential energy of this system.

 Electric PE (U) = Vq2

            
1 2kq q
r

=

Example
Two	points	A	and	B	are	separated	by	a	distance	d	in	uniform	fi	eld.	Find	elec-
tric	potential	difference	between	points	A	and	B,	and	also	prove	that	potential	
difference	between	two	points	is	independent	from	the	path	follow.

       B AV V E. E cos180dl dl
→ →

− = − = − °∫ ∫
                     E Edl dl= =∫ ∫
∴       VB – VA = Ed

Now, c AV V E. dl
→ →

− = −∫
    E cos135dl= − °∫

                1E
2

dl  = −  
 ∫

               E
2

dl= ∫

                     E (AC)
2

=
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Electrostatics  1.57

               
E 2
2

d= ×  [∵ sin 45° = d/AC]

               = Ed …(i)

 B CV V E. dl
→ →

− = −∫
 VB – VC = 0

Adding equations (i) and (ii), we get

   VB – VA = Ed

Example

If	two	points	A	and	B	lie	in	electric	fi	eld	
→

E 	=	x2 i	+	y2 j,	fi	nd	electric	potential	
difference	between	B	and	A.	If	electric	potential	at	origin	is	zero,	fi	nd	electric	
potential	of	point	B.

Note: A small displacement dl
→

can be written as

 dl
→

 = dl cos θi + dl sinθ j

 dl
→

 = dxi + dyj

Solution  ) B AV V E. dl
→ →

− = −∫
                         2 2( ) ( )x i y j dxi dyj = − + + ∫

3 4
2 2

2 3

x dx y dy
 

= − + 
 
∫ ∫

or 
3 43 3

B A
2 3

V V
3 3
x y    − = − +    

    

 
3 4

2 2
B 0

0 0

V V E. dl x dx y dy
→ →

− = − = − +∫ ∫ ∫

              
3 43 3

0 03 3
x y    = − +    

    
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1.58  Electrostatics

C
O

N
C

E
PT

Solving, we get

 B A
91V V
3

− =       or B
91V
3

volts=

Equipotential	Surface
It is the locus of all the points whose potential is same or, it is that surface at which 
potential is same at each point.

    

  
.

B A
0

WV V ext

q
− =

 But           VA = VB

         WExt. = 0

 (i) Since, work done by external agent is zero, it means force due to external 
agent is perpendicular to equipotential surface. Such test charge is to move 
slowly. It means electric intensity is also perpendicular to equipotential 
surface. Therefore, Line of force also meets from the equipotential surface 
normally.

    Or, if line of force meets from a surface normally, then the surface will 
be equipotential.

 (ii) Since line of force always meets from surface of a conductor normally, there-
fore, each and every point of a conductor, is equipotential.

 (iii) Shape of equipotential surface depends on system of charge. For example, 
Shape of equipotential surface for infi nitely charge rod is cylinder. For sheet 
is sheet and for a point charge and hollow sphere shape will be sphere.
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Electrostatics  1.59

 (iv)  To fi nd shape of equipotential surface equate the given equation of potential 
with constant.

Example
If V	=	2x2	+	y2,	what	will	be	the	shape	of	equipotential	surface?

Solution  ) V = 2x2 + y2 = Constant (C)
                 2x2 + y2 = C

or 
2 22 1

C C
x y

+ =

or 
2 2

1C C
2

x y
+ =

Hence, equipotential surface is ellipse.
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1.60  Electrostatics

Relation	between	electric	intensity	and	electric	potential

  Consider a family of equipotential surfaces having potentials V1, V2, V3, .......... 
so on. A test charge q0 moves from point A to point B slowly.

Since, ext.
B A

0

WV V
q

− =

and ext.
B 2

0

WV V
q

− =

∴   Wext = q0 (V3 – V2)

or        Wext = q0 ∆V

where   ∆V = potential difference.

Also, Work (W) = F . S
→ →

      = – q0 E . l
→ →

∆

      = – q0 E ∆l cos (180 – θ)

∴           Wext. = q0 E ∆l cos θ

But,     = q0 E ∆l cos θ = q0 ∆V

 
VEcos
l

∆
θ =

∆
But, E cos θ is the component of intensity in – ∆x, therefore

 VE
l

∆
− =

∆

or VE
l

∆
= −

∆
 …(∵ E = constant)

 If = ∆l → 0, then

 VE d
dl

= −

From here, it is clear that directional derivative of electric potential gives compo-
nent of electric intensity in that direction.
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Electrostatics  1.61

C
O

N
C

E
PT

 
V V VE ,E ,Ex y zx y z

∂ ∂ ∂
= − = − = −

∂ ∂ ∂

Net   ˆE E E j Ex y zi k
→

= + +

   V V V ˆE i j k
dx dy dz

→ ∂ ∂ ∂
= − − −

      ˆ Vi j k
x y z

∂ ∂ ∂ + += − ∂ ∂ ∂ 

   E V
→ →

= −∆

Anti-gradient of potential gives electric intensity.

 (i) VE
l

→ ∆
= −

∆

  From the equation, it is clear that electric intensity is always directed from 
high potential to low potential.

  i.e., If ∆V < 0, then E. > 0 (+ve)

 (ii) If electric potential difference between two surfaces is constant.

  i.e.,    If ∆V = constant, then 1E
l

↑ ∝ ↓
∆

    It means electric intensity is large, where, equipotential surfaces are close 
together and is less where they are far apart.

  (iii) Since, tangent at a point to the line of force gives direction of electric intensity 
and electric intensity is directed from high potential to low potential, it means 
no two points on a line of force will be at same potential.
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1.62  Electrostatics

If	V	is	in	the	form	of	polar	co-ordinate.	

 VE
Vr

∂
= −

 VE
sθ

∂
= −

∂

But s r∂ = ∂ θ

 VE
rθ

∂
= −

∂θ

 1 VE
rθ

− ∂
=

∂θ

   ˆˆE E Er r
→

θ= + θ

Net Electric intensity

   2 2E E Er θ= +

Electric potential at point P due to 
an electric dipole is given by

   2

PcosV k
r

θ
=

  Er
V
r

∂
= −

∂

    
2

Pcosk
r r

∂ θ = −  ∂  

    2Pcos ( )k r
r

−∂
= − θ

∂

∴  r 3

2 PcosE k
r

θ
=

And 1 VE
rθ

∂
= −

∂θ
 2

1 Pcosk
r r

∂ θ
= −

∂θ

             3

P (cos )k
r

∂
= θ

∂θ

∴       
3

PE sink
rθ = θ
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Electrostatics  1.63

 Net Electric intensity, 2 2E E Erθ= +

        
2 2

2 2
3 3

P Psin 4cosk k
r r

   = θ + θ   
   

        2 2
3

P sin 4cosk
r

= θ + θ

∴     2
3

PE 1 3cosk
r

= + θ

Example

If	electric	potential	of	dipole	is	 2

cos ,kP
r

θ

 
	fi	nd	cartensian	equation	for	electric	

intensity	at	this	point.
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1.64  Electrostatics

Solution )  1 1 1 1

P
( )

k xV
x y x y

= ×
+ +

2 2 3/2

P
( )

k x
x y

=
+

∴     
V VE ,Ex yx y

∂ ∂
= − = −

∂ ∂

           V QEr
d k

r r r
∂

= − = −
∂ ∂

             2

QE k
r

+
=

Sharing of Charges:

Let, charge per unit area = σ1
Two conducting spheres initially having charges Q1 and Q2 are connected 

through a wire in electrostatic equilibrium (no charge fl ow) let the charges on them 
become q1 and q2.

∴ 1 2

1 2

kq kq
r r

=

or q1 r2 = q2 r1 .....(i)

Also, q1 + q2 = Q1 + Q2 …(ii)

From equations (i) and (ii),

 
q

r
r r1
1 2 1

1 2

=
+( )
+

Q Q
 and q

r
r r2

1 2 2

1 2

=
+( )
+

Q Q
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Electrostatics  1.65

If σ1 and σ2 are the surface charge density on the two spheres then from equation (i)

 σ1 × 4π r1
2 r2 = σ2 × 4π r2

2 r1

 σ1 r1 = σ2 r2

or σr = constant    ∴ 1
r

σ ∝

When a conductor is given charge, then at sharp σ becomes very large and electrons 
present in the atmosphere due to cosmic rays (sun) starts moving towards the con-
ductor and therefore, in this way, conductor loses charge and medium gains charge. 
(+ve) charge i.e., leckage of charge takes place from the conductor. This is known as 
Corona discharge.

Example
In	the	fi	gure	shown	fi	nd

 (i)	 Potentials	of	shell	A,	B	and	C,
 (ii)	 If	shell	A	and	C	are	at	same	potential	fi	nd	relation	between	A,	B	and	C.
 qA = (σ × 4π a2)
 qB = – (σ × 4π b2)
and qC = (σ × 4π c2)

Solution   ) Net potential of shell A

VA + VB + VC
CA B kqkq kq

a b c
= + +

  
2 2 24 4 4a b ck

a b c
 π σ π σ π σ

= − + 
 

= k × 4π σ (a – b + c)
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1.66  Electrostatics

 A
0

V (a c)bσ
= − +

ε

 
CA B

BV kqkq kq
b b c

= + +
2 2 24 4 4a b ck
b b c

 π × σ π × σ π σ
= − + 

 

       

2 2

4 a bk c
b

 −
= × πσ + 

 

2 2

0

a b c
b

 σ −
= + ε  

 CA B
CV kqkq kq k

c c c
= + + =

2 2 24 4 4a b c
c c c

 π σ π σ π σ
− + 

 

       

2 2 2

0

1 4 ( )
4

a b c
c
πσ

= × − +
π∈

2 2 2

0

( )a b c
c
σ

= − +
ε

Since, VA = VC

∴ 2 2 2

0 0

( ) ( )a b c a b c
c

σ σ
− + = − +

ε ε

or (a – b) c + c2 = a2 – b2 + c2

or c = a + b

Example
Two	electric	charges	q	and	–	2q	are	placed	at	a	distance	6	m	apart	on	a	hori-
zontal	plane.	Find	the	focus	of	the	point	of	this	plane	where	the	potential	has	
a	zero	value.

Solution )  Electric potential at point P

 
2 2 2 2

2 0
(6 )

kq k q
x y x y

×
− =

+ − +
  or 2 2 2 2

2
(6 )

kq kq
x y x y

=
+ − +

or 2 2 2 2(6 ) 2x y x y− + = +

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Electrostatics  1.67

WOrkED OuT ExaMpLES

(ii) When the charges are opposite

  0

1 1 1V 1 ....
4 2 4 8

q  = − + − + πε  

       0

1 1 1 1 11 .... ....
4 4 16 2 8 32

q     = + + + − + + +    πε     

   0

1 1 1 1 11 .... ....
4 4 16 2 8 32

q     = + + + − + + +    πε     

      
0 0

1
1 2

1 14 41 1
4 4

q q
   
   

= −   πε πε   − −
   

      0 02
q q

= −
πε πε 02

q
=

π ε

  
2 2 2 2

0

1 1 1 1E 1 ....
4 2 4 8 16

q  = − + − + − π ε  

       04
q

=
π ε

1 1 1 11 .... ....
16 256 4 64

    + + + − + +        

  
0

1
1 4

1 14 1 1
16 16

q
    
    

= −    
π ε     − −

     

	 1. An	infi	nite	number	of	charges	each	equal	to	
q	are	placed	along	the	x-axis	at	x	=	1,	x	=	2,	
x	=	4,	x	=	8	...	and	so	on.	Find	the	potential	
and	electric	fi	eld	at	the	point	x	=	0	due	to	
this	set	of	charges.	What	will	be	the	poten-
tial	and	electric	fi	eld	if	the	above	set	up	the	
consecutive	charges	have	opposite	sign?

Solution )
 (i) Electric Potential at x = 0

  
0

1V ....
4 1 2 4 8

q q q q = + + + + πε  

      

  0

1 11 ....
4 2 4

q  = + + + πε  

  
0 0

1
14 21
2

q q
 
 

= = πε πε −
 

  Intensity at x = 0

  
2 2 2

0

1 1 1 ....
4 1 2 4

qE  = + + + πε  

      
0 0

1
14 31
4

q q
= =

πε π ε−

or (6 – x)2 + y2 = 4 (x2 + y2)
or 36 + x2 – 12 x + y2 = 4 (x2 + 4y2)
or 3 x2 + 3y2 + 12 x – 36 = 0
or x2 + y2 + 2 g x + 2 fy + c = 0
or x2 + y2 + 4 x – 12 = 0
or 2g = 4, or g = 2
∴ 2f = 0, f = 0
 Centre = (– 2, 0)
and Radius, 2 2r g f c= + − 4 0 ( 12)= + − − = 4
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1.68    Electrostatics

		  0

16 16
4 15 4 15

q  = − π ε × 

		  0

1 116
4 15 4 15

q  = × − π ε × 

	
	 0

4 3
4 15

q q
= =

π ε × 05pε

	 2.	 Find the electric field at a point P on the 
perpendicular bisector of a uniformly 
charged rod. The length of the rod is 
L, the charge on it is Q and the dis-
tance of P from the centre of the rod  
is a.

Solution))  Charge per unit length Q
L

=

Charge of length dx Q
L

=  dx

The electric field at the point P

2 2
0

Q
1 LE

4

dx
d

a x
=

π ε +

By the symmetry of result.

0

1Ecos .
4

d θ =
πε 12 2

2 2 2

Q
L( ) ( )

dx a
a x a x

⋅
+

+

             
3

2 20 2

Q
4 ( )

a dx

a x
=

π ε
+

L
2

3
2 2L 0 2

2

QE Ecos
4 ( )

a dxd
a x−

= θ =
π ε

+
∫ ∫

Let, x = a tan θ, then  dx = a sec2 θ dθ

     
2

3 3
0

Q secE
4 sec

a a d
a

θ θ
=

πε θ∫

2

3
0

Q cos
4

a d
a

= θ θ
πε ∫

L
2

2 2 2 1/2
L0 0
2

Q Q[sin ]
4 4 ( )

x
a a a x −

 
= θ =  πε πε + 

12
2 20 2

Q 2L
4 (L 4 )

a
a a

 
 =  πε

+    

=
Q

2 L 42 2
0 a aπε +

	 3.	 Two identically charged spheres are sus-
pended by strings of equal lengths. The 
strings make an angle of 30º with each 
other. When suspended in a liquid of 
density 0.8 g cm–3, the angle remains the 
same. What is the dielectric constant of 
the liquid? The density of the material of 
the sphere is 1.6 g cm–3.

Solution))  When the spheres are in air,
For equilibrium
	 mg = T1 cos θ� ...(i)
	  F1 = T1 sin θ� ...(ii)

From the equations, (i) and (ii), we get
	            F1 = mg tan θ

	

2

2
0

1 V tan
4

q d g
r

= θ
πε

� …(iii)

where,	 V = volume of each sphere
When spheres are in liquids, an upthrust given
U = Vd1g
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Electrostatics    1.69

where, d1 = 0.8 g cm–3

∴	
2

2 2
0

1F
4

q
k r

=
πε

where,	 k = dielectric constant
For equilibrium

	 T2 cos θ + U = mg
or	 T2 cos θ = mg – U� ...(iv)
	 T2 sin θ = F2� ...(v)

Dividing equation (v) by equation (iv), we get

	

2

1

Ftan
Vmg d g

θ =
−

or    F2 = (mg – Vd1 g) tan θ

∴    
2

12
0

1 . (V V ) tan
4

q dg d g
k r

= − θ
πε

� …(vi)

From equations (iii) and (vi) we get

	 1

V
V V

dgk
dg d g

=
−

	    1

1.6 2
1.6 0.8

d
d d

= = =
− −

	 4.	 A block of mass m and having a charge 
q is placed on a smooth horizontal table 
and is connected to the wall through an 
unstressed spring of spring constant k as 
shown in the figure.

	 	 A horizontal electric field E parallel to 
the spring is switched on. Find the ampli-
tude of the resulting SHM of the block.

�)) Solution Electric force of the block in forward 
direction = qE� ...(i)
Spring force = – kx� ...(ii)
Here,	 qE – kx = ma� ...(iii)
Maximum x is equal to amplitude where ac-
celeration is zero.
Let the amplitude be A
∴	 qE = kA

or	 EA q
k

=

    Particle is in SHM because increased ac-
celeration decreases displacement. Displace-
ment always opposes the acceleration.

	 5.	 Two particles A and B each having a 
charge Q, are placed a distance d apart. 
Where should a particle of charge q be 
placed on the perpendicular bisector of 
AB so that it experience maximum force? 
What is the magnitude of this maximum 
force?

�)) Solution Let the distance x from the particle 
A, the third charge q is placed.
Net force on charge q is

2 2
0

1 Q QF
4 ( )

q q
x d x

 
= − πε − 

    
2 2

0

Q 1 1
4 ( )
q

x d x
 

= − πε − 

For maximum value of  F, F 0d
dx

=

∴    3 4
0

F Q 2 2( ) 0
4 ( )

d q d x
dx x d x

 −
= − + = πε − 
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1.70    Electrostatics

or	 x3 – (d – x)3 = 0
or	 x = d – x
or	 x = d/2.

	 6.	 Point charges q and–q are located at the 
vertices of a square with diagonals of 
length 2l. Find the electric field intensity 
at a point located symmetrically with 
respect to the vertices of the square at a 
distance x from it centre.

Solution))  Let the centre is O (0, 0, 0)
A = (–l, 0, 0),	 B = (0, –l, 0)

C = (l, 0, 0),	 D = (0, l, 0)

P = (0, 0, x),

The diagonals are x-axis and y-axis.
    The distance from the vertices to the point 
P is equal.

	
A 3

2 20 2

1E
4 ( )

q x k l i
l x

→ → →−  = + πε  +

	
A 3

2 20 2

1E .
4 ( )

q x k l j
l x

→ → →−  = + πε  −

Similarly,	 C 3
2 20 2

1E .
4 ( )

q x k l i
l x

→ → = − πε  +

	       
D 3

2 20 2

1E
4 ( )

q x k l j
l x

→ → = − πε  +

Now,	 E = EA + EB + EC + ED

3
2 20 2

1
4 ( )

q

l x
=

πε
+  

x k l i x k l j x k l i x k l j
→ → → → → → → → − − − − + − + −  

3
2 2 2

0

2
4 ( )

q i i j
l x

→ →−   = +    πε +

3
2 2

0

.
2 ( 2)

ql

l x
=

πε +

	 7.	 A charge q is uniformly distributed over 
an arc angle θ0. Find the electric field 
intensity at the centre of arc. The radius 
of arc is a.

Solution))  The charge of ds element

	
dsdq q
s

=

	 0 0

a d q ddq q
a

θ θ
= =

θ θ

The field at the centre

	
2 2

0 0 0

E
4 4

dq qdd
a a

θ
= =

πε πε θ

For the symmetry

	�
E E Ecosyd d= = θ∫ ∫  

    

0

0

2

2
0 0

2

cos
4

q d
a

θ

θ
−

= θ θ
πε θ ∫

		

0
2

0 0

2 sin
4 2

q
a

θ =  πε θ  

		

0
2

0 0

sin
2 2

q
a

θ
=

πε θ
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Electrostatics    1.71

	 8.	 A thin non-conducting ring of radius R 
has linear charge density λ = λ0 cos φ, 
where λ0 is constants and φ is the azi-
muthal angle. Find the magnitude of the 
electric field strength

		  (i)	 at the centre of ring.
		 (ii)	 �on the axis of the ring as a function 

of the distance x from its centre.
	� Investigate the obtained function at  

x >> R.

Solution))
 (i)	� The given charge distribution is shown in 

the figure. The symmetry of this distribu-
tion implies that vector E

→

 at the point O 
is directed to the right and its magnitude 
is equal to the sum of the projection onto 
the direction of E

→

 vectors dE from ele-
mentary charges Tdq.

	�     The projection of vector Ed
→

 on to the 
vector E

→

 is

	 	  
2

0

1Ecos .cos .
4 R

dqd φ = φ
πε

� …(i)

where,	     dq = λR dφ = λ0 R cos φ dφ

    Integrating equation (i) over φ between 
0 and 2π, we find the magnitude of the  
vector E.

	

2
20

0 0

E cos
4 R

d
πλ

= θ θ
πε ∫

	     �

0

04 R
λ

=
πε

 

2 2 2
2

0 0

1 coscos
2

dπ π + φ φ
φ = = π 

 
∫ ∫

(ii)	� Take an element S at an azimuthal angle 
φ from the x-axis subtending an angle dφ 
at the centre.

	�     The elementary field at P due to the  
element

	�  0
2 2

0

cos R
4 ( R )

d
x

λ φ φ
=

πε +
 

along SP with component.

	�  0
2 2

0

cos R
4 ( R )

d
x

λ φ φ
×

πε +
�{cos θ along OP, sin θ 
along OS}

	 where,	 1
2 2 2

cos
( R )

x

x
θ =

+

	� The component along OP vanishes on 

integration as 
2

0

cos 0.d
π

φ φ =∫  The com-

ponent OS can be broken into the parts 
along OX and OY with

	�

2
0

3
2 2 2

0

R cos

4 ( R )

d

x

λ φ φ

πε +
 × (cos φ along OX, sin φ 

along OY)
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1.72    Electrostatics

)	Electric Potential

On integration, the part along OY vanishes.
Finally,

	

2
0

3
2 2 2

0

RE E
4 ( R )

x

x

λ
= =

ε +

	
3

0

PE ,
4x x

=
πε

	 where P = λ0 π R2

	 9.	 A ball of radius R carries a positive 
charge whose volume density depends 
only on the separation r from the ball’s 

centres as  
 
 

0
r1 ,
R

ρ ρ= −  where ρ0 is 

constant. Assuming the permittivities of 
the ball and the environment to be equal 
to unity, Calculate:

		  (i)	 �magnitude of the electric field str- 
ength as a function of distance r both 
inside and outside the ball.

	 	(ii)	 �maximum Emax and the correspond-
ing distance rmax.

Solution))  Electric field inside the ball

2
0

1E .
4

dqd
R

=
πε

  

2
02

0 2 0

1E E 1 .4
4 R

r rd r dr
r

 = = ρ − π πε  ∫ ∫

where,	 2
0V 1 .4

R
rdq d r dr = ρ = ρ − π 

 

	

3 4
0

2
0 0

E
3 4

r
r r

r
 ρ

= − ε  

	     

0

0

31
3 4R

r rρ  = − ε  
 for r < R

Electric field outside the ball

	

R
2

02
0 0

1E 1 4
4 R

r r dr
r

 = ρ − π πε  ∫

	

33 4
0 0

2 2
0 003 4 12

 ρ ρ
= − = ε ε 

R
Rr r

r R r

(ii)  For maximum value of E,	 E 0d
dr

=

	 ∴	 0

0

E 61 0
3 4R

d r
dr

ρ  = − = ε  

or	 0

0

31 0
3 4R

r rρ  − = ε  

or	 31 0
2R

r
− =

or	  2 R
3

r =

∴	
0

0

2 2R 3 R
3 3E 1

3 4R

 ρ × 
= − ε  

 

	    

0

0

R
9
ρ

=
ε

	10.	 Calculate the electrostatic potential of a 
charged sphere of radius ‘a’ and having 
a charge density distribution as

	 ;0
 ρ = ρ − 
 

r
a

1  where r a≤

	     = 0;	 where r a>

		  (i)	 at the centre
		 (ii)	 �inside and outside at a distance r1 

from the centre.

Solution))

 (i)	
0

1V
4

dqd
r

=
πε

	 Here,  2
0 1 4rdq dv r dr

a
 = ρ = ρ − π 
 

	 Integrating, we get

	

2
0

00

1 4
1V V .

4

a
r r dr
ad

r

 ρ − π ⋅ 
 = =

πε∫ ∫

	    

2
0

0 0

a rr dr
a

 ρ
= − ε  

∫
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Electrostatics    1.73

	
2 3

0

0 02 3

a
r r

a
 ρ

= − ε  

	

2
0

06
aρ

=
ε

(ii)	� Potential at any point outside the sphere

		  0 1

V
4

dq
r

=
πε∫

	   	    

2
0

0 1 0

1 1 4
4

a r r dr
r a

 = ρ − π πε  ∫
 

		      

3
20

0 1 0

a rr dr
r a

 ρ
= − ε  

∫

		      

33 4
0 0

0 1 0 103 4 12

a
ar r

r a r
 ρ ρ

= − = ε ε 

	� Vi = Potential due to the portion of 
sphere of radii 0 to r1 + potential due to 
portion of the sphere between the radii  
r1 to a.

			�  

1

1

2
2

01
0 00

1 1 1 44 1 1
4 4

r a

r

r r rr dr dr
r a r a

π   = π ρ − + ρ −   πε πε   ∫ ∫
 

1

1

2
2

01
0 00

1 1 1 44 1 1
4 4

r a

r

r r rr dr dr
r a r a

π   = π ρ − + ρ −   πε πε   ∫ ∫

			 

1

1

93 4 2 3
0 0

0 1 003 4 2 2

r

r

r r r r
r a a

   ρ ρ
= − + −   ε ε   

			 

2 3 2 32
0 1 1 1 1

0 3 4 6 2 3
r r r ra

a a
 ρ

= − + − + ε  

			 

3
2 20 1

1
06 2

ra r
a

 ρ
= − + ε  

	11.	 A non-conducting disc of radius ‘a’ and 
uniform positive surface charge density σ 
is placed on the ground with it axis verti-
cal. A particle of mass ‘m’ and positive 
charge ‘q’ is dropped, along the axis of 
the disc, from a height ‘H’ with zero ini-

tial velocity. The particle has q
m

ε= 04 g
σ

. 

Find the value of ‘H’ if the particale just 
reach the disc.

Solution))  Let a ring is of radius x. Then

dq = σ ds = σ. 2πx. dx

	 0

1V .
4
dqd

r
=

πε

Integrating, we get

	
1

2 200 0 2

.2V V
4 ( )

a a xdxd
x z

σ π
= =

πε
+

∫ ∫

	     
1

2 20 0 22 ( )

a xdx

x z

σ
=

ε
+

∫

Put	 x = z tan θ

∴	 dx = z sec2θ dθ

∴	
2

0

.tan .sec .V
2 .sec

z d z
z

σ θ θ θ
=

ε θ∫

	     0

tan .sec .
2

z dσ
= θ θ θ

ε ∫

                0

[ sec ]
2

zσ
= θ

ε

	      
= +( ) −











σ
ε2 0

2 2
1
2a z z
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1.74    Electrostatics

The potential energy of the charge q at the 
point P is
U = (electrostatic + gravitational) potential 
energy

	
1

2 2 2

0

( )
2
q a z z mgz

 σ
= + − + ε  

A particle of mass m and charge q is released 
with velocity v equal to zero along with axis 
of the disc at a distance H from the disc. 
It has just reach the disc (i.e., U = 0). This  
implies that
U (z = H) = U (z = 0)
i.e., 

1
2 2 2

0 0

( H ) H H
2 2
q qa mg a

   σ σ
+ − + =   ε ε  

� …(i)

Given,	 04 gq
m

ε
=

σ

From equation (i), we have
1

2 2 2

0 0 0

( H ) H H
2 4 2
q q qa a

   σ σ σ
+ − + =   ε ε ε  

or	 2 2 1/2 H( H ) H
2

a a+ − + =

or	
2

2 2 HH
2

a a + = + 
 

or	 4H  and H 0
3
a

= =

	12.	 Two small balls with equal but opposite 
charges are placed in a horizontal plane 
at a distance ‘a’ from each other. A third 
positively charged ball is suspended on 
a string. The point of suspension is first 
moved such that the third ball when in 
a state of equilibrium is above the first 
ball at a distance ‘a’ from it and then 
it moved such that the third ball is at a 
distance ‘a’ from the second one. Find 
the angle through which the string is 
deflected from the vertical, if angle of 
deflection above one of the balls is twice 
that above the other.

	)) Solution

(a)  

(b) 
 

When third ball is above the first ball at equi-
librium,
Horizontal component

1 1 2
0

1 Q 1T sin .
4 2 3

q
a

α =
πε

� …(i)

Vertical component

1 1 2
0

2
0

1 Q 1T cos .
4 2 2

1 Q
4

α +
πε

= +
πε

q
a

qmg
a � …(ii)

From the figure (b)

2 2 2
0

1 Q 1T sin .
4 2 2

q
a

α =
πε

� …(iii)

For vertical component

2 2 2
0

1 QT cos .
4

q
a

α +
πε

2
0

1 Q 1mg . .
4 2 2

q
a

= +
πω

� …(iv)
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Electrostatics    1.75

Using equations (i), (ii), (iii) and (iv), we get

cot α1 – cot α2 = 2(2 2  – 1)
But	 α2 = 2α1

∴    1 1 1 1

1 1

sin 2 cos sin cos2 4 2 2
sin sin 2

α α − α α
= −

α α

or	 2
1sin 2

4 2 2
α =

−

∴	 1
2

1 1sin
2 4 2 2

−  α =  −   

and	 11 1sin
2 4 2 2

− π − − 

	13.	 Two particles of mass ‘m’ and ‘2m’ carry 
a charge ‘q’ each. Initially, the heavier 
particle is at rest on a smooth horizontal 
plane and other is projected along the 
plane directly towards the first from 
a distance ‘d’ with speed ‘u’. Find the  
closest distance of approach.

	)) Solution

For the closest approach because since the 
particle of mass 2 m is not fixed, hence, the 
second particle is also moving with velocity 
after the release.
Let for closest approach, v1 = v2.
Let the distance between them is x
From conservation of momentum,
From	 mu = mv1 + 2 mv2

or	 v1 = v2 3
u

=

By conservation of energy, loss in kinetic en-
ergy = gain in potential energy

or�
2

2 1 2
2 2

0

1 1 1 1 12
2 2 2 4

qmu mv mv
x d

   − + = −   πε   

or	
2 2

2

0

1 1 1 1(1 2)
2 2 9 4

mu qmu
x d

 − + = − πε  

or	
2

2

0

1 1 1
3 4

qmu
x d

 = − πε  

∴	
2

0
2

41 1
3

mu
x d q

πε
= +

∴	 x =
+ επ

2

2 2
q d

q mu d0

3
3 4

	14.	 A charge ‘q’ is distributecd uniformly 
over the volume of a ball of radius R. 
Calculate:

		  (i)	 the energy stored in the ball
		 (ii)	 the energy in the surrounding space
		 (iii)	 �Hence or otherwise, find the total 

energy of the system.

	)) Solution

	 (i)	 When	 r < R

			    
2

0

1E .
4

q
r

=
πε

		  where,	
3 3

3

4
3Q Q4 RR
3

r rq
π  = ⋅ =  

 π

		  ∴        
3

2 3 3
0 0

1 Q 1 QE
4 R 4 R

r r
r

⋅
= ⋅ =

πε πε

		  Energy per unit volume 2
0

1
2

E= ε

		  Energy, 2
1 0

1U E
2

dv= ε∫
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1.76    Electrostatics

				  
2R 2

2
0 6

0

1 Q .4 .
2 4 Ro

r r dr
 

= ε π πε 
∫

				  

2 R
4

0 6
0

1 Q 4 .
2 4 Ro

r dr
  π

= ε ⋅ πε 
∫

				  

2

0

Q
40 R

=
πε

	(ii)	 When r > R

		  Electric field intensity 2
0

1
4

Q
r

=
πε

		  Energy of outside the ball

		        

2
2 0

R

1U E . V
2

d
∞

= ε∫

			 

2 2

0 2 4
0 R

1 Q 4 ..
2 (4 )

r dr
r

∞ π
= ε ⋅

πε ∫

			 

2

2
0 R

Q
8

dr
r

∞

=
πε ∫

			 

2

0

Q .
8 R

=
πε

(iii)	 Total energy = U1 + U2

			 
2 2

0 0

Q Q
40 R 8 R

= +
πε πε

			 
2

0

3Q .
20 R

=
πε

	15.	 A charge ‘q’ uniformly distributed in a 
hemispherical surface of radius ‘a’. Find 
the electric field intensity at the centre of 
the hemisphere.

	)) Solution From the figure

ds = 2π (a sin θ) (ad θ)

The radius of strip is a sin θ and its width is 
(ad θ)
Area of the hemisphere,
	    A = 2π a2

∴	 dsdq q
A

=

	      

2

2

(2 sin )
2

q a d
a

π θ θ
=

π

	       = q sin θ dθ

        
2 2

0

sinE
4 2

dp q dd
a a

θ θ
= =

πε π

	

/2

2
0 0

E E sin cos
4y

qd d
a

π

= = θ θ θ
πε∫ ∫

 	    

/2

2
00

1 cos2
2 4 2

q
a

π− θ = ×  πε  

	     
2

0

.
8

q
a

=
πε

	16.	 Three particles, each of mass 1 gm and 
carrying a charge q, are suspended from 
a common point by insulated massless 
string, each 100 cm long. If the particles 
are in equilibrium and are located at the 
corners of an equilateral triangle of side 
length 3 cm, calculate the charge q on 
each particle. (Take g = 10 ms–2).

	Solution))

From the figure, O is the common point and D 
is the centre of equilibrium triangle.
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Electrostatics    1.77

Resultant electric force,	

AB ACF F Fe = +
  

     

2

2
0

12 cos30
4

q
a

= ⋅ ⋅ °
πε

where, a is side of triangle.

	

2

2
0

1 3F 2 . .
4 2e

q
a

 
=  πε 



� …(i)

In the direction of DA.

	 T cos θ = mg� …(ii)
	 T sin θ = Fe� …(iii)

From equations (ii) and (iii), we get

2
9

2 3

F 1tan 9 10 3
(.03) (10 )(10)

e q
mg −

 
θ = = × × 

 

But�

1
2 2

22 2 3AD (3 cm)
3 4 3 2

aa
  

= − =        

	           
23(10 )m−=

	

2AD 3 10sin (AO 1m)
AO 1

−×
θ = = =

∴	 tan θ = .01732 (≅ sin θ)

i.e.,�1 732 10 9 10
9 10

3 1
10

2
9

4
2

3.
( ) ( )

× = ×
× ( )−

− −q
10

or	
8

2 17
9

10 10
10

q
−

−= =

∴	 910 10 Cq −= ×

	     = 3.16 × 10–9 C.

	17.	 Figure shows three concentric thin 
spherical shells A, B and C of radii a, 
b and c respectively. The shells A and C 
are given charges q and –q respectively 
and the shell B is earthed. Find the 
charges appearing on the surfaces of B  
and C.

	)) Solution
The inner surface of B must have a charge –q 
from the Gauss’s law. Suppose, the outer sur-
face of B has a charge q′. The inner surface 
of C must have charge –q′ from the Gauss’s 
law. As the net charge on C must be –q, its 
outer surface should have a charge q′ –q. The 
charge distribution is shown in the figure. The 
potential at B due to the charge q on A

04
q

b
=

πε

Due to the charge –q on the inner surface of B

04
q

b
−

=
πε

Due to the charge q′ on the outer surface of B

04
q

b
′

=
πε

Due to the charge –q´, on the inner surface of C

04
q

c
− ′

=
πε

And due to the charge q′ – q on the outer sur-
face of C

04
q q

c
′ −

=
πε
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1.78    Electrostatics

The net potential is

B
0 0

V
4 4

q q
b c

′
= −

πε πε

This should be zero as the shell B is earthed. 
Thus,

bo q
c

=

	18.	 Two parallel identical thin metallic rings, 
each of radius 9 cm, are mounted co-
axially in free space at a distance of 24 cm 
from each other. One ring is given 13 µC  
and other 15 µC. Find the workdone in 
transporting 10 µC from the centre of one 
ring to the centre of the other ring.

	�)) Solution Potential at the centre of the ring A 
due to charge q1

	

1
1

0 1

1V
4

q
r

= ⋅
πε

Potential at the centre of the ring A due to 
charge q2

	

2
2 2 2

0 2

1V
4

q
r d

 
 =
 πε + 

Net potential at the centre of the ring A,
V = V1 + V2

   

1 2
2 2

0 1 2

1
4

q q
r r d

 
 = +

πε  + 

   

6 6
9

2 2 2 4

13.5 10 15 109 10
9 10 (9 24 ) 10

− −

− −

 × ×
= × + 

× + × 

= 9 × 109 [1.5 ×10–4 + 0.59 × 10–4]
= 18.81 × 105 V
Similarly,
Net potential at the centre of the ring B

2 1
2 2

0 2 1

1V
4

q q
r r d

 
 ′ = +

πε  + 

     

6 6
9

2 2 2 4

15 10 13.5 109 10
9 10 (9 24 ) 10

− −

− −

 × ×
= × + 

× + × 
      = 9 × 109 [1.67 × 10–4 + 0.53 × 10–4]
      = 19.8 × 105 V

Work done in transporting 10 µC
�= �(charge transported) × (potential difference)
= (10 × 10–6) (V´ – V)
= (10 × 10–6) (19.8 × 105 – 18.81 × 105)
= 0.99 J.

	19.	 Two dipoles that are back to back from a 
linear electric quadrupole.

		  (i)	 �Calculate Ex for points on the x-axis, 
x >> a.

		 (ii)	 �Calculate Ey for points on the y-axis, 
y >> a.

	)) Solution

(i)	� Let at the point P, where the electric field 
are calculated. Distance from the point x 
= 0 to be x.

	
x 2 2 2

0 0

1 2E
4 ( ) 4 ( )

q q q
x a x a x

= + −
πε − πε +

		   
2 2

2
0

1 1 2
4

q a a
x x x

− −    = − + + −    πε      
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Electrostatics    1.79

	� [For the expansion (1 + x)n = nC0 + nC1  
x + nC2x

2 + . . .]

		� 
2 2

2 2 2
0

2 3 2 31 ... 1 ... 2
4

q a a a a
x x x x x

 
= − + + + + + + − πε   

    

2 2

2 2 2
0

2 3 2 31 ... 1 ... 2
4

q a a a a
x x x x x

 
= − + + + + + + − πε  

		
2

2 2
0

6
4

q a
x x

 
=  πε  

		
2

4
0

6
4

=
πε

a q
x

(ii)	 3 2
2 20 2

1 2 2E
4 ( )

y
qy q

yy a

 
 = − πε

+  

		  2 2 3/2
2

0

2 [ ( ) 2]
4

q y y a
y

−= + −
πε

		
2

4
0

3
4

 
=  πε 

qa
y

	20.	 A thin conducting ring of radius r has 
an electric charge + Q. Find the increase 
in the tension of wire, if a charge + q is 
placed at the centre of ring.

	�)) Solution Horizontal force is balanced and the 
vertical component.

	
F 2Tsin

2
dθ

=

Since, dθ is small, therefore sin 
2 2

d dθ θ
=

	 F 2T T
2

d dθ
= = ⋅ θ

	 2
0

1 Q T
4

d q d
r

= ⋅ θ
πε

Here,	 QQ
2

r dd
r

⋅ θ
=

π

Substituting this value in equation (i), we get

	 2
0

1 Q T
4 2

r d d
r r

⋅ θ
= ⋅ θ

πε ⋅ π

or	 T =
π ε2 2

0

Q
8

q
r

	21.	 A particle of mass 5 × 10–6 gm is kept 
over a large horizontal sheet of charge of 
density 4.0 × 10–6 C/m2 as shown in the 
figure. What charge should be given to 
this particle so that if released, it does not 
fall down? How many electrons are to be 
removed to give this charge? How much 
mass is decreased due to removal of these 
electrons?

	�)) Solution The electric field in front of the sheet 
is

	
6 2

12 2 2
0

4.0 10 C/E
2 2 8.85 10 C / N

m
m

−

−

σ ×
= =

ε × × ⋅

	 = 2.26 × 105 N/C
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1.80    Electrostatics

If a charge q is given to the particle, the elec-
tric force qE acts in the upward direction. It 
will balance the weight of the particle if
q × 2.26 × 105 N/C = 5 × 10–9 kg × 9.8 m/s2

or	
8

5

4.9 10 C
2.26 10

q
−×

=
×

	     = 2.21 × 10–13 C
The charge on the electron is 1.6 × 10–19 C.
The number of electrons to be removed

	
13

19

2.21 10
1.6 10

−

−

×
= =

×
61.4 10×

Mass decreased due to the removal of these 
electrons
	 = 1.4 × 106 × 9.1 × 10–31 kg
	 = 1.3 × 10–24 kg

	22.	 A soap bubble of radius r is given a 
charge of Q. Find out the change in 
the radius of bubble due to this charge. 
Atmospheric pressure is p.

	)) Solution According to Boyle’s law

	
1
V

p α

or	 3

3
V 4
k kp

r
= =

π

	
3

k
r

′
=

where k′ is a constant

∴	
3

4 4

3 3dp k pr
dr r r

− ′ −
= =

	
3p
r

−
=

∴	
3

rdr dp
p

−
=

Since, the change in pressure is due to charge 
given to drop, we have

	

2

02
dp −σ

=
ε

where, σ is surface density of charge.

∴ 
2

2
0

Q 1
4 2

dp
r

 
= − × π ε 

2

2 4
0

Q
32 r

= −
π ε

The radius will change by on amount

	

2

2 4
0

Q
3 32
rdr
p r

 
= −  π ε 

	      

2

2 3
096

=
π ε
Q

pr

	23.	 A particle with positive charge q = 5.5 × 
10–5 C and mass m = 3.3 × 10–6 kg, initially 
travelling with speed v0 = 4 × 10

2 ms–1 
enters the region between two parallel 
plates, as shown in the figure. A uniform 
electric field E = 900 NC–1, perpendicu-
lar to initial velocity exist between the 
plates.

		  (i)	 �Does the particle strike the upper 
plate? If it does where does it strike?

		 (ii)	 �What is the minimum initial speed 
vmin the particle must have to get 
through the plates without striking 
them?

		 (iii)	 �If the particle has minimum speed 
vmin, what is its velocity as it leaves 
the region between the plates?

Solution))
	 (i)	 1E 900 NC−=



	 At	 t = 0,	 0v v i=




		  v0 = 4 × 102 ms–1

		  q = 5.5 × 10–5C,	 m = 3.3 × 10–6 kg,
		  d = 2.4 × 10–2m,	 l = 80 × 10–2m
		  Along y-direction:

		  Acceleration of the particle, E
y

qa
m

=

		  ∴    vy =  ay t and 21
2 yy a t=

		  When particle hits the plate, 
2
dy =
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Electrostatics    1.81

		  ∴	 21 E
2 2
d q t

m
 =  
 

		  or	 2

E
md t
q

=

		  or	
6 2

2
5

(3.3 10 )(2.4 10 )
(5.5 10 )(900)

t
− −

−

× ×
=

×

		  ∴	 4 4160 10 4 10 10t s− −= × = ×

		  Along x-direction:

			   vx = v0 and x =v0t

		  ∴	 2 4(4 10 )(4 10 10 )x −= × ×

			      216 16 10 16 10 cmm−= × =

		�  Hence, particle strikes the plate at x 

16 10 cm, 
2
dy= = = 1.2cm

	(ii)	 For minimum speed, x = l

		  ∴	 80 10 4 10 102 4× = ×( )− −v

		  ⇒	 220 10
10

v = × = 2 12 10 10 ms−×

(iii)	 2 12 10 10 msxv −= ×

		� 
y y

dEv a t t
m

 = =  
   

[where, 44 10 10t −= × sec]

		

5 4

6

(5.5 10 )(900)(4 10 10 )
3.3 10

− −

−

× ×
=

×

		
16 10 ms−=

		  ∴	 v =
 

 2 12 10 10 6 10 ( )−× +i j ms

Since, no force acts on the particle after it 
leaves the region between the plates, it con-
tinues with velocity v .

	24.	 Show that the components E due to a 
dipole on the x-axis with its centre coin-
ciding with the origin are given, at a 
distant point by

	     
)

−
=

ε
+

| |
2 2

x 5
2 20 2

1 p(2x y )E
4 (x yπ

and        
)

=
ε

+
| |y 5

2 20 2

1 3 pxyE
4 (x yπ

	)) Solution

From the figure 

	
1 2 2

0

1E
4 ( )

q
y x a

=
πε + −

and	 2 2 2
0

1E
4 ( )

q
y x a

−
=

πε + +

The expression of Ex is
Ex = E1 cos θ – E2 cos φ

2 2 2 2
0

1
4 ( ) ( )

q x a
y x a y x a

+
=

πε + + + +

2 2 2 2
0

1
4 ( ) ( )

q x a
y x a y x a

−
−

πε + − + −

Neglecting a2 in the denominator, we get

�

3 3
2 2 2 20 2 2

E
4 ( 2 ) ( 2 )

x
q x a x a

x y ax x y ax

 
+ − = − πε

+ + − −  

3 3
2 2 2 20 2 2

E
4 ( 2 ) ( 2 )

x
q x a x a

x y ax x y ax

 
+ − = − πε

+ + − −  
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1.82    Electrostatics

�
3

2 20 2

1
4 ( )

q

x y
=

πε
+

3 3
2 2

2 2 2 2

2 2( ) 1 ( ) 1ax axx a x a
x y x y

− − 
    + − − − −    + +      

3 3
2 2

2 2 2 2

2 2( ) 1 ( ) 1ax axx a x a
x y x y

− − 
    + − − − −    + +     

�
3

2 20 2

1
4 ( )

q

x y
=

πε
+

2 2 2 2

3 3( ) 1 ( ) 1ax axx a x a
x y x y

    
+ − − − −    + +     

2 2 2 2

3 3( ) 1 ( ) 1ax axx a x a
x y x y

    
+ − − − −    + +    

�
5

2 20 2

1
4 ( )

q

x y
=

πε
+

[(x + a) (x2 + y2 – 3ax) 

– (x – a) (x2 + y2 + 3ax)]

2 2
5

2 20 2

1 [ 4 2 ]
4 ( )

q ax ay
x y

= − +
πε

+

2 2 2 2

5 5
2 2 2 22 2

0 0

(2 )( 2 ) ( 2 )

(4 )( ) 4 ( )

q a y x P y x

x y x y

− −
= =

πε + π∈ +

Working similarly for Ey, we get

	 Ey = E1 sin θ – E2 sin φ

2 2 2 2
0

1
4 ( ) ( )

q y
y x a y x a

= ⋅
πε + + + +  

2 2 2 2
0

1
4 ( ) ( )

q y
y x a y x a

− ⋅
πε + − + −

3 3
2 2 2 20 2 2

1 1
4 { ( ) } { ( ) }

qy

y x a y x a

 
 = − πε

+ + + −  

Neglecting a2  in the denominator, we get

�

3 3
2 2 2 20 2 2

1 1E
4 ( 2 ) ( 2 )

y
qy

x y ax x y ax

 
 = − πε

+ + + −   

3 3
2 2 2 20 2 2

1 1E
4 ( 2 ) ( 2 )

y
qy

x y ax x y ax

 
 = − πε

+ + + −  

�
3

2 20 2

1
4 ( )

qy

x y
=

πε
+  

3 3
2 2

2 2 2 2

2 21 1ax ax
x y x y

− − 
    + − −    + +     

�
3 2 2 2 2

2 20 2

1 3 31 1
4 ( )

qy ax ax
x y x yx y

    
= − − +    πε + +    +  

3 2 2 2 2
2 20 2

1 3 31 1
4 ( )

qy ax ax
x y x yx y

    
= − − +    πε + +    +

�
5

2 20 2

1
4 ( )

qy

x y
=

πε
+  

[x2 + y2 – 3ax – x2 – y2 – 3ax]

5
2 2 2

0

3

(4 )( )

p xy

x y

−
=

πε +

Note: Had we taken the point P in the figure 
on the left side, we would have got the value  
–Ex and –Ey.

	25.	 A cone made of insulating material has 
a total charge Q spread uniformly over 
its sloping surface. Calculate the energy 
required to bring up a small test charge q  
from infinity to the apex A of the cone. 
The cone has a slope length L.

	�)) Solution The total charge Q on the cone 
is uniformly spread over its sloping  
surface.
    Let, σ be the surface charge density. The 
charge on an elementary area of the cone of 
side width dx at a distance x from the apex A 
is given by
dq = 2πr (dx) σ = 2π (x sin α) dx σ
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Electrostatics    1.83

    The potential at the apex due to this ele-
ment area is given by

	 0

1V
4

d dq
x

=
πε

	        0

2 ( sin )
4

x dx
x

π α σ
=

πε 0

sin
2

x dxσ
=

ε

The potential due to the cone at A is then  
given by

	

L

0 0

sinV
2

dxσ α
=

ε ∫

	      0

sin L
2

σ α
=

ε

Total charge on the cone is given by

	 Q = curved surface area × σ
	      = π L2 sin α σ

∴	
0

QV
2 L

=
πε

The workdone in bringing up a charge +q 

from infinity to A, then 
0

Q .
2 L

q
πε

	 1.	 Two point charges each of charge +q are 
fixed at (+a, 0) and (–a, 0). Another posi-
tive point charge q placed at the origin is 
free to move along x-axis. The charge q at 
origin in equilibrium will have
(a)	� maximum force and minimum potential 

energy
(b)	� minimum force and maximum potential 

energy
(c)	� maximum force and maximum poten-

tial energy
(d)	� minimum force and minimum potential 

energy

�Explanation))  Net force on q at origin, 

1 2F F F= +
  

   

2 2

2 2
0 0

1 1ˆ ˆ. . ( ) 0
4 4

q qi i
r r

= + − =
πε πε

    Potential energy of the charge q in between 
the extreme charges at a distance x from the 
origin along +ve x axis is

	�

2 2

0 0

1 1U . .
4 ( ) 4 ( )

q q
a x a x

= +
πε − πε +      

    
2

0

1 1 1.
4

q
a x a x

 = + πε − + 

∴	
2

2 2
0

U 1 1
4 ( ) ( )

d q
dx a x a x

 
= − + πε − + 

For U to be minimum,	 U 0,d
dx

=
2

2

U 0,d
dx

>

SOLVED OBJECTIVE type questons
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1.84    Electrostatics

⇒	 (a – x)2 = (a + x)2

⇒	 a + x = ± (a – x)
⇒	� x = 0, because other solution is relevent.
    Thus the charged particle at the origin will 
have minimum force and minimum potential 
energy.

	 2.	 In a uniform electric field,
(a)	 all points are at the same potential
(b)	� pairs of points separated by the same 

distance must have the same potential 
difference

(c)	� no two points can have the same poten-
tial

(d)	 none of the above

�Explanation))  If all points are at same potential, 
there cannot exist an electric field, as

VE d
dr

=

Hence, (a) is not correct.
In a uniform electric field, the line of 

force are parallel and equidistant (solid 
lines). The equipotentials (dotted lines), be-
ing perpendicular to lines of force, are also 
equidistant and parallel. The distance be-
tween A and B is same as that between C 
and D. But, A and B will have some poten-
tial difference, whereas C and D being on the 
same equipotential, will have no potential  
difference.

Hence, (b) is not correct.
    Points on an equipotential are at the same 
potential. Hence, (c) is not correct.
Hence, (d) is the correct answer.

	 3.	 Two conducting spheres having radii a 
and b are charged to q1 and q2 respectively. 
The potential difference between 1 and 2 
will be

(a)	 1 2

0 04 4
q q

a b
−

πε πε
	 (b)	 2

0

1 1
4

q
a b

 − πε  

(c)	 1

0

1 1
4
q

a b
 − π  

	 (d)	none of these

�Explanation))  Potential on the surface of the 
sphere 1 is given by

	

1 2
1

0 0

1 1
4 4

q qv
a b

= +
πε πε

Potential on the surface of the sphere 2 is 
given by,
	 v = v1 – v2

where,	 1 2
2

0 0

1 1
4 4

q qv
b b

= +
πε πε

∴	 1 1 1

0 0 0

1 1 1 1
4 4 4

q q qv
a b a b

 = + = − πε πε πε  

	 4.	 A quantity is given by ε0
VL ,
t

∆
∆

 where ε0 
is the permittivity of the free space, L is 
length, ∆ is a potential difference and ∆t 
is a time interval. The dimensional for-
mula for X is same as that of
(a)	 resistance	 (b)	charge
(c)	 voltage	 (d)	current

�Explanation))  From the relation, 
0

E σ
=

ε
 and ∆V 

= E.L, we get

	

2

2

EL L qX .L.
E L

q
t t t

σ
= = =

∆ ∆ ∆

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Electrostatics    1.85

	 5.	 A small charged particle of mass m 
and charge q is suspended by an insu-
lated thread in front of a very large 
sheet of charge density σ. The angle 
made by the thread with the vertical in  
equilibrium is

(a) 1

0

tan
2

q
mg

−  σ
 ε 

	 (b) 1

0

tan q
mg

−  σ
 ε 

(c) 1

0

2tan q
mg

−  σ
 ε 

	 (d)	zero

Explanation))  In equilibrium along x-axis,
T sin θ = qE

⇒	
0

Tsin
2

q σ
θ =

ε
� …(i)

where T is the tension in the string.
Along y-axis inequilibrium, 
T cos θ = mg� ...(ii)
From equations (i) and (ii), we get

	
tan

2 omg

qσθ =
ε

⇒	 1

0

tan
2

q
mg

−  σ
θ =  ε 

	 6.	 Consider the situation shown in the fig-
ure. The capacitor A has a charge q on 
it whereas B is uncharged. The charge 
appearing on the capacitor B a long time 
after the switch is closed is

(a)	 zero	 (b)	
2
q

(c)	 q	 (d)	2q

�Explanation))  As the negative charge on the 
plate of capacitor A is bound, it will not 
move upon closing thes switch.
Hence (a) is the correct answer.

	 7.	 A uniform electric field pointing in posi-
tive x-direction exists in a region. Let A 
be the origin, B be the point on the x-axis 
at x = +1 cm and C be the point on the 
y-axis at y = + 1 cm. Then the potentials 
at the points A, B and C statisfy
(a)	 VA < VB

(b)	 VA > VB

(c)	 VA < VC

(d)	 VA > VC

�Explanation))  Since the potential decreases in 
the direction of electric field.
Hence (b) is the correct answer.

	 8.	 In the given figure, a large conducting 
ceiling having uniform charge density σ, 
below which a charge particle of charge q0  
and mass m is hanged from point O, 
through small string of length l. The 
minimum horizontal velocity required 
for the string to become horizontal, is
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1.86    Electrostatics

(a)	 2gl 	 (b)	 0

0

5 qgl
 σ

+ ε 

(c)	 0

0

2 ql g
m

 σ
+ ε 

	 (d)	 0

0

qg
m

σ
+

ε

Explanation))  Using work-energy theorem

2 0

0

1
2

qmv mg l
 σ

= + ε 
As for the tension to be zero in the horizontal 
position, V at that point must be zero.

∴  2 0

0

2 qlv mg
m

 σ
= + ε 

⇒  0

0

2 qv l g
m

 σ
= + ε 

	 9.	 Three positive charges of equal value q 
are placed at the vertices of an equilat-
eral triangle. The resulting lines of force 
should be drawn as shown in

(a)	

(b)	

(c)	

(d)	

�Explanation))  Lines of force always emanate 
from positive charge and terminate at 
negative charge (or else go to infinity) and 
they never form closed curves.
Hence (c) is the correct answer.

	10.	 Two equal point charges are fixed at x 
= –a and x = +a on the x-axis. Another 
point charge Q is placed at the origin. 
The change in the electrical potential 
energy of Q, when it is displaced by 
a small distance x along the x axis, is 
approximately proportional to
(a)	 x	 (b)	x2

(c)	 x3	 (d)	 1
x

�)) Explanation 2KQUi
q

a
=

	 2 2

KQ KQ 2KQU
( )f

q q qa
a x a x a x

= + =
+ − −

∴	 ∆U = Uf – Ui

2

2 2 2 2

12KQ 2KQ
( )

a xq qa
a x a a a x

  = − =   − −   

	
2

3

2KQqax
a

= 	 (since a2 – x2 = a2)

	 = ∆U µ x2 
Hence (b) is the correct answer.
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Electrostatics    1.87

	 1.	 Three point charges are placed at the cor-
ners of an equilateral triangle. Assuming 
that only electrostatic are acting, the system
(a)	� will be in equilibrium if the charges 

have the same magnitude but not all 
have the same sign.

(b)	� will be in equilibrium if the charges 
have different magnitudes but not all 
have the same sign.

(c)	� will be in equilibrium if the charges 
rotate about the centre of the triangle.

(d)	 can never be in equilibrium.

	 2.	 A small block of mass ‘m’ is kept on a 
smooth inclined plane of angle 30º placed 
in an elevator going upward with accel-
eration ‘a’. Electric field E exists between 
the vertical sides of the wall of the eleva-
tor. The charge on the block is +q. The 
time taken by the block to come to the 
lowest point of inclined plane is (take  
the surface to be smooth)

(a)	 2h
g

(b)	 2
E( )

h
gg a
m

− +

(c)	
2

2
E( ) 3

h
qg a
m

+ −

(d)	
2

2
E( )

h
qg a
m

 + −  
 

	 3.	 A particle of charge +q and mass m 
moving under the influence of a uniform 
electric field ˆEi  and a uniform magnetic 
field ˆBk  follows trajectory from P to Q 
as a shown in the figure. The velocities at 
P and Q are ˆVi  and – ˆ2Vj  respectively.

(a) 
23E

4
mv
qa

=

(b)	� Rate of work done by electric field at  

P is 
33

4
mv

a
(c)	� Rate of work done by electric field at  

P is not zero
(d)	 All of these

	 4.	 A positively charged disc is placed on a 
horizontal plane. A charged particle is 
released from a certain height on its axis. 
The particle just reaches the center of  
the disc. Then
(a)	 particle has negative charge on it
(b)	� total potential energy (gravitational +  

electrostatic) of the particle first 
increases then decreases

(c)	� total potential energy of the particle first 
decreases then increases

(d)	� total potential energy of the particle 
continuously decreases

	 5.	 Four charges of 6 µC, 2 µC, –12 µC and 
4µC are placed at the corners of a square 

UNSOLVED OBJECTIVE type questions
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1.88    Electrostatics

of side 1 m. The square is in x-y plane and 
its center at its origin. Electric potential 
due to these charges is zero everywhere 
on the line. Then
(a)	 x = y, z = 0	 (b)	x = 0 = z
(c)	 x = 0 = y	 (d)	x = z, y = 0

	 6.	 Two identical positive charges are fixed 
on the y-axis, at equal distances from the 
origin O. A particle with negative charge 
starts on the x-axis at a large distance 
from O, moves along the x-axis, passes 
through O and moves for away from 
O. Its acceleration a is taken as positive 
along its direction of motion. The par-
ticle acceleration a is plotted against its 
x-coordinate. Which of the following best 
represents the plot?

(a)	

(b)	

(c)	

(d)	

	 7.	 A rod of length L has a total charge q 
distributed uniformly along its length. 
It is bent in the shape of a semicircle. 
The electric potential at the center of the 
semicircle is

(a)	
0

1
4 L

q
πε

	 (b)	
04 L

q
ε

(c)	
02 L

q
ε

	 (d)	
0

1
L
q

πε

	 8.	 A spherical volume contains a uniformly 
distributed charge of density ρ. The elec-
tric field inside the sphere at a distance r 
from center is

(a)	
03

rρ
ε

	 (b)	
04

rρ
πε

(c)	
0r
ρ

ε
	 (d)	

0

1
4

r
πε

	 9.	 Two identical pendulums A and B, are 
suspended from the same point. The bobs 
are given positive charges, A having more  
charge than B. They diverge and reach 
equilibrium with A and B making  
angles θ1 and θ2 with the vertical respec-
tively. Then
(a)	 θ1 > θ2

(b)	 θ1 < θ2

(c)	 θ1 = θ2

(d)	� The tension in A is greater than tension 
in B.
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Electrostatics    1.89

	10.	 Two fixed charges –2Q and + Q are 
located at points (–3a, 0) and (+3a, 0) 
respectively. Then
(a)	� points where the electric potential due 

to the two charges is zero, lie on a circle 
of radius 4a and center (5a, 0)

(b)	 potential is zero at x = a and x = 9a
(c)	� If a particle of charge +q is released 

from the center of the circle obtained 
in part (a), it will eventually cross the 
circle

(d)	 All of these

	11.	 A particle of mass m and charge –q is 
projected from the origin with a hori-
zontal speed v into an electric field of 
intensity E directed downward. Then

(a)	� The horizontal and vertical components 

of acceleration are ax = 0, and ay 
Eq

m
=

(b)	 equation of trajectory is,
2

2

1 E
2

q xy
mv

 
=  

 
(c)	� horizontal and vertical displacements 

x and y after a time t are x = vt and 
21

2 vy a t=

(d)	 all of these

	12.	 Two identical point charges are placed at a 
separation of l. P is a point on the line join-
ing the charges, at a distance x from any 
one charge. The field at P is E. E is plotted 
against x for values of x from close to zero 
to slightly less than l. Which of the follow-
ing best represent the resulting curve?

(a)	

(b)	

(c)	

(d)	

	13.	 A small ball of mass m and charge +q 
tied with a string of length l, is rotating 
in a vertical circle under gravity and a 
uniform horizontal electric field E as 
shown. The tension in the string will be 
minimum for

(a)  1 Etan q
mg

−  
θ =  

 
(b)	  θ = π

(c)	 1 Etan q
mg

−  
θ = π −  

 

(d)	 1 Etan q
mg

−  
θ = π +  

 
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1.90    Electrostatics

	14.	 A uniformly charged sphere of radius  
R = 2 m and volume charge density 
ρ has a spherical cavity as shown. A 
point object of mass m = 1 g and charge  
q = 2 × 10–4 C is thrown, from point A. 
The minimum velocity required at A for 
it to reach point B is
(ρ = 3 ε0 × 10

–3 C/m3)
(a)	 0.02 m/s	 (b)	0.g m/s
(c)	 0.4 m/s	 (d)	0.04 m/s

	15.	 A point charge q moves from point p to 
point S along the path PQRS in a uni-
form electric field E



 pointing parallel 
to the positive direction of the x-axis. 
The coordinate of points P, Q, R and S  
are (a, b, 0), (2a, 0, 0), (a, –b, 0) and  
(0, 0, 0) respectively. The work done by 
the field in the above process is given by 
the expression

(a)	 qaE
(b)	 –qaE

(c)	 2 2( )Eq a b+

(b)	 2 23 Eq a b+

	16.	 Five point charge (+q each) are placed 
at the five vertices of a regular hexagon 
of side 2a. What is the magnitude of 
the net electric field at the centre of the  
haxagon?

(a)	 2
0

1 2
4 aπε

	 (b)	 2
016

q
aπε

(c)	 2
0

2
4

q
aπε

	 (d)	 2
0

5
16

q
aπε

	17.	 The variation of electric field between the 
two charges q1 and q2 along the line join-
ing the charges is plotted against distance 
from q1 (taking rightward direction of 
electric field as positive) as shown in the 
figure. Then
(a)	 q1 and q2 are positive and q1 < q2

(b)	 q1 and q2 are positive and q1 > q2

(c)	� q1 is positive and q2 is negative and  
q1 < q2

(d)	 q1 and q2 are negative and q1 < q2

	18.	 A solid sphere of radius R is charged 
uniformly. The electrostatic potential V 
is plotted as a function of distance r from 
the centre of the sphere. Which of the 
following best represents the resulting 
curve?
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Electrostatics    1.91

(a)	

(b)	

(c)	

(d)	

	19.	 Two large parallel planes charged uni-
formly with surface charge density σ and 
–σ are located as shown in the figure. 
Which one of the following graphs shows 
the variation of electric field along a line 
perpendicular to the planes as one moves 
from A to B?

(a)	

(b)	

(c)	

(d)	
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1.92    Electrostatics

	20.	 A charge q is placed at O in the cavity in 
a spherical uncharged conductor. Point S 
is outside the conductor. If the charge is 
displaced from O towards S still remain-
ing within the cavity.
(a)	 electric field at S will increase
(b)	 electric field at S will decrease
(c)	� electric field at S will first increase and 

then decrease
(d)	 electric field at S will not change

	21.	 A uniform electric field of 400 V/m is 
directed at 45º above the x-axis as shown 
in the figure. The potential difference  
VA – VB is given by
(a)	 0	 (b)	1.8 V
(c)	 2.8 V	 (d)	2.8 V

	22.	 A large solid sphere with uniformly dis-
tributed positive charge has a smooth 
narrow tunnel through its centre. A small 
particle with negative charge, initially at 
rest for the sphere, approaches it along 

the line of the tunnel, reaches its surface 
with a speed v, and passes through the 
tunnel. Its speed at the centre of the 
sphere will be
(a)	 0	 (b)	v
(c)	 2 v 	 (d)	 1.5v

	23.	 A point charge Q is placed outside a hol-
low spherical conductor of radius R, at a 
distance r (r > R) from its centre C. The 
field at C due to the induced charges on 
the conductor is
(a)	 zero

(b)	 1

QK
( R)r −

(c)	 2

QK ,
r

 directed towards Q

(d)	 2

QK ,
r

 directed away from Q

	24.	 A long string with a charge of λ per unit 
length passes through an imaginary cube 
of edge a. The maximum flux of the elec-
tric field through the cube will be

(a)	
0

a
q
λ 	 (b)	

0

2 a
q

λ

(c)	
2

0

6 a
q
λ 	 (d)	

0

3 a
q
λ

	25.	 Initially, the spheres A and B are at 
potentials VA and VB respectively. Now 
sphere B is earthed by closing the switch. 
The potential of A becomes
(a)	 0	 (b)	VA

(c)	 VA – VB	 (d)	VB
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Electrostatics    1.93

	26.	 A particle of mass m and charge q is 
fastened to one end of a string of length l.  
The other end of the string is fixed to 
the point O. The whole system lies on 
a frictionless horizontal plane. Initially, 
the mass is at rest at A. A uniform elec-
tric field in the direction shown is then 
switched on. Then
(a)	� speed of the particle when it reaches B 

is 2 E
m
q l

(b)	� speed of the particle when it reaches B 

is E
m

q l

(c)	�� tension in the string when particles 
reaches at B is qE

(d)	� tension in the string when the particle 
reaches at B is 2qE

	27.	 A charged particle of mass m and charge 
q is released from rest from position (x0, 
0) in a uniform electric field ˆ

0E j .  The 
angular momentum of the particle about 
origin
(a)	 is zero
(b)	 is constant
(c)	 increases with time
(d)	 decreases with time

	28.	 A spherical conductor A of radius r is 
placed concentrically inside a conducting 
shell B of radius R (R > r). A charge Q is 

given to A, and then A is joined to B by a 
metal wire. The charge flowing from A to 
B will be

(a)	
RQ

R r
 
 
 + 

	 (b)	 Q
R

r
r

 
 
 + 

(c)	 Q	 (d)	zero

	29.	 Two conducting plates A and B each hav-
ing large surface area S (on one side) are 
placed parallel to each other. The plate A 
is given a charge q, while the plate B is 
neutral. Then the electric field at a point 
in between the plates is

(a)	
02S

q
ε

	 (b)	
0S

q
ε

(c)	
0

2
S

q
ε

	 (d)	
0

3
2 S

q
ε

	30.	 The electric field at A due to dipole p is 
perpendicular to p. The angle θ is
(a)	 0º	 (b)	90º
(c)	 tan–12	 (d)	tan–1 2

ANSWERS

 1. (d) 2. (c) 3. (d) 4. (c) 5. (c) 6. (b) 7. (b) 8. (a) 
 9. (c) 10. (d) 11. (d) 12. (d) 13. (d) 14. (a) 15. (b) 16. (b) 
 17. (a) 18. (c) 19. (b) 20. (d) 21. (d) 22. (d) 23. (c) 24. (d) 
 25. (c) 26. (b,d) 27. (c) 28. (c) 29. (a) 30. (d)
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1.94    Electrostatics

	 1.	 A uniform electric field having a mag-
nitude E0 and direction along positive 
X-axis exists. If the electric potential  
V is zero at x = 0, then its value at x = +x  
will be:
(a)	 Vx = xE0	 (b)	Vx = –xE0

(c)	 Vx = x2E0	 (d)	Vx = –x2E0

	 2.	 Figure shows two large cylindrical shells 
having uniform linear charge densities 
+λ and –λ. radius of inner cylinder is 
‘a’ and that of outer cylinder is ‘b’.  
A charged particle of mass m, charge q 
revolves in a circle of radius r. Then its 
speed ‘v’ is: (neglect gravity and assume 
the radii of both the cylinders to be very 
small in comparison to their length.)

(a)	
0

q
2 m

λ
πε

	 (b)	
0

2 q
m

λ
πε

(c)	
0

q
m

λ
πε

	 (d)	
0

q
4 m

λ
πε

	 3.	 A charge Q is placed at a distance of 4R 
above the centre of a dise of radius R. The 
magnitude of flux through the disc is φ. 
Now a hemispherical shell of radius R is 
placed over the disc such that it forms a 
closed surface. The flux through the curved 
surface taking direction of area vector 
along outward normal as positive, is

(a)	 zero	 (b)	φ
(c)	 – φ	 (d)	2φ

	 4.	 A positive point charge Q is kept (as 
shown in the figure) inside a neutral 
conducting shell whose centre is at C. 
An external uniform electric field E is 
applied, then

(a)	 force on Q due to E is zero
(b)	 net force on Q is zero
(c)	� net force acting on Q and conducting 

shell considered as a system is zero
(d)	� net force acting on the shell due to E is 

zero

	 5.	 A solid sphere of radius R has a volume 
charge density ρ = ρ0r

2 (where ρ0 is a 
constant and r is the distance from cen-
tre). At a distance x from its centre for 
x < R. The electric field is directly pro- 
portional to:
(a)	 1/x2	 (b)	1/x
(c)	 x3	 (d)	x2

	 6.	 Auniform electric field of strength exists in 
a region. An electron (charge –e, mass m)  
enters a point A with velocity ˆV j.  It 
moves through the electric field and exits 
at point B. Then:

practice exercise 1
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Electrostatics    1.95

(a)	
2

2

2amv ˆE i
ed

→

=

(b)	� Rate of work done by the electric field 

at is 
2 3

3

4ma v
d

(c)	� Rate of work by the electric field at A is 
zero

(d)	 Velocity at B is 2av ˆ ˆi vj
d

+

	 7.	 A point charge ‘q’ is placed at a point 
inside a hollow conducting sphere. Which 
of the following electric force pattern is 
correct?

(a)	

(b)	

(c)	

(d)	

	 8.	 Three large parallel plates have uniform 
surface charge densities as shown in the 
figure. Find out electric field intensity at 
point P.

(a)	
0

4 k̂σ
−

ε
	 (b)	

0

4 k̂σ
ε

(c)	
0

2 k̂σ
−

ε
	 (d)	

0

2 k̂σ
ε

	 9.	 A spherical portion has been removed 
from a solid sphere having a charge dis- 
tributed uniformly in its volume as shown 
in the figure. The electric field inside the 
emptied space is:

(a)	 zero everywhere
(b)	 non-zero and uniform
(c)	 non-uniform
(d)	 zero only at its center

	10.	 Condider a system of three charges 

−
q q 2q, and
3 3 3

placed at points A, b, and 

c, respectively, as shown in the figure, 
Take O to be the centre of the circle of 
radius R and angle CAB = 60º
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1.96    Electrostatics

(a)	� the electric field at point O is 2
0

q
8 Rπ ε

 
directed

(b)	� the potential energy of the system is 
zero

(c)	� the magnitude of the force between the 

charges at C and B is 
2

2
0

q
54 Rπ ε

(d)	 the potential at point O is 
0

q
12 Rπ ε

	11.	 The minimum strength of a uniform 
electric field which can tear a conduct-
ing uncharged thin-walled sphere into 
two parts is known to be E0. Determine 
the minimum electric field strength E1 
required to tear the sphere of twice as 
large radius if the thickness of its walls is 
the same as in the former case.

(a)	 0E
3

	 (b)	 0E
2

(c)	 0E
1

	 (d)	 E
2

	12.	 A long, hollow conducting cylinder is 
kept coaxially inside another long, hol-
low conducting cylinder of larger radius. 
Both the cylinders are initially electri-
cally neutral.
(a)	� P potential difference appears between 

the two cylinders when a charge density 
is given to the inner cylinder.

(b)	� A potential difference appears between 
two cylinders when a charge density is 
given to the outer cylinder.

(c)	� No potential difference appears between 
the two cylinders when a uniform line 
charge is kept along the axis of the  
cylinders

(d)	� No potential difference appears be- 
tween the two cylinders when same 
charge density is given to both the  
cylinders

	13.	 A point charge q is at a distance r from 
an infinite extend earthed conductor. 
Find force between them.

(a)	
2

0

q
12 rπ ε

	 (b)	
2

0

q
18 rπ ε

(c)	
2

0

q
16 rπ ε

	 (d)	
2

0

q
13 rπ ε

	14.	 A conducting sphere S1 intersects a closed 
surface S2 as shown in the figure. A posi-
tive charge q is placed at a point P. What 
is the value of electric flux through the 
surface S2?

(a)	 0+	 (b)	
0

q
ε

(c)	
0

q
<

ε
	 (d)	

0

q
>

ε

	15.	 In Vande-Graff’s generator, the dif-
ference in potential between the inner 
sphere and the outer shell is independent 
of:
(a)	 the radius of the inner sphere
(b)	 the radius of the outer shell
(c)	 the charge on the inner shell
(d)	 the charge on the outer shell
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Electrostatics    1.97

	16.	 A conducting spherical bubble of radius 
a and thickness t(t<<a) is charged to a 
potential V. Now it collapses to form a 
spherical droplet. Find the potential of 
the droplet.

(a)	
1/3a V

5t
 
 
 

	 (b)	
1/3a V

t
 
 
 

(c)	 a V
3t

 
 
 

	 (d)	
1/3a V

3t
 
 
 

	17.	 There are two large metallic plates S1 
and S2 carrying surface charge densities 

σ1 and σ2 respectively (σ1 > σ2) placed 
at a distance d apart in vacuum. Find 
the work done by the electric field 
in moving a point charge q distant a  
(a < d) from S1 towards S2 along a line 
making an angle π/4 with the normal to  
the plates.

(a)	 1 2
q ( )
2

σ − σ 	 (b)	 1 2
qa ( )

2
σ − σ

(c)	 1 2
qa ( )

2
σ + σ 	 (d)	 1 2

qa ( )
4

σ − σ

AnswerS

 1. (b) 2. (b) 3. (c) 4. (d) 5. (c) 6. (a,b,c,d) 7. (a) 8. (c) 
 9. (b) 10. (c) 11. (b) 12. (a) 13. (c) 14. (c) 15. (a) 16. (d) 
 17. (b)

practice EXERCISE 2

	 1.	 Two similar helium filled spherical bal-
loons tied to a 5 g weight with strings and 
each carrying an electric charge q, float 
in equilibrium as shown in the figure.
(a)	� Find the magnitude of q assuming that 

the charge on each balloon concentrated 
at its centre.

(b)	� Find the volume of each balloon (neglect 
the weight of the unfilled balloon and 
assume the density of air = 1.29 kg/m3 
and density of helium inside the balloon 
= 0.200 kg/m3).� [IIT, 1967]

[Ans. q = ± 0.55 µC, (b) 2.293 × 10–3 m3]

	 2.	 An infinite number of charges each equal 
to q are placed along the x-axis at x = 1,  
x = 2, x = 4, x = 8, ....... and so on. Find the 
potential and electric field at the point  
x = 0 due to this set of charges.
What will be the potential and electric 
field if in the above set up, the consecu-
tive charges have opposite sign?	 	
� [IIT, 1974]

0 0 0 0

At 0,V ;E ,V ;E
2 3 6 5

q q q qx = = = = = πε πε πε πε 
Ans.	

 

0 0 0 0

At 0,V ;E ,V ;E
2 3 6 5

q q q qx = = = = = πε πε πε πε 
Ans.	

	 3.	 Two point charges of value (–20/3) × 10–9 C  
and (+ 20/3) × 10–9 C are placed on 
the x-axis at x = –10 cm and x = 10 cm 
respectively.
(a)	� Calculate the potential and the elec-

tric fields at the points P (0, 10) and  
Q (20, 0).
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1.98    Electrostatics

(b)	� Find the work done in carrying 1 C 
positive charge from P to Q along the 
straight-line joining P and Q.

(c)	� Is there any path along which the work 
done is less than the above value? Why.
� [IIT, 1974]

[Ans. (a) 400 volts; EQ = 5.33 × 103 N/C 
along the positive x-axis, (b) WPQ = 400 
joules, (c) There is no other path along 
which the work done is less than that calcu-
lated above, i.e., 400 joules.]

	 4.	 A positively charged oil droplet remains 
stationary in an electric field between 
two horizontal plates separated by a 
distance of 1 cm. If the charge on the 
drop is 3.2 × 10–19 C and the mass of the 
droplet is 10–14 kg, what is the potential 
difference between the plates? Now if the 
polarity of the plates is reversed what 
is the instantaneous acceleration of the 
droplet?	�  [IIT, 1974]
[Ans. 3.063 × 103 volts; 19.6 m/s2]

	 5.	 A particle of mass 40 mg and carrying 
a charge 5 × 10–9 C is moving directly 
towards a fixed positive charge of magni-
tude 10–8 C. When it is at a distance of 10 
cm from the fixed positive charge it has 
a velocity of 0.5 m/s. At what distance 
from the fixed positive charge will the 
particle come momentarily at rest? Is the 
acceleration constant during motion?	
� [IIT, 1975]
[Ans. 4.737 × 10–2m; acceleration will not 
remain constant during motion]

	 6.	 Can a metal sphere of radius 1 cm hold a 
change of 1 coulomb?� [IIT, 1975]
[Ans. No]

	 7.	 A particle having a charge of 1.6 × 10–19 C  
enters midway between the plates of 
a parallel plate condenser. The initial 
velocity of the particle is parallel to 
plates. A potential difference of 300 volt 
is applied to the capacitor plates. If the 
length of the capacitor plates is 10 cm 
and they are separated by 2 cm, calcu-
late the greatest initial velocity for which 
the particle will not be able to come out 

of the plates. The mass of the particle is  
12 × 10–24 kg.	�  [IIT, 1976]
[Ans. 104 m/s]

	 8.	 Four charges +q, +q, – q and –q are 
placed respectively at the corners A, B, C 
and D of a square of side a, arranged in 
the given order. Calculate the potential 
and electric field at O, the centre of the 
square. If E and F are the mid pointsheet 
of the sides BC and CD respectively, 
what will be the work done in carrying a 
charge e from O to E and from O to F?	
� [IIT, 1977]

( )

0 2
0

0

1 4 2V 0; ,
4

41 5 1
4 5

Ans.	 q
a

qe
pe a

 
= ⋅ πε 

 − −
  

	 9.	 A rigid insulated wire frame in the form 
of a right angled triangle ABC is set in 
a vertical plane as shown in the Figure 
Two beads of equal masses m each and 
carrying charges q1 and q2 are connected 
by a chord of length l and can slide with-
out friction on the wires. Considering 
the case when the beads are stationary, 
determine:

(a)	 the angle α
(b)	 the tension in the cord and
(c)	 the normal reactions on the beads.
If the cord is now cut, what are the value 
of the charges for which the beads con-
tinue to remain stationary.� [IIT, 1978]

1 2
1 22

0

1( ) 60 , ( ) ,( )R 3 ,R
4

q qa b mg c mg mg
l

 α = ° ⋅ + = = π ε 
Ans.	

 
1 2

1 22
0

1( ) 60 , ( ) ,( )R 3 ,R
4

q qa b mg c mg mg
l

 α = ° ⋅ + = = π ε 
Ans.	
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Electrostatics    1.99

	10.	 A pendulum bob of mass 80 mg and car-
rying a charge of 2 × 10–8 coulomb is at 
rest in a horizontal uniform electric field 
of strength 20,000 Vm–1. Find the tension 
in the thread of the pendulum and angle it 
makes with the vertical.� [IIT, 1979]
[Ans. 8.8 × 10–4 newton]

	11.	 A copper atom consists of copper nucleus 
surrounded by 29 electrons. The atomic 
weight of copper is 63.5 g/mole. Let 
us now take two pieces of copper each 
weighing 10 g. Let us transfer one elec-
tron from one piece to another for every 
1000 atoms in that piece. What will be 
the coulomb force between the two pieces 
after the transfer of electrons if they are  
1 cm apart.
[Avogadro number = 6 × 1023 g/mole,
Charge on one electron = – 1.6 × 10–19 
coulomb]� [Roorkee, 1980]
[Ans. 2.057 × 1016N]

	12.	 Two equally charged identical metal 
spheres A and B repel each other with a 
force 2.0 × 10–5 newton. Another identi-
cal uncharged sphere C is touched to  
A and then placed at the mid point between 
A and B. What is the net electric force  
on C?� [Roorkee, 1981]

5[ 2.0 10 Nalong BA]
→

−×Ans.	

	13.	 A charge Q is distributed over two con-
centric hollow spheres of radii r and R 
(where R > r) such that the surface den-
sities are equal. Find the potential at the 
common centre.� [IIT, 1981]

2 2
0

1 RNet potential at the centre, Q
4 R

r
r

 +  ⋅  πε  +  
Ans.	

 

2 2
0

1 RNet potential at the centre, Q
4 R

r
r

 +  ⋅  πε  +  
Ans.	

	14.	 A thin fixed ring of radius 1 m has a posi-
tive charge 1 × 10–5 coulomb uniformly 
distributed over it. A particle of mass 
0.9 g and having a negative charge of  
1 × 10–6 coulomb is placed on the axis 

at a distance of 1 cm from the centre of 
the ring. Show that the motion of the 
negatively charged particle is simple har-
monic. Calculate the time of oscillation.	
	�  [IIT, 1982]

[Ans. 0.628 sec]

	15.	 Two identical particles of mass m carry 
a charge Q each. Initially one is at rest 
on a smooth horizontal plane and the 
other is projected along the plane directly 
towards the first particle from a large 
distance with the speed v. Find the closest 
distance of approach.� [Roorkee, 1983]

2

2
0

1 4Q
4

d
mv

 
= ⋅ π ε 

Ans.	

	16.	 Two fixed equal positive charges, each of 
magnitude 5 × 10–5 coulomb are located 
at points A and B separated by a distance 
of 6 m. An equal and opposite charge 
moves towards them along the line COD, 
the perpendicular bisector of the line AB. 
The moving charge when it reaches the 
point C at a distance of 4 m from O, has 
a kinetic energy of 4 joule. Calculate the 
distance of the farthest point D which the 
negative charge will reach before return-
ing towards C.� [IIT, 1985]
[Ans. 8.5 m/s]

	17.	 A drop of water of mass 18 × 10–3 g falls 
away from the bottom of charged conduct-
ing sphere of radius 20 cm carrying with 
it a charge of 10–9 coulomb and leaving on 
the sphere a uniformly distributed charge 
of 2.5 × 10–6 coulomb. What is the speed of 
the drop after it has fallen 30 cm?
[(4π ε0)

–1 = 9 × 109 joule-meter/coulomb2]	
� [Roorkee, 1985]
[Ans. 3.658 m/s]
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1.100    Electrostatics

	18.	 An inclined plane is making an angle of 
30º with the horizontal electric field E 
of 100 V/m. A particle of mass 1 kg and 
charge 0.01 C is allowed to slide down 
from a height of 1 m. If the coefficient of 
friction is 0.2, find the time it will take 
the particle to reach the bottom.		
� [Roorkee, 1987]
[Ans. 1.34 second]

	19.	 Three point charges q, 2q and 8q are 
to be placed on a 9 cm long straight-
line. Find the position where the charges 
should be placed such that the potential 
energy of the system is minimum. In this 
situation, what is the electric field at the 
position of the charge q due to the other 
two charges?� [IIT, 1987]
[Ans. 0]

	20.	 Two identical charged spheres are sus-
pended by strings of equal length. The 
strings make an angle 30º with each other. 
When suspended in a liquid of density  
800 kg/m3, the angle remains the same. 
What is the dielectric constant of the liquid? 
The density of the material of the sphere is  
1600 kg/m3.	

� [Roorkee, 1988; IIT, 1976]
[Ans. 2]

	21.	 Three particles each of mass 1 gm and 
carrying a charge q are suspended from 
a common point by insulated massless 
strings, each 100 cm along. If the par-
ticles are in equilibrium and are located 
at the corners of an equilateral triangle 
of side length 3 cm, calculate the charge 
q on each particle.
(Take g = 10 m/s2)� [IIT, 1988]
[Ans. 3.162 × 10–9 coulomb]

	22.	 A point particle of mass M is attached to 
one end of a massless rigid non-conduct-
ing rod of length L. Another point par-
ticle of the same mass is attached to the 
other end of the rod. The two particles 
carry charges +q and –q respectively. 
This arrangement is held in a region of 
a uniform electric field E such that the 

rod makes a small angle θ (say of about  
5 degrees) with the field direction. Find 
an expression for the minimum time 
needed for the rod to become parallel to 
the field after it is set free.� [IIT, 1989]

T ML
4 2 2 Eq

 π
= 

 
Ans.	

	23.	 Two plane parallel conducting plates  
1.5 × 10–2 m apart are held horizon-
tally one above the other in air. The 
upper plate is maintained at positive 
potential of 1.5 kilovolt while the other 
plate is earthed. Calculate the number 
of electrons that must be attached to 
a small oil drop of mass 4.9 × 10–15 kg 
between the plates to maintain it at 
rest, assuming that the density of air is 
negligible in comparison with that of 
oil. If the potential of the above plate is 
suddenly changed to –1.5 kilovolt, what 
is the initial acceleration of the charged 
drop? Also obtain the terminal velocity 
of the drop if its radius is 5.0 × 10–6 m 
and the co-efficient of viscosity of air is  
1.8 × 10–5 N-s/m2.	 	 	
� [Roorkee, 1989]
[Ans. (a) �a = 19.6 m/s2 downward;  

v = 5.66 × 10–5 m/s]

	24.	 A charged dust particle of radius 5 × 
10–7 m is located in a horizontal electric 
field having an intensity of 6.28 × 105 
volt/m. The surrounding medium is air 
with co-efficient of viscosity η = 1.6 × 
10–5 newton-sec/m2. If this particle moves 
with a uniform horizontal speed 0.02 
m/s, find the number of electrons on it.	
� [Roorkee, 1992]
[Ans. 30]
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Electrostatics    1.101

	25.	 Two circular wire loops of radii 0.05 m 
and 0.09 m respectively are put such that 
their axes coincide and their centre are 
0.12 m apart. Charge of 10–6 C is spread 
uniformly on each loop. Find the poten-
tial difference between the centres of 
loops.� [Roorkee, 1993]
[Ans. 7.08 × 104 volt]

	26.	 A circular ring of radius R with uniform 
positive charge density λ per unit length 
is located in they y – z plane with its cen-
tre at the origin O. A particle of mass m 
and positive charge q is projected from 
the point P R 3 0 0, ,( )  on the positive 
x-axis directly towards O, with an ini-
tial speed v. Find the smaller (non-zero) 
value of the speed v such that the particle 
does not return to P.� [IIT, 1993]

02
qv
m

 λ
= ε 

Ans.	

	27.	 A charge of +10–9 C is located at the ori-
gin in free space and another charge Q  
at (2, 0, 0). If the x-component of the 
electric field at (3, 1, 1) is zero, calculate 
the value of Q. Is the y-component zero 
at (3, 1, 1)?
[Ans. –4.27 × 10–10 C; y-component of elec-
tric field at P (3, 1, 1) is not zero]

	28.	 A non-conducting disc of radius a and 
uniform positive surface charge density σ  
is placed on the ground, with its axis 
vertical. A particle of mass m and positive 

charge q is dropped, along the axis of the 
disc, from a height H, with zero initial 
velocity. The particle has

04 gq
m

ε
=

σ

Find the value of H if the particle just 
reaches the disc.� [IIT, 1999]

4H
3

a =  
Ans.	

	29.	 Four point charges +8µC, –1 µC, 
–1µC and +8µC are fixed at point 

, ,− − +
27 3 3m m
2 2 2

m and 
27
2

+ m 

respectively on the y-axis. A particle of 
mass 6 × 10–4 kg and of charge +0.1 µC 
moves along the – x direction. Its speed 
at x = + ∞ is v0. Find the least value of v0 
for which the particle will cross the origin. 
Assume that the space is gravity free.

Given 
0

1
4

 
 πε   

= 9 × 109 Nm2/C2.

� [IIT, 2000]
[Ans. 3 m/s]

	30.	 A small ball of mass 2 × 10–3 kg having a 
charge of 1 µC is suspended by a string 
of length 0.8 m. Another identical ball 
having the same charge is kept at the 
point of suspension. Determine the mini-
mum horizontal velocity which should be 
imparted to the lower ball so that it can 
make complete revolution.� [IIT, 2001]
[Ans. 5.86 m/s]
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1.102    Electrostatics

Question Bank

CONCEPTUAL QUESTIONS

	 1.	 Two large conducting spheres carrying 
charges Q1 and Q2 are brought close to 
each other. Is the magnitude of electro-
static force between them exactly given by  
Q1Q2/4πε0r

2, where r is the distance between 
their centres

	 2.	 If Coulomb’s law involved 1/r3 dependence 
(instead of 1/r2), would Gauss’s law be still 
true?

	 3.	 A small test charge is released at rest at a 
point in an electrostatic field configuration. 
Will it travel along the field line passing 
through that point?

	 4.	 What is the work done by the field of a 
nucleus in a complete circular orbit of the 
electron? What if the orbit is elliptical?

	 5.	 We know that electric field is discontinuous 
across the surface of a charged conductor. Is 
electric potential also discontinuous there?

	 6.	 What meaning would you give to the capac-
itance of a single conductor?

	 7.	 Guess a possible reason why water has a 
much greater dielectric constant (= 80) than 
say, mica (= 6)

	 8.	 The top of the atmosphere is at about 
400 kV with respect to the surface of the 
earth, corresponding to an electric field that 
decreases with altitude. Near the surface 
of the earth, the field is about 100 Vm–1. 
Why then do we not get an electric shock 
as we step out of our house into the open? 
(Assume the house to be a steel cage so 
there is no field inside.)

	 9.	 A man fixes outside his house one evening 
a two metre high insulating slab carrying on 
its top a large aluminium sheet of area 1 m2. 
Will he get an electric shock if he touches 
the metal sheet next morning?

	10.	 The discharging current in the atmosphere 
due to the small conductivity of air is known 
to be 1800 A on an average over the globe. 
Why then does the atmosphere not dis-
charge itself completely in due course and 
become electrically neutral? In other words, 
what keeps the atmosphere charged?

	11.	 What are the forms of energy into which 
the electrical energy of the atmosphere is 
dissipated during a lightning?

ONLY ONE OPTION IS CORRECT

	 1.	 Figure shows a solid hemisphere with a 
charge of 5nC distributed uniformly through 
its volume. The hemisphere lies on a plane 
and point P is located on the plane, along 
a radial line from the centre of curvature 
at distance 15 cm. The electric potential at 
point P due to the hemisphere, is

(a)	 150 V	 (b)	300 V
(c)	 450 V	 (d)	600 V

	 2.	 A point charge Q is placed at a distance d 
from the centre of an uncharged conduct-
ing sphere of radius R. The potential of the 
sphere is (d > R)

(a)	
0

1 .
4 ( )

Q
d Rπ∈ −

	 (b)	
0

1 .
4

Q
dπ∈

(c)	
0

1 .
4

Q
Rπ∈

	 (d)	zero

	 3.	 The plate of a parallel plate capacitor are 
separated by d cm. A plate of thickness  
t cm with dielectric constant k1 is inserted 
and the remaining space is field with a plate 
of dielectric constant k2. If Q is the charge 
on the capacitor and area of plates is A cm2 
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Electrostatics    1.103

each, then potential difference between the 
plates is

(a)	
0 1 2

Q t d t
A k k

 −
+ ε  

	

(b)	
1 2

4 Q t d t
A k k

 π −
+ 

 

(c)	 1 24 k kQ
A t d t
π  + − 

	

(d)	 1

0 2

kQ d t
A t k

 −
+ ε  

	 4.	 An electric field is given by Ex = –2x3 kN/C. 
The potential of the point (1, –2), if poten-
tial of the point (2, 4) is taken as zero, is
(a)	 –7.5 × 103 V	 (b)	7.5 × 103 V
(c)	 –15 × 103 V	 (d)	15 × 103 V

	 5.	 The figure shows a charge q placed insider 
a cavity in an uncharged conductor. Now if 
an external electric field is switched on

(a)	� only induced charge on outer surface 
will redistribute

(b)	� only induced charge on inner surface 
will redistribute

(c)	� both induced charge on outer and inner 
surface will redistribute

(d)	� force on charge q placed inside the cav-
ity will change

	 6.	 When a hydrogen atom is excited from 
ground state to first excited state then
(a)	 its kinetic energy increases by 10.2 eV
(b)	 its kinetic energy decreases by 10.2 eV
(c)	� its potential energy increases by 20.4 eV
(d)	� its angular momentum increases by 

1.05 × 10–34 J-s

	 7.	 A conducting disc of radius R about its 
axis with an angular velocity ω. Then the 

potential difference between the centre of 
the disc and its edge is (no magnetic field is 
present)

(a)	 zero	 (b)	
2 2

2
em R

e
ω

(c)	
3

3
em R

e
ω 	 (d)	

2

2
eem Rω

	 8.	 A uniform electric field of 400 V/m exists in 
space as shown in graph. Two points A and 
B are also shown with their co-ordinates. 
The potential difference VB – VA in volts, is

(a)	 18 V	 (b)	15 V
(c)	 8 V	 (d)	12 V

	 9.	 Figure shows three circular arcs, each of 
radius R and total charge as indicated. The 
net electric potential at the centre of curva-
ture is

(a)	
02

Q
Rπε

	 (b)	
04

Q
Rπε

(c)	
0

2Q
Rπε

	 (d)	
0

Q
Rπε
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1.104    Electrostatics

	10.	 A neutral conducting spherical shell is kept 
near a charge q as shown. The potential at 
point p due to the induced charges is

(a)	 kq
r

	 (b)	 kq
r′

(c)	 kq kq
r r

−
′

	 (d)	 kq
CP

	11.	 Two concentric uniformly charged spheres 
of radius 10 cm and 20 cm are arranged 
as shown in figure. Potential difference 
between the sphere is

(a)	 4.5 × 1011 V
(b)	 2.7 × 1011 V
(c)	 0
(d)	 None of these

	12.	 The plates of a parallel plate capacitor are 
charged upto 100 volt. A 2 mm thick plate is 
inserted between the plates, then to maintain 
the same potential difference, the distance 
between the capacitor plates is increased  
by 1.6 mm. The dielectric constant of the 
plate is
(a)	 5	 (b)	1.25
(c)	 4	 (d)	2.5

	13.	 In a uniform field
(a)	 all points are at the same potential
(b)	� pairs of points separated by the same 

distance must have the same potential 
difference

(c)	� no two points can have the same poten-
tial

(d)	 none of the above

	14.	 Two metallic bodies separated by a distance 
20 cm, are given equal and opposite charges 
of magnitude of 0.88µC. The component of 
electric field along the line AB, between the 
plates, varies as Ex = 3x2 + 0.4 N/C, where 
x (in meters) is the distance from one body 
towards the other body as shown.

(a)	 The capacitance of the system is 10µF
(b)	 The capacitance of the system is 20µF
(c)	� The potential difference between A and 

C is 0.088 volt
(d)	� The potential difference between A and 

C is cannot be determined from the 
given data

	15.	 Electrical potential ‘v’ in space as a function 

of coordinates is given by, 1 1 1 .V
x y z

= + +  

Then the electric field intensity at (1, 1, 1) 
is given by

(a)	 ˆˆ ˆ( )i j k− + + 	 (b)	 ˆˆ ˆi j k+ +

(c)	 zero	 (d)	 1 ˆˆ ˆ( )
3

i j k+ +

	16.	 Two concentric, thin metallic spheres of 
radii R1 and R2 (R1 > R2) bear changes 
Q1 and Q2 respectively. Then the poten-
tial at distance r between R1 and R2 will  

be 
0

1
4

k
 

= πε 
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(a)	 1 2Q Qk
r
+ 

 
 

	 (b)	 1 2

2

Q Qk
r R

 
+ 

 

(c)	 2 1

1

Q Qk
r R

 
+ 

 
	 (d)	 1 1

1 2

Q Qk s
R R

 
+ 

 

	17.	 A charge +q is fixed at each of the points 
x = x0, x = 3x0, x = 5x0, ........... upto ∞ on 
X-axis and charge –q is fixed on each of 
the points x = 2x0, x = 4x0, x = 6x0, ............. 
upto ∞. Here x0 is a positive constant. Take 
the potential at a point due to a charge Q at 
a distance r from it to be 

0

.
4

Q
rπε

 Then the 

potential at the origin due to above system 
of charges will be

(a)	 zero	 (b)	
0 08 log 2e

q
xπε

(c)	 ∞	 (d)	
0 0

log 2
4

eq
xπε

	18.	 The grid (each square of 1 m × 1 m), repre-
sents a region in space containing a uniform 
electric field.

If potentials at points O, A, B, C, D, E, F 
and G, H are respectively 0, –1, –2, 1, 2, 
0, –1, 1 and 0 volts, find the electric field 
intensity
(a)	 ˆ ˆ( ) V/mi j+ 	 (b)	 ˆ ˆ( ) V/mi j−
(c)	 ˆ ˆ( ) V/mi j− + 	 (d)	 ˆ ˆ( ) V/mi j− −

	19.	 Figure shows an electric line of force which 
curves along a circular arc.
The magnitude of electric field intensity is 
same at all points on this curve and is equal 

to E. If the potential at A is V, then the 
potential at B is

(a)	 V – ERθ	 (b)	V – E2R sin
2
θ

(c)	 V + ERθ	 (d)	V + 2ER sin
2
θ

	20.	 A parallel plate capacitor with air between 
the plates is charged to a potential differ-
ence of 500 V and then insulated. A plastic 
plate is inserted between the plates filling 
the whole gap. The potential difference 
between the plates now becomes 75 V. The 
dielectric constant of plastic is
(a)	 10/3	 (b)	5
(c)	 20/3	 (d)	10

	21.	 In the figure, two conducting concentric 
spherical shells are shown.
If the electric potential at the centre is  
20 V and the electric potential of the outer 
shell is 5 V, then the potential of the inner  
shell is

(a)	 5 V	 (b)	15 V
(c)	 20 V	 (d)	25 V
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1.106    Electrostatics

	22.	 The circuit was in the shown state for a long 
time. Now if the switch S is closed then 
the charge that flows through the switch S,  
will be

(a)	 400
3

Cµ 	 (b)	100µC

(c)	 100
3

Cµ 	 (d)	50µC

	23.	 A capacitor of 1µF withstands a maximum 
voltage of 6 kilovolt while another capaci-
tor of 2µF withstands a maximum voltage 
of 4 kilovolt. If the two capacitors are con-
nected in series, the system will withstand a 
maximum voltage of
(a)	 2 kV	 (b)	4 kV
(c)	 6 kV	 (d)	9 kV

	24.	 The potential at a certain point in an electric 
field is 200 V. The work done in carrying an 
electron upto that point will be
(a)	 3.2 × 10–17 J	 (b)	–3.2 × 10–17 J
(c)	 200 J	 (d)	–200 J

	25.	 Two charged conducting spheres of radii r1 
and r2 are at the same potential. The ratio of 
their surface charge densities will be
(a)	 r1/r2	 (b)	r2/r1

(c)	 2 2 2 2
1 2 1 2/ /r r r r 	 (d)	r2

2/r1
2

	26.	 At the mid-point of a line joining an elec-
tron and a proton, the values of E and V will 
be
(a)	 E = 0, V ≠ 0	 (b)	E ≠ 0, V = 0
(c)	 E ≠ 0, V ≠ 0	 (d)	E = 0, V = 0

	27.	 A charge of 10µC is kept at the origin 
of X–Y coordinate system. The potential  

difference in volts between two points (a, 0) 
and ( / 2, / 2)a a  will be
(a)	 Zero	 (b)	9 × 104

(c)	
49 10

a
× 	 (d)	

49 10
2

×

	28.	 Find equivalent capacitance between X and 
Y if each capacitor is 4µF.

(a)	 4µF	 (b)	8µF
(c)	 12µF	 (d)	1µF

	29.	 Two point charge of 8µC and 12µC are kept 
in air at a distance of 10 cm from each other. 
The work required to change the distance 
between them to 6 cm will be
(a)	 5.8 J	 (b)	4.8 J
(c)	 3.8 J	 (d)	2.8 J

	30.	 Two parallel plate capacitors of capaci-
tances C and 2C are connected in parallel 
and charged to a potential difference V. The 
battery is then disconnected and the region 
between the plates of the capacitor C is 
completely filled with a material of dielec-
tric constant K. The potential difference 
across the capacitors now becomes

(a)	 3
2

V
K +

	 (b)	KV

(c)	 V
K

	 (d)	 3
KV

	31.	 Maximum charge stored on a metal sphere 
of radius 15 cm may be 7.5µC. The poten-
tial energy of the sphere in this case is
(a)	 9.67 J
(b)	 0.25 J
(c)	 3.25 J
(d)	 1.69 J
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	32.	 Four identical particles each of mass m 
and charge q are kept at the four corners 
of a square of length L. The final velocity 
of these particles after setting them free  
will be

(a)	
1/22

(5.4)Kq
mL

 
 
 

	 (b)	
1/22

(1.35)Kq
mL

 
 
 

(c)	
1/22

(2.7)Kq
mL

 
 
 

	 (d)	Zero

	33.	 A parallel plate capacitor is charged to a 
certain potential difference A slab of thick-
ness 3 mm is inserted between the plates 
and it becomes necessary to increase the 
distance between the plates by 2.4 mm to 
maintain the same potential difference. The 
dielectric constant of the slab is
(a)	 3	 (b)	5
(c)	 2.5	 (d)	2

	34.	 A charge Q is distributed over two concen-
tric hollow spheres of radii r and R (R > r) 
such that the surface densities are equal. 
The potential at the common centre is 

0

1
4πε

 times

(a)	 2 2

r RQ
r R

+ 
 + 

	 (b)	 2 22
Q r R

r R
+ 

 + 

(c)	 2 22 r RQ
r R

+ 
 + 

	 (d)	zero

	35.	 A charge +Q is uniformly distributed over a 
thin ring of radius R, velocity of an electron 
at the moment it passes through the centre 
O of the ring, if the electron was initially 
at rest at a point A which is very far away 
from the centre and on the axis of the  
ring is

(a)	 2kQe
mR

	 (b)	 kQe
m

(c)	 kme
QR

	 (d)	 kQe
mR

	36.	 The electric potential V as a function of 
distance x (in metre) is given by: V = (15x2 
+ 10x – 9) V. The value of electric field of  
x = 1 m would be
(a)	 20 V/m
(b)	 6 V/m
(c)	 11 V/m
(d)	 –23 V/m

	37.	 In a region the electric field intensity E is 
given by E = 100/x2 where x in metre. The 
potential difference between the points at  
x = 10 m and x = 20 m will be
(a)	 1 V	 (b)	2 V
(c)	 5 V	 (d)	10 V

	38.	 An uncharged capacitor with a solid dielec-
tric is connected to a similar air capacitor 
charged to a potential of V0. If the common 
potential after sharing of charges becomes 
V, then the dielectric constant of the dielec-
tric must be

(a)	 0V
V

	 (b)	
0

V
V

(c)	 0V V
V
− 	 (d)	 0

0

V V
V
+

	39.	 Two parallel conducting plates 5 mm apart 
are held horizontally one above the other. 
The upper plate is maintained at a positive 
potential of 15 kV while the lower plate is 
earthed. If a small oil drop of relative den-
sity 0.92 and of radius 5µm remains station-
ary between the plates then the charge on 
the drop will be
(a)	 10e	 (b)	8e
(c)	 5e	 (d)	3e

	40.	 An infinite number of charges (each of 
magnitude 1µc) are placed along the X-axis 
at x = 1, 2, 4, 8.... metre. If the charges are 
alternately of opposite sign, then the poten-
tial at the point x = 0 due to these charges 
will be
(a)	 6 × 103 V	 (b)	9 × 103 V
(c)	 1.8 × 104 V	 (d)	1.2 × 104 V

	41.	 Two charged conducting sphere of radii R1 
and R2, separated by a large distance, are 
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1.108    Electrostatics

connected by a long wire. The ratio of the 
charges on them is

(a)	 1

2

R
R

	 (b)	 2

1

R
R

(c)	
2

1
2
2

R
R

	 (d)	
2
2
2

1

R
R

	42.	 Figure shows a ball having a charge q 
fixed at a point A. Two identical balls hav-
ing charges +q and –q and mass ‘m’ each 
are attached to the ends of a light rod of 
length 2a. The rod is free to rotate about a 
fixed axis perpendicular to the plane of the 
paper and passing through the mid-point 
of the rod. The system is released from the 
situation shown in figure. Find the angular 
velocity of the rod when the rod becomes 
horizontal.

(a)	 3
0

2
3

q
maπ∈

	 (b)	
3

03
q

maπ∈

(c)	
3

06
q

maπ∈
	 (d)	 3

0

2
4

q
maπ∈

	43.	 A proton and an α-particle are at a distance 
r from each other. After letting them free if 
they move to infinity, the kinetic energy of 
the proton will be
(a)	 8Ke2/5r	 (b)	2Ke2/5r
(c)	 8Ke2/r	 (d)	Ke2/5r

	44.	 103 small water drops, each of radius r and 
each carrying charge q, combine to form 
one bigger drop. The potential of bigger 
drop as compared to that of smaller drop, 
will be
(a)	 105 V	 (b)	103 V
(c)	 10 V	 (d)	102 V

	45.	 Infinite charges, each of q coulomb are 
lying on x-axis at x = 1 m, 2 m, 4 m, 8 m, 
.........The electric potential due to these at x 
= 0 will be
(a)	 Kq	 (b)	Kq/2
(c)	 2 Kq	 (d)	Kq/3

	46.	 The plates of a parallel plate capacitor have 
an area of 90 cm2 each and are separated by 

2.5 mm. The capacitor is charged by a 400 
volt supply. How much electrostatic energy 
is stored by the capacitor?
(a)	 2.55 × 10–6 J	 (b)	1.55 × 10–6 J
(c)	 8.15 × 10–6 J	 (d)	5.5 × 10–6 J

	47.	 From a supply of identical capacitors rated 
8 mF, 250 V, the minimum number of 
capacitors required to form a composite 16 
mF, 1000 V is
(a)	 2	 (b)	4
(c)	 16	 (d)	32

	48.	 Three charges –q, +q and +q are situated in 
X-Y plane at points (0, –a), (0, 0) and (0, a) 
respectively. The potential at a point distant 
r(r > a) in a direction making an angle θ 
from Y-axis will be

(a)	 2 cos1Kq a
r r

θ − 
 

	

(b)	 2

2 coskq
r

θ

(c)	 Kq
r

(d)	 2 cos1Kq a
r r

θ + 
 

	49.	 A ball of mass 1 g and charge 10–7 C moves 
from a point A whose potential is 500 V to a 
point B whose potential is zero. If the speed 
of the ball at A is 0.51 m/s, its speed at point 
B will be
(a)	 0.6 m/s	 (b)	6 m/s
(c)	 2 m/s	 (d)	4 m/s

	50.	 An alpha particle with kinetic energy  
10 MeV is heading towards a stationary tin 
nucleus of atomic number 50. Calculate the 
distance of closest approach.
(a)	 1.4 × 10–15 m	 (b)	4 × 10–15 m
(c)	 14.4 × 10–15 m	 (d)	8 × 10–15 m

	51.	 Calculate the area of the plates of a one 
farad parallel plate capacitor if separation 
between plates is 1 mm and plates are in 
vacuum.
(a)	 18 × 108 m2	 (b)	0.3 × 108 m2

(c)	 1.3 × 108 m2	 (d)	1.13 × 108 m2
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Electrostatics    1.109

	52.	 A solid conducting sphere of radius a 
having a charge q is surrounded by a con-
centric conducting spherical shell of inner 
radius 2a and outer radius 3a as shown in  
figure.

Find the amount of heat produced when 
switch is closed.
(a)	 Kq2/2a	 (b)	Kq2/3a
(c)	 Kq2/4a	 (d)	Kq2/6a

	53.	 Three uncharged capacitors of capacities 
C1, C2 and C3 are connected to one another 
as shown in the figure.

Points A, B and D are at potential V1, V2 and 
V3 then the potential at O will be

(a)	 1 1 2 2 3 3

1 2 3

V C V C V C
C C C

+ +
+ +

	

(b)	 1 2 3

1 2 3

V V V
C C C

+ +
+ +

(c)	 1 2 3

1 2 3

( )
( )

V V V
C C C

+
+

(d)	 1 2 3

1 2 3

VV V
C C C

	54.	 A parallel plate capacitor of area ‘A’ plate 
separation ‘d’ is filled with two dielectrics 
as shown. What is the capacitance of the 
arrangement?

(a)	 03
4

K A
d
ε 	 (b)	 04

3
K A

d
ε

(c)	 0( 1)
2

k A
d

+ ε 	 (d)	 0( 3)
2( 1)

k k A
k d
+ ε
+

ONE OR MORE THAN ONE CHOICE 
MAY BE CORRECT

	 1.	 Two infinite, parallel, non-conducting sheets 
carry equal positive charge density σ. One is 
placed in the yz plane and the other at dis-
tance x = a. Take potential V = 0 at x = 0
(a)	 For 0 ≤ x ≤ a, potential Vx = 0

(b)	 For x ≥ a, potential 
0

( )xV x aσ
= − −

∈

(c)	 For x ≥ a, potential 
0

( )xV x aσ
= −

∈

(d)	 For x ≤ 0 potential 
0

xV xσ
=

∈

	 2.	 S1 and S2 are two equipotential surfaces on 
which the potentials are not equal.
(a)	 S1 and S2 cannot intersect.
(b)	� S1 and S2 both cannot be plane sur-

faces.
(c)	� in the region between S1 and S2, the field 

is maximum where they are closest to 
each other.

(d)	� A line of force from S1 to S2 must be 
perpendicular to both.

	 3.	 A uniformly charged hemisphere of radius 
2a has a hemispherical depression of radius 
a, as shown in figure.
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1.110    Electrostatics

Then,

(a)	� Potential at A is 
2

0

3
4

aρ
ε

	

(b)	 Potential at B is 
2

0

2
3

aρ
ε

(c)	� Potential at C is 
2

0

3
4

aρ
ε

(d)	 Potential at A is 
2

0

3
2

aρ
ε

	 4.	 A parallel plate capacitor is connected to 
a battery. The quantities charge, voltage, 
electric field and energy associated with 
this capacitor are given by Q0, V0, E0 and 
U0 respectively. A dielectric slab is now 
introduced to fill the space between the 
plates with the battery still in connection. 
The corresponding quantities now given by 
Q, V, E and U are related to the previous  
ones as
(a)	 Q > Q0	 (b)	V > V0

(c)	 E > E0	 (d)	U > U0

	 5.	 The diagram shows part of an evacu-
ated tube in which a stream of electrons 
from an electron gun passes between a 
pair of parallel large deflecting plates. 
The vertical displacement of the electron 
beam as it leaves the parallel plates is x. 
(Do not consider gravity as the electron 
enters the deflecting region parallel to the  
plates)
Which one of A to D below will change the 
displacement x of the beam as it leaves the 
parallel plates?

(a)	 increasing the accelerating voltage
(b)	 increasing the deflecting voltage
(c)	� increasing the distance between the 

electron gun and the deflecting plates
(d)	� increasing the distance between the two 

deflecting plates

	 6.	 A parallel-plate air capacitor of capacitance 
C0 is connected to a cell of emf E and then 
disconnected from it. A dielectric slab of 
dielectric constant K, which can just fill 
the air gap of the capacitor, is now inserted  
in it.
(a)	� The potential difference between the 

plates decreases K times.
(b)	� The energy stored in the capacitor 

decreases K times.

(c)	 The change in energy is 2
0

1 ( 1)
2

E C K −

(d)	� The change in energy is 
2

0
1 11
2

E C
K

 − 
 

	 7.	 In the figure shown the plates of a parallel 
plate capacitor have unequal charges. Its 
capacitance is C.P is a point outside the 
capacitor and close to the plate of charge–Q.  
The distance between the plates is ‘d’.
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(a)	� A point charge at point ‘P’ will experi-
ence electric force due to capacitor

(b)	� The potential difference between the 
plates will be 3Q/2C

(c)	� The energy stored in the electric field 
on the region between the plates is 
9Q2/8C

(d)	� The force on one plate due to the other 

plate is 
2

2
02

Q
dπε

	 8.	 A particle of mass 2 kg and charge 1 mC is 
projected vertically with a velocity 10 m/s. 
There is a uniform horizontal electric field 
of 104 N/C
(a)	� the horizontal range of the particle is  

10 m
(b)	 the time of flight of the particle is 2s
(c)	 the maximum height reached is 5 m
(d)	 the horizontal range of the particle is 0

	 9.	 Potential at a point A is 3 volt and at point 
B is 7 volt, an electron is moving towards A 
from B.
(a)	 It must have some K.E. at B to reach A
(b)	� It need not have any K.E. at B to reach 

A
(c)	� To reach A it must have more than or 

equal to 4eV K.E. at B
(d)	� When it will reach A, it will have K.E. 

more than or at least equal to 4eV if it 
was released from rest at B.

	10.	 Two capacitors C1 and C2 are charged to q1 
and q2 and connected with capacitor C as 
shown in figure. As switch S is closed

(a)	 C gets extra charge when 1 2

1 2

C C
q q

>

(b)	 C gets extra charge when 1 2

1 2

C C
q q

<

(c)	 C gets extra charge when 1 2

1 2

C C
q q

=

(d)	� C does not gets extra charge for any 
value of q1 and q2.

	11.	 Three equal point charges (Q) are kept at 
the three corners of an equilateral triangle 
ABC of side ‘a’. P is a point having equal 
distance ‘a’ from A, B and C. If E is the 
magnitude of electric field and V is the 
potential at point I then

(a)	 2
0

3
4

QE
a

=
πε

	 (b)	 2
0

6
4

QE
a

=
πε

(c)	
0

3
4

QV
a

=
πε

	 (d)	 2
0

3 6
4

Q
E

a
=

πε

	12.	 For the given figure, choose the correct 
option

(a)	 Va – Vf = 110 V
(b)	 Vb – Vc = 0
(c)	 Va – Vb = 60 V
(d)	 Ve = Vd = 0

	13.	 Capacitor C1 of capacitance 1 microfarad 
and capacitor C2 of capacitance 2 micro-
farad are separately charged fully by a com-
mon battery. The two capacitors are then 
separately allowed to discharge through 
equal resistors at time t = 0.
(a)	� The current in each of the two discharg-

ing circuits is zero at t = 0
(b)	� The currents in the two discharging 

circuits at t = 0 are equal but not zero.
(c)	� The currents in the two discharging 

circuits at t = 0 are unequal
(d)	� Capacitor C1 loses 50% of its initial 

charge sooner than C2 loses 50% of its 
initial charge.
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ASSERTION AND REASON QUESTIONS

Direction: Each question contains STATE-
MENT-1 (Assertion) and STATEMENT-2 (Rea-
son). Each question has 4 choices (a), (b), (c)  
and (d) out of which ONLY ONE is correct.

	 (a)	 Statement-1 is True, Statement-2 is True; 
Statement-2 is a correct explanation for 
Statement-1.

	(b)	 Statement-1 is True, Statement-2 is True; 
Statement-2 is NOT a correct explanation 
for Statement-1.

	 (c)	 Statement-1 is True, Statement-2 is False.

	(d)	 Statement-1 is False, Statement-2 is True.

	 1.	 Statement I: A particle A of mass m and 
charge Q moves directly towards a fixed 
particle B, which has charge Q. The speed 
of A is v when it is far away from B. The 
minimum separation between the particles 
is proportional to Q2.
Statement II: Total energy remains con-
served.

	 2.	 Statement I: Potential difference between 
two points lying in a uniform electric field 
may be equal to zero.
Statement II: Points of line normal to elec-
tric field is equipotential line.

	 3.	 Statement I: At a distance r from a +ve 
charged particle potential is V and electric 
field strength E then graph between V2 and 
E is straight line.
Statement II: For a point charge�  

2

04
V q
E

=
π∈

	 4.	 Statement I: Electrons move away from 
a region of lower potential to a region of 
higher potential.
Statement II: Since an electron has a nega-
tive charge.

	 5.	 Statement I: The smiling face consists of 
three items a thin rod of charge 3µc that 
forms a full circle of radius 8 cm, a second 

thin rod of charge 2µc that forms a circular 
arc of radius 4 cm subtending an angle of 
90º about the centre of the full circle, an 
electric dipole with a dipole moment that is 
perpendicular to a radial line and that has 
magnitude 1.28 × 10–21 C-m, electric poten-
tial at centre is zero.

Statement II: Potential on equatorial point 
due to dipole is zero

	 6.	 Statement I: An isolated system consists 
of two particles of equal masses m = 10 gm 
and charges q1 = +1µC and q2 = –1µC as 
shown in figure. The initial separation of 
both charges is ℓ = 1 m. Both the charges 
are given initial velocities v1 = 1 m/s and 
v2 = 2 m/s towards right. Then the maxi-
mum separation between the charges is  
infinite.

ℓ

Statement II: The total energy (Kinetic 
energy + electrostatic potential energy) of 
given two particle system is positive and 
initial velocity of separation is positive.

	 7.	 Statement I: Electric field E at a point P is 
zero if potential at that point is zero.
Statement II: Potential difference between 
two points in space is zero if electric field at 
all points in space is zero.

	 8.	 Statement I: Charges are given to plates of 
two plane parallel plate capacitors C1 and C2 
(such that C2 = 2C1) as shown in figure. Then 
the key K is pressed to complete the circuit. 
Finally, the net charge on upper plate and 
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Electrostatics    1.113

net charge on lower plate of capacitor C1 is  
positive.

Statement II: In a parallel plate capacitor 
both plates always carry equal and opposite 
charge.

	 9.	 Statement I: Each of the plates of a 
parallel-plate capacitor is given equal posi-
tive charge Q. The charges on the facing 
surfaces will be same.
Statement II: A negative charge (–Q) will 
be induced on each of the facing surfaces.

	10.	 Statement I: Electric potential is a property 
of an electric field, regardless of whether 
a charged object has been placed in that 
field.
Statement II: Potential depends on test 
charge.

	11.	 Statement I: Electric potential and electric 
potential energy are different quantities.
Statement II: For a system of positive test 
charge and point charge electric potential 
energy = electric potential.

	12.	 Statement I: The component of E


 in 
any direction is the negative of the rate of 
change of the electric potential with dis-
tance in that direction.
Statement II: Potential gradient in any 
direction at a point gives total electric field 
at that point.

	13.	 Statement I: An excess charge placed on 
an isolated conductor will distribute itself 
on the surface of the conductor so that all 
points of the conductor, whether on the sur-
face or inside, come to the same potential. 
This is true even if the conductor has an 
internal cavity and even if that cavity con-
tains a net charge.

Statement II: It is not possible to maintain 
charge on inside surface of conductor.

	14.	 Statement I: Two equipotential surfaces 
cannot cut each other.
Statement II: Two equipotential surfaces 
are parallel to each other.

MATCH THE COLUMN TYPE QUESTIONS

Each question contains statements given in two 
columns which have to be matched. Statements 
(A, B, C, D) in column I have to be matched with 
statements (p, q, r, s) in column II.

	 1.	 Column I gives certain situations in which 
capacitances of a capacitor is changed by 
different means. Column II gives resulting 
effect under different conditions. Match the 
statements in column I with the correspond-
ing statements in column II.

Column I Column II
(a) The plates of a 

plane parallel 
capacitors are 
slowly pulled 
apart. Then the 
magnitude of 
electric field 
intensity inside 
the capacitor.

(p) Increases if 
the capacitor 
is maintained 
at constant 
charge.

(b) The plates of a 
plane parallel 
plate capaci-
tor are slowly 
pulled apart. 
Then the po-
tential energy 
stored in the 
capacitor.

(q) Decreases if 
the capacitor 
is maintained 
at constant 
charge.

(c) The capacitance 
of an air filled 
plane parallel 
plate capacitor 
on insertion of 
dielectric.

(r) Increases if 
the capacitor 
is maintained 
at constant 
potential  
difference.
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1.114    Electrostatics

(d) A dielectric 
slab is inserted 
inside an air 
filled plane 
parallel plate 
capacitor. The 
potential energy 
stored in the 
capacitor.

(s) Decreases if 
the capacitor 
is maintained 
at constant 
potential dif-
ference.

	 2.	 Match the column:
Column I Column II

(a) Solid non con-
ducting sphere

(p) Potential at 
centre = 3/2 
at surface

(b) Infinite non con-
ducting sheet

(q) Absolute 
potential not 
defined

(c) Inside hollow 
non conducting 
sphere

(r)
03

rE ρ
=

ε





  

r
 
< R

(d) Inside solid con-
ductor

(s) E = 0

	 3.	 Three concentric spherical metallic shells 
A, B and C of radii a, b and c (a < b < c) 
have charge densities of σ, –σ and σ respec-
tively, then
     Column I        Column II

(a) The potential 
of A

(p)
2 2

0

1 a b c
c c

 
− + σ ∈  

(b) The potential 
of B

(q)
2

0

1 a b c
b

 
− + σ ∈  

(c) The potential 
of C

(r)
0

σ
∈

(d) The electric 
field at surface 
of A.

(s)
0

1 ( )a b c− + σ
∈

	 4.	 Two point charges Q and –Q/4 are sepa-
rated by L

Column I Column II
(a) Zero potential (p) L/3 on right 

side of charge 
–Q/4

(b) Zero electric 
field

(q) L/5 on left 
side of charge 
–Q/5

(c) Infinite poten-
tial

(r) L on right side 
of charge –Q/4

(d) Infinite elec-
tric field

(s) Near charge 
Q.

	 5.	 After charge a capacitor to a potential dif-
ference of 100 V, it is discharged through 
a resistor. After one second, the potential 
difference between the plates of capacitor 
becomes 80 volt. then

Column I Column II
(a) Fraction of 

stored energy 
converted into 
heat during first 
one second.

(p) 16/25

(b) Fraction of 
initial stored 
energy con-
verted into heat 
after two sec-
onds.

(q) 256/625

(c) Fraction of 
energy retained 
after first one 
second.

(r) 9/25

(d) Fraction initial 
stored energy 
retained after 
first two sec-
onds.

(s) 369/625

	 6.	 For the circuit is shown 
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     Column I	      Column II
(a)	 S1 closed	 (p)	V1 = 0
(b)	 S3 closed	 (q)	V2 = 0
(c)	 S1 and S2 closed	 (r)	 V1 = 30
(d)	 S1, S2, S3 closed	 (s)	 V2 = 20 V

	 7.	 Column II gives the value of quantity 
described in Column I for the circuit
In the circuit shown in figure the switch is 
closed at t = 0. A long time after closing 
the switch

Column I Column II
(a) voltage drop 

across the 
capacitor is

(p) zero

(b) current 
through the 
battery is

(q)
1 2

E
R R+

(c) energy stores 
in the capaci-
tor is

(r)
2

2

1 2

1
2

R EC
R R

 
 + 

(d) current 
through the 
capacitor b

(s)

PASSAGE BASED QUESTIONS

PASSAGE–1
In the diagram shown, the outer conducting spher-
ical shell (inner radius = b and the outer radius = 
c) is electrically neutral and the inner conducting 
sphere (radius = a) carries charge +Q.

	 1.	 What is the potential of the outer spherical 
shell?
(a)	 Q/(4pe0c)
(b)	 Q/(4pe0c) – Q/(4pe0a)

(c)	 Qbc/(4pe0) (c – a)
(d)	 none

	 2.	 If Vs is potential of inner sphere and Vc is 
the potential at the centre of spherical shell, 
then
(a)	 Vc > Vs

(b)	 Vc < Vs

(c)	 Vc = Vs

(d)	� none of the conclusions can be drawn 
from the given information

	 3.	 A non-conducting sphere of radius R is 
filled with uniform volume charge density.
The centre of this sphere is displaced from 
the origin by .d



The electric field E


 at any point P having 
position vector, r  inside the sphere is

(a)	
03

dρ
ε



	 (b)	
0

( )
3

r dρ
−

ε





(c)	
0

( )
3

d rρ
−

ε



 	 (d)	
0

( )
3

d rρ
+

ε





PASSAGE–2
A capacitor is constructed from two square plates 
of sides ℓ and separation d, as suggested in figure. 
You may assume that d is much less than ℓ. The 
plates carry charges

ℓ
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1.116    Electrostatics

+Q0 and –Q0. A block of metal has width ℓ, length 
ℓ, and thickness slightly less than d. It is inserted 
a distance x into the capacitor. The charges on the 
plates are not disturbed as the block slides in. The 
plates having a thin insulation over it.

	 4.	 The stored energy as a function of x is
(a)	 2 3

0 0( )/(2 )Q d x− ∈ 

(b)	 2 3
0 0( )/( )Q d x− ∈ 

(c)	 2
0 0/[2 ( )]Q d x∈ −  	

(d)	 2
0 0/[ ( )]Q d x∈ − 

	 5.	 The direction and magnitude of the force 
that acts on the metallic block is
(a)	 2 3

0 0/(2 )Q d ∈  to the left
(b)	 2 3

0 0/(2 )Q d ∈  to the right
(c)	 2

0 0/(2 )Q d ∈  to the left
(d)	 2

0 0/(2 )Q d ∈  to the right

	 6.	 The area of the advancing front face of the 
block is essentially equal to ℓd. Considering 
the force on the block as acting on this face, 
then the stress (force per area) on it is

(a)	 2 4
0 0/(2 )Q ∈ 	 (b)	 2 2

0 0/(2 )Q ∈
(c)	 2

0 0/(2 )Q ∈ 	 (d)	 2
0 02 /(2 )Q ∈

	 7.	 If a metal block is released with its ℓ0 length 
between the plates it starts oscillating. Its 
period of oscillation is (mass of block is m, 
there is no friction between plates)

(a)	
3

0 0
2
0

4( )4 m
Q d

− ∈  

(b)	
3

0 0
2
0

4( )2 m
Q d

− ∈  

(c)	
3

0 0
2
0

4( ) m
Q d

− ∈   	

(d)	
3

0 0
2
0

( )1
2

m
Q d

− ∈  

PASSAGE–3
Three large plates A, B and C are placed parallel 
to each other and charges are given as shown.

	 8.	 The charge that appears on the left surface 
of plate B is
(a)	 5C
(b)	 6C
(c)	 3C
(d)	 –3C

	 9.	 The charge on inner surface of plate C, if 
plate B is earthed,
(a)	 5C	 (b)	6C
(c)	 3C	 (d)	–3C

	10.	 The charge on left surface of B, if B and C 
both are earthed,
(a)	 5C	 (b)	6C
(c)	 3C	 (d)	–3C

PASSAGE–4

A non-conducting disc of radius ‘a’ and uniform 
surface charge density σ is placed on the ground, 
with its axis vertical. A particle of mass m and 
positive charge q is dropped, along the axis of the 
disc, from a height H with zero initial velocity. 
The particle has q/m = 4πε0g/σ.

	11.	 Find the value of H if the particle just 
reaches the disc.
(a)	 a/3	 (b)	a/6
(c)	 2a/3	 (d)	4a/3

	12.	 Electrostatic potential at H is

(a)	 2 2 1/2

0

( )a H Hσ  + − ε

(b)	 2 2 1/2

0

( )a H Hσ  + + ε
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Electrostatics    1.117

(c)	 2 2 1/2

0

( )
2

a H Hσ  + − ε

(d)	 2 2 1/2

0

( )
2

a H Hσ  + + ε

	13.	 Sketch the potential energy of the particle 
as a function of its height.

(a)	

(b)	

(c)	

(d)	

SUBJECTIVE QUESTIONS

	 1.	 Amount of heat that will be generated in the 
circuit shown in the figure after the switch 
Sw is shifted from position 1 to position 2 
is.

	 2.	 12 J of work has to be done against an exist-
ing electric field to take a charge of 0.01 
C from A to B. How much is the potential 
difference VB–VA?

	 3.	 The electric field in a region is given by E


 
= (A/x)3 ˆ.i  Write a suitable SI unit for A. 
Write an expression for the potential in the 
region assuming the potential at infinity to 
be zero.

	 4.	 The capacitance of all the capacitors shown 
in figure are in micro farad.
What is the equivalent capacitance between 
A and B? If the charges on the 5µF capaci-
tors is 120µC, what is the potential differ-
ence between A and C?

	 5.	 A spherical shell of radius R carries uni-
formly distributed charge of density σ on 
its surface.
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1.118    Electrostatics

The potential difference between point A on 
the edge and centre B; VA–VB is.

	 6.	 Two points charge q and –2q are placed at 
a distance 6a apart. Find the locus of the 
point in the plane of charges where the field 
potential is zero.

	 7.	 A cavity of radius r is present inside a solid 
dielectric sphere of radius R, having a vol-
ume charge density of P.

    The distance between the centres of the 
sphere and the cavity is a. An electron e is 
kept inside the cavity at an angle θ = 45º as 
shown. How long will it take to touch the 
sphere again?

	 8.	 A capacitor has square plates, each of side 
‘a’ making an angle of θ with each other as 
shown in figure.

    Calculate the capacitance of the arrange-
ment for small θ.

	 9.	 A uniform electric field of 400 V/m is 
directed at 37º below the x axis, as shown 
in figure. Change in potential

(a)	 VB – VA

(b)	 VB – VC [AB = BC = 3 cm]

	10.	 Three identical metal plates with large sur-
face area are kept parallel to each other as 
shown in figure.
The leftmost plate is given a charge Q, the 
rightmost a charge –2Q and the middle one 
remains neutral. Find the charge appearing 
on the outer surface of the rightmost plate.

	11.	 The equivalent capacitance between points 
a and b in the circuit shown in figure. Here 
C1 = 3µF, C2 = 6µF, C3 = 2µF. If a potential 
difference of 48 V is applied across a and b, 
find the charge stored in the capacitor C3 at 
steady state.

	12.	 The equivalent capacitance across A and B 
is

	13.	 A dipole of dipole moment P lies in a 
uniform electric field E such that dipole 
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direction is along field. If dipole is rotated 
through 180º such that dipole direction 
becomes opposite to the field direction. 
Find the work done by the electrostatic 
field.

	14.	 The lower plate of a parallel plate capacitor 
lies on an insulating plane. The upper plate 
is suspended from one end of a balance.

The two plates are joined together by a thin 
wire and subsequently disconnected. The 
balance is then counterpoised. A voltage  
V = 5000 volt is applied between the plates. 
The additional weight which should be 
placed to maintain balance is.
[The distance between the plates is d = 
5 mm and the area of each plate is A =  
100 cm2]

	15.	 What is work done by the electrostatic field 
when we put the four charges together, as 
shown in the figure? Each side of the square 
has a length a. Initially charges were at 
infinity.

	16.	 Two parallel plate air capacitance C were 
connected in series to a battery with e.m.f. 
ε. Then one of the capacitors was filled 
up with uniform di-electric with relative 
permittivity k. (i) The electric field in the 
capacitor with dielectric is decreased n 
times where n = (ii) The amount of charge 
which flows through the battery during 
insertion of dielectric is.

	17.	 The distance between the plates of a parallel 
plate condenser is 0.05 m. A field of 3 × 104 

volt/m is established between the plates. It 
is then disconnected from the battery and an 
uncharged metal plates of thickness 0.01 m 
is inserted into the condenser parallel to its 
plates.

  (i) � The potential difference between the 
plates before the introduction of the 
metal plates is.

 (ii) � after its introduction is.
(iii) � The potential difference, if a plate of 

di-electric constant ∈ = 2 is introduced 
in place of metal plate is.

PREVIOUS YEARs’ IIT-JEE QUESTIONS

	 1.	 A parallel plate capacitor C is corrected 
to a battery and is charged to a potential 
difference V. Another capacitor of capaci-
tance 2C is similarly charged to a potential 
difference 2 V volt. The charging battery 
is now disconnected and the capacitors 
are connected in parallel to each other 
in such a way that the positive terminal 
of one is connected to the negative ter-
minal of other. The final energy of the  
configuration is
� [1995]
(a)	 zero	 (b)	(3/2) CV2

(c)	 (25/6) CV2	 (d)	(9/2) CV2

	 2.	 The capacitance of a parallel plate capacitor 
with plate area ‘A’ and separation d is C. 
The space between the plates is filled with 
two wedge of di-electric constant K1 and 
K2 respectively. Find the capacitance of the 
resulting capacitor.

[1996]
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1.120    Electrostatics

HINTS AND SOLUTIONS

CONCEPTUAL Questions

	 1.	 No, because charge distribution will not be 
uniform.

	 2.	 No

	 3.	 Not necessarily. (True only if the field line 
is a straight line.) The field line gives the 
direction of acceleration, not that of veloc-
ity, in general.

	 4.	 Zero, no matter what the shape of the com-
plete orbit is.

	 5.	 No, potential is continuous.

	 6.	 A single conductor is capacitor with one of 
the ‘plates’ at infinity.

	 7.	 A water molecule has permanent dipole 
moment. However, detailed explanation 
of the value of dielectric constant requires 

Answers

ONLY ONE OPTIONS IS CORRECT
 1. (b) 2. (b) 3. (b) 4. (b) 5. (a) 6. (d) 7. (b) 8. (d) 
 9. (a) 10. (c) 11. (a) 12. (a) 13. (a) 14. (a) 15. (b) 16. (c) 
 17. (d) 18. (b) 19. (a) 20. (c) 21. (c) 22. (d) 23. (d) 24. (a) 
 25. (b) 26. (b) 27. (a) 28. (a) 29. (a) 30. (a) 31. (d) 32. (c) 
 33. (b) 34. (a) 35. (a) 36. (a) 37. (c) 38. (c) 39. (a) 40. (a)
 41. (a) 42. (c) 43. (a) 44. (d) 45. (c) 46. (a) 47. (d) 48. (d) 
 49. (a) 50. (c) 51. (d) 52. (c) 53. (a) 54. (d)

ONE OR MORE THAN ONE CHOICE  MAY BE CORRECT
 1. (a, b, d) 2. (a, c, d) 3. (a, b, c) 4. (a, b) 5. (a, b, d) 6. (a, b, d) 7. (a, b, c)   
 8. (a, b, c) 9. (a, c) 10. (a, b) 11. (b, c) 12. (a, c, d) 13. (b, d)

ASSERTION AND REASON QUESTIONS
 1. (a) 2. (a) 3. (a) 4. (a) 5. (d) 6. (a) 7. (d) 8. (c) 
 9. (c) 10. (c) 11. (c) 12. (c) 13. (c) 14. (c)

MATCH THE COLUMN TYPE QUESTIONS
 1. (a) → p, q (b) → p, q (c) → p, q, s (d) → r, s 2. (a) → p, r, (b) → q, (c) → s, (d) → s
 3. (a) → s, (b) → q, (c) → p (d) → r    4. (a) → p, q, (b) → r, (c) → s, (d) → s
 5. (a) → r, q (b) → s, (c) → p, (d) → q   6. (a) → p, q (b) → p, q (c) → p, q (d) → r, s
 7. (a) → s, (b) → q (c) → r, (d) → p

PASSAGE BASED QUESTIONS
 1. (a) 2. (c) 3. (c) 4. (a) 5. (d) 6. (a) 7. (a) 8. (b) 
 9. (a) 10. (c) 11. (d) 12. (c) 13. (a)
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Electrostatics    1.121

microscopic theory and is beyond the scope 
of the book.

	 8.	 Our body and the ground form an equi-
potential surface. As we step out into the 
open, the original equipotential surfaces of 
open air change, keeping our head and the 
ground at the same potential.

	 9.	 Yes. The steady discharging current in the 
atmosphere charges up the aluminium sheet 
gradually and raises its voltage to an extent 
depending on the capacitance of the capacitor 
(formed by the sheet, slab and the ground).

	10.	 The atmosphere is continually being charged 
by thunderstorms and lightening all over 
the globe and discharged through regions 
of ordinary weather. The two opposing cur-
rents are, on an average, in equilibrium.

	11.	 Light energy involving in lightening, heat 
and sound energy in the accompanying 
thunder.

MATCH THE COLUMN TYPE QUESTIONS

	 1.	 (a)	� At constant charge, the electric field 
within the capacitor remains same when 
plate separation is changed. The electric 
field in capacitor is E = V/d. Hence at 
constant potential difference the electric 
field decreases with increase in d.

(b)	�
21 .

2
QU
C

=  Hence at constant charge U 
increases with decrease in C.

	�
21 .

2
U CV=  Hence at constant potential 
difference U decreases with decrease  
in C.

(c)	� Capacitance increases on insertion of 
dielectric.

(d)	� As a result of insertion of dielectric 

the capacitance increases. 
21 .

2
QU
C

=  

Hence at constant charge U decreases 

with increase in C.
	� U = (1/2) CV2. Hence at constant poten-

tial difference U increases with increase 
in C.

SUBJECTIVE QUESTIONS

	 1.	 1/2 CE2
2.

	 2.	 1200 Volts

	 3.	 The SI unit of electric field is N/C or V/m. 
Thus,

The unit of A is 
3Nm

C
 or V–m2.

( , , )
( , , ) .

x y z
V x y z E dr

∞
= − = −∫





 

= –
3

( , , )

3 22

x y z

x

A dx A
x x

=∫

	 4.	 5µF, 64 Volt
	 5.	 zero

	 6.	 Let us take the charge on X-axis; q at A (0, 
0) and –2q at B(6a, 0) Potential at a point 
P(x, y) is

2 2
04

qV
x y

= +
πε + 2 2

0

2
4 ( 6 )

q
x a y
−

πε − +

⇒	 V = 0

⇒ 
2 2

2 2 2 2

4
( 6 )

q q
x y x a y

=
+ − +

⇒	 the locus is (x – 6a)2 = 4x2 + 3y2.
	� 3x2 + 3y2 + 2 (6x) = 36a2 ⇒ x2 + y2 + 4ax 

= 12a2

	 (x + 2a)2 + y2 = 16a2

∴	� Locus is a circle with centre (–2a, 0) 
and radius 4a.

	 7.	 06 2 mr
ea

ε
ρ

	 8.	
2

0 1
2

a a
d d

ε θ − 
 
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1.122    Electrostatics

	 9.	 –9.57 V, –7.23 V

	10.	 –Q/2

	11.	 4µF, 64µF

	12.	 5C/4

	13.	 Ui = .P E−
 

 = –PE cos O = –PE

Uf = –P.E. cos (180º) = PE

work done by the field = –∆U = Ui – Uf = 
–2PE

	14.	 4.5 g

	15.	 Ui = 0 [Where charges are separated by 
infinite distance]

2 2 2

0

1 4 ( )
4 2 2f

q q qU
a a a

 − −
= + + πε  

 [for 6 

pairs of charges]

Work done by field

–∆U = Ui – Uf = 
2

0

1 24
4

q
a a

 
−  πε  

	16.	   (i)  (k + 1)/2,

		  (ii)  1 1
2 1

kC
k

−
ε

+

	17.	   (i)  1500 V,
		  (ii)  1200 V,
		  (iii)  1350 V

PREVIOUS YEARs’ IIT-JEE QUESTIONS

	 1.	 (b)	

	 2.	 1 2

1 2

CK K
K K−

ln 1

2

K
K
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Capacitor 2
C H A P T E R

2.1 CAPACITORS

When two conductors carry equal and opposite charges then the arrangement of con-
ductor is known as capacitors.

If the charge on the two conductors are not equal and opposite, then the arrange-
ment will not be a capacitor it will still have capacity (C).

+

+

+

+

+

+

–

–

–

–

–

–

+Q –Q

2.2 CAPACITy OF A CAPACITOR

Capacitance of a capacitor is defi ned as ratio of magnitude of charge given to the 
either plate and magnitude of potential difference between them.

+

+

+

+

+

+

–

–

–

–

–

–

+Q –Q
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2.2  Capacitor

+

+

+

+

+

+

–

–

–

–

–

–

+Q –Q

(B) (A)

E =
6
ε0

Air
Medium

d

i.e.,  QC
V

=

where, Q = Charge on either plate magnitude
  V = Potential difference between plates.

2.3 PARALLEL PLATE CAPACITORS

Let, A = Area of each plate.

  d = Separation between plates.

  
QC
V

=

  B AV V E . dl
→ →

− = −∫  
E cos180dl= − °∫

            0

Edl dlσ
= =

ε∫ ∫

            0 0

dl dσ σ
= =

ε ε∫

Potential difference (PD) 
0

Q.
A

d
=

ε

Capacitance, 

 

Charge SuppliedC
Potential difference developed between plates.

=

 

0
air

0

AQC (Homogeneous).Q
A
d d

ε
= =

ε

0
medium

AC r

d
ε ε

=

+

+

+

+

+

+

–

–

–

–

–

–

+Q –Q

(B) (A)

E =
6
ε0

Air
Medium

d
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Capacitor  2.3

C
O

N
C

E
PT How to fi nd capacitance of a capacitor having non-homogeneous medium 

between two plates.

+ + + + + + + + + + + + + + + + + + + + + + + + + +
A

0
medium

AC r

d
ε ε

=

Let the medium between the two plates is now removed and the capacitance re-
mains uneffected or same.

        
0

air
AC
r

ε
=

 
But  Cmedium = Cair 

∴ 0 0A Ar

d r
ε ε ε

=

or    
r

dr =
ε

Therefore, d distance of a medium is equivalent to 
r

d
ε

 distance of air. For capacity 

to be same.

Example
Find the capacitance of capacitor shown in the fi gure below.

Solution )  0 0

31 2

1 2 3

AC

K K K K
i

i

A
t tt t

ε ε
= =

+ + ∑

r

A
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2.4  Capacitor

Example
Find capacitance of the arrangement shown.

d K t

 

≡ 

(d-t)

t
K

0C

K

air
A

td t

ε
=

− +

Capacitance of metal is greater.

d K tK t ≡

(d-t)

t
K

Aε

2.4  ELECTRIC POTENTIAL ENERGy OF CAPACITOR

 
B A

0

W .V V ext

q
− =

or        Wext = (VB – VA) q0

            V = Ed

+

+

+

+

+

+

–

–

–

–

–

–

q – q

Let, C = Capacitance of Capacitor.
At any instant charge on plate of capacitor be +q.
V = Potential difference between plates.
Let dq be the charge B further transferred from one plate to another plate.
Work done by external agent, dW = Vdg.
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Capacitor  2.5

C
O

N
C

E
PT

   W .
C
qd dq=

  

Q

Total
0

1W
C C
q dq q dq= =∫ ∫

  

Q2 2

.
0

1 QW
C 2 2C

 
= = 

 
ext

q

  

2 2C VW
2ext =

 [∵ Q = CV]

  
21 1 1W CV (CV)V QV

2 2 2ext = = =

  

2
21 1 QW QV CV

2 2 2Cext = = =

Electric Potential energy of stored in the capacitor.

 

2
21 1 QU CV QV

2 2 2C
= = =

According to the modern view, it is assumed that electric fi eld in the site of poten-
tial energy. Therefore, in case of parallel plate capacitor electric fi eld exists in the 
volume Ad.
Energy Density

Energy per unit volume (energy density) Energy
Volume

=

Energy density 
2 2

0

0

1 1CV A V 1 V2 2
A d A 2d d d

ε ×
= = = ε

×

            
2

0
1Energy density E
2

= ε

Though, the result is derived for parallel plate capacitor still it is valid every-
where.

Example

If spherical shell of radius R is given charge Q, fi nd self electrostatic potential 
energy of spherical shell.

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



2.6  Capacitor

Solution )  21 1U C V (CV) V
2 2

= =

   
1 QV
2

=

   
1 QQ
2 R

k
= ×

   

21 Q
2 R

k
=

   

2

0

1 1 Q
2 4 R

= ×
πε

  

2

0

1 QU
8 R

=
πε

++++++
+

+ + + + + + ++++++
+

+
++

++++++

+

R

Q

Alternative Method

+++

+
+

+
+

+
+

+
+

+ + + + + + +
+

+
+

+
+

+
+

+

++++ Q

R
r

Consider a spherical layer of radius R and thickness dr.
Volume of small layer = (4 π r2 dr)
E can be assumed to be uniform in thickness dr.
Energy stored in dr thickness

 
2 2

0
1 E 4
2

dU r dr= ε × π

++++++
+

+ + + + + + ++++++
+

+
++

++++++++

+

R

QQ

+++

+
+

+
+

+
+

+
+

+ + + + + + +
+

+
+

+
+

+
+

+

++++ QQ+QQ+

R
r

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Capacitor  2.7

         

2
2

0 2

1 Q4
2

k r dr
r

 = ε × π × 
 

  

2

2
0

QU
8

drd
r

=
πε

Self electrostatic Potential energy (PE).

 

2 2

2
R0 0R

Q Q 1U
8 8

dr
r r

∞∞  = = − πε πε  ∫

 

2

0

QU
8 R

=
πε

Example
A solid non-conducting sphere is charged uniformally having total charge Q, 
fi nd:
  (i) Total self electrostatic potential energy.
 (ii) The ratio of self electrostatic potential energy outside and inside the solid 

sphere?

Solution )

 0

E .
3

rρ
=

ε

++++++++++++++++++++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
++
++
++
++

++
+

++
++
+

++
+

++
++
+

++
++
++
++
++

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++
++
++
+

++
++

++
+

++
++
+
++
+

++
++
++
++
+

+ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + ++ + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + +

dx+

x

R

++ ++

Q

Electric intensity at distance x from centre of sphere

 0

E
3

xρ
=

ε

∴  
2

2
0

0

1U 4
2 3

d x dx x
 ρ

= π ε  ε 

           

2 4

0

2
9

x dxπρ
=

ε

++++++++++++++++++++
+

++
++
++

++
++
++
+

++
++
++

++
++
+

++
++++

++++
+

++
+

++
+

++
+

++
++

++
++

++
++

++
++
+

++
+

++
+

++
+

+

++
++

++

++
++
+

++
++
++

++
++
++

++
++
+

++
++

++
++

++
+

++
+

++
+

++
+

++
++

++
++++

++

++
++
++

++

++
+

+
++
+

++
++

+ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + ++ + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + +

+ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + ++ + + + + + + + + + + + + + + + +

dxdx++

x

R+RR+

++ ++
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2.8  Capacitor

    Hence,  
R2

4

0 0

2U
9

x dxπρ
=

ε ∫

         

5

30

2 Q R
49 5R
3

 
 π

= × × 
ε  π

 

         

2 5 2

2 6
0 0

2 Q 9 R Q
9 16 R 5 40 R

π ×
= × × =

ε π πε

Total self electrostatic potential energy.
 PE = U1 + U2

      

2 2 2

0 0 0

Q Q Q 3
8 R 40 R R 20

 
= + = × πε πε πε 

       Ratio = 5 : 1

2.5 SPHERICAL CAPACITOR

+++

+
+

+
+

+
+

+
+

+ + + + + + +

+
+

+
+

+
+

+
+

++++

a

b Q
<Q

x

Case (A) When outer sphere is earthed and inner is given charge.

    B AV V E. Edl dl
→ →

− = = −∫ ∫

   
2

Qb

a

k dx
x

= −∫

   

1 b

a

ks
x

− = −   

   

1 1Qk
b a

 = − − +  

   
[ ]Q b ak

ab
−

= −

Capacitance C 
Charge supplied

(PD) Potential difference developed
=
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Capacitor  2.9

           

Q

Q b ak
ab

=
− 

 
 

             
04C ab

b a
πε

=
−

Case (B) When inner sphere is earthed and outer is give charge.

a

b

–q

a
bQ

Q

a

kQ
b

When outer sphere is given charge, then the potential of inner sphere will be equal 
to the potential of outer sphere. Therefore, charge will fl ow from the earth at zero 
potential to smaller sphere till its potential becomes zero.

Let q = charge on smaller sphere in electrostatic equation.

∴ Potential of inner sphere Q 0kq k
a b

−
= + =

⇒ Qk kq
b a

=

⇒    Qaq
b

=

Electric potential of outer sphere Qkq k
b b

−
= +

 
Q Qk a

b b
 = − +  

 
2

Q Q( )k b a k b a
b b b

− − = =  

Potential difference 2

( )Q b ak
b
−

=

∴ 
2

Q QC Q( )V
k b a

b

= =
−

or 
2

04C b
b a
πε

=
−

b

–q

a
bQbQ

Q

a

kQ
b
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2.10  Capacitor

2.6 CyLINDERICAL CAPACITOR

Consider two co-axial cylinders of inner radius a and b. Consider a Gaussian cylin-
der of radius r.
Electric fl ux through the Gaussian cylinder.

 
E. S E Sd d
→ →

φ = =∫ ∫ 

+++++++++++++

b

Gaussian Surface

Q
a

–Q
B

A

    E E Sd= ∫
∴ (E 2 )rlφ = × π

But according to Gauss law

Electric fl ux, 
0

Q
φ =

ε

∴ 
0

QE 2 rl× π =
ε

or       
0

QE
2 r l

=
π ε

             0

E
2 r

λ
=

πε

 B AV V E. E cos0dl dl
→ →

− = = − °∫ ∫

          02
dr

r
λ

= −
πε∫

          
= − = [ ]∫

λ
πε

λ
πε2 20 0

dr
r

r
a

b

a

b

( )ln

          02
bln
a

λ
=

− πε

Capacitance, QC
V

=

++++++++++++++

b

Gaussian Surface

QQ
a

–Q
B

A
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Capacitor  2.11

    
0

0

Q
Q
Q2
2

b bln ln
a a

l

λ= =
πε

× πε

∴ 02C
( / )

l
ln b a

πε
=

Capacitance per unit length 02
( / )ln b a
πε

=

Example
Prove that half of the total energy stored in the case of cylindrical capacitor lies 
inside a cylinder whose radius is r = ab .

 Solution )  Consider a cylinder of radius x and thickness dx.
Volume of cylindrical layer  = Area × Thickness = 2π xl dx
Energy stored in dx layer

+++++++++++++

x

b

dx

a

 
2

0
1 E 2
2

x dx= ε × π

 

2

0
0

1 2
2 2

xl dx
x

 λ
= ε × π πε 

 

2

04
l dx

x
λ

=
πε

     Total stored energy 
2

04

b

a

l dx
x

λ
=

πε ∫

                             

2

04
l bln

a
λ  =  πε  

     Energy stored in a cylinder of radius r.

 

2

0

U
4

l rln
a

λ  =  πε  

++++++++++++++

x

b

dx

a
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2.12  Capacitor

     But 
2 2

0 04 4 2

blnl r l aln
a

λ λ
=

πε πε

     ∴          
1/2r bln ln

a a
 =  
 

     or              r b
a a

=

     or                 r ab=

2.7 COMBINATION OF CAPACITORS

Series Combination
In series combination, charge on each capacitors are same.

In general, in Series Combination, potential difference across capacitors are not 
same.

+

+

+
+

–

–

–
–

q –q
C

A B
E D

1

+

+

+
+

–

–

–
–

q –q
C2

+

+

+
+

-

-

-
-

q –q
C3

v

–

–

–
–

 
1

1

V
C
q

+

 q = C1 V1

∴ q = C2 V2

and q = C3 V3

or  C1 V1 = C2 V2 = C3 V3 = q
∴   C V = Constant

 
1V
C

∝

 
1 2 3

1 2 3

1 1 1V : V : V : :
C C C

=

++

+

+
+

–

–

–
–

q –q
C

A B
E D

1

++

+

+
+

–

–

–
–

q –q
C2

++

+

+
+

-

-

-
-

q –q
C3

v

–-––-

–-––-

–-––-
–-––-
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Capacitor  2.13

C
O

N
C

E
PT

Now, Potential difference, V = V1 + V2 + V3

 1 2 3

V
C C C
q q q

= + +

If = C Capacitance of equivalent capacitor.

then V
C
q

=

 1 2 3C C C C
q q q q

= + +

 1 2 3

1 1 1 1
C C C C

= + +

+

+

+
+

–

–

–
–

q     – q
q

A B

v

Equivalent of series combination means charge on equivalent capacitor will be 
equal to chrge on each capacitor while its P.D. will be equal to the sum of P.D. of 
each capacitor.

Here, 1 1
C Ci

>

or,  Ci > C

  C < Ci

The value of equivalent capacitance in series combination is smaller than the 
smallest.

 
CCeq n

=  if q is same for (V) all voltage.

 

1 2

2

C CC
C Ceq

i

=
+

++

+

+
+

–––

–––

–––
–––

q  q    q   – q
q

A B

v
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2.14  Capacitor

Parallel Combination

+

+

+
+

–

–

–
–

q3 –q3

C3

+

+

+
+

–

–

–
–

q2 –q2

C2

+

+

+
+

–

–

–
–

q1 –q1

C1

v

≡

+

+

+
+

–

–

–
–

PD same
(q + q + q )1 2 3

v

  

+

+

+
+

–

–

–
–

q3 –q3

C3

+

+

+
+

–

–

–
–

q2 –q2

C2

+

+

+
+

–

–

–
–

q1 –q1

C1

v

≡

+

+

+
+

–

–

–
–

PD same
(q + q + q )1 2 3

v

Since, q1 = C1V
  q2 = C2V
  q3 = C3V
∴ q1 : q2 : q3 = C1 : C2 : C3

If C = Capacitance of equivalent capacitance, then
      q1 + q2 + q3 = CV
or C1V + C2V + C3V = CV
or C = C1 + C2 + C3

Equivalent of parallel combination is greater than the greatest.
Charge on equivalent capacitor in parallel combination is sum of charge of all the 

capacitors while its P D will be equal to the P D of each and every capacitor.

2.8 POLARIZATION IN DIELECTRICS

When a polar or a non-polar dielectric material is kept in a external fi eld, then due to 
torque on dipoles, Dipole moment is aligned along the external fi eld Due to this the 
surface of dielectric acquires charge, while inner volume is neutral. This phenom-
enon is known as Polarization in dielectrics.

++++++++++++++++

++++++++++++++++

εc εp

Q
q

++

+

+
+

–

–

–
–

q3 –q3

C3

++

+

+
+

–

–

–
–

q2 –q2

C2

++

+

+
+

–

–

–
–

q1 –q1

C1

v

≡

  

++

+

+
+

–

–

–
–

PD same
(q + q + q )1 2+ 1 21 2+ q +1 21 2q + 3

v

++++++++++++++++

++++++++++++++++

εc εp

QQ
q
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Capacitor  2.15

C
O

N
C

E
PT When a dielectric lies in between plates of a capacitor then due to fi eld produced by 

bond charge, net fi eld inside the capacitor at any point decreases.

+++++++++++++++++++++++++++++++++++++++++++++++

+++++++++++++++++++++++++++++++++++++++++++++++

Q

(bond energy)
q

air

Consider a Gaussian surface as shown in the fi gure.
Electric fl ux through this gaussian surface,

   
E. S E Sd d
→ →

φ = =∫ ∫ 

  
E Sd= ∫

  = E0 A,
where, A = Area of plate According to Gauss Law

 0 0

Q ( )enclosedq q+ −
φ = =

ε ε

If dielectric is absent. Let fi eld inside the capacitor is E0.

∴   
0

QEA q −
=  ε 

 ……(i)

and  0
0

QE A =
ε

 ……(ii)

From equations (i) and (ii), we have

 

0 0

0

E Q
E Q q

ε
= ×

ε −

But 0E K
E

=

∴ QK
Q q

=
−
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2.16  Capacitor

C
O

N
C

E
PT

or K (Q – q) = Q

or KQ – Kq = Q

or Q(K 1)
K

q −
=

∴ 1Q 1q
k

 = − 
 

In this case, induced charge on the surface of dielectric is less than free charge. If 
the slab is of metal, then in this case
 K = ∞ (infi nite)
 q = Q

The result holds good for every type of dielectric material; though it is derived for 
special case of parallel plate capacitor.

  

1Q 1
K

q  ′ = − 
 

∴  Q 11
A K

 σ′ = − 
 

  

11
K

 σ′ = σ − 
 

or  
K
σ

σ′ = σ −

∴ p
0 0 0

1E ( )σ σ′
= − = σ − σ′

ε ε ε

    0

1
K
σ =  ε    0

Kσ
=

ε
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Capacitor  2.17

C
O

N
C

E
PT How to write Gauss law in dielectrics:

 0

QE. S qd
→ →  −

=  ε 
∫

But         1Q 1
K

q  = − 
 

∴          QQ
K

q = −

or        Q (Q )
K

q= −

From equation (i), 
0

E. S
K
Qd

→ →

=
ε∫

or   
0

QK E. Sd
→ →

=
ε∫  Free charge new form of Gauss’s Law.

Example

A metallic sphere of radius q is surrounded by a homogeneous dielectric around 
it of outer radius b. Find capacitance of metallic sphere.

+++

+
+

+
+

+
+

+
+

+ + + + + + +

+
+

+
+

+
+

+
+

++++

R

+++

+
+

+
+

+
+

+
+

+ + + + + + +

+
+

+
+

+
+

+
+

++++

a

Q –QP

QP

b

Solution )  Bond charge, p
1Q Q 1
k

 = − ′ 
Electric potential of metallic sphere,

  
Q Q QV k k p k p
a a b

= − +

       1 1

Q Q 1 Q 11 1k k k
a a k b k

   
= − − + −   

   

+++

+
+

+
+

+
+

+
+

+ + + + + + +

+
+

+
+

+
+

+
+

++++
+++

+
+

+
+

+
+

+
+

+ + + + + + +

+
+

+
+

+
+

+
+

++++

a

QQQQ –QQQPP

QP

bb
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2.18  Capacitor

     1 1

Q 1 Q 11 1 1k k
a k b k

   
= − + + −   

   

     
1 1

1

1 1 1 1 1 1 1Q Qk k
k a b k b k a b b

    = + − = − +       

∴ 

1

Q QC
V 1 1 1 1Qk

k a b b

= =
  − +    

or 0

1

4C
1 1b a
k ab b

πε
=

−  + 
 

Example
Two plates carry equal and opposite charges +Q and –Q separated by a distance d. 
A dielectric slab is introduced between the two plates as shown in the fi gure. 
Find
 (i) Capacitance of this system.
 (ii) Potential energy stored in the capacitor.
 (iii) Force on dielectric by the plate.

++++++++++++++++

++++++++++++++++++++++++++
+++++++++++

+v

Fully Charged

  

++++++++++++++++

V2

+++++++++

Q

V1 d

σ1 σ2

x

Solution )  σ1 = σ2 ∈r

          σ1 > σ2

Capacitance of the system C = C1 + C2

 

0 0
AK ( )

Ax l xl l
d d

 ε ε − 
 = +

 
= + −[ ]ε0A

K
ld

x l x( )

 
= + −[ ]ε0 1 1

A
K

ld
x( )

Energy stored in the capacitor, 
2QU

2C
=

++++++++++++++++

++++++++++++++++++++++++++
+++++++++++

+v

Fully Charged

  

++++++++++++++++

V2

+++++++++

Q

V1 d

σ1 σ2

x
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Capacitor  2.19

 

U Q
A K

=
+ −[ ]2 10ε

ld
l x( )

=
+ −[ ]

Q
A

2

02 1
ld

l xε ( )K

Force on dielectric due to the capacitor.

  
[ ]

2
1

0

U QF ( 1)
2 A

d d ld l K x
dx dx

− − −
= = + − ε 

     

( )
( )

2

2
0

K 1Q
2 A K 1

ld
l x

−
=

ε + −  

Example

If area of plate = A, width = A ,
l

 fi nd time period.

ll

a a

ε

 Solution )  Let at any instant x, lengths of dielectric is interested in the capacitor.
 Ceq = C1 + C2

   
0 0( )A Arl x x

ld ld
ε − ε ε

= +

   
0

r
A [ x]l x

ld
ε

= − + ε

    
0

r
AC [ ( 1) ]l x

ld
ε

= + ε −

Energy stored in the capacitor.

 
2 20

r
A1 1U CV [ ( 1)

2 2
l x

ld
ε

= = + ε − ε

  
UF d

dx
−

=

     
20

r
A [ 1]

2ld
ε

= − ε ε −

Acceleration of dielectric a 
2

0
r

A ( 1)
2ldm
ε ε

= ε −

Since,                21 t
2

s ut a= +

ll

a aa a

ε
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2.20  Capacitor

∴ 
21( ) t

2
l a a− =

or 1

2( )t l a
a
−

=

Time period T 
2

0
1

2( )
4

2 2( ) A ( 1)2
2

r

l a
l a

a ldm

−
 − ε ε ε −

= =  
 

Example
In the fi gure shown, fi nd rise in the level of liquid inside the capacitor.

++++++++++++++++Q

 Solution )  Net electric intensity at the upper surface.

 0

( ) ˆE
2

j jσ − σ′
= +

ε ε

    0

ˆ
2

pQj Q
A A

 −
= + ε  

 
0

11ˆ Q KE
A 2A

Q
j

  −    = − +
ε  

  
0

11ˆQ K1
A 2
j

  −    = − +
ε  

  

 0

Q 1 ˆE 1
2A K

j
→ −  = + ε  

For equilibrium, QE = mg = Ahρg

 
Q 1Q 1 A

2A K
h g−  + = ρ    

 
0

1 Q 1Q 1 1 A
2A

h g h
k k

−   = − + = ρ   ε   

∴ 0

1 Q 1Q 1 1
2A

A
k kh

g

   − +   ε   =
ρ

++++++++++++++++Q

 Net electric intensity at the upper surface.
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Capacitor  2.21

Example
A parallel plate condenser consists of two metal plates of area A and separa-
tion d. A slab of thickness ‘t’ and dielectric constant k is inserted between the 
plates with its faces parallel to the plates and having the same surface area as 
that of the plates. Find the capacitance of the system. If k = 2, for what val-

ue of t
d

, will the capacitance of the system be 3
2

 times that of the condenser 

with air fi lling the full space? Calculate the energy in the two cases and 
account for the energy charge.

 Solution )  In effect, the capacitor fi lled partly with the dielectric is a series 
combination of two capacitors of capacitances

 
0

1
AC ,k

t
ε

=  0
2C A

d t
ε

=
−

∴  Effective capacitance of the combination is

 1 2

1 1 1
C C C

= +
0 0

t d t
k A A

−
= +

ε ε 0

t d t
k

A

+ −
=

ε

∴ 0 0C

2

A A
t td t d
k

ε ε
= =

+ − −

For the air condenser, 0Ca
A

d
ε

=

d

t d t

k

Now     3C C
2 a=

∴ 0 03
2

2

A A
t dd

ε ε
= ×

−

∴            2 2 1
3 2

td t
d d

−
= = −

∴     2 11
2 3 3
t
d

= − =

∴       t
d

=
2 .
3

d

tt d td t

k
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2.22  Capacitor

If charge Q in the condenser remains unchanged, then

Energy of the air condenser, 
21W

2i
n

Q
C

=

Energy after introducing the dielectric, 
21

2f
QW
C

=

 

3
2

i

f n

W C
W C

= =

The introduction of the dielectric reduces the potential energy of the condenser. This 
loss is used up to polorize the dielectric.

2.9  FORCE BETWEEN THE PLATES OF CAPACITOR

Consider a parallel plate capacitor with plate area A. Suppose, a positive charge + Q 
is given to one plate and a negative charge – Q to the another plate. The electric fi eld 
due to only the positive plate is

E+ = Q
2A ε0

 0

E
2+

σ
=

ε

             02
Q
A

=
ε

at all points if charge is large. The negative charge – Q fi nds itself in the fi eld of this 
positive charge. Therefore force on – Q is

 F = – QE

    

2

0 0

( Q)
2 2

Q Q
A A

−
= − =

ε ε

The magnitude of force is

 

2

0

F
2
Q
A

=
ε

This is the force with which the positive plate attracts the negative plate. This is also 
the force of attraction on the positive plate by the negative plate. Thus, the plates of 
parallel plate capacitor attract each other with a force

 

2

0

F
2
Q
A

=
ε

E+ = Q
2A ε0
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Capacitor  2.23

2.10 CHARGING OF A CAPACITOR

In the circuit an uncharged capacitor of capacitance C is connected to the resistance 
R. At the time t = 0, the switch S is closed and thus the current fl ow to the capacitor.

S R i

at t = 0
i

E

+
- c

  Let q, vc be the charge and voltage of the capacitor at time t and i be the current. 
Then by Kirchoff’s law
  E – iR –  vc = 0

 
0

C
dq qE R
dt

− − =  dqi
dt

 = 
 


⇒ dq dt
CE q RC

=
−  0 0

q tdq dt
CE q RC

− −
= =

−∫ ∫
 q (t) = CE (1 – e–t/RC)

CE
i

t

This equation gives the expression for charge on capacitor as a function of time. 
The charge grows on the plate exponentially as shown on the graph.

Note the Following Points
 (i) In steady state: t → ∞ and q → CE
 (ii) The voltage across capacitor also grows exponentially towards E

/(1 )
C

t RC
c

q E e−= = −υ

S R i

at t = 0
i

E

+
- c

CE
i

t
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2.24  Capacitor

vC

t

 (iii) The time constant (τ) of the circuit is defi ned as the time after which the charge 
has grown upto

  

11
e

 − 
 

 = 63% of its steady-state value.

  τ = RC
 (iv) From energy conservation, we can see that:
  Energy supplied by cell per sec. = energy stored in capacitor per sec.
  + heat dissipated in R per sec

  or Ei = ivc + i2R
  or E = vc + iR

      C
q dqE R

dt
= +

  (Note that dqi
dt

= , as q is increasing and hence dq
dt

 is positive).

2.11  DISCHARGING OF A CAPACITOR

If we connect a charge capacitor C across a resistance R, the capacitor begins to 
discharge through R. The excess positive charge on high potential plate fl ow through 
R to the negative plate and in steady-state, the capacitor plate become discharged.

at t = 0

+
+

–
–

s

R

vC

t

 (iii) The time constant ( ) of the circuit is defi ned as the time after which the charge 

at t = 0

+
+

–
–

ss

R
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Capacitor    2.25

As the charge on plates decreases with time, dq
dt

 is negative.

Hence	 dqi
dt

= −

From Kirochoff’s Law

	  υc = iR

⇒	
C
q dqR

dt
= −       ⇒	

0 0

q t

q

dq dt
q RC

= −∫ ∫

where, q0 is the charge on capacitor at t = 0

⇒	 q(t) = q0 e
–t/RC

Example
A capacitor of capacity 1 µF is connected in closed series circuit with 
a resistance of 107 Ω, an open key and a cell of 2 V with negligible internal  
resistance:
	 (i)	 When the key is switched on at time t = 0, find:

(a)	 time constant for the circuit.
(b)	� charge on the capacitor at steady-state.
(c)	 �time taken to deposit charge equal to half of that at steady-state.

	(ii)	 If after fully charging the capacitor, the cell is shorted zero resistance at time  
t = 0, find the charge on the capacitor at t = 50 sec.

Solution))
 (i)	 (a)	 Time constant = RC

		  = (107) (10–6) = 10 sec.

	 (b)	� Charge on the capacitor at steady-state,

		   Q0	= V0C

				    = 2 × 10–6

				    = 2 µC

	 (c)	 0
1
2

q Q=  
1

0 1
t

CRQ e
− 

= − 
 

		  ⇒	 10 2
t

e =

		  ⇒	� t = (10) (2.303) 2
10(log )  

   = 6.94 sec.
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2.26    Capacitor

(ii)	
1

0

t
CRq Q e

−
=

50
6 10(2 10 )e

−−= ×

	    
6

5

12 10
e

−= ×  = 1.348 × 10–8 C� (since, e = 2.718)

Example
A 3 mega-ohm resister and 1 µF capacitor are connected in a single loop circuit 
with a source of constant 4 volts. At one second after the connection is made, 
what are the rates at which:
	 (i)	 the charge on the capacitor is increasing.
	(ii)	 energy is being stored in the capacitor.
	(iii)	 joule heat is appearing in the resistor.
	(iv)	 energy is being delivered by the source?

�Solution))  Given:  R = 3 ×106 Ω C = 1 × 10–6 F
			       v0 = 4 V, t = 1 sec
			      q0 = v0C = 4 × 10–6 = 4 × 10–6 C

			       
0 1

t
CRq q e

− 
= − 

 

	 (i)	 0
1.

t
CRdq q e

dt CR
− 

=  
 

	       

16
34 10

3
e

− −×
= ⋅

	        = 0.96 ×10–6 Cs–1

	(ii)	 Rate of energy stored
21

2 C
d q
dt

 
=  

 

			 
1 .
2 C

q dq
dt

=
 

0 1
C

t
RCq dqe

dt
− 

= − 
 

			 

16
63

6

4 10 1 (0.96 10 )
1 10

e
− − −
−

 ×
= − × ×  

			   = 1.09 × 10–6 Js–1

	(iii)	 Rate of Joule heating = i 2R
			   = (0.96 × 10–6)2 (3 × 106)
			   = 2.76 × 10–6 Js–1

	(iv)	 Rate at which energy is drawn from the source
			   = v0 i
			   = 4 × 0.96 × 10–6

			   = 3.84 × 10 –6 Js–1.
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Capacitor    2.27

WORKED OUT EXAMPLES

		 (ii)	 D
S
q

=  and 
S S ( )
q q

x
ρ =

ε
			�   And, the space density of bound charge 

is

			 
div ε − ε

ρ′ = − ρ = −
ε
2 1

2

( ) .
S ( )
q

d x

	 2.	 Find the capacitance of a system of two 
identical metal balls of radius a if the 
distance between their centres is equal to 
b, with b >> a. The system is located in a 
uniform dielectric with permittivity ε.

	)) Solution

a

b

a

+ –

When, b >> a, the charge distribution on 
each spherical conductor is practically unat-
teched by the presence of the other conduc-
tor. Then, the potential φ+ (φ–) on the positive 
(respectively negative) charged conductor is 

0 04 4 a

q q
a

 
+ − πε ε πε ε 

Thus,	        
02

q
a+ −φ − φ =

πεε

and	 0C 2q a
+ −

= = πε ε
φ − φ

Note: If we require terms which depend on 

,a
b

 we have to take account of distribution of 

charge on the conductors.

	 3.	 Find the capacitance of infinite ladder 
shown in the figure.

	 1.	 The gap between the plates of a paral-
lel-plate capacitor is filled with isotropic 
dielectric whose permittivity ε varies lin-
early from ε1 to ε2 (ε2 > ε1) in the direction 
perpendicular to the plates. The area of 
each plate equals S, the separation between 
the plates is equal to d. Calculate:

		  (i)	 capacitance of the capacitor.
		 (ii)	 �space density of the bound charges 

as a function of ε if the charge of the 
capacitor is q and the field E in it 
directed toward the growing ε values.

	�)) Solution The dielectric constant increasing 
linearly with distance.
Let	� ε = ε1 + bx and when x = d, ε = ε2 When 

x = 0, ε = ε1;

	
2 1b
d

ε − ε
=

∴	 2 1
1 x

d
ε − ε ε = ε +  

 

	 0

V V .E dr dx
→

+ −

σ
− = =

ε ε∫ ∫

	     	        

2 10
0 1

d dx

x
d

=
 ε − ε  ε ε +     

∫

Put 	 2 1
1

( ) z,x
d

ε − ε
ε + =  ⇒ 2 1 dx dz

d
ε − ε

=

or	 x = 0,	 z = ε1

and	 x = d,	 z = ε2

	

2

10 2 1

V V .d dz
z

ε

+ −
ε

σ
− =

ε ε − ε∫

		         

2

0 2 1 1

ln
( )

εσ
=

ε ε − ε ε

Hence, the sought capacitance, SC
V V+ −

σ
=

−
2 1 0

2

1

( ) S

ln d

ε − ε ε
=

 ε
 ε 

.
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2.28    Capacitor

C C C C

CCCA

B

	�)) Solution As the ladder is infinitely long, the 
capacitance of the ladder to the right of  
the points P and Q, is the same as that of the 
ladder to the right of the points A and B.

C1C

C P

Q

A

B

The equivalent capacitance between A and B.

	

1
1

1

C C C C
C C

= +
+

or	 C1 C + C1
2 = C2 + 2C C1

or	 C1
2 –CC1 + C2 = 0

Solving we get,	

2 2

1
4 1 5C C

2 2
C C C+ + +

= =

Negative value of C1 is rejected.

	 4.	 In the circuit shown in the figure R1 = 2, 
R2 = 6, R3 = 300 MΩ, C = 0.1 µF and  
E = 10 volt.

		  The switch ‘S’ is closed at t = 0. Calcu-
late:

		  (i)	� charge on the capacitance as a func-
tion of time.

		 (ii)	� energy of the capacitance at t = 15 
sec.

R1

E

R3

R2

C

S

	)) Solution

6R3

E

R3

3R

i – i1

3

C

S
i i1

(1)

Applying Kirchoff’s law in loop I, we have
	 6R3 i + 3R3 (i – i1) – E = 0
or	 9R3 i – 3R3 i1 – E = 0� ...(i)
Again applying the Kirchoff’s law, we have

	
3 3 16 0

C
qR i R i E+ + − = � …(ii)

From equations (i) and (ii)

	
3 1 3 1

36 2 3 3 0
C
qR i E R i E− − − − + =

or	 3 1
39 0
C
qR i E+ − =

But	 1
dqi
dt

=

∴	 3
39 0
C

dq qR E
dt

+ − =

or	 39
3E
C

R dq dtq =
−

Let	 3
C
qE z− =

or	 3
C

dq dz− =

∴	 39R ( )C
3
dz dt
z

− =

or	 3
39R Cln E 3
C
q t − − = 

 

or	 393E
C

t
R Cq e

−

− =
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Capacitor    2.29

   or	 39 3E
C

t
R C qe

−

− =

   or	 39C
3

t
R Cq E e

− 
= −  

 

	    

 
=  

 

6
1510 1 C

3

− −
−

t

e

		 (ii)	 Energy of capacitor 
21

2 C
q

=

	

2156
15

6

10 1
31

2 0.1 10

e
− −

−

  
−  

   = ×
×

	 = 0.22 × 10–6 J

	 5.	 Four identical metal plates are located in 
air at equal distance d from one another. 
The area of each plate is equal to S. Find 
the capacitance of the system between 
points A and B if the plates are intercon-
nected as shown.

A

B

	�)) Solution The charge distribution is shown in 
the figure
Applying the kirchoffs law

	
1 2 1( ) 0

C C C
q q q− − −

− + + =

or	 q2 = 2 q1 …(i)

Now	 1 2
0

1

3C C
2

C

q q
q
+

= =

or	 0C ε
= 0S3 .

2 d
−q1
q1

q2

−q2

−q1

+q1

A

B

	 6.	 In the circuit shown in the figure, electro 
magnetic field of each battery is equal to 
E = 60 V and the capacitor capacitances 
are equal to C1 = 2.0 µF and C2 = 3.0 µF. 
Find the charges which flow after the 
shorting of the switch Sw through section 
1, 2 and 3 in the directions indicated by 
the arrow.

E

E C2

C1

Sw
3

1

2

	�)) Solution Applying the Kirchoff’s law when 
the switch is closed.

	

1

1

0qE
C

− =

or	 q1 = EC1� …(i)
And	 q2 = E C2

E

E

+q1

−q1

−q2

+q2

2

1

C1

C2

When the switch is open, equivalent capaci-
tance

	

1 2
0

1 2

C CC
C C

=
+

∴	 1 2
0

1 2

2E C Cq
C C

=
+

Hence, the flow of charge due to the shorting 
of switch through section 1
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2.30    Capacitor

	 = q1 – q0

	

1 2
1

1 2

E C C C
C C

 −
=  + 

	 = – 24 µC
and through the section 2
	 = – q2 – (q0)

	

1 2
2

1 2

C CE C
C C

 −
=  + 

	 = – 36 µC
and through the section 3
	 = – q2 – (q1)

	 = E (C2 – C1)

	 = – 60 µC

E

E

+q0

−q0

−q 0

+q0

2

1

	 7.	 A capacitor has square plates each of side 
a, making an angle of θ with each other 
as shown in the figure. Show that for 
small θ, the capacitance is given by

	

2
0 1

2
ε θ = − 

 
a aC

d d

	�)) Solution Consider a strip of length dx at 
distance x. Then, the capacitance

	
0C a dxd

d y
ε

=
+

From the triangle tan y
x

θ =

∴	 y = x tan θ
For the small value of θ, tan θ ≈ θ

	
0C a dxd

d x
ε

=
+ θ

Put	 d + xθ = z� ....(i)
If	 x = 0,	 then z = d
If	 x = a	 then z = d + aθ
Differentiating equation (i), we get
        θ dx = dz

∴	 dzdx =
θ

∴	 0C .a dzd
z

ε
=

θ
Thus, equivalent capacitance

	

0C
d a

d

a dzdC
z

+ θ ε
= =

θ∫ ∫

	     
0 lna d a

d
ε + θ

=
θ

	     
0 ln 1a a

d
ε θ = + θ  

	     

2 2
0

2 ....
2

a q a
d d

 ε θ θ
= − θ  

⇒	 0C ε  = ⋅  

2

1
2

a a
d d

θ−
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Capacitor    2.31

	 8.	 What amount of heat will be gener-
ated in the circuit shown after the 
switch Sw is shifted from position 1 to  
position 2?

E1

C

E2

sw 2

1

	)) Solution

E1 E2

C

Initially, the charge on the right plate of the 
capacitor

	 q = C (E1 – E2)

and finally when switched to the position 2, 
charge on the same plate of capacitor

	   q′ = CE1
∴	 ∆q = q′ = CE2

Now from energy conservation
	 ∆U + Heat liberated = Ecell

where, ∆U is the electrical energy.

or	�  2
1 1 2

1 1CE C(E E )
2 2

− − +  Heat liberated 

= ∆q E1
As only the cell with electro magnetic field E1 
is responsible for redistribution of the charge, 
therefore

2
1 2 2

1CE E CE
2

− +
 
Heat liberated = CE2 E1

Hence heat liberated = ⋅2
2

1 CE
2

	 9.	 Find the effective capacitance between 
points x and y shown in the figure.

C4

C1

C2 C3

C5

x y

		  (Hint: Apply a potential difference V 
between x and y and write down all the 
relationships that involve the charges 
and potential differences for the separate 
capacitors.)

	�)) Solution The charge distribution is shown in 
the figure.

C4

C1

C2 C3 4
y

3
q1+q −q2 3−q2−q3

q2−q2

2x q1+ q2 1

q1 −q1

C5+q3
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2.32    Capacitor

Applying Kirchoff’s law
Loop 1321:

	

2 31 2
4

2 1

0
C C C

q qq q+
+ − =

or	  2 31 2 0
4 10 4

q qq q+
+ − =

or	 10 q1 + 4 q2 + 4 q3 – 10 q2 = 0
or		        10 q1 – 6 q2 + 4 q3 = 0� …(i)
Loop 2342:

	
2 3 1 2 3 3 0
10 4 4

q q q q q q− − + −
+ − =

or	� – 4 q2 – 4 q3 10 q1 + 10 q2 – 10 q3 – 10 
q3 = 0

or	 10 q1 + 6 q2 – 24 q3 = 0� ..(ii)

Equivalent capacitance,   			 

      0
Total chargeC

Potential difference
=

	  

1 2

1 2 31
4

3C C

q q
q q qq

+
=

+ −
+

Putting the value of equation (i) and (ii), we 
get
	 C0 = 4 µF

	10.	 Figure shows a parallel-plate capacitor 
with plates of width b and length l. The 
separation between the plates is d. The 
plates are rigidly clamped and connected 
to a battery of electro magnetic field V.  
A dielectric slab of thickness d and dielec-
tric constant k is slowly inserted between 
the plates.

		  (i)	 �Calculate the energy of the system 
when a length x of the slab is intro-
duced into the capacitor.

		 (ii)	 �What force should be applied on the 
slab to ensure that it goes slowly into 
the capacitor? Neglect any effect of 
friction or gravity.

kd

x
l

V

Solution))
 (i)	� The plate area of the part with the dielec-

tric is bx. Its capacitance is

		
0

1C k bx
d

ε
=

	� Similarly the capacitance of the part with-
out the dielectric is

		
0

2
( )C b l x
d

ε −
=

	� These two parts are connected in parallel. 
The capacitance of the system is there-
fore,

			   C = C1 + C2

			      
0 [ ( 1)]b l x k
d

ε
= + − � …(i)

	 Energy of the capacitor

		
21U

2
CV=

		     

2
0 [ ( 1)]
2
bV l x k
d

ε
= + −

(ii)	� Suppose, the electric field attracts the di-
electric slab with a force F. An external 
force of equal magnitude F should be ap-
plied in opposite direction so that the plate 
moves slowly (no acceleration). Consider 
the part of motion in which the dielectric 
moves a distance dx further inside the ca-
pacitor. The capacitance increases to C + 
dC. As the potential difference remains 
constant at V, the battery has to supply a 
further charge
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Capacitor    2.33

		  dQ = (dC) V  to the capacitor.
	 The workdone by the battery is therefore,
			   dWb = VdQ = dCV2

	 The external force F does a work
			   dWe = (– Fdx)
	 During the displacement.
	 The total workdone on the capacitor is
			   dWb + dWe = (dC) V2 – Fdx
	� This should be equal to the increases dU 

in the stored energy. Thus,

			 
2 21 ( C)V ( C)V

2
d d Fdx= −

		  or	 21 CV
2

dF
dx

=

		  Using equation (i), we get

			 

2
0 V ( 1)

2
b kF

d
ε −

=

	� Thus, the electric field attract the di-
electric into the capacitor with a force 

2
0 V ( 1)

2
b k

d
ε −  and this much force should 

be applied in the opposite direction.
	11.	 A parallel plate capacitor is charged by 

applying a potential difference V across its 
plates. The capacitor is now disconnected 
from the battery and is placed verti-
cally on the surface of a liquid of density  
1200 kgm–3. If the liquid rises to a height 
of 2 mm inside the capacitor  plates, cal-
culate the potential difference V, initially 
applied across the plates. The capacitor 
plates are of length a = 10 cm and area  
A = 50 cm2. They are separated by 1 mm. 
Dielectric constant of the liquid = 14.

a

d

h

A
d

	�)) Solution When the charge capacitor placed on 
the liquid surface, the liquid gets polorized is 
drawn into the space between the plates. The 
charge on the capacitor is unchanged during 
this process while capacitance increase 
and potential and energy is decrease, so 
this decrease stored electrical energy is 
compensated to the potential energy of the 
liquid column held between the plates.
    Therefore by the energy conservation 
principle.
    Initial electric PE = Final electric potential 
energy + potential energy of liquid column.
    If Q is the charge stored and C1 and C2 its 
capacitance before and after the introduction 
of the dielectric.

	

2 2

1 2

mg
2 2 2
Q Q h
C C

 = +  
 

� …(i)

(The centre of gravity of the liquid column is 

at a height 
2
h  from the liquid surface).

For the parallel plate capacitor

	
0

1
AC

d
ε

=

where, A is area of the plates and d is the dis-
tance between the plates.
    When the capacitor is partly filled with di-
electric, it can be assumed to consist of two 
capacitors connected in parallel.

	
0C k A
d

ε ′
′ =

	
0 ( )C A A

d
ε − ′

′′ =

∴	 0 0
2

( )C k A A A
d d

ε ′ ε − ′
= +

kc C'' d

+

-

where, A′ = overlapping area covered by the 
dielectric.
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2.34    Capacitor

	       = h × breath of the plate

	      
Ah
a

= ×

∴	 0 0
2C k hA hAA

da d a
ε ε  = + − 

 

	       
0 ( )A kh a h
da
ε

= + −

	        
0 [ ( 1) ]A a k h
da
ε

= + −

Mass of the liquid column, m = volume × den-
sity

	     
Ah d p
a

= × × ×

∴	
3

3 35 102 10 1 10 1200
0.1

m
−

− −×
= × × × × ×

	     = 1.2 × 10–4 kg
The charge stored in the capacitor,
	  Q = C1V
where, V = the potential applied.
Therefore from equation (i), we get

	

2 2
1 1

1 2

( ) ( )C V C V mgh
C C

= +

or	
2 2

2 1
1

2

C V C V mgh
C

= +

or	
2

2 2
1

1

V CC mgh
C

 
− = 

 

or	
2

1 2 1
2

( )V C C C mgh
C

−
=

∴	

1
2

2

1 2 1

V
( )
mgh C

C C C
 

=  − 
� …(ii)

	
0

1C A
d

ε
=

	        

12 3

3

8.85 10 5 10
1 10

− −

−

× × ×
=

×
	       = 4.425 × 10–11 F

	
0

2C [ ( 1) ]A a k h
da
ε

= + −

	
12 3

3

8.85 10 5 10
1 10 0.1

− −

−

× × ×
=

× ×
 

	      [�0.1 + (14 – 1)× 2 ×10–3]
	  = 5.576 ×10–11 F
From equation (ii)

1
4 3 11 21.2 10 9.81 2 10 5.576 10V
4.425(5.576 4.425)

− − × × × × × ×
=  − 

    = 507.7 V

	12.	 A leaky parallel plate capacitor is filled 
completely with a material having dielec-
tric constant k = 5 and electrical conduc-
tivity σ = 7.4 × 10–12 Ω–1 m–1. If the charge 
on the plate at the instant t = 0 is q = 8.85 
µC, then calculate the leakage current at 
the instant t = 12 sec.

	�)) Solution The charge on the leaky capacitor 
decreases exponentially in time with a time 
constant RC i.e.,

	
RC
t

−
= e0Q Q � …(i)

where, R and C are given by the expression.

	

1R d d
A A

   = ρ =   σ   

	
0C A dk

d A
   = ε = ε   
   

Thus	 0

9 2 2

12 1 1

RC

15
41 3.14 9 10

7.4 10

k

Nm c
m− − −

ε
=

σ
 
 × × × =

× Ω
	  = 5.98 sec.

With this equation (i) becomes

0 0Q Q exp Q exp
5.98sec.

t t
RC

   = − = −   
   

Now since, leakage current, QI d
dt

 =  
 

we have 0QI exp
5.98 5.98

t = − − 
 
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Capacitor    2.35

       	

(8.85 C) 12sec.exp
5.98sec. 5.98sec.

µ  = − − 
 

	 8.85 2.0076 A
5.98

= − × µ  = 2.98 µA

	13.	 A capacitor is formed by two square 
metal-plates of edge a, separated by 
a distance d. Dielectrics of dielectric 
constant k1 and k2 are filled in the 
gap as shown in the figure. Find the 
capacitance.

d k2

a

xxxxxxxxxxxxxxxxxxxx

xxxxxxxx

xxxxxxx

xxxxxxx

xxxxxx

xxxxx

xxxx

xxx
xxxk1

	�)) Solution Consider, a strip of thickness dx at a 
distance x

	
2 0

1C k a dxd
y

ε
=

	
1 0

2C
( )
k a dxd

d y
ε

=
−

x dx
a

k1

k2

(d−y)

y

dx

d

    The capacitance are in parallel, so equiva-
lent capacitance.

	

1 2

1 2

C CC
C C

d dd
d d

×
=

+

	

1 0 2 0

1 2 0

1 0 2 0 1 2 ( )

k a dx k a dx
k k dxd y y

k a dx k a dx yk k d y
d y y

ε ε
×

ε−= =
ε ε + −+

−

	

1 2

2 1 2

C
( )

k k dxd
k d k k y

=
+ −

From the figure,

	
d y
a x

=         ∴  xdy
a

=

	

1 2 0

2 1 2

C
( )

k k a dxd xdk d k k
a

ε
=

+ −

Let,	 2 1 2( ) xdk d k k z
a

+ − = � ...(i)

If	 x = 0,	 then	 z = k2d
and if	x = a,	 then	 z = k1d
Differentiating equation (i), we get

	 1 2( )
a dzdx

d k k
=

−

	  
C =

−
k k a

d k k
z k d

k d1 2 0
2

1 2
2

1
ε

( )
[ln ]

	      

ε
=

2 1
0 1 2

2

1 2

kk k a ln
k

(k k )d−

	14.	 Two capacitors A and B with capacities 
3 µF and 2 µF are charged to a potential 
difference of 100 V and 180 V respec-
tively. The plates of the capacitors are 
connected as shown in the figure with 
one wire from each capacitor free. The 
upper plate of A is positive and plate B is 
negative. An uncharged 2µF capacitor C  
with lead wires falls on the free ends to 
complete the circuit, calculate:

+

100V
B
−

180 V
2µ3µA

2µ
C

F

F

F
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2.36    Capacitor

	 	 (i)	� the final charge on the three capaci-
tors.

		 (ii)	� the amount of electrostatic energy 
stored in the system before and after 
the completion of the circuit.

	)) Solution

+ A

100V
B−

180 V
2µ3µ

2µ B
A
3µ

Q

Q

2µ

C

F

F
C

F

F F

Let, Q be the charge that flow in the circuit
From Kirchoff’s voltage law, we can write
	 ∆VA + ∆VB = VC

i.e.,	 100 180
3 2 2
Q Q QV V

F F F
   

− + − =   µ µ µ   

This gives  1 1 1Q 280V
2 3 2F F F

 
+ + = µ µ µ 

or		    6Q 280V 210 C
8
Fµ = = µ 

 

 (i)	� The final charge on the three capaci-
tors are

	 QA = (VA CA) initial – Q
		    = (100 V) (3µF) – 210 µC
	       = 300 µC – 210 µC
		    = 90 µC
	 QB = (VB CB) – Q
		    = (180 V) (2µF) – 210 µC
		    = 360 µC – 210 µC
	       = 150 µC
	 QC = Q = 210 µC

(ii)	� The electrostatic energy stored in the 
system before and after the completion 
of the circuit.

	 Uinitial = (UA)initial + (UB)initial

	

2 2
B initial( ) (Q )1 1

2 2 CB
A initial

A

Q
C

= +

	
2 21 1( ) ( )

2 2A initial A B initial BV C V C= +

	�
2 2 6

F
1 (10 V) (3 10 )
2

−= ×

2 61 (180V) (2 10 )
2

−+ ×

	 = 1.5 × 10–2J + 3.24 × 10–2J = 4.74 × 10–2J

	�

2

final

( )1U
2

A final

A

Q
C

=

2 2( ) ( )1
2 2
B final C final

B C

Q Q
C C

+ +

	

6 2

6

1 (90 10 ) 1
2 (3 10 ) 2

C
C

−

−

×
= +

×  

	

6 2 6 2

6 6

(150 10 ) 1 (210 10 )
2 10 2 2 10

C− −

− −

× ×
+

× ×

	 = �(0.1350 × 10–2 + 0.5625 × 10–2 + 1.1025 
× 10–6) J

	 = 1.8 × 10–2 J = 18 mJ
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Capacitor    2.37

SOLVED OBJECTIVE type questions

	 1.	 The capacitance of the system of parallel 
plates shown in the figure is

(a)	 0 1 2

1 2

2 A A
(A A )d

ε
+

(b)	 0 1 2

2 1

2 A A
(A A )d

ε
−

(c)	 0 1A
d

ε

(d)	 0 2A
d

ε

A1

d

�Explanation))  Since the electric field between 
the parallel charge plates is uniform and 
independent of the distance, neglecting the 
fringe effect, the effective area of the plate of 
area A2 is A1. Thus the capacitance between 
the plates is 

0 1AC
d

ε
=

A1+σ

d εθ

E

A2−σ

	 2.	 Three identical, parallel conducting 
plates A, B and C are placed as shown. 

Switches S1 and S2 are open, and can 
connect A and C to earth when closed.  
+ Q charge is given to B

2d

+Q

A B C

d

S2S1

(a)	� If S1 is closed with S2 open, a charge of 
amount Q will pass through S1.

(b)	� If S2 is closed with S1 open, a charge of 
amount Q will pass through S2.

(c)	� If S1 and S2 are closed together, a charge 

of amount Q
3

 will pass through S1, 

and a charge of amount 2Q
3

 will pass 
through S2.

(d)	 All of above statement are incorrect.

�Explanation))  When either A or C is earthed (but 
not both together), a parallel-plate capacitor 
is formed with B, with ± Q charges on the 
inner surface. [The other plate, which is not 
earthed, plays no role]. Hence charge of 
amount + Q flows to earth.
    When both are earthed together, A and 
C effectively become connected. The plates 
now from two capacitors in parallel, with ca-
pacitances in the ratio 1 : 2, and hence share 
charge Q in the same ratio.

	 3.	 The charge flowing across the circuit on 
closing the key K is equal to

(a)	 CV	 (b)	 CV
2

(c)	 2CV	 (d)	zero

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



2.38    Capacitor

�Explanation))  When the key K is kept open, the 
charge drawn from the source is

           Q = C′V

where C′ = equivalent capacitance C
2

∴	 CQ V
2

 =  
 

K

c  

1 2

v

c

    When the key K is closed, the capacitor 2 
gets short circuit and thus the charge in that 
capacitor comes back to the source.
∴	 Charge flowing is Q = (C/2) V

	 4.	 The figure shows a spherical capacitor 
with inner sphere earthed. The capaci-
tance of the system is

(a)	 04 ab
b a
πε

−
	 (b)	

2
04 b

b a
πε

−

(c)	 4πε0 (b + a)	 (d)	none of these

a b

�Explanation))  Let V be potential on the outer 
sphere. Thus we can consider two capacitors 
between the outer sphere and inner sphere (a) 
and other sphere and earth

Thus,	 1 0C 4 ab
b a

 = πε  − 
 C2 = 4πε0b

	
0 0C 4 4ab b

b a
 = πε + πε − 

 
2

04C b
b a
πε

=
−

	 5.	 A conducting sphere of radius R, car-
rying charge Q, lies inside uncharged 
conducting shell of radius 2R. If they are 
joined by a metal wire,

(a)	� Q
3

 amount of charge will flow from the 

sphere to the Q shell

(b)	� 2Q
3

 amount of charge will flow from 

the sphere to the shell
(c)	� Q amount of charge will flow from the 

sphere to the shell

(d)	�
2Q

4R
k  amount of heat will be pro-

duced.

�Explanation))  Capacitances of the two are C1 = 
4πε0 R and C2 = 4πε0 (2R)

Initial energy, 
2

1
1

QE
2C

=

Final energy, 
2

2

QE
Cf =

∴	 Heat produced = Ei – Ef 

	

2

0 0

Q 1 1
2 4 R 2 4 R

 
= − πε × πε 

	

2 2Q 1 Q1
2R 2 4R

kk  = − =  
	 6.	 The conducting spherical shells shown in 

the figure are connected by a conductor. 
The capacitance of the system is

(a)	 04 ab
b a

 πε  − 
	 (b)	4πε0 a

(c)	 4πε0 b	 (d)	
2

04 a
b a

 
πε  − 

a

b
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Capacitor    2.39

�Explanation))  As there will be no charge on the 
inner sphere, therefore the capacitance only 
will exist due to outer sphere.
    Hence the capacitance of the system is the 
capacitance due to outer sphere of radius b, 
therefore C = 4πε0 b.

	 7.	 Two identical capacitors, have the same 
capacitance C. One of them is charged 
to potential V1 and the other to V2. The 
negative ends of the capacitors are connect 
together. When the positive ends are also 
connected, the decrease in energy of the 
combined system is

(a)	 1
4

C V V1
2

2
2−( )

(b)	 1
4

C V V1
1

1
1−( )

(c)	 2
1 2

1 C(V V )
4

−

(d)	 2
1 2

1 C(V V )
2

= +

�Explanation))  Initial energy of combined system 
2 2

1 1 2
1 1U CV CV
2 2

= +

Final common potential, V 1 2V V
2
+

=

Final energy of system, 
2

1 2
2

V V1U 2 C
2 2

+ = × × 
 

Hence loss of energy 				  

      2
1 2 1 2

1U U C(V V )
4

= − = −

	 8.	 A capacitor of capacitance C is charged 
to a potential difference V from a cell and 
then disconnected from it. A charge + Q is 
now given to its positive plate. The poten-
tial difference across the capacitor is now
(a)	  V

(b)	 QV
C

+

(c)	 QV
2C

+

(d)	 QV if VQ CV
C

− <

Explanation))
+

+

+

+

+

+

−

−

−

−

−

−

CV

− CV

(a)

+

+

+

+

+

+

−

−

−

−

−

−

Q + CV − q

q −

a

cv

(b)

In the figure given below, let X and Y be 
positive and negative plates. After charging 
from the cell, the inner faces of X and Y have 
charges ± CV, as shown in Fig (a). The outer 
surfaces have no charge.
    When charge Q is given to X, let the inner 
faces of X and Y have charges ±q. Then, by 
the principle of charge conservation, the outer 
faces have charges (Q + CV – q) for X and  
(q – CV) for Y, as shown in Fig. (b).
Now, the outer faces must have equal charges.
∴	 Q + CV – q = q – CV
or	 2q = 2CV + Q
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2.40    Capacitor

or			         Qq CV
2

= +

Potential difference QV
C 2C
q

= = +

	 9.	 In the circuit shown, a potential differ-
ence of 60V is applied across AB. The 
potential difference between the points 
M and N is
(a)	 10 V	 (b)	15 V
(c)	 20 V	 (d)	30 V

C C

2C M

N

A

B

60V

2C

�Explanation))  Let Q amount of charge flow 
through the MN branch.

	
Q Q Q QV 60V 2
2C C 2C C

= = + + =

or	 Q = 30 CV

Potential difference between M and N 
Q 30CV 30V
C C

= = =

	10.	 In a parallel plate capacitor, the region 
between the plates is filled by a dielectric 
slab. The capacitor is charged from a cell 
and then disconnected from it. If the slab 
is now taken out
(a)	� the potential difference across the 

capacitor is reduced
(b)	� the potential difference across the 

capacitor is increased
(c)	� the energy stored in the capacitor is 

reduced
(d)	� no work is done by an external agent in 

taking the slab out.

�Explanation))  When a charged capacitor is 
disconnected from the cell to which it was 
connected, its charge remains constant. 
Any charge in the capacitor may change its 
capacitance, its stored energy and its potential 
difference.

UNSOLVED OBJECTIVE type questions

	 1.	 In the circuit shown
(a)	 |q2| = 280 µC
(b)	 |q3| = 160 µC
(c)	 |q2| = 120 µC, q3 = zero
(d)	� It is impossible to find q2 and q3 unless 

C1 and C2 are known

C1

+
−

−

+
C2 q

+
−

6 µF

4 Fµ
+
−

q = 1201 µC

100 V

4 µF
+

−

	 2.	 A capacitor of capacity 2µF is charged 
to 100 V. What is the heat generated 
when the capacitance is connected in 
parallel to an another capacitor of same  
capacity?
(a)	 2.5 mJ	 (b)	5.0 mJ
(c)	 10 mJ	 (d)	4 mJ

	 3.	 In an isolated parallel–plate capacitor of 
capacitance C, the four surfaces carry 
net charge Q1, Q2, Q3 and Q4 as shown. 
The potential difference between the  
plates is

(a)	 1 2 3 4Q Q Q Q
2C

+ + + 	(b)	 2 3Q Q
C
+

(c)	 2 3Q Q
2C
− 	 (d)	 1 4Q Q

2C
+

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Capacitor    2.41

Q1 Q3

Q2

Q4

	 4.	 In a parallel plate capacitor, the region 
between the plates is filled by a dielectric 
slab. The capacitor is charged from a cell 
and then disconnected from it. The slab 
is now taken out
(a)	� the potential difference across the 

capacitor is reduced.
(b)	� the potential difference across the 

capacitor is increased.
(c)	� the energy stored in the capacitor is 

reduced.
(d)	� no work is done by an external agent in 

taking the slab out.

	 5.	 A charged capacitor is discharged th- 
rough a resistance. The time constant of 
the circuit (i.e., CR) is η. Then the value 
of time constant for the power dissipated 
through the resistance will be
(a)	 η	 (b)	2η
(c)	 η/2	 (d)	zero

	 6.	 A capacitor is charged to potential E by 
a cell of emf E. If an identical capacitor 
inserted in the circuit in series with the 
previous capacitor, the potential differ-
ence across the new capacitor is
(a)	 2E	 (b)	E
(c)	 E/2	 (d)	zero

	 7.	 In the given figure the potential at point 
O is
(a)	 4.27 V	 (b)	17 V
(c)	 zero	 (d)	34 V

1µF

O
3µF

+3v+6v
4µF

3µF

+3v

+5v

	 8.	 A 2 µF capacitor is charged to 100 V and 
then its plates are connected by a wire. 
The heat produced will be
(a)	 0.1 J	 (b)	0.1 J
(c)	 0.01 J	 (d)	0.001 J

	 9.	 In the circuit shown, each capacitor has a 
capacitance C. The emf of the cell is ε. If 
the switch S is closed
(a)	� some charge will flow out of the posi-

tive terminal of the cell
(b)	� some charge will enter the positive ter-

minal of the cell
(c)	� the amount of charge flowing through 

the cell will be Cε
(d)	� the amount of charge flowing through 

the cell will be 4
3

 Cε.

E+

c

c

c

s

	10.	 The flow of charge through switch S 
when it is closed is

(a)	 zero	 (b)	
4
q

(c)	 2
3
q 	 (d)	

3
q

+ −
2µF

+ −
6µF

S + −
3µF

qq

q

	11.	 A capacitor C is charged to a potential V 
by a battery. The emf of the battery is V. 
It is then disconnected from the battery 
and again connected with its polarity 
reversed to the battery.
(a)	 The work done by the battery is CV2.
(b)	� The total charge that passes through 

battery is 2 CV.
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2.42    Capacitor

(c)	� The initial and final energy of the 
capacitor is same.

(d)	 All are correct.

	12.	 In the given circuit, find charge across 
the capacitor C, when steady state is 
reached.
(a)	 6 µ C	 (b)	9 µ C
(c)	 18 µ C	 (d)	zero

E = 9 v2 c = 2µF

E = 6 v3

E = 12 v1

R = 23 Ω

R = 11 Ω

	13.	 A parallel-plate air capacitor of capaci-
tance C0 is connected to a cell of emf ε 
and then disconnected from it. A dielec-
tric slab of dielectric constant k, which 
can just fill the air gap of the capacitor, is 
now inserted in it. Then
(a)	� the potential difference between the 

plates decrease k times

(b)	 the change in energy is 2
o

1 C ( 1)
2

kε −

(c)	 the change in energy is 21 11
2 oC

k
 ε − 
 

(d)	 all of these

	14.	 Consider the arrangement of three plates 
X, Y and Z each of the area A and sepa-
ration d. The energy stored when the 
plates are fully charged is

(a)	 0 02 M 2
A

g Vd
 ε ε 
  σ  

(b)	
2

0AV
d

ε

(c)	
2

02 AV
d

ε

(d)	
2

03 AV
2d

ε

V
X

Y

Z

d

d

	15.	 Consider a capacitor-charging circuit. 
Let Q1 be the charge given to the capaci-
tor in a time interval of 10 ms and Q2 be 
the charge given in the next time interval 
of 10ms. Let 10µC charge be deposited 
in a time interval t1 and the next 10µC 
charge is deposited in the next time inter-
val t2. Then
(a)	 Q1 > Q2, t1 > t2	 (b)	Q1 > Q2, t1 < t2

(c)	 Q1 < Q2, t1 > t2	 (d)	Q1 < Q2, t1 < t2

	16.	 There are three spherical conductors A, 
B and C having radius R, 3R and 4R. 
A and B were given a charge Q each 
and the 3rd one C was uncharged. If C 
is placed in between A and B such that 
it touches both A and B, then after suf-
ficiently long time, how much charge will 
be on the conductor C?

(a)	 Q
2

(b)	 Q

(c)	 3 Q
4

(d)	 cannot be found out.

	17.	 The charge on earthed side of plate A  
will be

(a)	 1 2

2
θ + θ 	 (b)	 1 2

2
θ − θ

(c)	 0	 (d)	none of these

A B C D
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Capacitor    2.43

	18.	 q charge is distributed uniformly over 
the volume of a insulating solid sphere 
of radius R. It is enclosed by an earthed 
conducting spherical shell of inner radius 
R1 and outer radius R2. The charge on 
the outer surface of the sheel will be

(a)	 + q	 (b)	 2

1

R
R

q

(c)	
2

R
R

q 	 (d)	zero

+
+ + + +

++
+

+++
+

+
++ + +

++++
+

R
R1

R2

	19.	 In the circuit shown, the cells are ideal 
and of equal emfs, the capacitance of the 
capacitor is C and resistance of the resis-
tor is R. X is first joined to Y and then to 
Z. After a long time, the total heat pro-
duced in the resistor will be
(a)	� equal to the energy finally stored in the 

capacitor
(b)	� half of the energy finally stored in the 

capacitor

(c)	� twice the energy finally stored in the 
capacitor

(d)	� 4 times the energy finally stored in the 
capacitor.

− +

Y

Z
+ −

X

	20.	 In the circuit shown, some potential dif-
ference is applied between A and B. If C 
is joined to D,
(a)	 no change will flow between C and D
(b)	� some charge will flow between C  

and D
(c)	� the equivalent capacitance between C 

and D will not change
(d)	� the equivalent capacitance between C 

and D will change

3 F 6 F

12 F6 F

A B

D

C

ANSWERS

 1. (a, b) 2. (b) 3. (c) 4. (b) 5. (c) 6. (d) 7. (a) 8. (c) 
 9. (a, d) 10. (a) 11. (b, c) 12. (c) 13. (d) 14. (b) 15. (b) 16. (b) 
 17. (c) 18. (c) 19. (d) 20. (a, c)
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2.44    Capacitor

Practice Exercise 1

	 1.	 Leakage current is

(a)	
0

2 mµ
ε 	

(b)	
0

4 mµ
ε

(c)	
0

6 mµ
ε 	

(d)	none

k = 10

2 Volt

2 mm
Resistivity of dielectric
medium is 2Ω–m

	 2.	 The graph given below the variation 
of electric field E (in MV/m) with time  
t (in µs)

		  Consider the following statements:
	 1.	 �The displacement current through a 

1m2 region perpendicular to the field 
during the time interval t = 0 to t = 
4µ is 0.885 A (given ∈0 = 8.85 × 10–12 

SI unit)
	 2.	 �The displacement current through 1 

m2 region perpendicular to the field 
during the time interval t = 4µs to 8µs 
is zero. Which of the statements given 
above is/are correct?

(a)	 1 only	 (b)	2 only
(c)	 both 1 and 2	 (d)	Neither 1 nor 2

E

0.4

0.8

0 4 8 t

	 3.	 In on RC circuit while charging, the 
graph of log i versus time is as shown 
by the dotted line in the figure, where 
i is the current. When the value of the 
resistance is doubled, which of the solid 
curve best represents the variation of log  
i versus time?
(a)	 P	 (b)	Q
(c)	 R	 (d)	S

log i

t

Q

R

S

P

	 4.	 A fully charged capacitor has a capaci-
tance ‘C’. It is discharged through a 
small coil of resistance wire embedded 
in a thermally insulated block of specific 
heat capacity ‘s’ and mass ‘m’. If the 
temperature of the block is raised by 
‘∆T’, the potential difference ‘V’ across 
the capacitance is

(a)	 ms T
C
∆ 	 (b)	 2ms T

C
∆

(c)	 2mC T
s

∆ 	 (d)	 2mC T
s

∆

	 5.	 A parallel plate capacitor is charged and 
then isolated. On increasing the plate 
separation:
      Charge potential Capacity
(a) � remains 

constant
remains 
constant

decreases

(b) � remains 
constant

increases decreases

(c) � remains 
constant

decreases increases

(d)  increases increases decreases
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Capacitor    2.45

	 6.	 In the adjoining diagram, (assuming the 
battery to be ideal) the condenser C will 
be fully charged to potential V if
(a)	 S1 and S2 both are open
(b)	 S1 and S2 both are closed
(c)	 S1 is closed and S2 is open
(d)	 S1 is open and S2 is closed

+
−

V C

S1 S2

10Ω5Ω

	 7.	 The instantaneous charge on a capacitor 
in two discharging RC circuits is plotted 
with respect to time in figure. Choose the 
correct statement(s) (where E1 and E2 are 
emf of two DC sources in two different 
charging circuits).
(a)	 R1C1 > R2 C2

(b)	 1 2

2 1

R C
R C

<

(c)	 R1 > R2 if E1 = E2

(d)	 C2 > E1 if E1 = E2

t

1

2

q

qmax

O

	 8.	 An uncharged capacitor of capacitance C 
is connected to a battery of emf ε at t = 0 
through a resistance R, then

	  (i) � the maximum rate at which energy is 
stored in the capacitor is:

(a)	
2

4R
ε 	 (b)	

2

2R
ε

(c)	
2

R
ε 	 (d)	

22
R
ε

	 (ii) � time at which the rate has this maxi-
mum value is:

(a)	 2CR In2	 (b)	 1 CR In2
2

(c)	 CR In2	 (d)	3CR In2

	 9.	 On placing a dielectric slab between the 
plates of an isolated charged condenser 
its

Capacity 
Energy stored

Charge 
Potential 
Electric 
field

Difference

(a) � decreases 
increases

remains 
unchanged
increases

decreases

(b) � increases 
increases

remains 
unchanged 
decreases

increases

(c) � increased 
decreases

remains 
unchanged 
decreases

decreases

(d) � decreases 
increases

remains 
unchanged 
remains 
unchanged

decreases

	10.	 A parallel plate capacitor without any 
dielectric has capacitance C0. A dielec-
tric slab is made up of two dielectric 
slabs of dielectric constants K and 2K 
and is of same dimensions as that of 
capacitor plates and both the parts are 
of equal dimensions arranged serially as 
shown. If this dielectric slab is introduced 
(dielectric K enters first) in between the 
plates at constant speed, then variation 
of capacitance with time will be best  
represented by:
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2.46    Capacitor

k 2k

L L L

A AA

V

(a)	

C0

C

t

(b)	

C0

C

t

(c)	
C0

C

t

(d)	  
C0

C

t

	11.	 The time constant of the circuit shown is:

2ε
εR

C
A

B

R

R

2R

2R

(a)	 RC
2

	 (b)	 3RC
5

(c)	 RC
3

	 (d)	 RC
4

	12.	 A parallel plate capacitor of plate area 
A and plate separation d is charged to a 
potential difference V and then the bat-
tery disconnected. A slab of dielectric 
constant K is then inserted between the 
plates of the capacitor so as to fill the 
space between the plates, If Q, E and 
W denote respectively, the magnitude 
of the charge on each plate, the electric 
field between the plates (after the slab is 
inserted) and work done on the system, 
in the process of inserting the slab, then:

(a)	 0 AVQ
d

∈
=

(b)	 0 KAVQ
d

∈
=

(c)	 VE
Kd

=

(d)	
2

0 AV 1W 1
2d K

∈  = − 
 

	13.	 Two capacitors of 2µF and 3µF are 
charged to 150 volt and 120 volt respec-
tively. The plates of a capacitor are con-
nected as shown in the fig. A discharged 
capacitor of capacity 1.5 µF falls to the 
free ends of the wire. Then:
(a)	� charge on the 1.5 µF capacitor will 

become is 180 µC
(b)	� Charge on the 2 µF capacitor will 

become 120 µC
(c)	� +Ve charge flows through point A from 

left to right
(d)	� +Ve charge flows through point A from 

right to left

+
−

3 Fµ 120V
−
+

150V 2 Fµ

1.5  F µ

A
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Capacitor    2.47

	14.	 The plates of a parallel plate condenser 
are being moved away with a constant 
speed v. If the plate separation at any 
instant of time is d then the rate of 
change of capacitance with time is  
proportional to-

(a)	 1
d

	 (b)	 2

1
d

(c)	 d2	 (d)	d

	15.	 A parallel plate air capacitor is connected 
to a battery. The quantities charge, 

electric field and energy associated with 
this capacitor are given by Q0, V0, E0, and 
U0 respectively. A dielectric slab is now 
introduced to fill the space between the 
plates with the battery still in connection. 
The corresponding quantities now given 
by Q, V, E and U are related to the 
previous one as:
(a)	 Q > Q0

(b)	 V > V0

(c)	 E > E0

(d)	 U > U0

Answers

 1. (a) 2. (c) 3. (b) 4. (b) 5. (b) 6. (c) 7. (a, c), 8. (a) 
 9. (c) 10. (b) 11. (a) 12. (a, c, d) 13. (a, (b, c) 14. (b) 15. (a, d)

practice EXERCISE 2

	 1.	 For the given figure find the value of the 
capacitance C if the equivalent capaci-
tance between points A and B is to be 1 
µF. All the capacitance are in µF.	
� [IIT, 1977]

A
c

c2

c4
22

c3

8

B

c1

61
c3 c7

4

c6

12

32C F
23

 = µ  
Ans.

	 2.	 A parallel plate capacitor of a capaci-
tance 100 µF is charged to a potential 
of 500 V. The plate separation is then 
reduced to half of its original value. Cal-
culate the new potential on the capacitor 
and the change in stored energy.		
� [MNR, 1978]
[Ans. 250 volts, Change in energy stored, 
∆U = 6.25 × 10–6 J]

	 3.	 In the Figure, find the potential dif-
ference between the points A and B, 
and between the points B and C in the  
steady state.� [IIT, 1979]

3 Fµ B 1 Fµ

3µF 1µF

S

L

A

1 FµM N

P

O
10Ω

C
20Ω 100V

[Ans. VAB = 250 volts, VBC = 75 volts]

	 4.	 A charge Q is distributed over two con-
centric hollow spheres of radii r and 
R (R > r) such that the surface densi-
ties are equal. Find the potential at the  
common centre.

� [IIT, 1981]

( )
2 2

0

Q R1V
4 R

r
r

+ 
= ⋅ πε + 

Ans.
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2.48    Capacitor

	 5.	 A parallel plate condenser contains a 
mica sheet (thickness 10–3 m). The dielec-
tric constant of mica is 8 and that of fibre 
is 2.5. Assuming that the fibre breaks 
down when subjected to an electric field 
of 6.4 × 106 V/m, find the maximum 
safe voltage that can be applied to the  
capacitor.� [Roorkee, 1983]
[Ans. 5200 volts]

	 6.	 The given below shows two identical 
parallel plate capacitors connected to a 
battery with the switch ‘S’ closed. The 
switch is now opened and the free space 
between the plates of the capacitor is 
filled with a dielectric of dielectric con-
stant (or relative permittivity) 3. Find 
the ratio of the total electrostatic energy 
stored in both capacitors before and 
after the introduction of the dielectric.	
� [IIT, 1983]

V A B

S

[Ans. 1.66 Ui]
	 7.	 A capacitor is filled with two dielectrics 

of same dimensions but of dielectric con-
stant K1 = 2 and K2 = 3 respectively. Find 
the ratio of the capacities in two possible 
arrangements.� [MNR, 1985]

24
25

 
  
Ans.

	 8.	 A parallel plate air capacitor is connected 
to a battery. The quantities charge, volt-
age, electric field and energy associated 
with this capacitor are given by Q0, V0, 
E0 and U0 respectively. A dielectric slab is 
now introduced to fill the space between 
the plates with battery still in connec-
tion. The corresponding quantities now 
given by Q, V, E and U. Find the relation 
between these and the previous ones.
� [IIT, 1985]
[Ans. U > U0]

	 9.	 A capacitor of 20 µF and charged to 500 
V is connected in parallel to another 

capacitor of 10 µF charged to 200 volt. 
Find the common potential.		
� [Roorkee, 1986]
[Ans. 400 volts]

	10.	 Find the capacitance of a system of 
three parallel plates, each of area A m2, 
separated by d1 and d2 metres. The space 
between them is filled with dielectric of 
relative dielectric constants ε1 and ε2. The 
dielectric constant of the free space is ε0.
� [Roorkee, 1987]

0 1 2

1 2 1 2

AC
d d

 ε ε ε
= ε + ε 

Ans.

	11.	 A double layer cylindrical capacitor with 
its parameter is shown in the figure. If 
the electric field strengths necessary to 
produce the break down of these dielec-
trics are equal to E1 and E2 respectively, 
then find the break down voltage of this 
capacitor if

ε1R1E1 < ε2R2E2.

R1O

R2

R3

ε1 ε2

32 1
1 1

1 2 2

RRE R log log
R Re e

     ε
+     ε      

Ans.

	12.	 The capacitance of a variable radio 
capacitor can be changed from 50 pF 
to 950 pF by tuning the dial from 0º 
to 180º. With the dial set at 180º, the 
capacitor is connected to a 400 V battery. 
After charging, the capacitor is discon-
nected from the battery and the dial is  
turned at 0º.
(a)	� What is the potential difference across 

the capacitor when the dial reads 0º?
(b)	� How much work is required to turn the 

dial, if friction is neglected?		
� [MNR, 1986]

[Ans. (a) 7600 V, (b) 1.3680 × 10–3 joule]
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Capacitor    2.49

	13.	 Calculate the heat generated when a con-
denser of 100 µF capacity and charged to 
200 volt is discharged through a 2 ohm 
resistance.� [Roorkee, 1989]
[Ans. 2 joule]

	14.	 A radioactive source in the form of a 
metal sphere of diameter 10–3 m emits 
β particles at a constant rate of 6.25 × 
1010 particles per second. If the source 
is electrically insulated, how long will it 
take for its potential to rise by 1.0 volt, 
assuming that 80% of emitted β particles 
escape from the surface.
[Ans. 6.95 µs]

	15.	 Find the heat that will be generated in the 
circuit shown in the figure, if the switch S 
is shifted from position 1 to position 2?

F

C

D

C

E

C0

2 1

ζ

2 0

0

CC
2C C

 
ε ⋅ + 

Ans.

	16.	 The distance between the plates of a par-
allel plate condenser is 0.05 m. A field of 
3 × 104 volt/m is established between the 
plates. It is then disconnected from the 
battery and an uncharged metal plate 
of thickness 0.01 m is inserted into the 
condenser parallel to its plate. Find the 
potential difference between the plates
(a)	� before the introduction of the metal 

plate and
(b)	� after its introduction. What would be 

the potential difference if a plate of 
dielectric constant 2 is introduced in 
place of metal plate?			
� [Roorkee, 1991]

[Ans. (a) 1500 volts, (b) 1350 volts]

	17.	 A capacitor of capacitance C1 = 1.0 
microfarad withstands the maximum 
voltage V1 = 6.0 kilovolt while another 

capacitor of capacitance C2 = 2.0 micro-
farad withstands the maximum volt-
age V2 = 4.0 kilovolt. What maximum  
voltage will the system of these two 
capacitors withstand if they are con-
nected in series?	 � [MNR, 1992]
[Ans. 9.0 kV]

	18.	 What is the potential difference between 
the points A and B of circuit shown in 
the figure, if the emf ε = 110 V and the 

capacitance ratio 2

1

C
C

 = η = 2.0?

A

B

M

R

N

Q

Q −Q1

C1

(Q )1−Q2

−(Q )1−Q2

C2

+Q2

−Q2

C2

O

P

+Q2 −Q2

C1

ξ

[Ans. 10 volts]

	19.	 Find the potential difference between the 
points A and B shown in the figure. What 
is the condition for it to be zero?

A

B

C1

C3

C2

C4+ −

ξ

( )( )
1 4 2 3

A B
1 2 3 4

31

2 4

C C C C
V V ;

C C C C

CC
C C

  −
− = ε   + +  

 
 =
  

Ans.

	20.	 Two parallel plate capacitors A and B 
have the same separation d = 8.85 × 10–4 
m between the plates. The plate areas of 
A and B are 0.04 m2 and 0.02 m2 respec-
tively. A slab of dielectric constant (rela-
tive permittivity) K = 9 has dimensions 
such that it can exactly fill the space 
between the plates of capacitor B.
(a)	� The dielectric slab is placed inside A as 

shown in Fig. (a). A is then charged to a 
potential difference of 110 V. Calculate 
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2.50    Capacitor

the capacitance of A and the energy 
stored in it.

(b)	� The battery is disconnected and then 
the dielectric slab is removed from 
A. Find the work done by the exter-
nal agency in removing the slab  
from A.

(c)	� The same dielectric slab is now placed 
inside B, filling it completely. The two 
capacitors A and B are then connected 
as shown in Fig. (b). Calculate the 
energy stored in the system.		
� [IIT, 1993]

A BA

	 (a)	 (b)

[Ans. (a) CA = 2 × 10–9 F, UA = 1.21 × 10–5 J, 
(b) W = 4.84 × 10–5 J, (c) U = 1.1 × 10–5 J]

	21.	 Find the potential at the point A of the 
circuit shown in the figure, if the poten-
tial at the point P is equal to zero.

C5
C3

1 Q –1 Q1

2

3 C

B

A
N

M

R

O

P

Q

C2

C1

Q –2 Q2

–(Q +1 Q )2

C2

( )2 2 3 3 2 3 1

1 2 3

C C C C
C C C

ε + ε − + ε 
 + + 
Ans.

	22.	 Two square metallic plates of 1 m side are 
kept 0.01 m apart, like a parallel plate 
capacitor, in air in such a way that one 
of their edges is perpendicular to an oil 
surface in a tank filled with an insulating 
oil. The plates are connected to a battery 
of emf 500 V. The plates are then lowered 
vertically into the oil at a speed of 0.001 
m/s. Calculate the current drawn from 
the battery during the process.

		  (dielectric constant of oil = 11, ε0 = 8.85 × 
10–12 C2N2m–2).� [IIT, 1994]
[Ans. 4.425 × 10–9 A]ht
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Capacitor    2.51

Question Bank

CONCEPTUAL QUESTIONS

	 1.	 Under what conditions can a brass rod be 
charged?

	 2.	 An electric charge on a conducting sphere 
has to be divided into three equal parts. 
How can this be done?

	 3.	 Why is a metal chain that reaches the 
ground fixed to a lorry for transporting  
petrol?

	 4.	 Can a positive charged be obtained on the 
electroscope using a negatively charged 
ebonite rod?

	 5.	 What will happen to the surface charge den-
sity on a metal sheet rolled into a cylinder?

	 6.	 An elder ball is tied to a silk thread. 
What will happen when an electrostatically 
charged rod is brought close to it?

	 7.	 Do the electric field vector and the vector of 
the force exerted on a charge by an electric 
field always have the same directions?

	 8.	 Why is metal cap sometimes put on a 
vacuum tube?

	 9.	 Can electric charges be separated on
(a)	 conductor, (b) a dielectric?

	10.	 A thin insulator rod is placed between two 
unlike point charges +q1 and –q2 (fig.). 
How will the force acting on the charges 
change?

	11.	 A sphere carries a uniformly distributed 
electric charge. Prove that the field inside 
the sphere is zero.

	12.	 If only one charged body is available, can it 
be used to obtain a charge exceeding many 
times in absolute magnitude that which it 
itself has?

	13.	 Can two likely-charged balls be attracted to 
each other?

	14.	 A small metallic sphere is brought in con-
tact in turn with points A, B, C of a charged 
body. Find the approximate charge on the 
sphere after each contact as would be indi-
cated by bringing the sphere in contact 
with an electroscope. Do the leaves of the 
electroscope diverge at the same angle in all 
three cases?

ONLY ONE OPTION is CORRECT

	 1.	 A semi-infinite insulating rod has linear 
charge density λ. The electric field at the 
point P shown in figure is

(a)	
2

2
0

2
(4 )r

λ
πε

 at 45º with AB

(b)	
2

2
0

2
4 r

λ
πε

 at 45º with AB

(c)	
0

2
4 r

λ
πε

 at 45º with AB

(d)	
0

2
4 r

λ
πε

 at perpendicular to AB

	 2.	 A certain charge Q is divided into two parts 
q and (Q – q). For the maximum coulomb 
force between them, the ratio (q/Q) is
(a)	 1/16	 (b)	1/8
(c)	 1/4	 (d)	1/2

	 3.	 The force between two point charges +Q 
and –Q placed ‘r’ distance apart is f1 and 
force between two spherical conductors, 
each of radius R placed with their centres 
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2.52    Capacitor

‘r’ distance apart charged with charge +Q 
and –Q is f2. If the separation ‘r’ is not much 
larger than R, then
(a)	 f1 > f2

(b)	 f1 = f2

(c)	 f1 < f2

(d)	 f2 = (r/R) f1

	 4.	 A point charge +Q is placed at the centroid 
of an equilateral triangle. When a second 
charge +Q is placed at a vertex of the trian-
gle, the magnitude of the electrostatic force 
on the central charge is 8 N. The magnitude 
of the net force on the central charge when 
a third charge +Q is placed at another vertex 
of the triangle is
(a)	 zero	 (b)	4 N
(c)	 4 2 N N	 (d)	8 N

	 5.	 Two identical metallic blocks resting on 
a frictionless horizontal surface are con-
nected by a light metallic spring having the 
spring constant 100 N/m and an unstretched 
length of 0.2 m, as shown in figure (a). 
A total charge Q is slowly placed on the 
system, causing the spring to stretch to an 
equilibrium length of 0.3 m, as shown in 
figure (b). The value of charge Q, assuming 
that all the charge resides on the blocks and 
that the blocks are like point charges, is

(a)	 10 µC	 (b)	15 µC
(c)	 20 µC	 (d)	30 µC

	 6.	 A particle of charge –q and mass m moves in 
a circle of radius r around an infinitely long 
line charge on linear charge density +λ. Then 

time period will be 
0

1[where ]
4

k =
π∈

(a)	 2
2

mT r
k q

= π
λ

(b)	
2

2 34
2

mT r
k q
π

=
λ

(c)	 1 2
2

k qT
r m

λ
=

π

(d)	 1
2 2

mT
r k q

=
π λ

	 7.	 A large uniformly charged (negative) plate 
is placed in xz plane and a positive point 
charge is fixed on the y-axis. A dipole is 
positioned in between with its axis along 
y-axis, as shown. The dipole initially moves 
in
(a)	 negative y-direction
(b)	 negative x-direction
(c)	 positive x-direction
(d)	 positive y-direction

	 8.	 A ring of radius R is made out of a thin 
metallic wire of area of cross section A. 
The ring has a uniform charge Q distributed 
on it. A charge q0 is placed at the centre of 
the ring. If Y is the young’s modulus for the 
material of the ring and ∆R is the change in 
the radius of the ring, then
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Capacitor    2.53

(a)	 0

04
q QR

RAY
∆ =

πε
	

(b)	 0

04
q QR

RAY
∆ =

πε

(c)	 0
2
08

q QR
RAY

∆ =
πε

(d)	 0
2

08
q QR

RAY
∆ =

π ε

	 9.	 A charge is situated at a certain distance 
from an electric dipole in the end-on posi-
tion experiences a force F. If the distance 
of the charge is doubled, the force acting on 
the charge will be
(a)	 F/4	 (b)	F/8
(c)	 2F	 (d)	F/2

	10.	 The dipole moment of the given charge 
distribution is

(a)	 4 ˆRq i−
π

(b)	 4 ˆRq i
π

(c)	 2 ˆRq i−
π

(d)	 2 ˆRq i
π

	11.	 Six charges are placed at the vertices of a 
regular hexagon as shown in the figure.
The electric field on the line passing through 
point O and perpendicular to the plane of 
the figure at a distance of x (>>a) from  
O is

(a)	 3
0

Qa
xπε

	 (b)	 3
0

2Qa
xπε

(c)	 3
0

3Qa
xπε

	 (d)	zero

	12.	 When three electric dipoles are near each 
other, they each experience the electric 
field of the other two, and the three dipole 
system has a certain potential energy.  
Figure below shows three arrangements  
(a), (b) and (c) in which three electric 
dipoles are side by side. All three dipoles 
have the same electric dipole moment mag-
nitude and the spacings between adjacent 
dipoles are identical. If U1, U2 and U3 
are potential energies of the arrangements  
(a), (b) and (c) respectively, then

(a)	 U1 > U3 > U2

(b)	 U1 > U2 > U3

(c)	 U1 > U2 = U3

(d)	 U1 = U2 = U3

	13.	 In a region of space, the electric field is 
given by ˆˆ ˆ8 4 3E i j k= + +



. The electric flux 
through a surface of area of 100 units in x-y 
plane is
(a)	 800 units	 (b)	300 units
(c)	 400 units	 (d)	1500 units
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2.54    Capacitor

	14.	 A horizontal electric field (E = (mg)/q) 
exists in space as shown in figure and a 
mass m is attached at the end of a light 
rod. If mass m is released from the position 
shown in figure, find the angular velocity of 
the rod when it passes through the bottom 
most position.

(a)	 g


	 (b)	 2g


(c)	 3g
l

	 (d)	 5g
l

	15.	 A dipole of dipole moment p is kept at the 
centre of radius R and charge Q. The dipole 
moment has direction along the axis of the 
ring. The resultant force on the ring due to 
the dipole is
(a)	 zero

(b)	 3

kPQ
R

(c)	 3

2kPQ
R

(d)	�  3

kPQ
R

 only if the charge is uniformly 

distributed on the ring

	16.	 Two point charges +q and –q are held fixed 
at (–d, 0) and (d, 0) respectively of a (X, Y) 
co-ordinate system. Then

(a)	� The electric field E


 at all points on the 
X-axis has the same direction.

(b)	� E


 at all points on the Y-axis is along î
(c)	� Work has to be done in bringing a test 

charge from infinity to the origin.
(d)	� The dipole moment is 2qd directed 

along î

	17.	 A particle of charge q and mass m moves 
rectilinearly under the action of electric 

field E = A – Bx, where A and B are positive 
constants and x is distance from the point 
where particle was initially at rest then the 
distance travelled by the particle before 
coming to rest and acceleration of particle 
at that moment are respectively

(a)	 2 , 0A
B

	 (b)	 0, qA
m

(c)	 2 ,A qA
B m

− 	 (d)	 2 ,A qA
B m

−
−

	18.	 A charge q is placed at O in the cavity in a 
spherical uncharged conductor. Point S is 
outside the conductor.
If the charge is displaced from O towards S, 
still remaining within the cavity,

(a)	 electric field at S will increase
(b)	 electric field at S will decrease
(c)	� electric field at S will first increase and 

then decrease
(d)	 electric field at S will not change

	19.	 Which of the following statements is true?
(a)	� The electric field due a point charge can 

be same at two points.
(b)	� The electric field increases continu-

ously as one goes away from centre of 
a solid uniformly charged sphere

(c)	� The electric field of force of the electric 
field produced by the static charges 
from closed loops

(d)	� The magnetic lines of force of magnetic 
field produced by current carrying wire 
from closed loops

	20.	 An electron of mass me initially at rest 
moves through a certain distance in a 
uniform electric field in time t1. A proton 
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Capacitor    2.55

of mass mp also initially at rest takes time 
t2 to move through an equal distance in 
this uniform electric field. Neglecting the 
effect of gravity the ratio of t2/t1 is nearly  
equal to
(a)	 1	 (b)	(mp/me)

1/2

(c)	 (me/mp)
1/2	 (d)	1836

	21.	 The variation of electric field between two 
point charges along the line joining the 
charges is given in figure. Then which is/are 
correct?

(a)	 Q1 is +ve and Q2 is –ve	
(b)	 Q1 is +ve and Q2 is +ve
(c)	 |Q1| < |Q2|
(d)	 |Q1| > |Q2|

	22.	 A largest sheet carries uniform surface 
charge density σ. A rod of length 2  has a 
linear charge density λ on one half and –λ 
on the other half.

The rod is hinged at mid point O and makes 
angle θ with the normal to the sheet. The 
torque experienced by the rod is

(a)	
2

0

cos
2

σλ
θ

ε
 	 (b)	 2

0

cosσλ
θ

ε


(c)	
2

0

sin
2

σλ
θ

ε
 	 (d)	

2

0

sinσλ θ
ε


	23.	 Find the force experienced by the semi-
circular wire charged with a charge q, 
placed as shown in figure. Radius of the 
wire is R and the line of charge with lin-
ear charge density λ is passing through 
its centre and perpendicular to the plane  
of wire.

(a)	 2
02

q
R

λ
π ε

	 (b)	 2
0

q
R

λ
π ε

(c)	 2
04

q
R

λ
π ε

	 (d)	
04
q

R
λ
πε

	24.	 Five styrofoam balls are suspended from 
insulating threads. Several experiments are 
performed on the balls and the following 
observations are made
  (i)  Ball A repels C and attracts B
 (ii) � Ball D attracts B and has no effect 

on E
(iii) � A negatively charged rod attracts both 

A and E. An electrically neutral sty-
rofoam ball gets attracted if placed 
nearby a charged body due to negative 
charge. What are the charges, if any, 
on each ball?
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2.56    Capacitor

	 A	 B	 C	 D	 E
(a)	 +	 –	 +	 0	 +
(b)	 +	 –	 +	 +	 0
(c)	 +	 –	 +	 0	 0
(d)	 –	 +	 –	 0	 0

	25.	 The electric force on 2µC charge placed 
at the centre O of two equilateral triangles 
each of side 10 cm, as shown in figure  
is F.
If charges A, B, C are each 2µC and charges 
D, E and F are each –2µC, then F is

(a)	 21.6 N	 (b)	64.8 N
(c)	 0	 (d)	43.2 N

	26.	 The electric field in a region of space is 
given by ˆ ˆ5 2 /E i jN C= +



. The electric flux 
due to this field through an area 2 m2 lying 
in the YZ plane, in S.I. unit, is
(a)	 10	 (b)	20
(c)	 10 2 	 (d)	2 29

	27.	 Two point dipoles ˆpk  and ˆ
2
p k  are located 

at (0, 0, 0) and (1 m, 0, 2 m) respectively. 
The resultant electric field due to the two 
dipoles at the point (1 m, 0, 0) is

(a)	
0

9 ˆ
32

p k
π∈

	 (b)	
0

7 ˆ
32

p k−
π∈

(c)	
0

7 ˆ
32

p k
π∈

	 (d)	None of these

	28.	 Four charges are rigidly fixed along 
the Y-axis as shown. A positive charge 
approaches the system along the X-axis 
with initial speed just enough to cross the 
origin. Then its total energy at the origin is

(a)	 zero
(b)	 positive
(c)	 negative
(d)	 data insufficient

	29.	 A circle of radius r has a linear charge den-
sity λ = λ0 cos2θ along its circumference. 
Total charge on the circle is
(a)	 λ0(2πr)	 (b)	λ0(πr)

(c)	 0 2
rπ λ  

 
	 (d)	 0 4

rπ λ  
 
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Capacitor    2.57

	30.	 Find the electric flux crossing the wire 
frame ABCD of length , width b and 
whose centre is at a distance OP = d from 
an infinite line of charge with linear charge 
density λ. Consider that the plane of frame 
is perpendicular to the line OP.

(a)	 1

0

tan
2
b
d

−λ  
 πε  



(b)	 1

0

tan
2 2

b
d

−λ  
 πε  



(c)	
1

0

tan
4
b
d

−λ  
 πε  



(d)	 1

0

tan
2 4

b
d

−λ  
 πε  



	31.	 Two point charges exert on each other a 
force F when they are placed r distance 
apart in air. When they are placed R distance 
apart in a medium of dielectric constant K, 
they exert the same force. The distance R 
equals

(a)	 r
K

	 (b)	
r
K

(c)	 rk	 (d)	 r K

	32.	 A ring of radius R is placed in the plane 
with its centre at origin and its axis along 
the x-axis and having uniformly distributed 
positive charge. A ring of radius r(<< R) 
and coaxial with the ring is moving along 
the axis with constant velocity then the 
variation of electric flux (φ) passing through 
the smaller ring with position will be best 
represented by

(a)	 	

(b)	

(c)	

(d)	

	33.	 A point charge q is placed at origin. Let 
,

 

A BE E  and CE


 be the electric field at three 
points A(1, 2, 3), B(1, 1, –1) and C(2, 2, 2) 
due to charge q. Then
(a)	 A BE E⊥

 

	 (b)	 | | 4 | |B CE E=
 

(c)	 ||A BE E
 

	 (d)	 | | 2 | |B CE E=
 

	34.	 A small sphere of mass m and carrying a 
charge q is attached to one end of an insu-
lating thread of length ‘a’, the other end 
of which is fixed at (0, 0) as shown in the 
figure. There exists a uniform electric field 

0
ˆE E j= −



 in the region.
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2.58    Capacitor

The minimum velocity which should be 
given to the sphere at (a, 0) in the direc-
tion shown so that it is able to complete 
the circle around the origin is (There is no 
gravity)

v

y

O
λ

(a)	 05qE a
m

	 (b)	 03qE a
m

(c)	 0qE a
m

	 (d)	 02 qE a
m

	35.	 A charge Q is placed at the centre of an 
imaginary hemispherical surface. Using 
symmetry arguments and the Gauss’s law.
The flux of the electric field due to this 
charge through the surface of the hemi-
sphere (figure) is

(a)	
02

Q
ε

	 (b)	
0

Q
ε

(c)	
0

2Q
ε

	 (d)	
0

2
3

Q
ε

	36.	 A particle of mass m and charge Q is placed 
in an electric field E which varies with time 
t as E = E0sin wt. It will undergo simple 
harmonic motion of amplitude

(a)	
2
0
2

QE
mω

	 (b)	 0
2

QE
mω

(c)	 0
2

QE
mω

	 (d)	 0QE
mω

	37.	 An equivalent triangle wire frame of side 
L having 3 point charges at its vertices is 
kept in x-y plane as shown. Component of 
electric field due to the configuration in z 
direction at (0, 0, L) is [origin is centroid of 
triangle]
F = qE0 sin wt

F = 0qE
m

 sin wt 

F = 0qEV
m

= w cos wt

(a)	 2

9 3
8

kq
L

	 (b)	zero

(c)	 2

9
8

kq
L

	 (d)	None

	38.	 A particle of mass m and charge q is placed 
at rest in a uniform electric field E and then 
released. The KE attained by the particle 
after moving a distance y is
(a)	 qEy2	 (b)	qEy
(c)	 qE2y	 (d)	q2Ey

	39.	 If electric flux entering and leaving on 
enclosed surface is φ1 and φ2 respectively, 
the electric charge inside the enclosed sur-
face will be
(a)	 (φ1 – φ2)/∈0	 (b)	(φ2 – φ1)/∈0

(c)	 (φ1 + φ2)/∈0	 (d)	(φ2 – φ1)/2 ∈0

	40.	 Two particles A and B having equal charges 
are placed at a distance d apart. A third 
charged particle placed on the perpendicu-
lar bisector at a distance x will experience 
the maximum Coulomb’s force when
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Capacitor    2.59

(a)	 / 2x d= 	 (b)	x = d/2
(c)	 /2 2x d= 	 (d)	 /3 2x d=

	41.	 A charged particle of mass m and charge q 
initially at rest is released in an electric field 
of magnitude E. Its kinetic energy after time 
t will be

(a)	
2 22E t

mq 	 (b)	
2 2 2

2
E q t

m

(c)	
2

22
Eq m

t
	 (d)	 Eqm

t

	42.	 A square surface of side L metres is in 
the plane of the paper. A uniform electric  
field E



 (volt/m), also in the plane of the 
paper, is limited only to lower half of 
the square surface, (see figure). The elec-
tric flux in SI units associated with the  
surface is

(a)	 EL2/2	 (b)	zero
(c)	 EL2	 (d)	EL2/(2ε0)

	43.	 A mass particle (mass = m and charge = 
q) is placed between two point charge q. 
If these charge displaced 2L. distance the 
frequency of oscillation of mass particle, if 
it is displaced for a small distance

(a)	 3
0

1
2
q

m Lπ πε

(b)	 3
0

1
2 2
q

m Lπ πε

(c)	 3
0

1
2 4
q

m Lπ πε

(d)	 3
0

1
2 16
q

m Lπ πε

	44.	 Two equal negative charges –q are placed at 
point (0, ±a) on y-axis, one positive charge 
q is placed at x = 2a, this charge will
(a)	 Execute S.H.M. about the origin
(b)	 Oscillate but not execute S.H.M.
(c)	� Move towards origin and will become 

stationary
(d)	 S.H.M. along x-axis

	45.	 An electric charge q is placed at the centre 
of the open end of a hollow cylindrical 
vessel of length l and radius r. Then the 
electric flux coming out of the surface of the  
cylinder is



(a)	
0

q
∈

	 (b)	 2

0

( 2 )q r rπ + π
∈



(c)	
02

q
∈ 	

(d)	Zero

	46.	 The electrical breakdown of air occurs at E 
= 3000 volt/mm. Then the maximum charge 
that can be given to a sphere of diameter  
5 metre will be nearly (in coulomb)
(a)	 2.1 × 10–3	 (b)	0.83 × 10–3

(c)	 4.6 × 10–2	 (d)	2.1 × 10–6

	47.	 The electric field in the region shown here 
is given by ˆE xi=  volt/m. Then the total 
electric flux through the cube of side ‘a’ is

(a)	 Zero	 (b)	a2

(c)	 a5/2	 (d)	a3/2
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2.60    Capacitor

	48.	 Three identical spheres each having a charge 
q and radius R, are kept in such a way that 
each touches the other two. Find the magni-
tude of the electric force on any sphere due 
to other two.

(a)	
2

0

1 3
4 4

q
R

 
 πε ⋅  

	 (b)	
2

0

1 3
4 2

q
R

 
 πε  

(c)	
2

0

1 3
2 4

q
R

 
 πε  

	 (d)	None

	49.	 If two infinite oppositely charged plates 
with surface charge density |σ| on each 
plate are kept perpendicular to each other as 
shown in above figure, then a charge q at P 
will experience a force

(a)	
02

qσ
ε  towards the

(b)	
02

qσ
ε

 away from horizontal plate

(c)	
02

qσ
ε

 towards the origin O

(d)	�
02

qσ
ε

 making an angle 45º with respect 

to vertical

	50.	 The electric dipole of moment ˆp pi=
  

is kept at a point (x, y) in an electric 
field 2 2ˆ ˆ4 4 .= +



E xy i x yj  The force on the  
dipole is
(a)	 zero

(b)	
2 2

pyx
x y+

(c)	 2 24 4py y x+

(d)	 cannot be calculated

	51.	 Figure shows a metal body of mass M 
charged positively. P is a point in front of 
the body. The electric field at point P due to 
the body M is EP. Now a negative change – 
q is placed at point P and it experiences a 
force F. Then

(a)	 EP = F/q
(b)	 EP < F/q
(c)	 EP > F/q
(d)	 None of these

	52.	 There is a non-uniform electric field along 
x-axis as shown in figure. The field increases 
at a uniform rate along +ve x-axis. A dipole 
is kept inside the field as shown.
Which one of the following statements is 
correct for dipole?

(a)	� Dipole moves along positive x-axis and 
rotates clockwise

(b)	� Dipole moves along negative x-axis and 
rotates clockwise

(c)	� Dipole moves along positive x-axis and 
rotates anti-clockwise

(d)	� Dipole moves along negative x-axis and 
rotates anti-clockwise
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ONE OR MORE THAN ONE 
CHOICE MAY BE CORRECT

	 1.	 A thin walled spherical conducting shell S 
of radius R is given charge Q. The same 
amount of charge is also placed at its centre 
C. Which of the following are correct?
(a)	� On the outer surface of S charge density 

22
Q
R

=
π

.

(b)	� The electric field is zero at all points 
inside S.

(c)	� At a point just outside S, the electric 
field is double, the field at a point just 
inside S.

(d)	� At any point inside S, the electric field 
is inversely proportional to the square 
of distance from C.

	 2.	 Electric field, due to an infinite line of 
charge, as shown in figure at a point P at a 
distance r from the line is E. If one half of 
the line of charge is removed from either 
side of point A, then

(a)	� Electric field at P will have magnitude 
E/2.

(b)	� Electric field at P in x direction will be 
E/2.

(c)	� Electric field at P in y direction will be 
E/2.

(d)	 None of these

	 3.	 An electric dipole moment ˆ ˆ(2.0 3.0 ) .= + µ
p i j C 

ˆ ˆ(2.0 3.0 ) .= + µ
p i j C m is placed in a uniform electric field 

5 1ˆˆ(3.0 2.0 ) 10E i k NC−= + ×


(a)	� The torque that E


 exerts on p  is 
ˆˆ ˆ(0.6 0.4 0.9 )i j k− − Nm

(b)	� The potential energy of the dipole  
is –0.6 J

(c)	� The potential energy of the dipole is  
0.6 J

(d)	� If the dipole is rotated in the electric 
field, the maximum potential energy of 
the dipole is 1.3 J

	 4.	 Mark the correct options.
(a)	� Gauss’s law is valid only for uniform 

charge distributions
(b)	� Gauss’s law is valid only for charges 

placed in vacuum
(c)	� The electric field calculated by Gauss’s 

law is the field due to all the charges.
(d)	� The flux of electric field through a 

closed surface due to all the charges 
is equal to the flux fue to the charges 
enclosed by the surface.

	 5.	 An electric field converges at the origin 
whose magnitude is given by the expression 
E = 100rNt/Coul., where r is the distance 
measured from the origin.
(a)	� Total charge contained in any spherical 

volume with its centre at origin is nega-
tive.

(b)	� Total charge contained at any spherical 
volume, irrespective of the location of 
its centre, is negative.

(c)	� Total charge contained in a spherical 
volume of radius 3 cm with its centre at 
the origin has magnitude 3 × 10–13C.

(d)	� Total charge contained in a spherical 
volume of radius 3 cm with its centre at 
the origin has magnitude 3 × 10–9C.

	 6.	 Select the correct alternative:
(a)	� The charge gained by the uncharged 

body from a charged body due to con-
duction is equal to half of the total 
charge initially present.

(b)	� The magnitude of charge increases with 
the increase in velocity of charge.

(c)	� Charge cannot exist without matter 
although matter can exist without 
charge

(d)	� Between two non-magnetic substances 
repulsion is the true test of electrifica-
tion (electrification means body has net 
charge)
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2.62    Capacitor

	 7.	 The electric field intensity at a point in 
space is equal in magnitude to
(a)	� Magnitude of the potential gradient 

there
(b)	 The electric charge there
(c)	� The magnitude of the electric force, a 

unit charge would experience there
(d)	� The force, an electron would experi-

ence there

	 8.	 Figure shows a charge q placed at the 
centre of a hemisphere. A second charge 
Q is placed at one of the positions A, B, C  
and D.
In which position(s) of this second charge, 
the flux of the electric field through the 
hemisphere remains unchanged?

(a)	 A
(b)	 B
(c)	 C
(d)	 D

	 9.	 An electric dipole is placed at the centre of 
a sphere, mark the correct options
(a)	� The flux of the electric field through the 

surface is zero
(b)	� The electric field is zero at every point 

of the sphere
(c)	� The electric field is not zero anywhere 

on the sphere
(d)	� The electric field is zero an a circle on 

the sphere.

	10.	 A large nonconducting sheet M is 
given a uniform charge density. Two 
uncharged small metal rods A and B 
are placed near the sheet as shown in  
figure.

(a)	 M attracts A	 (b)	M attracts B
(c)	 A attracts B	 (d)	B attracts A

	11.	 A uniform electric field of strength ˆEj  
exists in a region. An electron (charge –e, 
mass m) enters a point A with velocity ˆVj .  
It moves through the electric field and 
exists at point B. Then

(a)	
2

2

2 ˆamvE j
ed

= −

(b)	� Rate of work done by the electric field 

at B is 
2 3

3

4ma v
d

(c)	� Rate of work by the electric field at A is 
zero

(d)	 Velocity at B is 2 ˆ ˆ+
av i vj
d

	12.	 An oil drop has a charge –9.6 × 10–19C 
and has a mass 1.6 × 10–15 gm. When 
allowed to fall, due to air resistance force 
it attains a constant velocity. Then if a 
uniform electric field is to be applied ver-
tically to make the oil ascend up with 
the same constant speed, which of the 
following are correct. (g = 10 m/s)  
(Assume that the magnitude of resistance 
force is same in both the cases)
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(a)	 the electric field is directed upward
(b)	 the electric field is directed downward
(c)	� the intensity of electric field is 

2 11 10
3

NC−×

(d)	� the intensity of electric field is 
5 11 10

6
NC−×

	13.	 An electric dipole is kept in the electric field 
produced by a point charge
(a)	 dipole will experience a force
(b)	 dipole can experience a torque
(c)	 dipole can be in stable equilibrium
(d)	� it is possible to find a path (not closed) 

in the field on which work required to 
move the dipole is zero.

	14.	 Point charges are located on the corner of a 
square as shown.
Find the components of electric field at any 
point on the z-axis which is axis of symme-
try of the square.

(a)	 Ez = 0	 (b)	Ex = 0
(c)	 Ey = 0	 (d)	None of these

ASSERTION AND REASON QUESTIONS

Direction: Each question contains STATE-
MENT-1 (Assertion) and STATEMENT-2  
(Reason). Each question has 4 choices (a), (b), (c) 
and (d) out of which ONLY ONE is correct.

	 (a)	 Statement-1 is True, Statement-2 is True; 
Statement-2 is a correct explanation for 
Statement-1.

	(b)	 Statement-1 is True, Statement-2 is True; 
Statement-2 is NOT a correct explanation 
for Statement-1.

	 (c)	 Statement-1 is True, Statement-2 is False.

	(d)	 Statement-1 is False, Statement-2 is True.

	 1.	 Statement 1: A positive point charge is 
brought in an electric field, the electric field 
at nearby point will increase.
Statement 2: Electric field produce by 
charge may favour the existing electric 
field.

	 2.	 Statement 1: Flux through a closed surface 
is zero.
Statement 2: Total charge inside the sur-
face must be zero.

	 3.	 Statement 1: Consider two identical charges 
placed distance 2d apart, along x-axis. The 
equilibrium of a positive test charge placed 
at the point O midway between them is 
stable for displacements along the x-axis.
Statement 2: Force on test charge is zero.

	 4.	 Statement 1: A parallel beam of electrons 
is shot into a uniform strong electric field 
initially parallel to and then against the field 
with a small initial speed. Then the beam 
tends to spread out at the beginning and 
narrows down later.
Statement 2: The total energy of the beam 
is conserved.

	 5.	 Statement 1: An ellipsoidal cavity is 
carved within a perfect conductor. A posi-
tive charge q is placed at the centre of the 
cavity. The points A and B are on the cavity 
surface. Potential at A = potential at B.
Statement 2: Surface of charge conductor 
is always equipotential.
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	 6.	 Statement 1: A deuteron and an α-particle 
are placed in an electric field. If F1 and F2 
be the forces acting on them and a1 and 
a2 be their accelerations respectively then,  
a1 = a2.
Statement 2: Forces will be same in elec-
tric field.

	 7.	 Statement 1: Charges Q1 and Q2 are 
placed inside and outside respectively 
of an uncharged conducting shell, their 
separation is r. Then the force on Q1 is  
zero.
Statement 2: Lines of force cannot enter 
conducting shell.

	 8.	 Statement 1: When a charged comb is 
brought near a small piece of paper, it 
attracts the piece.
Statement 2: Because the paper becomes 
charged.

	 9.	 Statement 1: A point charge is placed in a 
cavity in a metal block. If another charge 
is brought outside the metal, the charge 
in the cavity does not feel any electric  
force
Statement 2: There is no electric field line 
in the cavity of a metal block.

	10.	 Statement 1: A small metal ball is sus-
pended in a uniform electric field with an 
insulated thread. If high energy X-ray beam 
falls on the ball, the ball will be deflected in 
the electric field.
Statement 2: X-rays beam falls on the ball, 
the ball will be deflected in the magnetic 
field.

	11.	 Statement 1: The tyres of aircrafts are 
slightly conducting.
Statement 2: If a conductor is connected 
to ground, the extra charge induced on con-
ductor will flow to ground.

	12.	 Statement 1: Four point charges q1, q2, q3 
and q4 are as shown in figure. The flux over 
the shown Gaussian surface depends only 
on charges q1 and q2.

Statement 2: Electric field at all points on 
Gaussian surface depends only on charges 
q1 and q2.

	13.	 Statement 1: An insulator does not conduct 
electricity usually.
Statement 2: The number of electrons in an 
insulator is very small in comparison to that 
in a conductor.

	14.	 Statement 1: The positive charge particle 
is placed in front of a spherical uncharged 
conductor. The number of lines of forces 
terminating on the sphere will be more than 
those emerging from it.
Statement 2: The surface charge density 
at a point on the sphere nearest to the point 
charge will be negative and maximum in 
magnitude compared to other points on the 
sphere.

MATCH THE COLUMN TYPE QUESTIONS

Each question contains statements given in two 
columns which have to be matched. Statements 
(A, B, C, D) in column I have to be matched with 
statements (p, q, r, s) in column II.

	 1.	 Match the column:
Column I
Arrangement

(a)	
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(b)	

(c)	

(d)	

Column II 

		  Flux through the  entire surface of the 
body.

(p)	
0

q
ε 	 (q)	

08
q
ε

(r)	
04

q
ε 	 (s)	

0

3q
ε

	 2.	 An electric dipole is placed in an electric 
field. The column I gives the description 
of electric field and the angle between the 
dipole moment p  and the electric field 
intensity E



 and the column II gives the 
effect of the electric field on the dipole. 
Match the description in Column I with the 
statements in column II.
     Column I        Column II
(a)	�Uniform electric 

field, θ = 0
(p)  force = 0

(b)	�Electric field due  
to a point charge, 
θ = 0

(q)  Torque = 0

(c) 	�Electric field 
between the two 
oppositely charged 
large plates,  
θ = 90º

(r)  . 0p E =




(d)	�Dipole moment 
parallel to uni-
formly charged 
long wire.

(s)  Force ≠ 0

	 3.	 Column II describes graph for charge dis-
tribution given in column I. Match the  
description.
    Column I
(a)	 Uniformly charged ring
(b)	 Infinitely large charge conducting sheet
(c)	 Infinite non conducting thin sheet.
(d)	 Hollow non conducting sphere.
    Column II

(p)	

(q)	

(r)	
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(s)	

	 4.	 Two points, like charges QA and QB are 
positioned at points A and B. The electric 
field strength to the right of charge QB on 
the line that passes through the two charges 
varies according to a law that is represented 
shematically in the figure accompanying 
the problem without employing a definite 
scale. Assume electric field to be positive 
if its direction coincides with the positive 
direction on the x-axis. Distance between 
the charges is l.

      Column I	      Column II
(a)	 Charge QA	 (p)	–ve
(b)	 Charge QB	 (q)	+ve

(c)	 | / |A BQ Q 	 (r)	
2

1

1

x
x

 +
 
 



(d)	 x2	 (s)	 1/3( / ) 1A BQ Q −


	 5.	 Match the column:
      Column I       Column II
(a)  �Like charges 

repels and unlike 
attracts.

(p) � Dr William 
Gilbert

(b) � Numerical value 
of force between 
two charges

(q) � Thomos 
Brown

(c) � Methods of 
charging

(r) � Coulomb  
by (torsion 
balance)

(d) � Amount of 
induced charge

(s) � Faraday ice 
pail exp.

	 6.	 Match the column:
Column I Column II

(a) e/m of electron (p) J.J. Thomson
(b) Charge and mass 

(indirectly) of 
electron and 
quanta of charge.

(q) R.A. millikan 
(by oil drop 
exp.)

(c) Concept of line 
of force

(r) M. Faraday

(d) Highest common 
factor method

(s) Max Plank

PASSAGE BASED QUESTIONS

PASSAGE–1

A very large, charged plate floats in deep space. 
Due to the charge on the plate, a constant electric 
field E exists everywhere above the plate. An ob-
ject with mass m and charge q is shot upward from 
the plate with a velocity v and an angle θ. It follows 
the path shown reaching a height h and a range R. 
Assume the effects of gravity to be negligible.

	 1.	 Which of the following must be true con-
cerning the object?
(a)	 q must be positive
(b)	 q must be negative
(c)	 m must be large
(d)	 m must be small

	 2.	 Which of the following gives the vertical 
velocity of the object in terms of h just 
before colliding with the plate at the end of 
its flight?
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(a)	 2gh 	 (b)	 2Eqh

(c)	 2mh
Eq

	 (d)	 2qhE
m

	 3.	 Which of the following is true concerning 
all objects that follow the path shown when 
propelled with a velocity v at an angle θ?
(a)	 they must have the same mass
(b)	 they must have the same charge
(c)	� they must have the same mass and the 

same charge
(d)	� their mass to charge ratios must be the 

same

	 4.	 Suppose E is 10 N/C, m is 1 kg, q is –1 C, v 
is 100 m/s and θ is 30º. What is h?
(a)	 25 m	 (b)	45 m
(c)	 80 m	 (d)	125

	 5.	 Which of the following is true concerning 
the flight of the projectile shown?
(a)	� Increasing the mass m decreases the 

maximum height h
(b)	� Increasing the charge q increases the 

maximum height h
(c)	� Increasing the mass m decreases the 

downward acceleration
(d)	� Increasing the charge q decreases the 

downward acceleration

PASSAGE–2

Related to the following diagram of two charges, 
+Q and –4Q

	 6.	 The net electric field is zero near which 
point?
(a)	 A	 (b)	B
(c)	 C	 (d)	D

	 7.	 At which point does the net electric field 
vector point to the left?
(a)	 A	 (b)	B
(c)	 C	 (d)	D

	 8.	 At which point would a small positive 
charge q feel the greatest force?
(a)	 A	 (b)	B
(c)	 C	 (d)	D

PASSAGE–3

A thin insulating wire is stretched along the  
diameter of an insulated circular loop of radius R. 
A small bead of mass m and charge –q is threaded 
on to the wire. Two small identical charges are 
tied to the hoop at points opposite to each other, 
so that the diameter passing through them is per-
pendicular to the thread (see figure). The bead is 
released at a point which is a distance x0 from the 
centre of the loop. Assume that x0 << R.

	 9.	 The resultant force acting on the charged 
bead is

(a)	 0
2 2
0

2 . xk QqF
x R r

= −
+

(b)	 0
2 2
0

2 . xk QqF
x R r

=
+

(c)	 0
2 2
0

2 . xk QqF
x R r

= −
−

(d)	 0
2 2
0

2 . xk QqF
x R r

=
−

	10.	 The exact equation of motion of the bead 
along the thread is

(a)	 m d x
dt

k Qqx

x R

2

2 2 2 3 2
2= −
+( ) /

(b)	 m d x
dt

kQqx

x R

2

2 2 2 3 2= −
−( ) /
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(c)	 m d x
dt

k Qqx

x R

2

2 2 2 3 2
2= −
−( ) /

(d)	 m d x
dt

kQqx

x R

2

2 2 2 3 2= −
−( ) /

	11.	 The time when will the velocity of the bead 
vanish for the first time is

(a)	
2 3

2
mR

k Qq
π 	 (b)	

2 3mR
kQq

π

(c)	
2 3

4
mR

k Qq
π 	 (d)	

2 32 mR
kQq
π

PASSAGE–4

In the figure shown mA = mB = 1 kg. Block A is 
neutral while qB = –1 C. Sizes of A and B are neg-
ligible. B is released from rest at a distance 1.8 
m from A. Initially, spring is neither compressed 
nor elongated.

	12.	 If collision between A and B is perfectly 
inelastic, what is the velocity of combined 
mass just after collision?
(a)	 6 m/s	 (b)	3 m/s
(c)	 9 m/s	 (d)	12 m/s

	13.	 Equilibrium position of the combined mass 
is at x = …. . m
(a)	 –2/9	 (b)	–1/3
(c)	 –5/9	 (d)	–7/9

	14.	 The amplitude of oscillation of the com-
bined mass will be

(a)	 2
3

m 	 (b)	 124
3

m

(c)	 72
9

m 	 (d)	 106
9

m

SUBJECTIVE QUESTIONS

	 1.	 Two identical conducting of spheres (of 
negligible radius), having charges of oppo-
site sign, attract each other with a force of 
0.108 N when separated by 0.5 metre. The 
spheres are connected by a conducting wire, 
which is then removed (when charge stops 
flowing) and therefore repel each other with 
a force of 0.036 N keeping the distance 
same. What were the initial charges on  
the spheres?

	 2.	 Two particles A and B having charges of 
+2.00 × 10–6C and of –4.00 × 10–6C respec-
tively are held fixed at a separation of 20.0 
cm. Locate the point(s) on the line AB 
where the electric field is zero.

	 3.	 Find the flux of the electric field through a 
spherical surface of radius R due to a charge 
of 18.85 × 10–8C at the centre and another 
equal charge at a point 2R away from the 
centre.

	 4.	 A clock face has negative charges –q, –2q, 
–3q, …… .., –12q fixed at the position of 
the corresponding numerals on the dial. The 
clock hands do not disturb the net field due 
to point charges. At what time does the hour 
hand point in the same direction is electric 
field at the centre of the dial.

	 5.	 The electric field in a region is given 
by 0 ˆE xE i=





. Find the charge contained 
inside a cubical volume bounded by the 
surfaces x = 0, y = 0, y = a, z = 0 and  
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z = a. Take E0 = 5 × 103 N/C, l = 2 cm and 
a = 1 cm.

	 6.	 A solid non-conducting sphere of radius R 
has a non-uniform charge distribution of 
volume charge density, 0

r
R

ρ = ρ ; where ρ0 

is a constant and r is the distance from the 
centre of the sphere. Show that
(a)	� the total charge on the sphere is Q = 

πρ0R
3 and

(b)	� the electric field inside the sphere has a 

magnitude given by, 
2

4

KQrE
R

=

	 7.	 An electron beam after being accelerated 
from rest through a potential difference of 
500 V in vacuum is allowed to impinge nor-
mally on a fixed surface. If the incident cur-
rent is 100 µA, determine the force exerted 
on the surface assuming that it brings the 
electrons to rest.
(e = 1.6 × 10–19C, m = 9.0 × 10–31 kg)

	 8.	 A charge Q is uniformly distributed over 
a rod of length l. Consider a hypothetical 
cube of edge l with the centre of the cube 
at one end of the rod. Find the minimum 
possible flux of the electric field through the 
entire surface of the cube.

	 9.	 A dipole is placed at origin of coordinate 
system as shown in figure, find the electric 
field at point P (0, y).

	10.	 An infinitely long string uniformly charged 
with a linear density λ1 and a segment of 
length l uniformly charged with linear den-

sity λ2 lie in a plane at right angles to each 
other and separated by a distance r0.
Determine the force with which these two 
interact.

	11.	 A very long charged thread (lying in the 
xy plane) which is having a linear charge 
density λ is having one of its end at a point 
P as shown in figure. What is electric field 
intensity at point Q?

	12.	 Two like charged, infinitely long rod with 
the same linear charge density of 3 × 10–8 
C/cm are 2 cm apart. Find the electric force 
per unit length on each rod due to the other 
and the work done against that force per 
unit length to be done in bringing them 
closer by 1 cm.

PREVIOUS YEARS’ IIT-JEE QUESTIONS

	 1.	 A metallic solid sphere is placed in a uni-
form electric field. The lines of force follow 
the path (s) shown in figure as

� [1996]

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



2.70    Capacitor

(a)	 1	 (b)	2
(c)	 3	 (d)	4

	 2.	 A positively charged thin metal ring of 
radius R is fixed in the xy-plane with its cen-
tre at the O. A negatively charged particle P 
is released from rest at the point (0, 0, z0), 
where z0 > 0. Then the motion of P is
� [1998]
(a)	� Periodic for all values of z0 satisfying 0 

< z0 < ∞
(b)	� Simple harmonic for all values of satis-

fying 0 < z0 < R
(c)	� Approximately simple harmonic pro-

vided z0 << R
(d)	� Such that P crosses O and continues to 

move along the negative z-axis towards 
z = –∞

	 3.	 A non-conducting solid sphere of radius R 
is uniformly charged. The magnitude of the 
electric field due to the sphere at a distance 
r from its centre
� [1998]
(a)	 Increases as r increases for r < R
(b)	 Decreases as r increases for 0 < r < ∞
(c)	 Decreases as r increases for R < r < ∞
(d)	 Is discontinuous at r = R

	 4.	 The dimension of (1/2) ε0E
2 (ε0: permittivity 

of free space, E: electric field) is
� [2000]
(a)	 MLT–1

(b)	 ML2T–2

(c)	 ML–1T–2

(d)	 ML2T–1

	 5.	 Three positive charges of equal value q 
are placed at the vertices of an equilateral 

triangle. The resulting lines of force should 
be sketched as in
� [2001]

(a)	

(b)	

(c)	

(d)	

	 6.	 A small ball of mass 2 × 10–3 kg having a 
charge of 1 µC is suspended by a string of 
length 0.8 m. Another identical ball hav-
ing the same charge is kept at the point of 
suspension. Determine the minimum hori-
zontal velocity which should be imparted to 
the lower ball so that it can make complete 
revolution.
� [2002]

	 7.	 A metallic shell has a point charge q kept 
inside its cavity. Which one of the follow-
ing diagrams correctly represents the elec-
tric lines of forces?
� [2003]

(a)	 	 (b)	
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Capacitor    2.71

(c)	 	 (d)	

	 8.	 A charge +Q is fixed at the origin of the 
co-ordinate system while a small electric 
dipole of dipole-moment p  pointing away 
from the charge along the x-axis is set free 
from a point far away from the origin.
� [2003]
(a)	� Calculate the K.E. of the dipole when it 

reaches to a point (d, 0).
(b)	� Calculate the force on the charge +Q at 

this moment.

	 9.	 Six charges, three positive and three nega-
tive of equal magnitude are to be placed at 
the vertices of a regular hexagon such that 
the electric field at O is double the electric 
field when only one positive charge of same 
magnitude is placed at R. Which of the fol-
lowing arrangements of charges is possible 
for P, Q, R, S, T and U respectively?
(a)	 +, –, +, –, –, +
(b)	 +, –, +, –, +, –
(c)	 +, +, –, +, –, –
(d)	 –, +, +, –, +, –

	10.	 Consider the charge configuration and 
spherical Gaussian surface as shown in 
the figure. When calculating the flux of the 
electric field over the spherical surface the 
electric field will be due to
� [2004]
(a)	 q2

(b)	 only the positive charges
(c)	 all the charges
(d)	 +q1 and –q1

	11.	 Three infinitely long charge sheets are 
placed as shown in figure. The electric field 
at point P is
� [2005]

(a)	
0

2 k̂σ
ε

	 (b)	
0

2 k̂σ
−

ε

(c)	
0

4 k̂σ
ε

	 (d)	
0

4 k̂σ
−

ε

	12.	 Consider a neutral conducting sphere. A 
positive point charge is placed outside the 
sphere. The net charge on the sphere is 
then
� [2007]
(a)	� negative and distributed uniformly over 

the surface of the sphere
(b)	� negative and appears only at the point on 

the sphere closest to the point charge
(c)	� negative and distributed non-uniformly 

over the entire surface of the sphere
(d)	 zero

	13.	 A spherical portion has been removed from 
a solid sphere having a charge distributed 
uniformly in its volume as shown in the 
figure. The electric field inside the emptied 
space is
� [2007]
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2.72    Capacitor

(a)	 zero everywhere
(b)	 non-zero and uniform
(c)	 non-uniform
(d)	 zero only at its centre

	14.	 Positive and negative point charge of equal 
magnitude are kept at (0, 0, a/2) and  
(0, 0, –a/2) respectively. The work done 
by the electric field when another positive 
point charge is moved from (–a, 0, 0) to 
(0, a, 0) is
� [2007]
(a)	 positive
(b)	 negative
(c)	 zero
(d)	� depends on the path connecting the ini-

tial and final positions

	15.	 Consider a system of three charges q/3, 
q/3 and 2q/3 placed at points A, B and C, 
respectively, as shown in the figure.
Take O to be the centre of the circle of 
radius R and angle CAB = 60º
� [2008]

(a)	� The electric field at point O is 2
08

q
Rπε

 

directed along the negative x-axis
(b)	� The potential energy of the system is 

zero

(c)	� The magnitude of the force between the 

charges at C and B is 
2

2
054

q
Rπε

(d)	 The potential at point O is 
012

q
Rπε

PASSAGE

Direction (Questions 16 to 18): The nuclear 
charge (Ze) is non-uniformly distributed within 
a nucleus of radius R. The charge density ρ (r) 
[charge per unit volume] is dependent only on the 
radial distance r from the centre of the nucleus as 
shown in figure. The electric field is only along 
the radial direction.

� [2008]

	16.	 The electric field at r = R is
(a)	 independent of a
(b)	 directly proportional to a
(c)	 directly proportional to a2

(d)	 inversely proportional to a

	17.	 For a = 0, the value of d (maximum value 
of ñ as shown in the figure) is

(a)	 3

3
4

Ze
Rπ

	 (b)	 3

3Ze
Rπ

(c)	 3

4
3

Ze
Rπ

	 (d)	 33
Ze
Rπ

	18.	 The electric field within the nucleus is 
generally observed to be linearly dependent  
on r. This implies
(a)	 a = 0
(b)	 a = R/2
(c)	 a = R
(d)	 a = 2R/3
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Capacitor    2.73

Answers

ONLY ONE CORRECT OPTION TYPE QUESTIONS
 1. (c) 2. (d) 3. (c) 4. (d) 5. (c) 6. (a) 7. (d) 8. (d) 
 9. (b) 10. (b) 11. (a) 12. (b) 13. (b) 14. (b) 15. (b) 16. (b) 
 17. (c) 18. (d) 19. (d) 20. (b) 21. (c) 22. (c) 23. (b) 24. (c) 
 25. (d) 26. (a) 27. (b) 28. (b) 29. (b) 30. (a) 31. (d) 32. (c) 
 33. (b) 34. (b) 35. (a) 36. (b) 37. (b) 38. (b) 39. (b) 40. (c) 
 41. (b) 42. (b) 43. (a) 44. (b) 45. (c) 46. (a) 47. (c) 48. (a) 
 49. (d) 50. (c) 51. (b) 52. (d)

ONE OR MORE THAN ONE CHOICE MAY BE CORRECT
 1. (a, c, d) 2. (a, b, c) 3. (a, b, d) 4. (c, d) 5. (a, b, c) 6. (c, d) 7. (b, c) 8. (a, d) 
 9. (a, c) 10. (c, d) 11. (b, c, d) 12. (b, c) 13. (b, c, d) 14. (a, b, c)

ASSERTION AND REASON QUESTIONS
 1. (d) 2. (a) 3. (b) 4. (a) 5. (a) 6. (c) 7. (a) 8. (c) 
 9. (a) 10. (c) 11. (b) 12. (c) 13. (c) 14. (b)

MATCH THE COLUMN TYPE QUESTIONS
 1. (a) → q,  (b) → p,  (c) → p, (d) → s   2. (a) → p, q,  (b) → q, s  (c) → p, r , (d) → p, r
 3. (a) → p, q,  (b) → r,  (c) → r, (d) → s   4. (a) → q,  (b) → p,  (c) → r, (d) → s
 5. (a) → p,  (b) → q,  (c) → r,  (d) → s   6. (a) → p,  (b) → r,  (c) → q, (d) → s

PASSAGE BASED QUESTIONS
 1. (b) 2. (d) 3. (d) 4. (d) 5. (c) 6. (a) 7. (d) 8. (c) 
 9. (a) 10. (a) 11. (a) 12. (b) 13. (c) 14. (d)

PREVIOUS YEARS’ IIT-JEE QUESTIONS
 1. (d) 2. (a, c) 3. (a, c) 4. (c) 5. (c) 6. 5.86 m/s 7. (c) 8. (b)  
 9. (d) 10. (c)  11. (b) 12. (a, b, c, d)   13. (b) 14. (c) 15. (c)  
 16. (a)  17. (b) 

 
18. (c) 
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2.74    Capacitor

SUBJECTIVE QUESTIONS

	 1.	 ± 1.0 × 10–6C, ∵ 3 × 10–6C

	 2.	 20
2 1−

= 48.3 cm from Allong BA

	 3.	
2

410 N m
C
−

	 4.	 9.39

	 5.	 2.2 × 10–12C	

	 6.	 20, ,0k
r
λ

	 7.	 7.5 × 10–9N

	 8.	
02

Q
∈

	 9.	
3

ˆ ˆ( 2 )
2
kp i j

y
− −

	10.	 1 2

0 0

ln 1
2

F
r

 λ λ
= + πε  



	11.	 2 2 ˆ| | , ( )k kE E j
r r

λ λ
= = −



	12.	
22 λ

=
kB
r

 = 8.1 N/m, 2kλ2, 

		  ln 2 = 0.1129 J/m

PREVIOUS YEARS’ IIT-JEE QUESTIONS

	 8.	�  2
0

. .
4

P QK E
d

=
πε

 (b) 	 3
02

QP
dπε

 along posi-

tive x-axis

	15.	 �(c)	 Net electric field to both charges q/3, 
will get cancelled. Electric field due to 
(–2q/3) will be directed in –ve axis.

	 		
2 2

0

(2 /3)
6

k q qE E
R R

= ⇒ =
πε

		  P.E. of system  

	
2

2 2
( /3) 3 3 3 3
2 2 sin 60 2 cos60

q q q qK K
K q

R R R

   − −   
   = + +

° °

	16.	 �(a) 2

KQE
R

=  (Q = Total charge within the 

nucleus = Ze)

		  So, 2

KZeE
R

=

		  So electric field is independent of a.

	17.	 (b) 2

0

( )4
R dq R x x dx Ze

R
= − π =∫

			 
3

3Zed
R

=
π

	18.	 (c)	 If within a sphere ρ is constant E ∝ r

Hints and ExplanAtions

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Current Electricity 3
c h a p t e r

3.1	� ELECTRIC CURRENT IN CONDUCTORS

If there is a continuous flow of something its constitute the current
For the electric current there must be a continuous flow of charge, in other words 

they are two essential things for constituting an electric current:
	 (i)	 charge carrier
	(ii)	 its motion

The following can constitute the current:
	 (i)	 A fast beam of neutron
	(ii)	 Nuclear charge
	(iii)	 Orbital electron

Instantaneous Current

          

dqi
dt

= ±

where, q is the charge flow of conductor.
Average current through a cross-section medium during the time interval t.
If		  i = f(t), 0 ≤ t ≤ t

Then		

t

0
t

0

i dt
qi
t

dt
< >= =

∫

∫

Note:

	 1.	 Current is independent of a cross-sectional area of the medium.
	 2.	 Current is essentially a positive charge.
	 3.	 The flow of negative charge carrier in any direction is equivalent to the flow of 

same amount of positive charge in opposite direction.
	 4.	 The direction of electric current is same as that of direction of flow of positive 

charge carriers.
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3.2  Current Electricity

 
(a)                                                               (b)

From fi gure (b) 
2

1

t

t

i dt∫  = Area under curve = net charge fl ow

 (i) An electron circulates in a orbit of radius r with constant angular velocity ω. 
Its equivalent current is obtained as

2T π
=

ω  
2T 2

e e ei ω
= = =

π π
ω

(a)                                                               (b)
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Current Electricity  3.3

 (ii) An electron of sodium atom revolves in a orbit of a radius r with constant 
angular speed. Its equivalent current is obtained as

2
zei ω

=
π

 (iii) A ring of radius r is non-uniformly charge q and rotates with angular velocity 
ω about fi xed axis passing through the centre of the ring and perpendicular to 
its plane. Its equivalent current is given by

2
di dqω

=
π

 
2

i qω
=

π

Example
An air cylindrical capacitor with a D.C. voltage V = 200 V applied to it is being 
submerged vertically into a vessel fi lled with water at a velocity ν = 5.0 mm/s. 
The electrodes of the capacitor are separated by a distance d = 2.0 mm, the mean 
curvature radius of the electrode is equal to r = 50 mm. Find the current fl owing 
in this case along lead wires, if d < < r.

 Solution )  Since, d < < r, the capacitance of the given capacitor can be calculated 
using the formula for a parallel plate capacitor. Therefore, if the water (permittivity 
∈) is introduced up to an height x and the capacitor of length l, we have

 0 02 ( )2C r x l x r
d d

εε π ∈ − π
= +

     0 2 ( )r x l x
d

ε π
= ε + −

(ii) An electron of sodium atom revolves in a orbit of a radius 

ω ω
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3.4  Current Electricity

Hence, the charge on the plate at that instant,
      q = CV
Again we know that the electric current intensity

 (CV)I dq d
dt dt

= =

    0
( )V 2 d x l xr

dt
ε + −

= ε π

    0V 2 ( 1)r dx
d dt
π ε

= ε −

But dx v
dt

=

∴    02 ( 1)I r V v
d

π ε ε −
=

       = 0.11 µA

3.2  MECHaNISM OF CONSTITUTING THE CURRENT
IN a CONDUCTING MEDIUM (METaLLIC WIRE)

In an isolated conductor, the electric fi eld inside, at any point is equal to zero. The 
mobile electron inside an isolated conductor are in random motion. Therefore, the 
velocity of free electron passing through any cross-section area of a conductor at any 
instant of time will be equal to zero.

Let, there are n number electrons passing through a certain cross-section area of a 
conductor with velocity 1 2, ... nv v v  respectively. Then, the average velocity

1 2 ... 0nv v vv
n

+ + +
< >= =





When the potential difference is applied across the end of the conductor, an electric 
fi eld is set up in the conductor. With no time an short ejecting electric force on the 
mobile electron throughout the conductor is setup and as a result we have a net fl ow 
of electron opposite to direction of fi eld inside the conductor. Hence, we have the 
conventional current in the direction opposite to the direction of fl ow of electron.

In reality, the electrons do not move in straight line along the conductor. Instead 
of they undergo readilly collision with other atom with metallic wire which result 
in a zig-zag motion. The energy transferred from the electron to the atoms of the 
conductor due to electric collision increases vibration energy of atom and therefore 
corresponding increase in the temperature of the conductor.

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Current Electricity  3.5

Average velocity of electrons during the time interval two equating collision. 
(drift velocity)

  

1 2
1 2

E EE .. n
n

e e e

e t e te tvv v v
m m m

   
+< ′ >= + + +′ + ′ +   

     



 

1 2
1 2

E EE .. n
n

e e e

e t e te tvv v v
m m m

   
+< ′ >= + + +′ + ′ +   

     



 

  
1 2 1 2E E... ... 0n n

e e

e e tv v v t t tv n
m mn n

′′ + ′ + + ′ + + +   < >= + = +   
   

 



1 2 1 2E E... ... 0n n

e e

e e tv v v t t tv n
m mn n

′′ + ′ + + ′ + + +   < >= + = +   
   

 



 E
d

e

e t
m

< υ > =




  E
d

e

ev t
m

< ′ > = υ =


  ...(i)

 υd ↑ ↑ E if charge carrier is positive.
 υd ↑ ↓ E if charge carrier is negative.

Note: The drift velocity is the average velocity of the charge carried during the 
reaction time where as the current velocity in the velocity of the propagation of E



 

(electromagnetic wave) which is about 1
10

 velocity of light.

Let us consider a conducting wire element of cross-sectional area Sx and thickness 
dx. The amount of charge contain this wire element

   dq = ρSdx

or  S S d
dq dx
dt dt

= ρ = ρ υ

   
S d
i j= = ρυ



 
[Here, j



= current density]

In vector form dj = ρυ


  …(ii)

In general õdj ↑↑


 if ρ is positive

   õdj ↑↓


 if ρ is negative

or   Si j d= ⋅∫



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3.6    Current Electricity

From equations (i) and (ii), we get

			   J E= σ


Here, σ is a constant of a particular temperature for a medium and is known as the 
conductivity of medium, and
1

= ρ
σ

 is called the resistivity of the medium which is also a constant for a medium 

for a particular temperature.

Note: In the strict sense, j


 is the property of point (which is also obvious)

From equation (iii), E V
Sx

i d
dx

= = −
ρ ∫

	          V R
Sx

dx
d i id

 
 − = =
 
 

∫

	       Vhigher – Vlower = V = IR� ...(iv)

Equation (iv) is not the Ohm’s law but it is a general formula which also contain 
Ohm’s law. It is valid even for pourly medium.

	    R
Sx

dxR d ρ
= =∫ ∫ � ...(v)

	     VSx
di
dx

 = σ − 
 

� ...(vi)

	 TH Sx
d dk
dt dr
φ  = = − 

 
� ...(vii)

Effect of Temperature on Resistance and Resistivity
The resistance and resistivity of all materials changes with temperature. In general:

	 (i)	 The resistance increases with the rise in temperature in case of metals (conduc-
tor).

	(ii)	 The resisance decreases with temperature in case of insulator and semiconduc-
tor (e.g. carbon, silicon.)

Temperature Coefficient of Resistivity
If ρ1 and ρ2 are resistivities of a meterial at temperature t1 and t2 respectively, then

ρ2 = ρ1 (1 + αρθ)

where, θ = t2 – t1 is the temperature difference, and αp is known as temperature coef-
ficient of resistivity.

Temperature Coefficient of Resistance
If R1 and R2 are resistance of a materials at temperature t1 and t2 respectively, then

R2 = R1 (1 + αRθ)
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Current Electricity    3.7

where, θ = t2 – t1 is the temperature difference, and αR is known as temperature coef-
ficient of resistance.

αR = αp – α

where, α = coefficient of linear expansion

⇒	  αR = αp (as α < < αp)

Example
A certain electric conductor has a square cross-section 2.0 mm on a side and is 
12 m long. The resistance between its ends is 0.072 Ω.

	 (i)	 What is the resistivity of the materials?

	(ii)	 If the electric field magnitude in the conductor is 0.12 ,V
m

 what is the total  
current?

	(iii)	 If the material has 8 × 1028 free electron per cubic metre, find the average drift 
velocity under the condition of part (ii).

Solution))
 (i)  Here, A = (2 × 10–3)2 = 4 × 10–6 m2

		         l = 12 m,
		         R = 0.072 Ω

		      R
A
iρ

=

	 ∴      RA
l

ρ =

		          
6

-80.072 4 10 2.4 10
12

m
−× ×

= = × Ω
 
= 2.4 × 10–8 Ωm

(ii) � Electric field in the conductor  

             V 0.12
l

= =

	 ∴	         V = 0.12 × 12 = 1.44 volt

	 ∴	       V 1.44 20A
R 0.072

i = = =

(iii)  Let drift velocity = υd

			                    n = 8 × 1028 electron/m3

			   Current,    i = enAυd

			   ∴		       õ
Ad

i
en

=

			      		             19 28 6

20
1.6 10 8 10 4 10− −=

× × × × ×

			       	             = 3.9 × 10–4 m/sec.
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3.8  Current Electricity

Example
A metal ball of radius a is surrounded by a thin concentric metal shell of radius 
b. The space between these electrodes is fi lled up with a pourly conducting ho-
mogeneous medium of resistivity ρ. Find the resistance of the inter electrode gap. 
Analyse the obtained solution at b = ∞.

Solution )  Let a strip of length dx, then

        R
A
dxd = ρ

 Here, A = 4πx2

	 ∴  2R
4

dxd
x

ρ
=

π

 or     2R R
4

b

a

dxd
x

ρ
= =

π∫ ∫

              1
4

b

ax
ρ  = − π    

1 1
4 a b
ρ  = − π  

           ( )R
4

b a
ab

ρ −
=

π
 If      b → ∞

            R
4 a
ρ

=
ρ

Example
In the given fi gure, the resistivity is ρ and the radii are a and b. The length is l. 
Find the resistance of this fi gure.

 Solution )  Let at the distance x, the radius is r. Then,

    r = a + ∆r b aa x
l
− = +  

 

   
2R R dxd

r
ρ

= =
π∫ ∫ 2

0

l dx
b aa x

l

ρ
=

 −  π +     

∫

Let at the distance , the radius is . Then,
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Current Electricity  3.9

 Let, b aa x z
l
− + = 

 
 ∴	 b a dx dz

l
−  = 

 
 z → a to b

	 ∴	 2R R
( )

b

a

l dzd
b a z
ρ

= =
π −∫

	 ∴	 2R R
( )

b

a

l dzd
b a z
ρ

= =
π −∫ ∫

           1 1
( )

l
b a a b
ρ  = − π −  

            l
ab

ρ
=

π  
∴ R l

ab
ρ

=
π

Example
Two conductors of arbitrary shape are embedded into an infi nite homogenous 
poorly conducting medium with resistivity ρ and permittivity ε. Find the value 
of product RC for this system, where R is the resistance of the medium between 
the conductors and C is the mutual capacitance of the wires in the presence of 
the medium.

 Solution )  Let us mentally import charge +q and –q to the conductor. As the 
medium is poorly conducting, the surface of conductors are equipotential and 
the fi eld confi guration is same as in the absence of the medium.
  Let us surround, for example, the positively charged conductor by a closed 
surface s, just containing the conductor.

 Then, V VR
I j ds

= =
⋅∫




V , as E
En

j
ds

= ↑↑
σ∫




 and,     0 E
C

V
ndsq

v
εε

= = ∫

	 ∴    0
0.εε

= = ρεε
ρ

RC  1 ρ = σ 


Example
A homogenous poorly conducting medium of resistivity ρ fill up the space between 
two thin coaxial ideally conductivity cylinders are equal to a and b with a < b. The 
length of each cylinder is l. Neglecting the edge effects, fi nd the resistance of the 
medium between the cylinders.

Solution )  R
( )
drd

s r
= ρ

2
dr

rl
= ρ

π

	 ∴      R Rd= ∫ 2

b

a

dr
rl

ρ
=

π∫ ln
2

b
l a

ρ
=

π
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3.10  Current Electricity

 Series grouping of resistance

R1 R2 R1

1 3 4 2

    1 2
equi

V VR
I
−

=  ...(i)

 V1 – V2 = V1 – V3 + V3 – V4 + V4 – V2

              = IR1 + IR2 + IR3

              = I (R1 + R2 + R3)

  1 2
1 2 3

V V R R R
I
−

= + +  ...(ii)

 From equations (i) and (ii), we get
      Requi = R0 = R1 + R2 + R3

 Parallel grouping of resistance:

       1 2
0

V VR
I
−

=  ...(i)

           I = I1 + I2 + I3

             1 2 1 2 1 2

1 2 3

V V V V V V
R R R
− − −

= + +  ...(ii)

 Compare equation (i) with the equation (ii), we get

      
0 1 2 3

1 1 1 1
R R R R

= + +

 Series grouping of resistance

R11 R22 R11

1 31 31 3 4 24 24 2

V V
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Current Electricity  3.11

Example
Find the equivalent resistance between the points a and b of the network shown 
in the fi gure.

 Solution )  Since 2 Ω and 4 Ω resistances are series, therefore
 R1 = (2 + 4) Ω = 6 Ω

 Since 3 Ω and 6 Ω are in parallel, therefore 2
3 6R 2

9
×

= = Ω

 Hence, equivalent resistance = 6 Ω

Example
Find the effective resistance between the points A and B in the fi gure given below.

 Solution )  In left side, 3 Ω and 3 Ω are the series

      AE
6 6R 3
6 6

×
= = Ω

+
 AD

6 6R 3
6 6

×
= = Ω

+

Since 2 Ω and 4 Ω resistances are series, therefore

 are in parallel, therefore 3 6R 23 6××3 6
= = Ω

3 6
= = Ω= = Ω

3 6R 2= = Ω= = ΩR 23 6R 2R 23 6
= = Ω= = Ω

3 6
= = ΩR 2= = ΩR 23 63 6××3 6
= = Ω= = Ω

3 6
= = Ω

×
= = Ω

×3 63 6R 2R 23 6××3 6×R 2×R 23 6
= = Ω= = Ω

3 6
= = ΩR 2= = ΩR 23 6
= = Ω

×
= = Ω

×3 6
= = Ω

×R 2= = Ω
×R 23 6

 Hence, equivalent resistance = 6 Ω
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3.12  Current Electricity

 Similarly,    AC
6 6R 3
6 6

×
= = Ω

+

                   0
6 6R 2
6 3

=×
= Ω

+

3.3  SEaT OF ELECTOMaGNETIC FIELD

A device (or a arrangement) by which electric energy can be abored at expense of 
some other form of energy. A familiar example is simple cell.

If the small charge dq is transferred from the positive to negative terminal no mat-
ter in which way, there is a loss of electrical energy because in our case

 dWfi eld = dq (V+ – V–)
            = dq × V = positive
According to our requirement, we can utilize this electrical energy in some other 
form. For example, operating a motor.

For simplicity, if we connect a resistance (R) between the cell, then seat electro-
magnetic fi eld
 dW = dqV = (idt)iR = i2 Rdt = dH
    H = ∫ i2 Rdt = ∫Pdt

    
2

2 VP R V
R

i i= = =

     2 2 2 2P R S S
S
dxi j j dx = = ρ = ρ 

 
     P = ρj2 dv
 Power density, P = ρj2

Example
An electric tea kettle has two heating coils. When one of coil is switched on, the 
kettle begins to boil in 6 minutes and when the other is switched on the kettle 
begins to boil in 8 minutes. In what time will the boiling begin if both the coils 
are switched simultaneously?
 (i) In series
 (ii) Parallel

 – V )
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Current Electricity    3.13

�Solution )) Heat required to begin boiling is same for every case. Let this be H.
Let R1 and R2 be the resistances of the coils and V be the supply voltage.
	  t1 = 6 min. and t2 = 8 min.
Let ts is the time when they are series and tp is the time when they are in parallel.
	 H = power × time

	  
22 2 2

1 2
1 2

1 1 1 2 1 2

V (R R )V V VH
R R R R R R8 pt t t t+

= = = =
+

⇒	  
2 2

1 2
1 2

V VR and R
H H

t t
= =

Substituting, we get 
2 2

2
1 2 1 2

V VH
R R V ( )

8 8t t
t t

= =
+ +

⇒	  t8 = t1 + t2 = 14 minutes
Substituting in H, we get

	  
2

1 2
1 2

VH (R R )
R R pt= +

⇒	  2
2 2

1 2

H H
H V

V Vpt
t t

 +=  
 

⇒	  1 2

1 2
p

t tt
t t

=
+

6 8
6 8

×
= =

+
24 minutes.
7

Example
A fuse made of lead wire has area of cross-sectional 0.2 mm2. On short 
circuit, the current in the fuse reaches 30 A. How long after short circuit 
will the fuse begin to melt? Density = 11.34 g/cc, specific heat of lead  
= 0.032 cal/g/ºC, melting point 327ºC, resistivity = 22 × 10–6 Ω cm, initial 
temperature 20º.2.

�Solution))  The fuse begins to melt when temperature rises to 327ºC from 20ºC.
	 Heat required = msθ = (Ald) sθ
	 where, l = length of wire
If t is the time, then total dissipation

	    
2R cal/sec

4.18
i t

=

⇒	 A R
A

ld s i t i lt( ) = =θ ρ2 2

4 18 4 18. .

⇒	  
2

2

4.18A dst
i

θ
=

ρ

	    ( )22

6

4.18 11.34 0.032(327 20)0.2 10
30 30 22 10

−

−

× × × −×=
× × ×

	     = 0.0945
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3.14  Current Electricity

3.4 ELECTROMaGNETIC FIELD OF THE CELL

It is defi ne as the workdone by the mechanism operating within the cell by unit posi-
tive charge to bring it from the negative to positive terminal of cell against the elec-
tric fi eld set up inside it. The electro-magnetic fi eld of the cell is denoted by ε.

–+

r = internal resistance

Cell on Discharge
From energy conservation

 (idt) ε = i2 Rdt + i2 rdt
   ε = RI + r I
  IR = ε – r I
 VA – VB = ε – r I
or  V = ε – r I
 i ↑ ↑ ε
 V1 – V2 = ε + (– Ir)
or          V = ε – Ir
 ε – ri – Ri = 0 ...(i)
or       – ∇ V = 0 

        
E 0dr =∫

This is nothing but energy conservation.

Hence from equation (i) 
0

EMFI
R R

net
r

ε
= =

+

–+

r = internal resistancer = internal resistance = internal resistancer

rdt
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Current Electricity  3.15

Cell on charge
From energy conservation
 (idt)V = (idt) ε + ri2dt
        V = ε + ri
  V1 – V2 = ε + ri

(i)                                  (ii)                              (iii)

Example

Find the potential difference of given fi gure between a and b.

 Solution )  Va – Vb = IR1 + ε1 + r1I – ε2 + IR2 + Ir2 – ε3 + IR3 + Ir3 – ε4 + IR4 + r4I + ε5

= ε1 + ε5 – (ε2 + ε3 + ε4) + I (r1 + r2 + r3 + r4 + r5) + I (R1 + R2 + R3 + R4)

Example

In the circuit shown in the fi gure, the source have emf’s ε1 = 1.0 V and ε2 = 2.5 V 
and the resistance have the values R1 = 10 Ω and R2 = 20 Ω. The internal resistance 
of the sources are negligible. Find a potential difference VA – VB between the points 
A and B of the capacitor C.

(i)                                  (ii)                              (iii)
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3.16  Current Electricity

 Solution )  No current passes through the capacitor

        2 1

1 2

I
R R
ε − ε

=
+

 2 1 2
A B 1 2

1 2

( )RV V
R R

ε − ε
− = ε + − ε

+

 = ε1R1 + ε1R2 + ε2R2 – ε1R2 – ε2R1 – ε2R2

 1 2 1

1 2

( )R
R R
ε − ε

= = −
+

0.5 V.

Example
Find

 (i) VA – VB when switch S is open.
 (ii) the fl ow of charge through the switch after closed it.
 (iii) the change of charge on each capacitor.

Solution )

  (i) When switch is open
   VA – VB = 18V

           
18V

C
q

=

 (ii) q1 = 18 × 3µF 

   = 54µC

(iii)  When the switch is closed 18I 2A
6 3

= =
+

  (i) When switch is open
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Current Electricity  3.17

  Potential difference between 2µF is
   q′1 – q1 = q′2 – q2 = 36 C

Junction point
It is the point of a network where atleast three conducting paths meet.

point Rule
The algebraic sum of the current meeting at a junction point is equal to zero. That is,

From       ΣI = 0
At the junction 1 or 4,
 I2 + I3 – I1 = 0
In fi gure 1 and 4 are junction points.

The point rule is nothing but the conservative of charge. According to which the 
net charge reaching per second at any junction point 1 and 4 is equal to the net charge 
leaving per second.

  Potential difference between 2µF is
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3.18  Current Electricity

Loop Rule (Kirchhoff’s Second Law)
In a loop at the network Σε = ΣIR

To apply this rule take clockwise or interclockwise sense as positive
In the loop 12341
ε3 + ε4 – ε2 = I1(R5 + R4 + r4 + r3) + I2(R3 + r2) + ε3 + ε4 – ε2 – I1 (R5 + R4 + r4 + r3)
– I2(R3 + r2) – (ε3 + ε4 – ε2) + I1 (R5 + R4 + r4 + r3) + I2 (R3 + r2)

Some Important points
 (i) Before applying the point rule at a junction point, indicate the different currents 

meeting at the junction point. But one should not indicate all the currents leav-
ing and reaching junction point. If there are n-junction points in our network, 
apply point rule at (n – 1) of these junction point.

 (ii) Before applying the loop rule, one should never consider such a loop which can 
be obtained by the super-position of the loop consider before.

 (iii) For the application of loop rule, one should never consider such a loop which 
can be obtained by the super-position of the loop consider before.

 (iv) Be sure that the number of equations obtain by charge of energy conservation 
are not less than the unknown involves in the problem. Hence, a problem of 
multiloop.

Example
Find the potential difference VA – VB between the plates of a capacitor C in the 
circuit shown in the fi gure, if the sources have emf’s ε = 4.0 V and ε = 1.0 V and 
the resistances are equal to R1 = 10 Ω, R2 = 20 Ω and R3 = 30 Ω. The internal 
resistance of the sources are negligible.

Solution )
 I1 = I2 + I3 ...(i)
Applying the loop rule in 123461
 ε1 = I1R1 + R2I2 ...(ii)
In the loop 16781
 ε2 = I3 R3 – I2 R2 ...(iii)
 ε1 = R1(I2 + I3) + R2 I2

 ε1 = (R1 + R2) I2 + R1 I3 ...(iv)
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Current Electricity  3.19

From equations (iii) and (iv), we get
R1 ε2 – R3 ε1 = –[I2 (R2 R1 + R1 R3 + R2 R3)]

or 1 3 1 2
2

1 2 2 3 1 3

R RI
R R R R R R

ε − ε
=

+ +
 ...(v)

From equation (ii) 3 1 2
1 1 1 2

1 2 2 3 3 1

R R
I R R

R R R R R R
ε − ε 

ε = + ⋅  + + 

or 1 3 1 2
1 2 1 1

1 2 2 3 3 1

R R
R I R

R R R R R R
ε − ε 

ε − = + + 

  VA – VB = ε2 – I1R2

 

( )1 2 1 3 1 2
A B 2

1 2 2 3 3 1

R R R
V V

R R R R R R
ε − ε − ε 

− = ε − = − + + 
1.0 V

               = –1.0 V

Example
In the circuit shown in the fi gure, E, F, G, and H are cells of emft’s 2, 1, 3 and 
1V respectively. The 2, 1, 3 and 1 Ω are their respective internal resistances. 
Calculate:

 (i) the potential difference between B and D.
 (ii) the potential differences across the terminals of each of the cells G and H.

Solution )  Arrow the current of the circuit.
Applying Kirchhoff’s Law.

From equations (iii) and (iv), we get

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



3.20  Current Electricity

Loop ABDA:

 I1 + 2 (I1 – I2) + 2I1 = (2 – 1)V
or                  5I1 – 2I2 = 1V ...(i)

Loop BCDB:
 3I2 + I2 – 2(I1 – I2) = 2v
or             – 2I1 + 6I2 = 2 V ...(ii)
From equation (i) and (ii)

        1
5I A

13
=  and 2

6I A
13

=

∴ 1 2
1I I A

13
−

− =

(i) A B
1V V (2 )

13
 − = Ω = 
 

2 V
13

(ii) The potential difference across the cell G is
  VC – VD = – (3Ω) i2 + 3 V

          

18 V3V
13

 = − 
 

=
21 V
13

 The potential difference across the cell H is
   VC – VB = (1 Ω) i2 + 1 V

                
=

19 V
13

Equivalent Resistor or Mixed or Complex in Network
In the network the loop ABCDA:
 2 I1R – RI2 – (I – I1) R = 0
or                  –I + 3I1 – I2 = 0 ...(i)
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Current Electricity  3.21

In the loop DCFED:

 I2R + (I1 + I2) R – 2R (I – I1 – I2) = 0 ...(ii)
 Requi = R0

        
A BV V

I
−

=

3.5 DELTa STaR TRaNSFORMaTION

( )R 2 3 1

1 2 3

R R R
1 2 R R

R R R a b

+
= = +

+ +  …(i)

( )R 31 2

1 2 3

RR R
2 3 R R

R R R b c

+
= = +

+ +
 …(ii)

( )R 1 3 2

1 2 3

R R R
1 3 R R

R R R a c

+
= = +

+ +  …(iii)

Calculate the values of Ra, Rb and Rc from equations (i), (ii) and (iii). Similarly, cal-
culate, R1, R2 and R3. For example,
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3.22  Current Electricity

3.6 R.C. CIRCUIT

Charging of a capacitor

At t = 0, q = 0 R 0
C
q i−ε + + =

       R 0
C
q dq

dt
−ε + + =

⇒	
0 0

1
C RC

q t

q

dq dt
q=

= −
ε −∫ ∫

 

Cln
C RC

q tε −
= −

ε

      RCC C
t

q e
−

ε − = ε

⇒ RCC 1
t

q e
− 

= ε − 
 

 ...(i)

q t

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Current Electricity  3.23

      At t = ∞
 q = qmax = C ε
Hence equation (i) becomes

  

RC
max 1

t

q q e
− 

= − 
 

where, τ = RC = Time constant,

   

Differentiating with respect to time of equation (i), we get

 RC

R

t

i e
−ε

=  …(ii)

At t = 0

        max R
i i ε

= =

Here,       max

t

i i e
−
τ=

Discharging of Capacitor
After charging, the switch is the connected to point 2.

At t = 0, q = qmax R 0
C
qi − =

or R
C

dq q
dt

=

Integrating, 
max 0

1
RC

q t

q

dq dt
q

= −∫ ∫

or 
max

ln
RC

q t
q

= −

∴          max

t

q q e
−

τ=

Example

In a circuit shown in the fi gure the capacitance of each capacitor is equal to C 
and the resistance R. One of the capacitors connected to a voltage V0 and then at 
the moment t = 0 was shorted by means of the switch Sw. Calculate
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3.24  Current Electricity

 (i) a current I in the circuit as function of time t.
 (ii) the amount of generated heat provided a dependence I (t) is known.

Solution )
 (i) At t = 0, the switch is open to 2

  0( )d q q dq i
dt dt

− −
= =

	 ⇒	 		 0 R 0
C C

q qq i−
− + =

	 ⇒   02 R 0
C C

qq dq
dt

− + =

	 ⇒   0 2R
C

q qdq
dt

−
=

	 ⇒     
0

1
2 RC

dq dt
q q

=
−∫ ∫  	 ⇒  0

0

21 ln
2 RC

q q t
q
−

= −

	 ⇒    0

0

2 2ln
RC

q q t
q
−

= −  	 ⇒ 
2

0 RC

0

2 tq q e
q

−−
=

	 ⇒        
2
RC

0 02
t

q q q e
−

− =   ∴ 
2
RC

0
1 1
2

t

q q e
− 

= − 
 

        dqi
dt

=
2
RC

0
1 2
2 RC

t

q e
−

= ⋅
2
RC

0
2CV

RC

t

e
−

= ⋅
−

=
2t

0 RCV
R

e

(ii) Heat, H = ∫ i2dt

  
2t 2

0 RC

0

V R
R

t

e dt
− 

=  
 

∫
42

0 RC
2

V R
R

t

e dt
−

= ∫
4

2 RC
0V

4R
RC

t

e
− 

 
= = 

 
 

2
0

1 CV
4

Example
A capacitor of capacitance C = 5.0 µ F is connected to a source of constant emf 
= 200 V as shown in the fi gure. Then, the switch Sw was thrown over from 
contact 1 to contact 2. Find the amount of heat generated in resistance R1 if 
R2 = 330Ω.
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Current Electricity  3.25

Solution )  When connected to 1,

Energy stored in capacitor 21 C
2

= ε

When connected to 2
The energy stored is distributed of heat proportional to R1 and R2.

Heat liberated in 2 1
1

1 2

R1R C
2 R R

= ε =
+

60 mJ.

1

3.7 ELECTRICaL INSTRUMENTS

Ammeter: Ammeter is connected in series in a circuit.
In the absence of ammeter

 
0 R

i ε
=  …(i)

In presence of ammeter

 AR R
i ε

=
+

 …(ii)

For i ≈ i0

 RA < < R
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3.26  Current Electricity

Shunt:

From fi gure 
R

R R
g

s
g s

i
i =

+

       
R

R R
s

g
g s

ii =
+

            
R
R

gs

g s

i
i

=

⇒       
R

1 1
R

gs

g s

i
i

+ = +

⇒     
R R

R
g s

g s

i n
i

+
= =

∴    
R

R
1

g
s n

=
−

When the shunt is connected in galvanometer, maximum current passes through the 
shunt, because shunt resistance is small. Thus, save the galvanometer for large cur-
rent measurement.
Voltmeter: In the absence of voltmeter

    R
i ε

=

In the presence of voltmeter

  
V

V

RR
R R

i ε
=

+

∴ V1 – V2 = i R at iR ≃ io R, so i ≃ i0

∴ V

V

RR R
R R+



or 

V

R RR 1
R

=
+

Since RV is very large, therefore

 
V

R 0
R

=

or   RV = ∞
Hence voltmeters are connected parallel in the circuit.

Example

A battery of emf 1.4 V and internal resistance 2 Ω is connected to a resistor 
of 100 Ω resistance. In order to measure the current through the resistance 
and the potential difference across its ends, an ammeter is connected in series 
with it and a voltmeter is connected across its ends. The resistance of ammeter 

When the shunt is connected in galvanometer, maximum current passes through the 
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Current Electricity  3.27

is 4/3 Ω and that of voltmeter is 200 Ω. What are the readings of the two instru-
ments? What would be their reading if they were ideal instrument?

Solution )  
V

A
V

RRR
R R

i
r

ε
=

+ +
+

      1.4
100 200 4 2
100 200 3

=
×

+ +
+

       = 0.02 A
Hence the current through the ammeter is 0.02 A.
Reading of voltmeter = P·d across its terminals

      V

V

RR
R R

i=
+

      100 2000.02
100 200

× =  + 

      4 volts
3

=

If the ammeter and voltmeter would have been ideal, then
RA = 0 and RV = ∞

The reading of ammeter 1.4
R 100 2r

ε
= = =

+ +
1.4   A
102

The reading of voltmeter = IR

1.4 100
102

= × = 1.37 V.

potentiometer

We already know that, when a voltmeter is used to measure potential difference, 
its fi nite resistance causes it to draw a current from the circuit. Hence, the potential 
difference which is to be measured is changed due to the presence of the instrument 
itself. Potentiometer is an instrument which allows the measurement of potential dif-
ference without drawing current from the circuit being measured. Hence, it acts as an 
infi nte resistance voltmeter.
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3.28  Current Electricity

The resistance between A and B is of uniform wire of length l, with a sliding 
contact C at a distance x from B. The potential difference V is measured by a sliding 
contact until the galvanometer G reads zero. The no defl ection condition of galva-
nometer ensures that there is no current through the branch containing G and po-
tential difference is to be measured. The length x for no defl ection is called as the 
balancing length.
 VCB = V P⋅d to be measured.
If λ is the resistance per unit length of AB, then

    CB AB
CB AB

AB

R VV V V
R

x
l

λ
= = =

λ

    ABVV x
l

 =  
 

∴  Potential to be measured = (potential gradient in wire AB) × (balancing 
length)

Example
A battery of emf 4V is connected across a 10 m long potentiometer wire having 
a resistance per unit length 1.6 Ω m–1. A cell of emf 2.4 V is connected so that its 
negative terminal is connected to the low potential end of potentiometer wire and 
the other end is connected through a galvanometer to a sliding contact along the 
wire. It is found that the no-defl ection point occurs against the balancing length 
of 8 m. Calculate the internal resistance of the 4 V battery.

 Solution )  The emf of the cell is the potential difference to be measured.
emf of cell = (potential gradient) x

or  AB ABV V2.4 8
10

x
l

= = ×

∴  VAB = 3 Volt
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Current Electricity  3.29

But  AB AB
AB

EV R
Rr

=
+

or     43 (1.6 10)
1.6 10r

 = × × + × 

∴     16 .
3

r = Ω 
 

Note that as there is no defl ection in the galvanometer, so that battery E, internal 
resistance r and potential wire AB are is series.

Wheatstone Bridge Network
The circuit shown in fi gure is called as Wheatstone bridge network. It can be shown 
by solving the circuit that the current through the resistance R0 becomes zero if the 
following condition are satisfi ed:

31

2 4

RR
R R

=

In that condition, A and B are at the same potential and, hence a galvanometer 
connected in series with R0 will not show any defl ection. If the above condition is 
satisfi ed, the network is called a balance network.

Metre Bridge
The Wheatstone network is used to determine unknown resistances. The metre bridge 
is an instrument based on the balancing condition of the wheatstone network. The 
resistances R1 and R2 are two parts of a long wire (usually 1 m long) PQ. The por-
tion PA of the wire offers resistance R1 and the portion QA offers resistance R2. The 
sliding contact at A is adjusted so that galvanometer reads zero. In the no defl ection 
condition,
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3.30  Current Electricity

 1

2

R X
R R

=

⇒   1

2

RX R
R

 
=  

 

⇒   1

2

X R l
l

 
=  

 

  If R is a known resistance, then X can be measured by measuring the lengths 
l1 and l2.

Example
Two unknown resistances X and Y are placed in the left and right gaps of a 
metre bridge. The null point in galvanometer is obtained at a distance of 
80 cm from left. A resistance of 100 Ω is now connected in parallel across X. 
The null point is then found by shifting sliding contact towards left by 20 cm. 
Calculate X and Y.

Solution )
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Current Electricity  3.31

From fi rst null point

 X 80
Y 20

=

 
 ...(i)

From second null point

  

100X
60100 X

Y 40

 
 +  =  …(ii)

From equations (i) and (ii), we have

 500X  
3

= Ω and 125Y
3

= Ω 

 ...

WORkED OUT EXaMpLES

 1. Find the equivalent resistance between 
points A and B of the circuit shown in the 
fi gure.

   ) Solution From the fi gure the current distribution 
of each branch is as shown below.
  Applying Kirchhoff’s Law in the loop 
abef and bcde:
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3.32    Current Electricity

	 I2R – I3r – I1r = 0
or	 rI1 – RI2 + rI3 = 0� ...(i)
or	 (I2 + I3) r – (I1 – I3) R + I3r = 0
or	 –RI1 + I2r + (2r + R) I3 = 0� ...(ii)
Then, the equivalent resistance

	 A B
0

1 2

V VR
I I

−
=

+

	       1 1 3

1 2

I (I I )R
I I

r + −
=

+
� …(iii)

From equations (i) and (ii), we have
   rI1 – RI2 = – rI3� ...(iv)

– RI1 + rI2 = – (2r + R) I3� ...(v)
Multiplying equation (iv) by R, equation (v) 
by r and adding, we get

	 – R2 I2 + r2 I2 = (– rRI3 – 2r2 – rR) I3

or	   
2

2 32 2

2 2 RI I
R
r r

r
+

=
−

	       3
2 ( R) I

(R )(R )
r r

r r
+

=
+ − 3

2 I
R

r
r

=
−

From equation (v), we get

	 1 3 3
2I R I I

R
rr r

r
− = −

−

∴	    1 3
2RI I

R
r

r
 = − − 

or	   1 3
RI I
R

r
r

+ =  − 
From equation (iii), we have

	
3 3 3

0

3

R RI I I R
R RR

R 2 I
R R

r rr
r r

r r
r r

+ +   ⋅ + −   − −   =
+ + − − 

	       (R ) 2 R
R 3

r r r
r

+ +
=

+

	 0R  =   
( 3R)
R 3

r r +
+ r

	 2.	 Four resistances carrying a current as 
shown in the figure are immersed in a 
box containing ice at 0ºC. How much ice 
must be put in the box every 10 minutes 
to keep the average quantity of ice in box 
constant? Latent heat of ice is 80 cal g–1.

	)) Solution The equivalent resistance

	     0
5 10 5 10 100R
5 10 5 10 15

× ×
= + = Ω

+ +

	 Heat	 = I2 Rt

			    10010 10 10 60
15

= × × × ×

			    = 4 × 105� ...(i)
	 Heat gain by ice = mL
	           = m × 80 × 4.2� ...(ii)
From equations (i) and (ii), we get
	 m × 80 × 4.2 = 4 × 105

∴	       
54 10

80 4.2
m ×

=
×

	           10 10 10 10 10
20 4.2

× × × ×
= =

×
1190 g.

	 3.	 What amount of heat will be generated 
in coil of resistance R due to a charge q 
passing through it, if the current in the 
coil decreases down to zero uniformly 
during a time interval ∆ t?

	�)) Solution It is very simple and basic problem 
from the point of view of Physics, but its 
mathematical analysis is interesting.
    As the current decreases uniformly the 
current (i) should be the linear function of 
time (t) like
	 i = i0 + kt� ...(i)
where, i0 is the initial current and k is some 
constant.
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Current Electricity    3.33

From the first condition of problem
	   i = 0 at t = ∆t
Hence from equation (i),

	 0ik
t

=
∆

∴	  0 1 ti i
t

 
= − ∆ 

� …(ii)

Similarly, from the second condition

	
0

t

q idt
∆

= ∫

	    0
0

0

1
2

t i tti dt
t

∆ ∆ = − = ∆ ∫

Hence,  0
2qi

t
=

∆

Putting it in equation (ii) we get the original 
linear equation of current varying with time as

	 2 1q ti
t t
 

= − ∆ ∆ 
� …(iii)

Hence, the sought amount of heat liberated 
through the coil of resistance R,
	  H = ∫ i2 Rdt

or	  
2

0

2H 1 R
t q t dt

t t

∆  
= − ∆ ∆ 

∫

	     
24 q R

3 t
=

∆

In the above problem the variation of current 
may be given in some another way, for exam-
ple the current decreases down to zero having 
its value every ∆ t seconds.
    In this case obviously the variation of cur-
rent with time becomes

	  
0

1
2

∆ =  
 

t
t

i i

	 4.	 Find the emf (V) and internal resistance 
(r) of a single battery which is equivalent 
to a parallel combination of two batteries 
of emf V1 and V2 and internal resistance 

r1 and r2 respectively, with polarities as 
shown in the figure.

	�)) Solution Applying Kirckhoff’s loop rule to the 
loop abcda,
we get
	 – Ir2 + V2 + V1 – Ir1 = 0
∴	 potential

	 VAB = – V2 + I r2 (or VAB = V1 – I1r1)

	       1 2
2 2

1 2

V VV r
r r

 +
= − +  + 

	      2 1 2 2 1 2 2 2

1 2

V V V Vr r r r
r r

− + +
=

+

	      1 2 2 1

1 2

V Vr r
r r

−
=

+

The emf V of a single equivalent cell will be 
equal to VAB. Its internal resistance is given as

	 R = r1 | | r2

	     = 1 2

1 2

r r
r + r

	 5.	 In the circuit shown in the figure, the 
battery is an ideal one, with emf V. 
The capacitor is initially uncharged. The 
switch S is closed at time t = 0.
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3.34    Current Electricity

		  (i)	� Find the charge Q on the capacitor at 
time t.

		 (ii)	� Find the current in AB at time t. What 
is its limiting value as t → ∞?

	)) Solution

 (i)	 At t → 0, switch is closed.
	� Applying Kirchhoff’s law loop rule to the 

loop abdea:

		  2 1 2V I R (I I )R 0
C
q

− − − + =

	 or  2 12RI RI V
C
q

+ + = � …(i)

		  In loop cdefc:

		  2 1I R I R 0
C
q

+ − = � …(ii)

	� Eliminating I1 from equations (i) and (ii), 
we have

	     2
23RI V
C
q

+ =

	 or       23R V
C

dq q
dt

 = − 
 

		    
Q

0 0

1
2 3RV
C

tdq dtq =
−

∫ ∫

	 Let,	 2V
C
q z− =

	 or       2
C

dq dz− =

		  2QV toV
C

z → −

	 ∴     
2Qv
C

v

C 1
2 3R

dz dt
z

−
= −∫ ∫

	 or  V 2Q/C 2ln
V 3RC

t− −
=

	 or         
2

3RC

2QV
C

V

t
e

−−
=

	 or  Q
− 

= − 
 

2t
3RCVC 1

2
e

(ii)	 Current, 
2

3RC
2

Q VI
3R

td e
dt

−

= =

	 From equation (ii),

	 1 2
QI I

RC
= +

	     
2 2

3RC 3RCV V 1
3R 2R

t t

e e
− − 

= + − 
 

	     
2

3RCV V
2R 6R

t

e
−

= −

	� Finally, 1
Vlim I
2Rt→∞ =   (This is to be ex-

pected as the capacitor is fully charged.)

	 6.	 Find the equivalent resistance of the 
network shown in the figure between the 
terminals 1 and 2.
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Current Electricity    3.35

	�)) Solution This is the familiar problem, which 
can be solved using Kirchhoff’s rule. Here, 
the problem is going to be simplified using 
Delta-star Transformation. Before going 
through the solution, let us understand 
this Delta-Star Transformation. This 
figure (a) and (b) show the Delta and Star  
respectively.

	   (a)		     (b)

For obtaining the expression for equiva-
lent we first derive expression for resistance 
between points of terminals and then equat-
ing the expression for resistance of the cor-
responding terminals of two circuits.

Now for Delta Configuration, the equiva-
lent resistance between a and c,

	 1 2

1 2 3

R RR
R R Ra =

+ +

	 1 3

1 2 3

R RR
R R Rb =

+ +

	 2 3

1 2 3

R RR
R R Rc =

+ +

The given network can be reduced in the form 
as shown using series and parallel grouping.

Using Delta-Star Transformation, the 
figure (c) can be reduced to figure (d). Now 
the reduced network is very simple and us-
ing series and parallel grouping, the equiva-
lent resistance between terminal 1 and 2  

becomes 7 R.
5

	 7.	 A circuit shown in the figure has resis-
tances R1 = 20Ω and R2 = 30Ω. At what 
value of the resistance Rx will the thermal 
power generated in it be practically inde-
pendent of small variations of that resis-
tance P. The voltage between the points  
A and B is supposed to be constant in 
this case.

	�)) Solution The equivalent resistance between 
the point

	 2
0 1

2

R RR R
R R

x

x

= +
+

Power generated by Rx = I2
x Rx

From the figure, 
2

1
2

VI R RR
R R

x

x

=
+

+

∴	 2

2 2
1

2

RVI R R R RR
R R

x
x x

x

 
   =  +  + + 

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



3.36    Current Electricity

∴�
2

2 2

1 2 1 2

VRP I R R
R R R R R Rx x x x

x x

 
= =  + + 

∴	�  2
2

P (VR )
R

x

x

d
d

=  [R1R2 + R1Rx + R2Rx)
2 

–2(R1R2 + R1Rx + R2Rx) (R1 + R2)Rx]

For maximum value P 0
R

x

x

d
d

=

or	 R1R2 + R1Rx R2Rx = 2 (R1 + R2) Rx

or	 1 2

1 2

R R 20 30R
R R 20 30x

×
= =

+ +
 = 20 Ω

	 8.	 At what value of resistance Rx in the 
circuit shown in the figure will the total 
resistance between points A and B be 
independent of the number of cells?

	�)) Solution Total resistance of the circuit will be 
independent of the number of cells.

If	 (R 2R)RR
R 2R R

x
x

x

+
=

+ +

or	 Rx
2 + 2RRx – 2R2 = 0

On solving and rejecting the negative root of 
the quadratic equation, we have

	 R Rx = −( )3 1

	 9.	 At the temperature 0ºC, the electric resis-
tance of the conductor 2 is n times that 

of conductor 1. Their temperature coeffi-
cients of resistance are equal to α2 and α1 
respectively. Find the temperature coef-
ficient of resistance of the circuit segment 
consisting of these two conductors when 
they are connected

		  (i)	 in series
		 (ii)	 in parallel

	)) Solution
 (i)  Let after time t, the resistances
	 and   R1 = R01 (1 + α1 ∆ t)
	 Now R2 = R02 (1 + α2 ∆ t)
		      R = R1 + R2

		  = R01 (1 + α1 ∆t) + R02 (1 + α2 ∆ t)
		  = (R01 + R02) [1 + α ∆ t]� ...(i)
	 According to the problem	R02 = nR01
� ...(ii)
	 From equations (i) and (ii)
	� R01 (1 + α1 ∆t) + nR01 (1 + α2 ∆t) = (R01 

+ nR01) (1 + α ∆t)
	 or � 1 + α1 ∆ t + n + n α2 ∆ t = 1 + α ∆ t 

+ n + n α ∆ t

	 or  1 2

1
n
n

α + α
α =

+

(ii)	 In parallel combination

	 01 1 01 2

01 1 01 2

R (1 ) R (1 )R=
R (1 ) R (1 )

t n t
t n t

+ α + α
+ α + + α

	    = R′ (1 + α′t)

	 where,  0RR
1
n

n
′ =

+
Now neglecting the terms proportional to the 
product of temperature coefficient, being very 
small, we get

	 1 2

1
n

n
α + α

α′ =
+

	10.	 The resistance of a moving coil galvanom-
eter G is 25 ohms and it deflects full scale 
with a current of 0.01 amperes. Find the 
magnitude of resistances R1, R2 and R3 to 
convert the galvanometer into a multi-
range ammeter deflecting full scale with 
currents 10 amp, 1 amp and 0.1 amp.
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Current Electricity    3.37

	)) Solution In a galvanometer

	     
I S

G S
g

i
=

+

or	 1 2 3

1 2 3

R R R0.01 1
0.1 G R R R 10

+ +
= =

+ + +

or	 G + R1 + R2 + R3 = 10 (R1 + R2 + R3)
or	 G = 9 (R1 + R2 + R3) = 25

∴	 1 2 3
25R R R
9

+ + =

Similarly,	 1 2

1 2 3

R R
G R R R

gi
i

+
=

+ + +

		      0.01 1
1 100

= =

or	 100 (R1 + R2) = G + R1 + R2 + R3

	 25 25025
9 9

= + =

∴	 1 2
250R R
900

+ =

Again	 1

1 2 3

R
G R R R

gi
i

=
+ + +

	 .01 1
10 1000

= =

or	 1000 R1 = G + R1 + R2 + R3

	 25 25025
9 9

= × =

∴	 1
250 1R

9000 36
= = Ω

	 2 1
250R R
900

= −

	      25 1 1
90 36 4

= − = Ω
 

and	 R3 = (R1 + R2 + R3) – (R1 + R2)

	     25 25 225 5
90 90 90 2

= − = = Ω

	11.	 An a meter bridge circuit, the two resis-
tances in the gap are 5 ohms and 10 ohms. 
The wire resistance is 5 ohms. The emf of 
the cell connected at the ends of wire is  
5 volts and its internal resistance is 10 ohm.  
What current will flow through the galva-
nometer of resistance 30 ohms if the con-
tact is made at the mid-point of wire?

	)) Solution
The distribution of currents is shown in the 
figure. Applying Kirchhoff’s law to closed 
mesh (1), (2) and (3), we have

5 (i – i1) × 30 ig – 2 i1 or 5 i – 7 i1 + 30 ig = 0
� ...(i)
or	 10 (i –i1 –ig) – 2 (i1 + i2) – 30 ig = 0
or	 10 i – 19i1 – 42 ig = 0� ...(ii)
2i1 + 2 (i1 + i2) + i = 5
or	 4i1 + 2ig + i = 5� ...(iii)
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3.38    Current Electricity

From equations (i) and (ii)
or	 12i1 + 42 ig = 14 i1 – 60 ig

	 102ig = 2i1

or	       i1 = 51ig� ...(iv)
From equations (ii) and (iii)
	 10 i – 42 ig = 15 – 3 i – 6 ig

or	 13 i = 36 ig + 15� ...(v)
Substituting equations (iv) and (v) in equation 
(iii), we get

	
6 15

4(51 ) 2 0
13
g

g g

i
i i

3 +
+ + =

or	
36 15

204 2 5
13
g

g g

i
i i

+
+ + =

or	 2652 ig + 26 ig + 36 ig + 15 = 65
or	 2714 ig = 50

∴	         gi =
25 A

1357
	12.	 Find the resistance of wire frame shaped 

as a cube shown in the figure when mea-
sured between points

	   (i)  1 – 7
	  (ii)  1 – 2
	 (iii)  1 – 3

The resistance of each edge of the frame is R.

	)) Solution

 (i)  The current are as shown.
	� From Ohm’s law applied between 1 and 7 

via 1487 (say)

		
eq

I I I 5IR R R R RI
3 6 3 6

= + + =

		  Then,	 eqR =
5R
6

(ii) � From Ohm’s law applied between 1 and 2 
from the loop 14321

		  I1R = 2I2 R + I3R
	 or  I1 = I3 + 2 I2� ...(i)
	 From the loop 48734
	� (I2 – I3) R + 2 (I2 – I3) R + (I2 – I3) R = 

I3R
	 or  4 (I2 – I3) = I3

	 or  3 2
4I I
5

=

	 ∴  1 2
14I I
5

=

	 So, from equation (i),

		  1 2 eq 2 eq
24(I 2R )R I R
5

+ =

		  1 2
14I R I R
5

= =

	 or   R eq =
7 R

12

ht
tp

s:/
/w

ww.ja
m

ar
an

a.
co

m

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s_

inf
o

ht
tp

s:/
/t.

m
e/

un
ive

rs
ita

rio
s

https://t.me/universitarios_infohttps://www.jamarana.com https://t.me/universitarios



Current Electricity    3.39

(iii) � From Ohm’s law applied between 1 and 
3 from the loop 15621

		  1
2 1

II R I R R
2

= +

	 or   1
2

II 3
2

=

	 Then,  (I1 + 2I2) Req = 4I1 Req

		  = I2R + I2R

		  = 3I1R

	 Hence,  eqR =
3 R
4

SOLVED OBJECTIVE type questions

	 1.	 In a gas discharge tube if 3 × 1018 electrons 
are flowing per sec from left to right and  
2 × 1018 protons are flowing per second 
from right to left through a given cross 
section. The magnitude and direction of 
current through the cross section will be
(a)	 0.48, left to right
(b)	 0.48 A, right to left
(c)	 0.80 A, left to right
(d)	 0.80 A, right to left

�Explanation))  Since current is rate of flow of 
charge in the direction in which positive 
charge will move, then

current due to electron will be e e
e

n qi
t

=   

= 3 × 1018 × 1.6 × 10–19 = 0.48 A

(Opposite to the motion of electrons i.e., right 
to left)

Current due to protons, p p
p

n q
i

t
=  = 2 × 1018 ×  

1.6 × 10–19

	 = 0.32 A (Right to left)
∴	 total I = ie + ip
	 = 0.48 + 0.32 = 0.80 A (Right to left)

	 2.	 In the network shown, each resistance 
is equivalent to R. The equivalent resis-
tance between points A and B is

(a)	 R
3

	 (b)	 2R
3

(c)	 R	 (d)	 4R
3
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3.40    Current Electricity

�Explanation))  If a potential is applied across A 
and B, due to symmetry, the points C, O and 
D will have same potentials. We can therefore 
join all these points without affecting current 
in any branch. The network then reduces to
∴	 Equivalent resistance,

	 eq
2R

3 3 3
R R R

= + =

	 3.	 Three voltmeters A, B and C, having 
resistances R, 1.5 R and 3R, respectively, 
are connected as shown. When some 
potential difference is applied between X 
and Y, the voltmeter readings are VA, VB 
and VC respectively. Then
(a)	 VA ≠ VB = VC	 (b)	 VA = VB ≠ VC

(c)	 VB ≠ VA = VC	 (d)	 VA = VB = VCs

�Explanation))  The division of current I into the 
two parallel branches will be as shown,
∴	 VA = IR

	 B
2V 1.5R IR
3
I = = 

 

	 CV 3R IR
3
I = = 

 
∴	  VA = VB = VC

	 4.	 Two cells of unequal emfs ε1 and ε2, and 
internal resistances r1 and r2 are joined 
as shown. VA and VB are the potential at 
A and B respectively. Then

(a)	� One cell will continuously supply 
energy to the other.

(b)	� The potential difference across both the 
cells will be equal

(c)	� The potential difference across both the 
cell will be greater than its emf.

(d)	 All of these

Explanation))  Let e1 < e2

Current in the circuit, 1 2

1 2

i
r r
ε − ε

=
+

VA – VB = ε2 + ir2 = potential difference across 
eachs cell.
Here VA – VB > ε2.
Current flows in the cell of emf ε2 from the 
positive plate to the negative plate inside the 
cell and hence it absorbs energy.

	 5.	 An electric bulb rated for 500 W at  
100 V is used in a circuit having a 200 V 
supply. The resistance R that must be put 
in series with the bulb, so that the bulb 
draws 500 W is
(a)	 100 Ω	 (b)	 50 Ω
(c)	 20 Ω	 (d)	 10 Ω

�Explanation))  For the bulb to draw 500 W, 
there should be 100 V applied across it. The 
remaining 100 V should be dropped in the 
series resistance R.
Now, the current in the bulb is given by
P = V.I

∴	 500I 5A
100

P
V

= = =
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Current Electricity    3.41

Since same current flows through R, therefore

	 100R 20
5

V
I

= = = Ω

	 6.	 The magnitude of momentum of elec-
trons in a straight wire of copper of 
length 1 meter carrying a current of  
16 ampere will be
(a)	 14.56 × 10–12 kg m sec–1

(b)	 29.12 × 10–12 kg m sec–1

(c)	 18.2 × 10–11 kg m sec–1

(d)	 91 × 10–12 kg m sec–1

�Explanation))  If n is the number of electrons 
per unit volume, then total number of free 
electrons = nLA
Hence Total mass of the electrons = nLAme

Total momentum of electrons = nLAme × Vd 

= nLAme × I
e

31
12 1

19

1 9.1 10 16 91 10 kg sec
1.6 10

−
− −

−

× × ×
= = ×

×

	 7.	 A wire of length L and 3 identical cells 
of negligible internal resistances are con-
nected in series. Due to the current, the 
temperature of the wire is raised by ∆T 
in a time t. A number N of similar cells 
is now connected in series with a wire of 
the same material and cross-section but 
of length 2L. The temperature of the wire 
is raised by the same amount ∆T in the 
same time t. The value of N is
(a)	 4	 (b)	 6
(c)	 8	 (d)	 9

Explanation))  In the first case, 3Ei
R

=

where E is the emf of each cells and R (∝ L) 
is the resistance of the wire.

Also i2 Rt = m.s.∆T� ...(i)
where m = mass of L length of wire and S is 
the specific heat of the material of the wire

In the second case, NEi
R

′ =
′

where  R′ ∝ 2L
and  i′2 R′t = m′.s.∆T� ...(ii)
Dividing equation (ii) by equation (i), we 
have

	  

i R m
i R m
′ ′ ′   ⋅ =   

   

⇒	      
2

9
N R m

R m
′

⋅ =
′

⇒	       
2 1 2

9 2
N

⋅ =

⇒	                N = 6

	 8.	 A electric current of 16 A exists in a metal 
wire of cross section 10–6 m2 and length 
1m. Assuming one free electrons per 
atom, the drift speed of the free electrons 
in the wire will be (Density of metal = 5 × 
103 kg/m3, atomic weight = 60)
(a)	 5 × 10–3 m/s	 (b)	 2 × 10–3 m/s
(c)	 4 × 10–3 m/s	 (d)	 7.5 × 10–3 m/s

�Explanation))  According to Avogadro’s 
hypothesis

	
A

N
N M

m
=

So,	 A
A

NN N
V VM M

mn = = =

Hence total number of atoms, 

 
23 3

28 3
3

6 10 5 10 5 10 /m
60 10

n −

× × ×
= = ×

×

As  I = ne eAvd

Hence drift velocity, 

28 19 6

1 16V /
5 10 1.6 10 10d

en eA − −= = =
× × × ×

32×10 m s−

     
28 19 6

1 16V /
5 10 1.6 10 10d

en eA − −= = =
× × × ×

32×10 m s−

 
28 19 6

1 16V /
5 10 1.6 10 10d

en eA − −= = =
× × × ×

32×10 m s−
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3.42    Current Electricity

	 9.	 The effective resistance between points 
P and Q of the electrical circuit shown in 
the figure is

(a)	 2R
R

r
r+

	 (b)	 8R (R )
3R

r
r

+
+

(c)	 2 r + 4R	 (d)	 5R 2
2

r+

�Explanation))  From symmetry, the equivalent 
circuit reduces to as shown in the figure.

∴	 eq
2RR

(R )
r
r

=
+

	10.	 A 100 W bulb B1, and two 60 W bulbs B2 
are connected to a 250 V source, as shown 
in the figure. Now W1, W2 and W3 are the 
output powers of the bulbs B1, B2 and B3 
respectively. Then

(a)	 W1 > W2 = W3

(b)	 W1 > W2 > W3

(c)	 W1 < W2 = W3

(d)	 W1 < W2 < W3

�Explanation))  Voltage across bulb B2 will be less 
than that across B3
∴	 W1 < W3

UNSOLVED OBJECTIVE type questions

	 1.	 A straight conductor AB lies along the axis 
of a hollow metal cylinder L, which is con-
nected to earth through a conductor C. A 
quantity of charge will flow through C,

(a)	 if a current begins to flow through AB
(b)	 if the current through AB is reversed

(c)	� if AB is removed, and a beam of elec-
trons flows in its place.

(d)	� if AB is removed, and a beam of pro-
tons flows in its place.

	 2.	 The current in the resistance R will be 
zero if
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Current Electricity    3.43

(a)	 E1r1 = E2r2

(b)	 1 2

1 2

E E
r r

=

(c)	 (E1 + E2) r1 = E1r2

(d)	 (E1 – E2) r1 = E2r1

	 3.	 A battery of emf 10 V and internal resis-
tance r = 1Ω, is connected to an external 
resistance R = 4 Ω. What should be the 
value of R so that the voltmetre reads 
half the value it reads in the previous 
case when connected across R?

(a)	
4
3

Ω 	 (b)	 1 Ω

(c)	 2 Ω	 (d)	
2
3

Ω

	 4.	 In a given circuit, R1 ≠ R2 but the reading 
of the voltmetre is same with switch S 
open or close, then

(a)	
2R VI I=

	
(b)	

1 2R RI I=
	

(c)	
3R VI I=

	
(d)	 none of these

	 5.	 Find the equivalent resistance between A 
and B of the given circuit.

(a)	 2 Ω	 (b)	 4 Ω
(c)	 1 Ω	 (d)	 none of these

	 6.	 In an household electric circuit,
(a)	� all electric appliance drawing power are 

joined in parallel

(b)	� a switch may be either in series or in par-
allel with the appliance which it controls

(c)	� if a switch is in parallel with an appli-
ance, it will draw power when the 
switch is in the ‘off’ position (open)

(d)	� if a switch is in parallel with an appli-
ance, the fuse will blow (burn out) 
when the switch is put ‘on’ (closed)

	 7.	 All resistance shown in circuit are 2 Ω  
each. The current in the resistance 
between D and E is

(a)	 5 A	 (b)	 2.5 A
(c)	 1 A	 (d)	 7.5 A

	 8.	 The current in 1 Ω resistance and charge 
stored in the capacitor are

(a)	 5 A 10 µC	 (b)	 7 A, 12 µC
(c)	 4 A, 12 µC	 (d)	 6 A, 6 µC

	 9.	 In the given, at time t = 0, switch S1 is 
closed. When steady state is reached, 
switch S1 is again opened. Find the cur-
rent through resistance R1 at the instant 
when switch S1 is opened.
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3.44    Current Electricity

(a)	
E
R

	 (b)	
1

E
R

(c)	
1

E
R R+ 	

(d)	
1 1

E R
(R R )R

×
+

	10.	 In the given circuit, R1 = 10 Ω, R2 = 6 Ω 
and E = 10 V. Then

(a)	 Effective resistance of the circuit is 20 Ω

(b)	 Reading of A1 is 1
2

 amp.

(c)	 Reading of A2 is 1
4

 amp.

(d)	 All of these

	11.	 In the given circuit, it is observed that 
the current I is independent of the value 
of the resistance R6. Then the resistance 
values must satisfy

(a)	 R1R2R5 = R3R4R6

(b)	
5 6 1 2 3 4

1 1 1 1
R R R R R R

+ + +
+ +

(c)	 R1R4 = R2R3

(d)	 R1R3 = R2R4 = R5R6

	12.	 In the circuit shown, the potential

(a)	 at P is – 7.5 V
(b)	 at Q is – 1 V
(c)	 at s is zero
(d)	 all of these

	13.	 A capacitor C is connected to two equal 
resistances as shown in the figure. Then

(a)	� at the time of charging of capacitor time 
constant of the circuit is 2 CR

(b)	� at the time of discharging of capacitor 
time constant of the circuit is CR

(c)	� at the time of discharging of the 
capacitor the time constant of the circuit 
is 2 CR.

(d)	� at the time of charging of capacitor, the 
time constant of the circuit is CR.

	14.	 In the network shown in figure, each 
resistance is R. The equivalent resistance 
between A and B is

(a)	 20 R
11

	 (b)	 19 R
20

(c)	 8 R
15

	 (d)	 R
2

	15.	 In the network shown, points A, B and 
C are at potential of 70 V, zero and 10 V 
respectively, Then
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Current Electricity    3.45

(a)	 point D is at a potential of 40 V
(b)	� currents in the sections. AD, DB, DC 

are in the ratio 3 : 2 : 1
(c)	 network draws a total power of 200 W.
(d)	 all of these

	16.	 In the given circuit, with steady current, 
the potential drop across the capacitor 
must be

(a)	 V	 (b)	 V
2

(c)	 V
3 	

(d)	 2V
3

	17.	 A capacitor charges from a cell through a 
series resistance. The time constant of the 
circuit is τ. The time taken by the capaci-
tor to collect 10% of its final charge is

(a)	 τ ln (0.1)	 (b)	 9
10nl

 τ  
 

(c)	 10
9nl

 τ  
 

	 (d)	 10
11nl

 τ  
 

	18.	 The given network is a part of a bigger 
network. Determine the value of current 
flowing in resistor R6.

(a)	 9 A
(b)	 8 A
(c)	 7 A
(d)	 1 A

	19.	 When the switch is closed, the initial cur-
rent through the 1 Ω resistor is

(a)	 12 A	 (b)	 4 A

(c)	 3 A	 (d)	 10 A
7

	20.	 In the circuit shown in figure, the capaci-
tors are initially uncharged. The current 
through resistor PQ just after closing the 
switch is

(a)	 2 A from P to Q
(b)	 2 A from Q to P
(c)	 6 A from P to Q
(d)	 zero

	21.	 The two ends of a uniform conductor are 
joined to a cell of emf ε and some internal 
resistance starting from the midpoint P 
of the conductor, we move in the direc-
tion of the current and return to P. The 
potential V at every point on the path is 
plotted against the distance covered (x). 
Which of the following best represent the 
resulting curve?
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3.46    Current Electricity

(a)	

(b)	

(c)	

(d)	

	22.	 The electron in a hydrogen atom moves 
in circular orbit of radius 5 × 10–11 m with 
a speed of 0.6 π × 106 m/s, then
(a)	� frequency of the electron is 6 × 1015 

rev/s
(b)	� electron carries 1.6 × 10–19 C around the 

loop
(c)	� current flows in the opposite direction 

to the direction of the motion of elec-
tron.

(d)	 all of these

	23.	 If a copper wire is stretched to make it 
0.1% longer, the percentage change in its 
resistance is
(a)	 0.2% increase	 (b)	 0.2% decrease
(c)	 0.1% increase	 (d)	 0.1% decrease

	24.	 When an electric heater is switched on 
the current flowing through it (i) is plot-
ted against time (t). Taking into account 
the variation of resistance with tempera-
ture, which of the following best repre-
sents the resulting curve?

(a)	

(b)	
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(c)	

(d)	

	25.	 The mass of the three wire of copper are 
in the ratio 1 : 3 : 5, and their lengths are 
in ratio 5 : 3 : 1. The ratio of their electri-
cal resistances is
(a)	 1 : 3 : 5
(b)	 5 : 3 : 1
(c)	 1 : 15 : 125
(d)	 125 : 15 : 1

	26.	 A battery of 10 volts is connected to a 
resistance of 20 ohm through a variable 
resistance R, the amount of charge which 
has passed in the circuit in 4 minutes, if 
the variable resistance R is increased at 
the rate of 5 ohm/min.
(a)	 120 coulomb
(b)	 120 loge 2 coulomb

(c)	 120 coulomb
log 2e

(d)	
e

60 coulomb
log 2

	27.	

(a)	

(b)	

(c)	

(d)	
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		  In the circuit shown in A, the galvanom-
eter shows zero deflection The resistance 
r1, r2, r3 and r4 are now rearranged in 
three different ways, shown in B, C 
and D. The golvanometer will show zero  
deflection in
(a)	 B only
(b)	 C only
(c)	 B and D
(d)	 B, C and D

	28.	 Two resistances, R1 and R2, are joined in 
parallel to a source of emf of negligible 
internal resistance. The power developed 
in R2 is P. If R1 is now removed, the 
power developed in R2 will be
(a)	� greater than P for all values of R1 and R2

(b)	 less than P for all values of R1 and R2

(c)	 P for all values of R1 and R2

(d)	 P only if R1 = R2

	29.	 An ideal cell is connected to a capaci-
tor through a voltmeter. The reading V 
of the voltmeter is plotted against time. 
Which of the following best represents 
the resulting curve?

(a)	

(b)	

(c)	

(d)	

	30.	 The figure shows a potentiometer arr- 
angement. D is the driving cell. C is the cell 
whose emf is to be determined. AB is the 
potentiometer wire and G is a galvanom-
eter. J is a sliding contact which can touch 
any point on AB. Which of the follow-
ing are essential condition for obtaining  
balance?

(a)	� The emf of D must be greater than the 
emf of C.

(b)	� Either the positive terminals of both D 
and C or the negative terminals of both 
D and C must be joined to A.

(c)	� The positive terminal of D and C must 
be joined to A.

(d)	� The resistance of G must be less than 
the resistance of AB.
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ANSWERS

 1. (c,d) 2. (b) 3. (d) 4. (a) 5. (c) 6. (c,d) 7. (b) 8. (b) 
 9. (c) 10. (d) 11. (c) 12. (d) 13. (c,d) 14. (d) 15. (d) 16. (c) 
 17. (c) 18. (c) 19. (b) 20. (d) 21. (b) 22. (c) 23. (a) 24. (b) 
 25. (d) 26. (b) 27. (d) 28. (c) 29. (b) 30. (a)

practice EXERCISE 1

	 1.	 The walls of a closed cubical box of edge 
50 cm are made of a material of thickness 
1 mm and thermal conductivity 4 × 10–4 
cal s–1 cm–1 (ºC)–1. The interior of the box is 
maintained 100ºC above the outside tem-
perature by a heater placed inside the box 
and connected across 400 V dc. Calculate 
the resistance of the heater.� [IIT, 1971]
[Ans. 6.35 Ω]

	 2.	 Three equal resistors connected in series 
across a source of emf together dissipate 
10 watt of power. What would be the 
power dissipated if the same resistors 
are connected in parallel across the same 
source of emf?� [IIT, 1972]
[Ans. 90 watt]

	 3.	 (a)	�A galvanometer having a coil resis-
tance of 100 ohm gives a full scale 
deflection when a current of one milli-
ampere is passed through it. What is 
the value of resistance which can con-
vert this galvanometer into ammeter 
giving a full scale of deflection for a 
current of 10 ampere?

		  (b)	�A resistance of the required value is 
available but it will get burnt if the 
energy dissipated in it is greater than 
one watt. Can it be used for the above 
described conversion of the galva-
nometer?

		  (c)	� When this modified galvanometer is 
connected across the terminals of 
battery, it shows a current 4 amp. 
The current drops to 1 amp. When 

a resistance of 1.5 ohm is connected 
in series with modified galvanometer. 
Find the emf and internal resistance 
of the battery.� [IIT, 1972]

[Ans. (a) 0.01 Ω, (b) Yes, (c) 0.49 Ω]

	 4.	 A wire of resistance 0.1 ohm cm–1 is bent 
to form a square ABCD of side 10 cm. 
A similar wire is connected between the 
corners B and D to form the diagonal BD. 
Find the effective resistance of this combi-
nation between the corners A and C. If a 
2V battery of negligible internal resistance 
is connected across A and C, calculate the 
total power dissipated.� [IIT, 1971]
[Ans. 4 watts]

	 5.	 A galvanometer together with an unknown 
resistance in series is connected across two 
identical batteries each of 1.5 V. When 
the batteries are connected in series, the 
galvanometer records a current of 1A, 
and when the batteries are in parallel, 
the current is 0.6 A. What is the internal 
resistance of the battery?� [IIT, 1973]

1
3

 Ω  
Ans.

	 6.	 Two heater coils made of same mate-
rial are connected in parallel across the 
mains. The length and diameter of the 
wire of one of coils are double that of  
the other. Which one of them will pro-
duce more heat?� [IIT, 1973]
[Ans. More heat will be produced in the 
second coil.]
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3.50    Current Electricity

	 7.	 An electric current of 5 amp. is divided in 
three branches forming a parallel combi-
nation. The length of the wire in the three 
branches are in the ratio 2, 3 and 4. Their 
diameters are in the ratio 3, 4 and 5. Find 
the current in each branch if the wires 
are of the same material.
� [IIT, 1975]
[Ans. i1 = 1.40 amp, i2 = 1.66 amp, i3 = 
1.94 amp]

	 8.	 A battery of emf 1.4 V and internal resis-
tance 2 ohm is connected to a resistance 
of 100 ohm through an ammeter. The 

resistance of ammeter is 4
3

 ohm. A volt-

meter has also been connected to find the 
potential difference across the resistor.
(a)	� The ammeter reads 0.02 A. What is the 

resistance of the voltmeter?
(b)	� The voltmeter reads 1.10 V. What is the 

error in the reading?� [IIT, 1975]
[Ans. (a) 200 Ω, (b) 0.23 V]

	 9.	 Five resistances are connected as shown 
in the figure. Find the effective resistance 
between the points A and B.� [IIT, 1976]

10
3

 Ω  
Ans. 

	10.	 A potentiometer wire of length 100 cm 
has a resistance of 10 ohm. It is con-
nected in series with a resistance and 
an accumulator of emf 2V and of negli-
gible internal resistance. A source of emf  

10 mV is balanced against a length of 40 
cm of the potentiometer wire. What is the 
value of external resistance?

� [IIT, 1976]
[Ans. 790 ohms]

	11.	 12 cells each having the same emf are 
connected in series and are kept in a 
closed box. Some of the cells are wrongly 
connected. This battery is connected in 
series with an ammeter and the two cells 
identical with the others. The current is 
3A when the cells and battery aid each 
other and is 2A when the cells and bat-
tery oppose each other. How many cells 
are wrongly connected?� [IIT, 1976]
[Ans. 1]

	12.	 A fuse of lead wire has an area of cross 
section 0.2 mm2. On short circuiting, the 
current in the fuse wire reaches 30 A. How 
long after the short circuiting will fuse 
begin to melt? For lead, specific heat = 
0.032 cal g–1 (ºC)–1, melting point = 327ºC, 
density = 11.34 g-cm–3, and resistivity = 22 
× 10–6 Ω-cm. The initial temp. of wire is 
20ºC. Neglect heat losses.� [IIT, 1976]
[Ans. 0.093 second]

	13.	 A potential difference of 220 volt is main-
tained across a 12000 Ω rheostat as shown 
in the figure. The voltmeter has a resis-
tance of 6000 Ω and point C is at one-
fourth of the distance from a to b. What is 
the reading of voltmeter?� [IIT, 1977]

[Ans. 40 volts]

	14.	 All the resistance in the figure are in 
ohms. Find the effective resistance bet- 
ween points A and B.� [IIT, 1977]
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[Ans. 2 Ω]

	15.	 Two electric bulbs each designed to oper-
ate with a power of 500 watt in a 220 V 
line are put in series in 110 V line. What 
will be the power generated in each bulb?
� [IIT, 1977]
[Ans. 31.23 watts]

	16.	 A heater is designed to operate with a 
power of 1000 watt in a 100 V line. It is 
connected in combination with a resis-
tance of 10 Ω and a resistance R, to 100 V 
mains, as shown in the figure. What will 
be the value of R so that the heater oper-
ates with a power of 62.5 watt?

� [IIT, 1978]

[Ans. 5 Ω]

	17.	 Two resistors R1 and R2 may be connected 
either in series or in parallel across a 
battery of zero internal resistance. It is 
required that the joule heating for the 
parallel combination be five times that for 
series combination. If R1 is 100 Ω, find R2.
� [MNR, 1978]
[Ans. 261.8 Ω or 38.2 Ω]

	18.	 A copper wire is stretched to make it 0.1% 
longer. What is the percentage change in 
its resistance?

� [IIT, 1978; MNR, 1990]
[Ans. 0.2%]

	19.	 Each of the resistance in the network 
below is equal to R. What is the resis-

tance between the terminal A and B for 
Fig. (a) and Fig. (b).

� [IIT, 1978]

[Ans. RAB = R]

	20.	 A copper wire having cross-sectional area 
0.5 mm2 and a length of 0.1 m is initially 
at 25ºC and is thermally insulated from 
the surroundings. If a current of 10 A is 
set up in the wire,
(a)	� find the time in which the wire will 

start melting. The change of resistance 
with temperature of the wire may be 
neglected.

(b)	 �what will be the time taken if the length 
of the wire is doubled?

	� Given, density of copper = 9 × 103 kg/
m3, specific heat = 9 × 10–2 kilo cal kg–1 
(ºC)–1, melting point = 1075ºC, specific 
resistance = 1.6 × 10–8 ohm meter.

	�  [IIT, 1979]
	� [Ans. (a) 558.14 sec., (b) The time after 

which it melts remains unchanged.]

	21.	 In the circuit shown in the figure, a volt-
meter reads 30 V when it is connected 
across 400 ohm resistance. Calculate 
what the same voltmeter will read when 
it is connected across the 300 ohm resis-
tance.� [IIT, 1980]

[Ans. 22.49 V]
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	22.	 In the circuit shown in the figure, E1 = 3 
volt, E2 = 2 volt, E3 = 1 volt and R = r1 = r2  
= r3 = 1 ohm.
(a)	 �Find the potential difference between 

the points A and B and the current 
through each branch.

(b)	� If r2 is short circuited and the point A is 
connected to point B, find the currents 
through E1, E2, E3 and the resistor R.
� [IIT, 1981]

[Ans. (a) 2 volt, (b) 1 ampere, 2 ampere, 
–1 ampere]

	23.	 In the circuit shown in the figure, E, F, G, 
H are cells of emf 2, 1, 3 and 1 volt and 
their internal resistances are 2, 1, 3 and 1 
ohm respectively. Calculate:
(a)	 �the potential difference between B and 

D, and
(b)	� the potential difference across the ter-

minals of each of the cells G and H.
� [IIT, 1981]

	

2(a) volt, (b) Potential difference
13

 across the cell G = 1.61 V, Potential 
difference across the cell = 1.46 V

 
 
 
 
 
 
 

Ans.

	24.	 A hollow copper tube of 5 m length has 
got external diameter equal to 10 cm and 
the walls are 5 mm thick.

		  If specific resistance of copper is 1.7 × 
10–8 ohm × meter, calculate the resistance 
of the tube.
� [MNR, 1982]
[Ans. 5.69 × 10–5 Ω]

	25.	 Calculate the steady state current in a  
2 Ω resistor shown in the figure. The 
internal resistance of the battery is 
negligible and the capacitance of the  
condenser is 0.2 µF.
� [IIT, 1982]

[Ans. 0.9 A]

	26.	 Find the curreAnt I in the circuit shown 
in the figure.

� [IIT, 1983]
[Ans. 0.1 A]
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Current Electricity    3.53

	27.	 Find the potential difference between the 
points A and D of the circuit shown in the 
figure.

[Ans. 2.67 volts]

	28.	 A 220 volt 100 watt bulb is connected to 
110 volt source. Calculate the power con-
sumed by the bulb.� [Roorkee, 1986]
[Ans. 25 watts]

	29.	 A part of the circuit in a steady state along 
with the currents flowing in the branches, 
the value of resistance etc. is shown in the 
figure. Calculate the energy stored in the 
capacitor C (4 µF).� [IIT, 1986]

[Ans. 0.8 × 10–3 joule]

	30.	 An electric bulb rated for 500 watt at 100 
volt is used in a circuit having a 200 volt 
supply. Calculate the resistance R that 
one must put in series with the bulb, so 
that the bulb delivers 500 watt.
� [IIT, 1987]
[Ans. 20 ohms]

	32.	 An infinite ladder network of resistance 
is constructed with 1 ohm and 2 ohm 
resistances as shown in the figure. The 
6-volt battery between A and B has neg-
ligible resistance.

(a)	 �Show that the effective resistance 
between A and B is 2 ohm.

(b)	� What is the current that passes through 
the 2 ohm resistance nearest the bat-
tery.� [IIT, 1987, Roorkee, 1989]

[Ans. (a) 2 ohm or –1 ohm (b) 1.5 A]

	31.	 In the given circuit,
	 E1 = 3E2 = 2E3 = 6 volts
	 R1 = 2R4 = 6 ohm
	 R3 = 2R2 = 4 ohm
	 C = 5µF

	 	 Find the current in R3 and the energy 
stored in the capacitor.� [IIT, 1988]
[Ans. (a) 1.5 A, from F to E. 14.4 × 10–6 
joule]

	32.	 A cell of emf 3.4 volt and internal resis-
tance 3 Ω is connected to an amme-
ter having resistance 2 ohm and to an 
external resistance of 100 ohm. When 
a voltmeter is connected across the 100 
ohm resistance the ammeter reading is 
0.04 amp. Find the voltage read by the 
voltmeter and its resistance. Had the 
voltmeter been an ideal one, what would 
have been its reading?� [Roorkee, 1990]
[Ans. Voltage read by the voltmeter 3.2 
volts, 3.238 volts.]
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	33.	 A circuit containing a two-position switch 
S is shown in the figure.

(a)	� The switch is in position 1. Find the 
potential difference VA – VB and the 
rate of production of Joule heat in R1.

(b)	� If now the switch S is put in position 
2 at t = 0, find

			   (i)  steady current in R4 and
		     (ii) � the time when the current in 

R2 is half the steady value. Also 
calculate the energy stored in the 
inductor L at that time.		
� [IIT, 1991]

[Ans. (a) VA – VB = – 5 volt, (b) (i) i = 0.6 
A, (ii) t = 0.0014 second]

	34.	 A thermocouple circuit consists of two 
thermal junctions and a low resistance 
galvanometer, all in series. The 
galvanometer has a resistance of 8 ohm 
and the rest of the circuit a resistance of 
1.6 ohm. The thermocouple develops an 
emf of 10 microvolt per degree Celsius 

difference of temperature between the 
two junctions. When one junction is kept 
at 0ºC and the other in a molten metal, 
the galvanometer reads 8 millivolt. What 
is the temperature of the molten metal? 
You may assume that the emf varies 
linearly with the temperature difference.
� [MNR, 1992]
[Ans. t = 960ºC]

	35.	 Find the potential difference across the 
plates of capacitor C in the circuit shown 
in the figure.

[Ans. 0.5 volt]

	36.	 The scale of a galvanometer is divided 
into 150 equal divisions. The galvanom-
eter has the current sensitivity of 10 divi-
sions per mA and the voltage sensitivity 
of 2 divisions per mV. How the galva-
nometer be designed to read
(a)	 6 A per division, and
(b)	 1 V per division?� [Roorkee, 1999]
[Ans. (a) S ≈ 1.67 × 10–5 R Ω,  
(b) R’ = 2 × 103 R Ω]
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CONCEPTUAL QUESTIONS

	 1.	 Ammeters often contains fuses that protect 
them from large currents, while voltmeters 
seldom do. Explain.

	 2.	 When batteries are connected in parallel, 
they should have the same emf. However, 
batteries connected in series need not have 
the same emf. Explain

	 3.	 Why do light bulbs usually burn out just 
after they are switched on and not when 
they have been on for a while?

	 4.	 When electrons drift in a metal from lower 
to higher potential, does it mean that all the 
‘free’ electrons of the metal are moving in 
the same direction?

	 5.	 Think of a wire of length L as two wires of 
length L/2 in series. Construct an argument 
for why the resistance of a wire must be 
proportional to its length.

	 6.	 Why are electric stoves and clothes dyres 
supplied with 240V, but lights, radios and 
clocks are supplied with 120 V?

	 7.	 Is the electric field inside a conductor 
always zero? If not, when it is not zero? 
Explain.

	 8.	 Are the paths of electrons straight lines 
between successive collisions (with the 
positive ions of the metal) in the (i) absence 
of electric field, (ii) presence of electric 
field?

	 9.	 A friend says that electric current “follows 
the path of least resistance.” Is that true? 
Explain.

	10.	 The electron drift speed is estimated to be 
only a few mm s–1 for currents in the range 
of a few amperes? Then how is current 
established almost instant when a circuit is 
closed?

	11.	 Some batteries can be “recharged”. Does 
that mean that the battery has a supply of 

Question Bank

charge that is depleted as the battery is 
used? If “recharging” does not literally 
mean to put charge back into the battery, 
what does it mean?

	12.	 The electron drift arises due to the force 
experienced by electrons in the electric field 
inside the conductor. But force should cause 
acceleration. Why then do the electrons 
acquire a steady average drift speed?

	13.	 Why does the resistivity of a metallic con-
ductor increase with increasing tempera-
ture?

	14.	 A 15-A circuit breaker trips repeatedly. 
Explain why it would be dangerous to 
replace it with a 20-A circuit breaker.

	15.	 Why are ammeters connected in series with 
a circuit element in which the current is to 
be measured and voltmeters connected in 
parallel across the element for which the 
potential difference is to be measured?

	16.	 If the electron drift speed is so small, and 
the electron’s charge is small, how can we 
still obtain large amounts of current in a 
conductor?

ONLY ONE OPTION IS CORRECT

	 1.	 Eight resistances each of resistance 5 W 
are connected in the circuit shown in fig-
ure. The equivalent resistance between  
A and B is

(a)	 (8/3) Ω	 (b)	 (16/3) Ω
(c)	 (15/7) Ω	 (d)	 (19/2) Ω
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3.56    Current Electricity

	 2.	 The equivalent resistance between points A 
and B is

(a)	 2R	 (b)	 (3/4)R
(c)	 (4/3)R	 (d)	 (3/5)R

	 3.	 In the circuit shown in figure, potential 
difference between points A and B is 16 V. 
The current passing through 2Ω resistance  
will be

(a)	 2.5A	 (b)	 3.5A
(c)	 4.0A	 (d)	 zero

	 4.	 At what temperature would the resistance 
of a copper conductor be doubled of its 
value at 0ºC. Does this same temperature 
hold for all copper conductors regardless of 
shape and size? αCu = 4.0 × 10–3/ºC.
(a)	 250ºC	 (b)	 50ºC
(c)	 150ºC	 (d)	 200ºC

	 5.	 Three voltmeters A, B and C having resis-
tances R, 1.5 R and 3R, respectively, are 
connected as shown. When come potential 
difference is applied between X and Y, the 
voltmeter readings are VA, VB and VC respec-
tively. Then

(a)	 VA ≠ VB = VC	 (b)	 VA = VB ≠ VC

(c)	 VA ≠ VB = VC	 (d)	 VA = VB = VC

	 6.	 An electric bulb rated for 500 W at 100 V is 
used in a circuit having a 200 V supply. The 
resistance R that must be put in series with 
the bulb, so that the bulb draws 500 W is
(a)	 100Ω	 (b)	 50Ω
(c)	 20Ω	 (d)	 10Ω

	 7.	 The length of a potentiometer wire is ℓ.  
A cell of emf E is balanced at a length ℓ/3 
from the positive end of the wire. If the 
length of the wire is increased by ℓ/2. At 
what distance will the same cell give a bal-
ance point?
(a)	 2ℓ/3	 (b)	 ℓ/2
(c)	 ℓ/6	 (d)	 4ℓ/3

	 8.	 Find equivalent resistance between the 
points A and B.

(a)	 R/2	 (b)	 R/4
(c)	 R	 (d)	 R/8

	 9.	 Temperature of a resistance at temperature 
tºC is R = R0(1 + at + bt2). Here R0 is the 
temperature at 0ºC. the temperature coef-
ficient of resistance at temperature t is

(a)	 2

2
1

a bt
at bt
+

+ +
	 (b)	 (a + 2bt)

(c)	
21

2
at bt

a bt
+ +

+
	 (d)	 constant

	10.	 Calculate the drift velocity of electrons in 
silver wire with cross-sectional area 3.14 
× 10–6m2 carrying a current of 20 A. Given 
atomic weight of Ag = 108, density of silver 
= 10.5 × 103 kg/m3

(a)	 2.798 × 10–4m/sec
(b)	 67.98 × 10–4m/sec
(c)	 0.67 × 10–4m/sec
(d)	 6.798 × 10–4m/sec

	11.	 In the given circuit, it is observed that the 
current I is independent of the value of the 
resistance R6. Then the resistance values 
must satisfy
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Current Electricity    3.57

(a)	 R1R2R5 = R3R4R6

(b)	
5 6

1 1
R R

+
1 2 3 4

1 1
R R R R

= +
+ +

(c)	 R1R4 = R2R3

(d)	 R1R3 = R2R4 = R5R6

	12.	 Current passing through 3Ω resistance is

(a)	 (14/3) A
(b)	 3 A
(c)	 2 A
(d)	 (12/5) A

	13.	 Potential difference across the terminals of 
the battery shown in figure is – (r = internal 
resistance of battery)

(a)	 8 V
(b)	 10 V
(c)	 6 V
(d)	 zero

	14.	 In the circuit shown in figure

(a)	� current passing through 2Ω resistance 
is zero

(b)	� current passing through 4Ω resistance 
is 5 A

(c)	� current passing through 5Ω resistance 
is 4 A

(d)	 all of the above

	15.	 A voltmeter with resistance 500 W is used 
to measure the emf of a cell of internal 
resistance 4Ω. The percentage error in the 
reading of the voltmeter will be
(a)	 0.2%
(b)	 0.8%
(c)	 1.4%
(d)	 2.2%

	16.	 Find the resistance of galvanometer in 
which maximum deflection of 50 div is 
reduced to 20 div when shunted by a 12 Ω 
resistance.
(a)	 8Ω
(b)	 18Ω
(c)	 12Ω
(d)	 10Ω

	17.	 The net resistance between point P and Q in 
the circuit shown in figure is

(a)	 R/2	 (b)	 2R/5
(c)	 3R/5	 (d)	 R/3
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3.58    Current Electricity

	18.	 The effective resistance between points P 
and Q of the electrical circuit shown in the 
figure is

(a)	 2Rr
R r+

	 (b)	 8 ( )
3

R R r
R r

+
+

(c)	 2r + 4R	 (d)	 5
2 2

R
R+

	19.	 All the edges of a block with parallel faces 
are unequal. Its longest edge is twice its 
shortest edge. The ratio of the maximum 
to minimum resistance between parallel  
faces is
(a)	 2
(b)	 4
(c)	 8
(d)	� indeterminate unless the length of the 

third edge is specified

	20.	 In the circuit shown, when the switch is 
closed, the capacitor charges with a time 
constant

(a)	 RC	 (b)	 2RC
(c)	 (1/2)RC	 (d)	 RC ln 2

	21.	 Calculate the relaxation time and mean 
free path in Cu at room temperature 300 
K, if number density of free electrons is 

8.5 × 1028/m3 and resistivity ρ = 1.7 × 10–8 
mho-m. Given k = 1.38 × 10–23J/K.
(a)	 25 Å	 (b)	 20 Å
(c)	 5 Å	 (d)	 30 Å

	22.	 A battery is suppling power to a tape-
recorder by cable of resistance of 0.02 Ω. If 
the battery is generating 50 W power at 5 V, 
then power received by tape-recorder is
(a)	 50 W	 (b)	 45 W
(c)	 30 W	 (d)	 48 W

	23.	 In the diagram shown, all the wires have 
resistance R. The equivalent resistance bet- 
ween the upper and lower dots shown in the 
diagram is

(a)	 R/8	 (b)	 R
(c)	 2R/5	 (d)	 3R/8

	24.	 A 100 W bulb B1 and two 60 W bulbs B2 
and B3, are connected to a 250 V source, as 
shown in the figure. Now W1, W2 and W3 
are the output powers of the bulbs B1, B2 
and B3 respectively. Then
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Current Electricity    3.59

(a)	 W1 > W2 = W3

(b)	 W1 > W2 > W3

(c)	 W1 < W2 = W3

(d)	 W1 < W2 < W3

	25.	 A capacitor is charged and then made to 
discharge through a resistance. The time 
constant is t. In what time will the potential 
difference across the capacitor decrease by 
10%?
(a)	 t ln (0.1)	 (b)	 t ln (0.9)
(c)	 t ln (10/9)	 (d)	 t ln (11/10)

	26.	 A uniform wire has electric resistance R. 
The wire is cut into n equal parts. All wires 
are put parallel to each other and joined at 
the ends. The resistance of the combination 
is
(a)	 R/n	 (b)	 R/n2

(c)	 R	 (d)	 none of these

	27.	 A galvanometer of resistance 12Ω shows 
full scale deflection for a current of 2.5 
mA. How will you convert it to ammeter of 
range 7.5 A and voltmeter of range 10 volt. 
Resistance of metre is
(a)	 2000Ω	 (b)	 5000Ω
(c)	 400Ω	 (d)	 4000Ω

	28.	 In the circuit shown, each resistances is 2Ω. 
The potential V1 as indicated in the circuit, 
is equal to

(a)	 11 V	 (b)	 –11 V
(c)	 9 V	 (d)	 –9 V

	29.	 To get maximum current through a resis-
tance of 2.5Ω, one can use ‘m’ rows of 
cells, each row having ‘n’ cells. The internal 
resistance of each cell is 0.5Ω. What are the 

values of n and m, if the total number of 
cells is 45?
(a)	 3, 15	 (b)	 5, 9
(c)	 9, 5	 (d)	 15, 3

	30.	 A battery of internal resistance 2Ω is con-
nected to a variable resistor whose value 
can vary from 4Ω to 10Ω. The resistance is 
initially set at 4Ω. If the resistance is now 
increased then
(a)	 power consumed by it will decrease
(b)	 power consumed by it will increase
(c)	� power consumed by it may increase or 

may decrease
(d)	� power consumed will first increase then 

decrease

	31.	 A cell of emf E having an internal resistance 
‘r’ is connected to an external resistance R.
The potential difference ‘v’ across the resis-
tance R varies with R as shown by the 
curve

(a)	 A	 (b)	 B
(c)	 C	 (d)	 D

	32.	 ‘n’ identical light bulbs, each designed to 
draw P power from a certain voltage supply 
are joined in series and that combination is 
connected across that supply. The power 
consumed by one bulb will be
(a)	 nP	 (b)	 P
(c)	 P/n	 (d)	 P/n2

	33.	 Two long coaxial and conducting cylinders 
of radius a and bare separated by a material 
of conductivity σ and a constant potential 
difference V is maintained between them, 
by a battery. Then the current, per unit 
length of the cylinder flowing from one 
cylinder the other is
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3.60    Current Electricity

(a)	
4 V

ln ( / )b a
πσ

	 (b)	 4 V
( )b a

πσ
+

(c)	 2 V
ln ( / )b a

πσ 	 (d)	 2 V
( )b a

πσ
+

	34.	 How many electrons flow through the fila-
ment of a 120 volt, 60 W electric lamp in 
one second?
(a)	 3.125 × 1018	 (b)	 31.25 × 1018

(c)	 0.3 × 1018	 (d)	 312.5 × 1018

	35.	 The charge on a capacitor decreases h times 
in time t, when it discharges through a cir-
cuit with a time constant t
(a)	 t = ht	 (b)	 t = h ln t

(c)	 t = t (ln h–l)	 (d)	 1ln 1t  
= τ − η 

	36.	 In the circuit shown, the cell is ideal, with 
emf = 15 V. Each resistance is of 3 W.
The potential difference across the capaci-
tor is

(a)	 zero	 (b)	 9 V
(c)	 12 V	 (d)	 15 V

	37.	 In the circuit shown in figure, the power 
which is dissipated as heat in the 6Ω resis-
tor is 6 W. What is the value of resistance R 
in the circuit?

(a)	 6Ω
(b)	 10Ω
(c)	 13Ω
(d)	 24Ω

	38.	 The two ends of a uniform conductor are 
joined to a cell of emf e and some internal 
resistance. Starting from the midpoint P of 
the conductor, we move in the direction of 
the current and return to P. The potential 
V at every point on the path is plotted 
against the distance covered (x). Which of 
the following best represents the resulting  
curve?

(a)	

(b)	

(c)	

(d)	

	39.	 Calculate the effective resistance between A 
and B in following network.
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Current Electricity    3.61

(a)	 5Ω	 (b)	 10Ω
(c)	 20Ω	 (d)	 30Ω

	40.	 The Wheatstone bridge shown in the figure 
is balanced. If the positions of the cell C and 
the galvanometer G are now interchanged, 
G will show zero deflection

(a)	 in all cases
(b)	 only if all the resistances are equal
(c)	 only if R1 = R3 and R2 = R4

(d)	 only if R1/R3/R2/R4

	41.	 A current of 0.5 A is passing through a 
CuSO4 solution. How many Cu++ ions will 
be deposited on cathode in 10 second?
(a)	 0.15 × 1019	 (b)	 4 × 1019

(c)	 15.625 × 1019	 (d)	 1.5625 × 1019

	42.	 In case of hydrogen atom an electron moves 
in an orbit of radius 5 × 10–11 m with a 
speed of 2.2 × 106 m/s. Calculate equivalent  
current.
(a)	 1.12 mA	 (b)	 0.12 mA
(c)	 1.2 mA	 (d)	 2 mA

	43.	 Three resistances R, 2R and 3R are con-
nected in parallel to a battery. Then
(a)	� The potential drop across 3R is  

maximum
(b)	� The current through each resistance is 

same
(c)	 The heat developed in 3R is maximum
(d)	 The heat developed in R is maximum.

	44.	 An ammeter and a voltmeter are joined in 
series to a cell. Their readings are A and V 
respectively. If a resistance is now joined in 
parallel with the voltmeter.
(a)	 both A and V will increase
(b)	 both A and V will decrease
(c)	 A will decrease, V will increase
(d)	 A will increase, V will decrease.

	45.	 A wire of length L and 3 identical cells 
of negligible internal resistances are con-
nected in series. Due to the current, the 
temperature of the wire is raised by ∆T in a 
time t. A number N of similar cells is now 
connected in series with a wire of the same 
material and cross-section but of length 2L. 
the temperature of the wire is raised by the 
same amount ∆T in the same time t. The 
value of N is
(a)	 4	 (b)	 3
(c)	 8	 (d)	 9

	46.	 In the given circuit, it is observed that the 
current I is independent of the value of the 
resistance R6. Then the resistance values 
must satisfy
(a)	 R1R2R5 = R3R4R6

(b)	
5 5

1 1
R R

+
1 2 3 4

1 1
R R R R

= +
+ +

(c)	 R1R4 = R2R3

(d)	 R1R3 = R2R4 = R5R6

	47.	 An ideal cell is connected to a capacitor 
and a voltmeter in series. The reading V 
of the voltmeter (added in parallel with 
resistor) is plotted against time. Which of 
the following best represents the resulting  
curve?
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3.62    Current Electricity

(a)	

(b)	

(a)	

(b)	

	48.	 A wire of resistance 10Ω is bent to form 
a circle. P and Q are the points on the  

circumference of the circuit dividing it into 
a quadrant and are connected to a 3 V bat-
tery having internal resistance 1Ω as shown 
in the figure. The currents in the two parts 
of the circle are
(a)	 (5/26) A and (15/26) A
(b)	 (4/25) A and (12/25)A
(c)	 (3/35) A and (9/25) A
(d)	 (6/23) A and (18/23)A

	49.	 Figure shows a wire of uniform resistance 
between A and B with a total resistance of 
R0. The contact C can divide the wire into 
resistances fR0 and (1 – f)R0.
    The batteries are identical and have 
zero internal resistances. The value of f for 
which ammeter reads maximum is

(a)	 0
(b)	 1
(c)	 0 or 1
(d)	 Cannot be found

	50.	 50 V battery is supplying current of 10 
amp when connected to a resistor. If the 
efficiency of battery at this current is 25%. 
Then internal resistance of battery is
(a)	 2.5Ω
(b)	 3.75Ω
(c)	 1.25Ω
(d)	 5Ω

	51.	 In the circuit shown, the value of R in ohm 
that will result in no current through the  
30 V battery, is
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(a)	 10Ω	 (b)	 25Ω
(c)	 30Ω	 (d)	 40Ω

	52.	 The correct circuit for the determination 
of internal resistance of a primary cell by 
using potentiometer is

(a)	

(b)	

(c)	

(d)	

	53.	 A piece of copper and another of germa-
nium are cooled from room temperature to 
80ºK. The resistance of
(a)	 Each of them increases
(b)	 Each of them decreases

(c)	� Copper increases and germanium 
decreases

(d)	� Copper decreases and germanium 
increases

	54.	 A milliammeter of range 10 mA and resis-
tance 9Ω is joined in a circuit as shown. 
The metre gives full-scale deflection for 
current I when A and B are used as its ter-
minals, i.e., current entres at A and leaves at  
B (C is left isolated). The value of I is

(a)	 100 mA	 (b)	 900 mA
(c)	 1 A	 (d)	 1.1 A

	55.	 Calculate potential difference between 
points d and b in the circuit.

(a)	 2 volt	 (b)	 1 volt
(c)	 5 volt	 (d)	 8 volt

	56.	 When a voltmeter is connected across a 
400Ω resistance, it reads 30 V. When it 
is connected with 300Ω resistance, it will 
read
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3.64    Current Electricity

(a)	 30 V	 (b)	 22.5 V
(c)	 20 V	 (d)	 25 V

	57.	 The charge flowing through a resistance 
R varies with time t as Q = at – bt2. The 
total heat produced in R by the time current 
ceases is
(a)	 a3R/6b	 (b)	 a3R/3b

(c)	
3

2
a R

b
	 (d)	

3a R
b

	58.	 A wire has linear resistance ρ (in Ohm/m). 
Find the resistance R between points A and 
B if the side of the larger square is ‘d’.

(a)	 / 2dρ

(b)	 2 dρ
(c)	 2 ρd
(d)	 None of these

	59.	 In the house of a person who is weak of 
hearing, a light bulb is also lit when some-
body rings the door bell. The ring can be 
operated both from the garden gate and 
from the door of the house. Select the cor-
rect possible circuit required.

(a)	

(b) 

(c)	

(d)	

	60.	 n identical cells, each of emf ε and internal 
resistance r, are joined in series to form a 
closed circuit. One cell (A) is joined with 
reversed polarity. The potential difference 
across each cell, except A, is

(a)	 2
n
ε 	 (b)	 1n

n
−

ε

(c)	 2n
n
−

ε 	 (d)	 2n
n
−

ε

	61.	 In the circuit, the heat produced in the  
5 ohm resistor due to the current flowing 
through it is 10 calories per second. The 
heat generated in the 4 ohms resistor is
(a)	 1 calorie/sec	 (b)	 2 calories/sec
(c)	 3 calories/sec	 (d)	 4 calories/sec

	62.	 The current i in the circuit (see figure) is
(a)	 (1/45) A	 (b)	 (1/15) A
(c)	 (1/10) A	 (d)	 (1/5) A

	63.	 In the circuit shown, all resistances are of  
4 Ω and all batteries have an emf 10 V. The 
current i is
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Current Electricity    3.65

(a)	 4 amp upward
(b)	 4 amp downward
(c)	 2 amp upward
(d)	 2 amp downward

	64.	 In the circuit shown, the current i1 is

(a)	 4 amp leftward
(b)	 4 amp rightward
(c)	 3 amp leftward
(d)	 3 amp rightward

	65.	 If two bulbs of power 25 W and 100 W 
respectively chrated at 220 V are connected 
in series with the supply of 440 V. Which 
bulb will fuse?
(a)	 25 W bulb	 (b)	 40 watts
(c)	 None of these	 (d)	 both 1 and 2

	66.	 Four resistances carrying a current shown 
in the circuit diagram are immersed in a 
box containing ice at 0ºC. How much ice 
must be put in the box every 10 minutes to 
keep the average quantity of ice in the box 
constant?
(Latent heat of ice is 80 cal/gm)

(a)	 5 kg	 (b)	 1.19 kg
(c)	 3 kg	 (d)	 2.29 kg

	67.	 The thermo emf E (in volts) of a cer-
tain thermocouple is found to vary with 
θ (in ºC) according to equation E = 20θ 
– θ2/20, where θ is temperature of the hot 
junction, the cold junction being kept at 
0ºC. Then the neutral temperature of the  
thermocouple is
(a)	 300ºC	 (b)	 400ºC
(c)	 100ºC	 (d)	 200ºC

	68.	 The thermo emf of a thermocouple is given 
by E = 2164 t – 6.2t2, where tºC is the tem-
perature of hot junction and cold junction 
is at 0ºC. The values of neutral temperature 
and temperature of inversion will be
(a)	 180ºC, 360ºC
(b)	 170ºC, 340ºC
(c)	 174.5ºC, 349ºC
(d)	 166.4ºC, 332.8ºC

	69.	 If 100 kwh of energy is consumed at 66 V in 
a copper voltmeter, then the mass of copper 
liberated will be (given e.c.e. of Cu = 0.33 
× 10–6 kg C–1)
(a)	 1.65 kg	 (b)	 1.8 kg
(c)	 3.3 kg	 (d)	 3.6 kg

	70.	 A heater with power rating 220 V, 1000 W 
heats a volume of water in 5 minute time. 
If the voltage drops to 110 V, then the time 
taken to heat the same amount of water  
will be
(a)	 20 min.	 (b)	 10 min.
(c)	 5 min	 (d)	 2.5 min.

	71.	 Which of the following graphs represent 
the variation of thermo emf(E) of a thermo-
couple with temperature θ of hot junction 
(the cold junction being kept at 0ºC)?

(a)	 	
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3.66    Current Electricity

(b)	

(c)	

(d)	

ONE OR MORE THAN ONE CHOICE 
MAY BE CORRECT

	 1.	 The charge flowing in a conductor varies 
with line as Q = at – bt2. Then, the current
(a)	 decreases linearly with time
(b)	 reaches a maximum and then decreases
(c)	 fall to zero after time t = a/2b
(d)	 changes at a rate – 2b

	 2.	 Two batteries A and B and three resistors 
are connected. Internal resistance of both 
batteries is 1Ω each as shown. EMF of 
battery B is 5 V, the potential difference 
between P and Q is zero. Which of the fol-
lowing is/are true?

(a)	 the current through 5Ω is 3A
(b)	 the current through the battery A is 8A
(c)	 the emf of the source A is 47A
(d)	 the p.d. between O and P is 8 V

	 3.	 In a potentiometer arrangement, E1 is the 
cell establishing current in primary cir-
cuit, E2 is the cell to be measured. AB is 
the potentiometer wire and G is a galva-
nometer. Which of the following is/are 
the essential condition/s for balance to be  
obtained.
(a)	� The emf of E1 must be greater than the 

emf of E2.
(b)	� Either the positive terminals of both E1 

and E2 or the negative terminals of both 
E1 and E2 must be joined to one end of 
potentiometer wire.

(c)	� The positive terminals of E1 and E2 
must be joined to one end of potentiom-
eter wire.

(d)	� The resistance of G must be less than 
the resistance of AB

	 4.	 Two cells of unequal emfs E1 and E2 and 
internal resistances r1 and r2 are joined as 
shown in figure. Vp and VQ are the potential 
at P and Q respectively.

(a)	� The potential difference across both the 
cells will be equal.

(b)	� One of the cell, will supply energy to 
the other cell.

(c)	� The potential difference across one of 
the cells will be greater than its emf.

(d)	 VP – VQ 1 2 2 1

1 2

E r E r
r r

+
=

+
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Current Electricity    3.67

	 5.	 A conductor is made of an isotropic mate-
rial and has shape of a truncated cone.

A battery of constant emf is connected 
across it and its left end is earthed as shown 
in figure. If at a section distance x from left 
end, electric field intensity, potential and 
the rate of generation of heat per unit length 
are E, V and H respectively, which of the 
following graphs is/are correct?

(a)	

(b)	

(c)	

(d)	

	 6.	 In the circuit shown in figure

(a)	� power supplied by the battery is  
200 watt

(b)	 current flowing in the circuit is 5A
(c)	� potential difference across 4Ω resis-

tance is equal to the potential difference 
across 6Ω resistance

(d)	 current in wire AB is zero

	 7.	 In the given circuit.

(a)	� Current measured by ammeter is  
0.4 amp

(b)	 Potential of point C and F are equal
(c)	 Potential of point B and E are equal
(d)	� If 5 ohm resistances are replaced by  

10 ohm resistance each, then current  
in all the 10 ohm resistance will be 
same.

	 8.	 Two heaters designed for the same volt-
age V have different power ratings. When 
connected individually across a source of 
voltage V, they produce H amount of heat 
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3.68    Current Electricity

each in times t1 and t2 respectively. When 
used together across the same source, they 
produce H amount of heat in time t
(a)	 if they are in series, t = t1 + t2

(b)	 if they are in series, t = 2(t1 + t2)

(c)	 if they are in parallel, 1 2

1 2( )
t tt

t t
=

+

(d)	 if they are in parallel, 1 2

1 22( )
t tt
t t

=
+

	 9.	 In the circuit shown E, F, G and H are cells 
of e.m.f. 2 V, 1 V, 3 V and 1 V respectively 
and their internal resistance are 2Ω, 1Ω, 3Ω 
and 1Ω respectively.

(a)	 2
13D BV V V− = −

(b)	 2
13D BV V V− =

(c)	�  13
21GV V=  = Potential difference across

(d)	�  19
13HGV V= =  Potential difference ac- 

ross H.

	10.	 Which of the following statements is/are 
correct?
(a)	� Potential difference between terminals 

of a non-ideal battery can never be 
greater than its emf.

(b)	� If a non-ideal battery is short circuited 
by a wire, heat generated in the wire is 
less than electric energy developed in 
the battery.

(c)	� EMF of an ideal battery is, first, mea-
sured by a potentiometer and than by a 
voltmeter. Both the measurements are 
equally correct.

(d)	� The terminal potential difference of a 
battery can never be zero in any closed 
circuit containing other batteries.

	11.	 For the circuit shown in the figure,

(a)	 RAB = 4Ω
(b)	 RCD = 4/3Ω
(c)	 RCE = 4/3Ω
(d)	 RCD = 1/3Ω

	12.	 For a cell, a graph is plotted between the 
potential difference V across the terminals 
of the cell and the current I drawn from the 
cell. The e.m.f. and internal resistance of 
the cell is E and r respectively.

(a)	 E = 2 V, r = 0.5Ω
(b)	 E = 2 V, r = 0.4Ω
(c)	 r = 0.4Ω
(d)	 r = 0.5Ω
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Current Electricity    3.69

	13.	 The diagram shows a circuit with two 
identical resistors. The battery has a negli-
gible internal resistance. When switch S is 
closed

(a)	� Equivalent resistance of the circuit 
decreases

(b)	 Ammeter reading will increase
(c)	 Voltmeter reading will increase
(d)	� Power dissipated across R in right br- 

anch will become zero.

	14.	 A uniform wire of resistance R is shaped 
into a regular n-sided polygon (n is even). 
The equivalent resistance between any two 
corners can have
(a)	 the maximum value R/4
(b)	 the maximum value R/n

(c)	 the minimum value 2

1nR
n
− 

 
 

(d)	 the minimum value R/n

	15.	 For the circuit shown in the figure, (each 
wire of resistance r). Then

(a)	 RBP = 5r/6	 (b)	 RAR = 3r/4
(c)	 RAQ = 5r/6	 (d)	 RAC = 7r/12

ASSERTION AND REASON QUESTIONS

Note: Each question contains STATEMENT-1 
(Assertion) and STATEMENT-2 (Reason). Each 
question has 4 choices (a), (b), (c) and (d) out of 
which ONLY ONE is correct.

	 (a)	 Statement-1 is True, Statement-2 is True; 
Statement-2 is a correct explanation for 
Statement-1.

	(b)	 Statement-1 is True, Statement-2 is True; 
Statement-2 is NOT a correct explanation 
for Statement-1.

	 (c)	 Statement-1 is True, Statement-2 is False.

	(d)	 Statement-1 is False, Statement-2 is True.

	 1.	 Statement 1: When an electric current at 
the junction of two wires of same material 
is directed from the thick wire to the thin 
wire, the drift speed or electrons increases 
as they pass through this junction.
Statement 2: The drift speed of electrons 
is directly proportional to the electric field 
in the wire.

	 2.	 Statement 1: When a battery is short-
circuited, the terminal voltage is zero.
Statement 2: In the situation of a short-
circuit, the current is zero.

	 3.	 Statement 1: The equation V = RI does not 
apply to those conducting devices which do 
not obey Ohm’s law.
Statement 2: V = RI is a statement of 
Ohm’s law.

	 4.	 Statement 1: The emf of a battery equal the 
potential difference between its terminals 
when the terminals are not corrected exter-
nally.
Statement 2: Terminals potential differ-
ence can be greater than emf of cell.

	 5.	 Statement 1: A current flows in a con-
ductor only when there is an electric field 
within the conductor.
Statement 2: The drift velocity of electron 
in presence of electric field decreases.

	 6.	 Statement 1: A resistor of resistance R is 
connected to an ideal battery. If the value of 
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3.70    Current Electricity

R is decreased, the power dissipated in the 
circuit will increase.
Statement 2: The power dissipated in the 
circuit is directly proportional to the resis-
tance of the circuit.

	 7.	 Statement 1: All electric devices shown in 
the circuit are ideal. The reading of ammeter 
(A) is zero and that of voltmeter (V) is E.

Statement 2: An ideal voltmeter draws 
almost no current due to very large resis-
tance, and hence (V) and (A) will read zero.

	 8.	 Statement 1: A potentiometer of longer 
wire is preferred to a potentiometer of 
shorter wire.
Statement 2: In case of longer wire, the 
potential gradient is small, and hence the 
measured value is more accurate.

	 9.	 Statement 1: The conductivity of molten 
electrolytes is smaller than the common 
metallic conductors.
Statement 2: Positive and negative ions 
flow in opposite directions.

	10.	 Statement 1: The potential difference 
across a battery is always less than its emf.
Statement 2: Because V = E ± IR

	11.	 Statement 1: If ρ1 and ρ2 be the resistivities 
of the materials of two resistors of resis-
tances R1 and R2 respectively and R1 > R2, 
then ρ1 > ρ2

Statement 2: The resistivity (ρ) doesn’t 
depend on R.

	12.	 Statement 1: The product of resistivity and 
conductivity of a conductor is constant.
Statement 2: Because each of resistivity 
and conductivity depends on the material of 
the conductor.

	13.	 Statement 1: Voltmeter is much better than 
a potentiometer for measuring emf of cell.
Statement 2: A potentiometer draws no 
current while measuring emf of a cell.

	14.	 Statement 1: A voltmeter and ammeter can 
be used together to measure resistance and 
power.
Statement 2: Resistance and power both 
are proportional to voltage and current.

	15.	 Statement 1: A torch bulb give light if 
operated on AC of same voltage and current 
as DC.
Statement 2: Heating effect is common to 
both AC and DC.

	16.	 Statement 1: Long distance power trans-
mission is done at high voltage.
Statement 2: At high voltage supply power 
losses are less.

	17.	 Statement 1: Resistance of 50 W bulb is 
greater than that of 100 W.
Statement 2: Resistance of bulb is inversely 
proportional to rated power.

	18.	 Statement 1: 40 W tube light give more 
light in comparison to 40 W bulb.
Statement 2: Light produced is same from 
same power.

MATCH THE COLUMN TYPE QUESTIONS

Each question contains statements given in two 
columns which have to be matched. Statements 
(A, B, C, D) in column I have to be matched with 
statements (p, q, r, s) in column II.
	 1.	 In the circuit shown, battery, ammeter and 

voltmeter are ideal and the switch S is ini-
tially as shown. What will be the changes 
in parameters as stated in left column if the 
switch S is opened? Possible changes are 
stated in right column.
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Current Electricity    3.71

Column I Column II
(a) Equivalent 

resistance 
across the  
battery

(p) Remains same

(b) Power dis-
sipated by left 
resistance R

(q) Increases

(c) Voltmeter 
reading

(r) Decreases

(d) Ammeter 
reading

(s) Becomes zero

	 2.	 For a potentiometer circuit, match the  
column.

Column I Column II
(a) Sensitivity (p) increases with 

length of wire
(b) Accuracy (q) decreases with 

length of wire
(c) Range (r) increases with 

emf of primary 
cell

(d) Potential gra-
dient

(s) maximum 
if internal 
resistance 
and rheostat 
resistance is 
zero.

	 3.	 Column II gives nature of temperature coef-
ficient of resistance for materials written in 
column I.
	 Column I		  Column II
(a)	 Metal	 (p)	 Zero
(b)	 Insulator	 (q)	 positive
(c)	 Semi-conductor	 (r)	 negative
(d)	 Alloys	 (s)	 unknown

	 4.	 A voltmeter and an ammeter are connected 
in series to an ideal cell of emf E. The volt-
meter reading is V and the ammeter reading 
is I.

Column I Column II
(a) Voltmeter 

resistance
(p) E – V

(b) Potential dif-
ference across 
ammeter

(q) V/I

(c) Voltmeter 
resistance plus 
ammeter resis-
tance

(r) E/I

(d) Potential dif-
ference across 
voltmeter

(s) V

	 5.	 Column I gives physical quantities of a situ-
ation in which a current i passes through two 
rods I and II of equal length that are joined 
in series. The ratio of free electron density 
(n), resistivity (ρ) and cross-section area (A) 
of both are in ratio n1 : n2 = 2 : 1, ρ1:ρ2 =  
2 : 1 and A1:A2 = 1 : 2 respectively. Col-
umn II gives corresponding results. Match 
the ratios in Column I with the values in 
Column II.
	 Column I

(a)	 Driff velocity of free electron in rod I
Drift velocity of free electron in rod II

(b)	 Electric field in rod I
Electric field in rod II

(c)	 Potential difference across rod I
Potential difference across rod II

(d)	

Average time taken by free elctron to 
move from  to 
Average time taken by free electron to 
move from  to 

A B

B C

	 Column II

	

(p)	 0.5   
(q)	 1
(r)	 2
(s)	 4

	 6.	 Column II gives name of material used for 
device given in column I.
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3.72    Current Electricity

Column I Column II
(a) Resistance of 

resistance box
(p) Tungsten

(b) Fuse wire (q) manganin
(c) Bulb (r) tin-leadalloy
(d) Potentiometer 

wire
(s) nichrome

	 7.	 Column II gives order of resistivity for 
materials in column I.
	 Column I		  Column II
(a)	 Semi-conductor	 (p)	 3 × 103 Ω-m
(b)	 Conductor	 (q)	 10–8 Ω-m
(c)	 Insulator	 (r)	 1016 Ω-m
(d)	 Super conductor	 (s)	 1 Ω-m

	 8.	 Match the column:
Column I Column II

(a) Range and 
least amount of 
ammeter

(p) Inverse  
relation

(b) Least count and 
sensitivity of 
ammeter

(q) Linear  
relation

(c) Range and accu-
racy of ammeter

(r) Quadratic 
relation

(d) Range and mul-
tiplication factor 
of a voltmeter

(s) Exponential 
relation

	 9.	 In the circuit shown below, the internal 
resistance of the cell is negligible. The 
distance of the slider from the left hand end 
of the slide wire is ℓ. The graph shows the 
variation with ℓ of the current I in the cell. 
Match the column:



Column I
(a) The balance  

point is at  
length ℓ

(b) E.M.F. of the cell
(c) Value of the  

resistance R
(d) Maximum emf 

that can be mea-
sured

Column II
(p) 20 cm
(q) 1.20 V
(r) 30 ohm
(s) 6 V

	10.	 In the circuit, the battery is ideal. A voltme-
ter of resistance 600Ω is connected in turn 
across R1 and R2, giving readings V1 and V2 
respectively.
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	 Column I		  Column II
(a)	 V1	 (p)	 30 volt
(b)	 V2	 (q)	 60 volt
(c)	 Error in V1 reading	(r)	 –20 volt
(d)	 Error in V2 reading	(s)	 –10 volt

	11.	 For the circuit shown in figure, match the 
columns:

Column I Column II
(a) The current in db (p) 1/13 amp
(b) The PD across db (q) 2/13 volt
(c) The PD across the 

cell (C)
(r) 21/13 volt

(d) The PD across the 
cell (B)

(s) 19/13 volt

	12.	 Ammeter and voltmeter connected in the 
circuit are ideal. Then match the column.

Column I Column II
(a) Current pass-

ing through 3Ω 
resistance

(p) 6

(b) Current passing 
through 10Ω 
resistance

(q) 2

(c) Reading of 
ammeter

(r) 8

(d) Reading of  
voltmeter

(s) 26

	13.	 Column II gives reading of ideal ammeter 
A1, A2, A3 and A4 in ampere for the circuit 
shown.

	 Column I		  Column II
(a)	 A1	 (p)	 2
(b)	 A2	 (q)	 5
(c)	 A3	 (r)	 1
(d)	 A4	 (s)	 3

PASSAGE–1

A resistor circuit is constructed such that twelve 
resistors are arranged to form a cube as shown in 
figure. Each resistor has a resistance of 2 Ohm.

PASSAGE BASED QUESTIONS

PASSAGE–1

A resistor circuit is constructed such that twelve 
resistors are arranged to form a cube as shown in 
figure. Each resistor has a resistance of 2 Ohm.

The potential difference of 30 V is applied across 
two of the opposing points as shown.

	 1.	 The points having the same potential are
(A)   B, D, E   (B)  C, F, H  (C)  C, E
(a)	 only (A) is correct
(b)	 (A), (B) and (C) are correct
(c)	 only (B) is correct
(d)	 both (A) and (B) are correct

	 2.	 If we replace resistors between A and B and 
resistors between G and H by resistors with 
wires of zero resistance, then the points 
having the same potential are
(A)	D, E, C, F	 (B)	A, B
(C)	G, H
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3.74    Current Electricity

(a)	 only (A) is correct
(b)	 only (B) is correct
(c)	 only (C) is correct
(d)	 (A), (B), (C) are correct

	 3.	 In the above question, the potential differ-
ence between the points C and G is
(a)	 15 V	 (b)	 10 V
(c)	 20 V	 (d)	 7.5 V

PASSAGE–2

A highway emergency flasher uses a 120 volt bat-
tery, a 1 MW resistor, a 1 mF capacitor, a neon 
flash lamp in the circuit shown in the figure. The 
flash lamp has a resistance more than 1010 W 
when the voltage across it is less than 110 V. 

Above 110 V, the neon gas ionizes, the resist-
ance of the lamp drops to 10 W, and the capaci-
tor discharges completely. Until the capacitor 
voltage reaches the breakdown voltage Vb = 110 
V, the large resistance of the flash lamp ensures 
that it draws a negligible current. The capacitor 
charges as if the lamp were absent. At Vb, how-
ever, the lamp resistance quickly becomes neg-
ligible, and the capacitor discharges through the 
lamp as if the battery and the series resistor were 
absent. The time between the flashes is the time 
for the capacitor to charge to Vb.

The flash duration is roughly the time for the 
capacitor to discharge through the lamp, or about 
the time constant of the capacitor-lamp circuit.

The flash energy is the stored energy in the 
capacitor at 110 volt.

	 4.	 The flash interval is found by solving for 
the time when the capacitor voltage is  

Vb = 110 V. Vb = ε(l – e–t/CR), ln 12 = 2.5). 
The flash interval is
(a)	 2 sec	 (b)	 2/5 sec
(c)	 5/2 sec	 (d)	 1 sec

	 5.	 Time constant (τc) of the capacitor-lamp 
circuit is
(a)	 20 µs	 (b)	 15 µs
(c)	 30 µs	 (d)	 10 µs

	 6.	 Flash duration is
(a)	 10 µs	 (b)	 20 µs
(c)	 30 µs	 (d)	 5 µs

	 7.	 The energy in the flash is
(a)	 6.1 mJ	 (b)	 6.1 J
(c)	 3 mJ	 (d)	 12.2 mJ

PASSAGE–3

Most of the times we connect remote speakers 
to play music in another room along with the 
built-in speakers. These speakers are connected 
in parallel with the music system. At the instant 
represented in the picture, the a.c. voltage across 
the speakers is 6.00 V. The main speaker resist-
ance is 8.00 Ω and the remote speaker has 4.00Ω 
resistance.

	 8.	 The equivalent resistance of the speakers is
(a)	 12Ω	 (b)	 4Ω
(c)	 2.67Ω	 (d)	 0.375Ω

	 9.	 The total current supplied by the music  
system is
(a)	 2.25 A	 (b)	 1 A
(c)	 16 A	 (d)	 1.5 A

	10.	 The power dissipated in the speaker of  
4.00 Ω resistance is
(a)	 9 watts	 (b)	 4.5 watts
(c)	 13.5 watts	 (d)	 0
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Current Electricity    3.75

	11.	 The total power delivered by the music  
system is
(a)	 13.5 watts	 (b)	 0
(c)	 4.5 watts	 (d)	 9 watts

PASSAGE–4

Potentiometer is an ideal voltmeter as volt-
meter draws some current through the circuit 
while potentiometer needs no current to work. 
Potentiometer works on the principle of e.m.f.  
comparison. In working condition, a constant 
current flows through out the wire of potentiom-
eter using standard cell of e.m.f.e1. The wire of 
potentiometer is made of uniform material and 
cross sectional area and it has uniform resistance 
per unit length. The potential gradient, depends 
upon the current in the wire.

A potentiometer with a cell of e.m.f. 2 V and 
internal resistance 0.4Ω is used across the wire 
AB. A standard cadmium cell of e.m.f. 1.02 V 
gives a balance point at 66.3 cm length of wire. 
The standard cell is then replaced by a cell of un-
known e.m.f.e and the balance point found simi-
larly turns out to be 82.3 cm length of the wire. 
The length of potentiometer wire AB is 1 m.

	12.	 The value of e is
(a)	 1.26 V	 (b)	 2.63 V
(c)	 1.83 V	 (d)	 none

	13.	 The reading of potentiometer if 4 V battery 
is used instead of e, is
(a)	 88.3 cm
(b)	 47.3 cm
(c)	 95 cm
(d)	 can not be calculated

	14.	 If the resistance is connected across the cell 
e, the balancing length will be
(a)	 increase	 (b)	 decrease
(c)	 remains same	 (d)	 None

SUBJECTIVE QUESTIONS

	 1.	 A battery of emf 9 V and negligible internal 
resistance is connected to a 3kΩ resistor. 
The potential drop across a part of the 
resistor (between points A and B in fig-
ure) is measured by (i) a 20kΩ voltmeter,  

(ii) a 1kΩ voltmeter. In (iii) both the 
voltmeters are connected across AB. In 
which case would you get the (1) highest,  
(2) lowest reading?

	 2.	 The current in a conductor is 5 A when the 
voltage between the ends of the conductor 
is 12 V.
 (i)	� What is the resistance of the  

conductor?
(ii)	� What will be the current in the same 

conductor if the voltage is increased  
to 42 V?
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3.76    Current Electricity

	 3.	 (a)	� In a metre bridge, (Figure) the balance 
point is found to be at 39.5 cm from the 
end A, when the resistor Y is of 12.5Ω. 
Determine the resistance of X. Why are 
the connections between resistors in 
a Wheatstone or metre bride made of 
thick copper strips?

(b)	� Determine the balance point of the 
bridge above if X and Y are inter-
changed.

(c)	� What happens if the galvanometer and 
cell are interchanged at the balance 
point of the bridge? Would the galva-
nometer show any current?

	 4.	 In the circuit shown what are the potentials 
at B, C and D?

	 5.	 A battery of emf 10 V and internal resis-
tance 3Ω is connected to a resistor. If the 
current in the circuit is 0.5A, what is the 
resistance of the resistor? What is the termi-
nal voltage of the battery when the circuit is 
closed?

	 6.	 A fuse made of lead wire has an area of 
cross-section 0.2 mm2. On short circuiting, 
the current in the fuse wire reaches 30 amp. 
How long after the short circuiting will the 
fuse begin to melt? Specific heat capacity of 
lead = 134.3 J/kg-K.
Melting point of lead = 327ºC
Density of lead = 11340 kg/m3

Resistivity of lead = 22 × 10–8 ohm-h
Initial temperature of the wire = 20ºC
Neglect heat loss.

	 7.	 Find the current in the three resistors shown 
in figure.

	 8.	 Flow of charge through a surface is given  
as: Q = 4t2 + 2t (for 0 to 10 sec.)  
(a) Find the current through the surface at 
t = 5sec. (b) Find the average current for  
(0 – 10 sec)

	 9.	 At the temperature 0ºC electric resistance of 
conductor 2 is η times that of conductor 1. 
Their temperature coefficients of resistance 
are equal to α2 and α1 respectively. Find 
the temperature coefficient of resistance of 
a circuit segment consisting of these two 
conductors when they are connected (a) in 
series (b) in parallel

	10.	 Figure shows a conductor of length l having 
a circular cross-section. The radius of cross-
section varies linearly from a to b. The 
resistivity of the material is ρ. Assuming 
that b – a << l, the resistance of the conduc-
tor is
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Current Electricity    3.77



	11.	 The region between two concentric con-
ducting spheres of radii ra and rb is filled 
with a material of resistivity ρ.
(a)	� Show that the resistance between the 

spheres is given by, R 1 1
4 a br r

 ρ
= − π  

(b)	� Drive an expression for the current den-
sity as a function of radius, if the poten-
tial difference between the spheres is 
Vab.

	12.	 In the circuit shown,

  (i)  Find current i1

 (ii)  Find current i2

(iii)  Find potential difference (VC – VE)
(iv)  Find potential difference (VA – VG)

	13.	 Six cells are connected (a) in series, (b) in 
parallel and (c) in 2 rows each containing  
3 cells. The emf of each cell is 1.08 V and 
its internal resistance is 1 ohm. Calculate 
the currents that would flow through an 
external resistance of 5 ohm in the three 
cases.

PREVIOUS YEARS’ IIT-JEE QUESTIONS

	 1.	 A battery of internal resistance 4Ω is con-
nected to the network of resistances as 
shown. In order that the maximum power 
can be delivered to the network, the value 
of R in Ω should be
� [1995]

(a)	 4/9	 (b)	 2
(c)	 8/3	 (d)	 18

	 2.	 A steady current flows in a metallic conduc-
tor of nonuniform cross-section. The quan-
tity/quantities constant along the length of 
the conductor is/are
� [1997]
(a)	 current, electric field and drift speed
(b)	 drift speed only
(c)	 current and drift speed
(d)	 current only

	 3.	 Find the emf (E) and internal resistance (r) 
of a single battery which is equivalent to 
a parallel combination of two batteries of 
emfs V1 and V2 internal resistances r1 and r2 
respectively with their similar polarity con-
nected to each other.
� [1997]

	 4.	 In the circuit shown in the figure, the cur-
rent through
� [1998]

(a)	 the 3Ω resistor is 0.50 A
(b)	 the 3Ω resistor is 0.25 A
(c)	 4Ω resistor is 0.50 A
(d)	 the 4Ω resistor is 0.25 A

	 5.	 In the circuit shown P ≠ R, the reading of 
the galvanometer is same with switch S 
open or closed. Then
� [1999]
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3.78    Current Electricity

(a)	 IR = IG	 (b)	 IP = IG

(c)	 IQ = IG	 (d)	 IQ = IR

	 6.	 In the given circuit, it is observed that the 
current I is independent of the value of the 
resistance R6. Then the resistance values 
must satisfy
� [2001]

(a)	 R1R2R5 = R3R4R6

(b)	
5 6

1 1
R R

+
1 2 3 4

1 1
R R R R

= +
+ +

(c)	 R1R4 = R2R3

(d)	 R1R3 = R2R4 = R5R6

	 7.	 A wire of length L and 3 identical cells 
of negligible internal resistances are con-
nected in series. Due to the current, the 
temperature of the wire is raised by ∆T in a 
time t. A number N of similar cells is now 
connected in series with a wire of the same 
material and cross-section but of length 2L. 
The temperature of the wire is raised by the 
same amount ∆T in the same time t. The 
value of N is
� [2001]
(a)	 4	 (b)	 6
(c)	 8	 (d)	 9

	 8.	 The effective resistance between the points 
P and Q of the electrical circuit shown in 
the figure is
� [2002]

(a)	 2Rr/(R + r)
(b)	 8R(R + r)/(3R + r)
(c)	 2r + 4R
(d)	 5R/2 + 2r

	 9.	 A 100 W bulb B1, and two 60 W bulbs B2 
and B3, are connected to a 250 V source, as 
shown in the figure. Now W1, W2 and W3 are 
the output powers of the bulbs B1, B2 and B3 
respectively. Then
� [2002]

(a)	 W1 > W2 = W3	 (b)	 W1 > W2 > W3

(c)	 W1 < W2 = W3	 (d)	 W1 < W2 < W3

	10.	 A thin uniform wire AB of length 1 m, 
an unknown resistance X and a resistance 
of 12Ω are connected by thick conduc-
ing strips, as shown in figure. A battery 
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Current Electricity    3.79

and a galvanometer (with a sliding jockey 
connected to it) are also available. Con-
nections are to be made to measure the 
unknown resistance X using the principle of 
Wheatstone bridge. Answer the following  
question.

(a)	� Are there positive and negative termi-
nals on the galvanometer?

(b)	� Copy the figure in your answer book 
and show the battery and the galva-
nometer (with jockey) connected at 
appropriate points.

(c)	� After appropriate connections are made, 
it is found that no deflection takes place 
in the galvanometer when the sliding 
jockey touches the wire at a distance 
of 60 cm from A. Obtain the value of 
resistance X.

	11.	 Express which of the following set-up can 
be used to verify Ohm’s law?
� [2003]

(a)	

(b)	

(c)	

(d)	

	12.	 In the given circuit, no current is passing 
through the galvanometer.
If the cross-sectional diameter of AB is 
doubled then for null point of galvanometer 
the value of AC would
� [2003]

(a)	 x	 (b)	 x/2
(c)	 2x	 (d)	 none

	13.	 The three resistance of equal value are 
arranged in the different combinations 
shown below. Arrange them in increasing 
order of power dissipation.
� [2003]
  I	

 II	

III	

IV	

(a)	 III < II < IV < I	 (b)	 II < III < IV < I
(c)	 I < IV < III < II	 (d)	 I < III < II < IV

	14.	 How a battery is to be connected so that 
shown rheostat will behave like a potential 
divider?

Also indicate the points about which output 
can be taken.
� [2003]
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3.80    Current Electricity

	15.	 Six equal resistances are connected between 
points P, Q and R as shown in the figure.

Then the net resistance will be maximum 
between
� [2004]
(a)	 P and Q	 (b)	 Q and R
(c)	 P and R	 (d)	 any two points

	16.	 For the post office box arrangement to 
determine the value of unknown resistance, 
the unknown resistance should be con-
nected between
� [2004]

(a)	 B and C	 (b)	 C and D
(c)	 A and D	 (d)	 B1 and C1

	17.	 In an RC circuit while charging, the graph 
of ln I versus time is as shown by the dotted 
line in the adjoining diagram where I is the 
current.

When the value of the resistance is doubled, 
which of the solid curves best represents the 
variation of ln I versus time?
� [2004]
(a)	 P	 (b)	 Q
(c)	 R	 (d)	 S

	18.	 Draw the circuit for experimental verifica-
tion of Ohm’s law using a source of variable 
D.C. voltage, a main resistance of 100Ω, 
two galvanometers and two resistances of 
values 106Ω and 10–3Ω respectively. Clearly 
show the positions of the voltmeter and the 
ammeter.
� [2004]

	19.	 A moving coil galvanometer of resistance 
100Ω is used as an ammeter using a resis-
tance 0.1Ω. The maximum deflection cur-
rent in the galvanometer is 100 µA. Find 
the minimum current in the circuit so that 
the ammeter shows maximum deflection.
� [2005]
(a)	 100.1 mA	 (b)	 1000.1 mA
(c)	 10.01 mA	 (d)	 1.01 mA

	20.	 An ideal gas is filled in a closed rigid 
and thermally insulated container. A coil 
of 100Ω resistor carrying current 1 A for 
5 minutes supplies heat to the gas. The 
change in internal energy of the gas is
� [2005]
(a)	 10 kJ	 (b)	 30 kJ
(c)	 20 kJ	 (d)	 0 kJ

	21.	 Find the value of current through 2Ω resis-
tance for the given circuit.
� [2005]

(a)	 5A	 (b)	 2A
(c)	 zero	 (d)	 4A

	22.	 An unknown resistance X is to be deter-
mined using resistances R1, R2 or R3. Their 
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Current Electricity    3.81

corresponding null points are A, B and C. 
Find which of the above will give the most 
accurate reading and why?
� [2005]

	23.	 Two wires AB and BC, each of length 
L/2 are made of the same material. The 
radius of wire AB is 2r and of wire BC is r. 
The current I flows through the composite 
wire (figure). Choose the correct of the  
following:
� [2006]

(a)	� Potential difference across BC is twice 
that across B

(b)	� Potential dissipated in BC is four times 
the power dissipated in AB

(c)	� Current densities in AB and BC are 
equal

(d)	 Electric field in AB and BC are equal.

	24.	 A resistance of 2Ω is connected across one 
gap of a meter-bridge (the length of the 
wire is 100 cm.) and an unknown resis-
tance, greater 2Ω, is connected across the 
other gap. When these resistances are inter-
changed, the balance point shifts by 20 cm. 
Neglecting end corrections, the unknown 
resistance is
� [2007]

(a)	 3Ω	 (b)	 4Ω
(c)	 5Ω	 (d)	 6Ω

	25.	 Figure shows three resistor configurations 
R1, R2 and R3 connected to 3 V battery. If the 
power dissipated by the configuration R1, R2 
and R3 is P1, P2 and P3, respectively, then
� [2008]
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3.82    Current Electricity

(a)	 P1 > P2 > P3	 (b)	 P1 > P3 > P2

(c)	 P2 > P1 > P3	 (d)	 P3 > P2 > P1

	26.	 STATEMENT-1: In a meter bridge experi-
ment, null point for an unknown resistance 
is measured. Now, the unknown resistance 
is put inside an enclosure maintained at a 
higher temperature. The null point can be 
obtained at the same point as before by 
decreasing the value of the standard resis-
tance. 
STATEMENT-2: Resistance of a metal 
increases with increase in temperature.
� [2008]

(a)	� STATEMENT-1 is True, STATE-
MENT-2 is True; STATEMENT-2 
is a correct explanation for STATE-
MENT-1

(b)	� STATEMENT-1 is True, STATE-
MENT-2 is True; STATEMENT-2  
is NOT a correct explanation for 
STATEMENT-1

(c)	� STATEMENT-1 is True, STATE-
MENT-2 is False

(d)	� STATEMENT-1 is False, STATE-
MENT-2 is True

� [2008]

Answers 

ONLY ONE OPTION IS CORRECT
 1. (a) 2. (d) 3. (b) 4. (a) 5. (d) 6. (c) 7. (b) 8. (a) 
 9. (a) 10. (d) 11. (c) 12. (c) 13. (b) 14. (d) 15. (b) 16. (b) 
 17. (b) 18. (a) 19. (b) 20. (a) 21. (a) 22. (d) 23. (d) 24. (d) 
 25. (c) 26. (b) 27. (d) 28. (d) 29. (d) 30. (a) 31. (b) 32. (d) 
 33. (c) 34. (a) 35. (b) 36. (c) 37. (d) 38. (b) 39. (c) 40. (a) 
 41. (d) 42. (a) 43. (d) 44. (d) 45. (b) 46. (c) 47. (b) 48. (d) 
 49. (c) 50. (b) 51. (c) 52. (d) 53. (d) 54. (c) 55. (a) 56. (b) 
 57. (a) 58. (a) 59. (d) 60. (a) 61. (b) 62. (c) 63. (a) 64. (d) 
 65. (a) 66. (b) 67. (d) 68. (c) 69. (b) 70. (a) 71. (c)

ONE OR MORE THAN ONE CHOICE MAY BE CORRECT
 1. (a, c, d) 2. (a, b, c) 3. (a, b) 4. (a, b, c, d) 5. (b, c) 6. (a, c) 7. (a, b, c) 8. (a, c) 
 9. (a, d) 10. (b, c) 11. (a, b, c) 12. (b, c) 13. (a, b, c, d) 14. (a, c) 15. (a, b, c, d)

ASSERTION AND REASON QUESTIONS
 1. (b) 2. (c) 3. (d) 4. (b) 5. (c) 6. (c) 7. (c) 8. (a) 
 9. (b) 10. (d) 11. (d) 12. (c) 13. (d) 14. (c) 15. (a) 16. (a) 
 17. (a) 18. (c)

MATCH THE COLUMN TYPE QUESTIONS
 1. (a) → q, (b) → r, (c) → r, (d) → r   2. (a) → q, (b) → p, (c) → r, s (d) → r, s
 3. (a) → q, (b) → t, (c) → r, (d) → p   4. (a) → q, (b) → p, (c) → r, (d) → s
 5. (a) → q, (b) → s, (c) → s, (d) → q   6. (a) → q, (b) → r, (c) → p, (d) → q
 7. (a) → q, (b) → r, (c) → p, (d) → q   8. (a) → q, (b) → p, (c) → q, (d) → p
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Current Electricity    3.83

	 Hints and ExplanAtions

SUBJECTIVE QUESTIONS

	 1.	 The 20KΩ voltmeter gives the highest read-
ing; the last case (both the voltmeters across 
AB) gives the lowest reading.

	 2.	 (i)	 Given that I = 5A; V = 12 V; R =?

	
12 2.4
5

V VR
I A

= = = Ω

(ii)	 It the voltage applied becomes 42 V

	
42 17.5

2.4
V VI A
R ohm

= = =

	 3.	 (a)	 X = 8.2Ω to minimise resistance of the 
connection which are not accounted for in 
the bridge formula.
(b)	 60.5 cm From A, (c) The galvanometer 
will show no current.

	 4.	 11 Volt, 9 Volt, 6 Volt

	 5.	 17Ω, 8.5 V

	 6.	 If L be the length of the wire, its resistance

8

6 2

(22 10 )
(0.2 10 )

L LR
A m

−

−

ρ ×
=

×
Heat produced in the wire in one second = 
I2R = (30)2 RJ
Heat required to raise the temperature of the 
wire to 327ºC

Q = ms∆T = (LAd)(134.4)(307)J

The required to melt the wire

	
2

134.4 307Q LAd A
I R I L

× ×
= = ×

×ρ

	

2

2

A d
I

=
ρ

× 134.4 × 307 = 0.0945 s

	 7.	 0 Amp

	 8.	 (a)	 Instantaneous current

	
2(4 2 ) 8 2dQ dI t t t

dt dt
= = + = +

at    t = 5 sec; I = 8 × 5 + 2 = 42 Amp

(b)	 Average current

	
Q QI
t t

∆
= =

∆

24 (10) 2 10
10

× + ×
=

		

	    
420 42 .
10

Amp= =

	 9.	 (a)	 α = (α1 + ηα2)/(1 + η); (b)  α ≈ (α2 + 
ηα1)/(1 + η)

	10.	 ρℓ/πab

	11.	 (b)	 2
b a

b a

r rVJ
r r r

 
=  ρ − 

	12.	 (i) 1A (ii) 2A (iii) –5 V (iv) 30 V

	13.	 (a)	 The cells in series.
Given that � ε = 1.08 V, n = 6, r = 1 ohm,  

R = 5 ohm

 9. (a) → p, (b) → q, (c) → r, (d) → s   10. (a) → q, (b) → p, (c) → r, (d) → s
 11. (a) → p, (b) → q, (c) → r, (d) → s   12. (a) → p, (b) → q, (c) → r, (d) → s
 13. (a) → q, (b) → r, (c) → r, (d) → p

PASSAGE BASED QUESTIONS
 1. (d) 2. (c) 3. (a) 4. (c) 5. (d) 6. (c) 7. (a) 8. (c) 
 9. (a) 10. (a) 11. (a) 12. (a) 13. (d) 14. (c)
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3.84    Current Electricity

The total emf = nε = 6 × 1.08 V
The total internal resistance  
	 nr = 6 × 1 = 6 ohm
The current in the circuit

     
s

nI
R nr

ε
=

+
6 1.08 0.589

5 6
A×

= =
+

(b)	 The cells in parallel,
Here ε = 1.08 v, m = 6, r = 1 ohm, R = 5 
ohm

p
mI

mR r
ε

=
+

6 1.08 6.48 0.209
6 5 1 31

A×
= = =

× +

(c)	 The cells in multiple are with n = 3, m = 2

 
mnI

mR nr
ε

=
+  

    
6 1.08 6.48 0.498

(2 5) (3 1) 13
A×

= = =
× + ×

PREVIOUS YEARS’ IIT-JEE QUESTIONS

	 1.	 (b)

	 2.	 (d)
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