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Elecirostatic Potential and Capacitance
Electrostatic Potential

It is the potential energy possessed by a unit positive charge at the given point in an electric field and is measured
by the amount of work done in moving a unit positive charge from infinity to the given point against the field. It is
a scalar quantity and is measured in volt.

v=—de=—jE.dF

The electric potential (V) at a distance r from a charge q is given by V = 2 ! [ﬂ .
g,

If AU is the change in potential energy of a system on a charge g move through a distance the against an electric
field E, then AU=—qEd .

=

. . L A
Electrostatic potential at a pointis V = AY
q

The potential energy per unit positive charge at a point in an electric field is
called the electric potential at that point.

Potential due to a point charge = q
dng, 1 >x
Potential due to a charged spherical conductor is = Q )
4me X Potential due to a charged

- . spherical conductor
where x is distance of the point from the center of charged sphere.

For points on the surface or inside the conductor the potential is

Q

4ng,r

. The work done in moving a charged particle from one point to another in an electrostatic
field depends only on the initial and final points, but not on the path between the two
points. In figure the work done per unit charge in moving from A to B along all the paths
1, 2,3 and 4 are equal. i.e., Wy = W, = W3 = W, = W (say). The work done W =V ~ Vg.

«  Work done in moving a charge over a closed path in an electric field is zero. Electric field Paﬂ} indeEZ”dence
oT wor one

is a conservative field.

) The electric potential at a point due to positive charges is positive and due to negative charges is negative. The net
potential at a point is the algebraic sum of the potentials due to different charges. Electric potential is scalar
additive. Only the potential difference between two points
Va ~ Vg has a definite value. But, the absolute values of V4 and Vg are arbitrary and they have no physical
significance. Only potential difference between two points is physically meaningful.

o The potential difference between two points is the work done in moving one coulomb of positive charge from one
point to the other. It is measured in volt.

Vo q(2a)cosO r)f

o Electric potential at a point due to a short dipole is given by i m—
gl gl

where p = electric dipole moment.
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o Potential at a point due to a dipole on the axial line is inversely proportional to the square of the distance from the

dipole. At large distances, V o« 12 , Whereas, for a point charge, V o« 1
r r

> Potential is maximum (6 = 0 or = and cos 6 = + 1), along the axis of the dipole.
»  Atany point on the equatorial line, potential is zero (Thus, equatorial line of a dipole is equipotential).

o Electric potential due to a system of charges is given by V = 2 ! Zﬁ.
TEq f
. . dQ
o For a continuous distribution of charge, V =J.
4dng,r

> dQ =Adl, for linear distribution of charge.
dQ =odS, for surface distribution of charge.

A\

> dQ =pdv, for volume distribution of charge.

Equipotential surface

An equipotential surface is a surface passing through points at the same electric potential.
Equipotential surfaces around a point charge are concentric spherical surfaces.

Equipotential surfaces around a charged cylinder or line of charge are concentric cylindrical surfaces.
Equipotential surfaces due to a large charged plane are planes parallel to the surface.

Y V VYV VY

For a uniform spherical distribution of charges (like a spherical shell or a sphere), the equipotential outside the

spheres are concentric spheres around the centre of distribution of charges.

»  All the lines in a plane passing through the centre of a dipole and perpendicular to the axis of the dipole lie on an
equipotential surface of zero potential. If the dipole lies along x-axis, the y-z plane (x = 0) is an equipotential
surface with VV = 0.

> Electric field lines are perpendicular to an equipotential surface and hence work done in moving a charge on an

equipotential surface is zero.

Potential energy

1 a9,

e Potential energy of a system of two charges is given by U =
e, 1,

o Potential energy of a system of three charges is given by U =( ! J[qlqz L9 qul}
4rme, P M3 I3

e Energy of a system of several point charges is given by U = ZUU. =Z( ! ](%]

4me, I

i#] i#]
Capacitors

When a conductor is charged, the charge spreads on its surface. If the conductor is smooth, it retains the charge for
considerable time. Thus, a conductor can be used to store charge. The ability of a conductor to store charge is
called its capacitance.

The capacitance of a conductor is defined as its ability to store charge and is measured by the ratio of the charge
added to the conductor to the rise in its potential.
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ie.,ng
Vv

The unit of capacitance in Sl is farad (F). One farad is the capacitance of a conductor if its potential rises by 1 volt
when a charge of 1 coulomb is added to it.

Capacitance of a Spherical Conductor
Consider a spherical conductor of radius r. Its capacitance, C = 4me,r.

If the capacitor is filled with a dielectric of relative permittivity € ,C=4ngze.r.

e When C=1F, r=9x10°, m=9 x 10° km, i.e. the size of conductor needed to have a conductor of capacitance of 1 C is 9
x 10° km.

Principle of a capacitor
An earthed conductor kept close to a charged conductor decreases the potential of the charged conductor. Hence

Q

for a given Q, the corresponding V is small; hence the ratio C v, is large. i.e., the capacitance of the conductor

increases.

Capacitor
It is an arrangement of two conductors separated by a dielectric. One important use of a capacitor is to store
charge.

Capacitance of some simple capacitors

(a) Spherical capacitor
R =n"°r, where g, Is the relative permittivity of the medium between the outer sphere of radius b and inner sphere

of radius a.

& C can be increased by
. decreasing (b — a) i.e., by bringing the spheres as close as possible, introducing a medium of higher «,.

(b) Parallel plate capacitor
C= % where g, is the relative permittivity of the medium between two parallel plates of area A and separated
by a distance d.

2me e, L

2.303log,, :

(c)Cylindrical capacitor: C= where L is the length, b is the radius of the outer cylinder and a is

the radius of the inner cylinder.

° Suppose there are n charged drops, each of capacitance C, charged to potential V with charge q, surface density o
and potential energy U coalesce to form a single drop. For such a drop,

e |° Total charge =n q

. Total capacitance = n** C

. Potential = n**v

. Surface density of charge = n'* &, and




Ramanujan School of Physics

. Total potential energy = n?® U.
° Capacitance of a parallel plate capacitor with a dielectric slab of thickness t is given by: E'= F
o For a conducting slab, K = o - Q'=0Q
° If dielectric slab fills the entire space between the plates (instead of filling it partially), then
V
t=d. In that case, ——
K+1
° Clearly, capacitance increase on introducing a conducting slab as well as dielectric slab between the plates of an air
capacitor.
° The capacitance of a parallel plate capacitor having a number of slabs of thickness t;, t5, t3, ... and dielectric
. . . g,A
constants Ky, Ky, Ks, ... respectively in between the plates is C = 0
t, t, t,
— =+
Kl KZ K3
. Obviously, distance between the plates in this case isd =t; + t, + t3 + ...

° When a number of dielectric slabs of same thickness (d) and different areas of cross-section A, A,, As, ... having
dielectric constants Ky, K, Ka, ... respectively are placed between the plates of a parallel plate capacitor, its
(KA, + KA, + KA+ ....)

capacitance is given by C = 4

Effect of introducing a metal plate

If a metal plate of thickness ‘t’ is held parallel in between the plates of a parallel plate
capacitor, the electric field inside the metal will be zero. Work done in moving a unit l\lflzttzl

charge from negative to positive plate is V =E(d—t). The distance between the plates 0

effectively decreases. Hence the potential difference decreases and capacitance

increases. «— i —>
Since E= Q , potential difference, V = i(d —-t1).
Ag, Ag,
Hence, C= Q_&h
Vo d-t

Series combination

A number of capacitors connected end to end such that each capacitor acquires the same charge is called a series

combination. If C is the equivalent capacitance,

O orlzziand V=V, +V,+V,+...+V,
C C C, C, C C,
1 1 1 1 ClCZ
. For a series combination of two capacitors C=—1"2—
C +C,

&E |- If C; = Cy, then Cz%z%

. The equivalent capacitance of n number of identical capacitors, each of capacitance C, in series
is equal to (C/n).
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Parallel combination

A number of capacitors are said to be in parallel if they are connected between two points such that the potential

difference between each of them is the same.
Insuchacase C=C,+C,+C,... and C, =) C,

Also Q=0Q,+Q,+Q;+...

i The equivalent capacitance of n number of identical capacitors, each of capacitance C, in parallel is
equal to nC.

Energy stored in a capacitor

Work done in charging a capacitor is stored in it in the form of electrostatic energy, given by
1

2
E= ECVZ = % QV = % % when Q is in coulomb, V is in volt and C is in farad, energy E is in joule.

When two capacitors charged to different potentials are connected by a conducting wire, charge flows from the one

at higher potential to the other at lower potential till their potentials become equal. The equal potential is called
total charge ¢, +g, C,V, +C)V,

common potential (V), where V= - =
total capacitance C, +C, C,+C,

_ 2
Loss in energy due to sharing of charges is given by E,—E, = % |
1 T8,

Dielectrics

Dielectrics are of two types: non polar and polar. The non polar dielectrics (like N, O,, benzene, methane) etc., are
made up of non polar atoms/molecules, in which the centre of mass of positive charge coincides with the centre of
mass of positive charge. And for polar molecules, the centre of mass of positive charge does not coincide with the
centre of mass of negative charge of the atom/molecule.

Dielectric constant and capacitance

Consider two identical capacitors A and B. A has a medium of relative permittivity €, and B has air or vacuum in

between the plates. Cn and Cg are the capacitances. Then ¢, = &

B

. It can be shown that the ratio of the fields (E;/E,)=¢, or Eg=(E,/¢g,).
Since C=%(K1+K2) i.e., the dielectric medium decreases the field and hence, the potential of a

capacitor also decreases.
" A non polar dielectric can be polarized by applying an external electric field on the dielectric.
@& | The effective electric field (E) in a polarized dielectric is given by E =E, - E, where E, is strength of
external field applied and Ep is intensity of induced electric field set up due to polarization. It is
equal to surface density of induced charge. The ratio (E,/E) = K, dielectric constant.
" When a dielectric slab is placed in between the plates of a parallel plate capacitor, the charge
(K-1)

induced on its sides due to polarization of dielectric is g, =q =
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" When an insulating slab of dielectric constant K is introduced between the plates of a parallel
plate capacitor and
(a) the charging battery is on:

(i) potential difference V remains constant

(if)  electric field E remains constant,

(iii) capacitance C becomes K times

(iv) potential energy U becomes K times

(v) charge g becomes K times

(vi) surface density of charge o becomes K times.
(b) the charging battery is disconnected:

(i)  capacitance C becomes K times

(i) charge g remains constant

(ili) o remains constant

(iv) 'V becomes 1/K times

(v) E becomes 1/K times

(vi) potential energy becomes 1/K times.

Types of capacitors in use

Type

Application

Variable air core capacitor

Tuning circuits

Mica capacitors

High frequency circuits

Paper capacitors

General purpose

Ceramic capacitors

General purpose

(@)
(b)

(©)

Van De Graff generator

1. A proton moves in the direction of the electric field. Let AU represent the change in its potential energy and AW
represent the work done by the electric field. Then
(A) both AU and AW are positive (B) both AU and AW are negative
(C) AU is negative but AW is positive (D) AU is positive but AW is negative

Ans (C)
As the proton moves in the direction of the electric field, both its displacement and the electric force acting on it are
in the same direction. Hence, AW is positive. Since AU = —AW, its potential energy decreases. Hence, AU is
negative.

2. Suppose the electric potential outside a living cell is higher than that inside by 0.05 V. The work done by the

Rectifier circuits

Electrolytic capacitors

It is an electrostatic machine used to produce very high potential of the order of few million volts. It is based on the
following principles:

discharge action at sharp points

charges given to the inner surface of a sphere move to the outer surface and the field inside
is always zero.

for a given sphere, increase of charges increases the potential.

electric force when a sodium ion moves from outside to inside is
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(A) +8x107%) (B) -8x10%°J (C) +8x107"J (D) —8x107"°)
Ans (A)

Sodium ion has a positive charge, q=1.6x10"°C

Work done by the electric force is given by, dW =qdV

dW =1.6x10"x0.05=8x10"J

3. The number of electrons passing through a 40 W bulb which is connected to a 24 V car battery in one hour is
(A) 4.75x10% (B) 1.75x10% (C) 2.75x10% (D) 3.75x10%
Ans (D)

Energy = power x time = 40 x 60 x 60 J.

. AU  40x60x60
Charge passing through the bulb, g=—=———
gep g g q AV 4

The number of electrons passing through the bulb, n = a_ M =3.75x10%
e 24x1.6x10

4, A proton, a deuteron and an a-particle are accelerated through the same potential. The ratio of their velocities will

be
(A) 1:42:1 (B) J2:1:42 © J2:1:1 (D) 1:1:42
Ans (C)
The kinetic energy gained by a charged particle is equal to the potential energy lost by the charged particle. ..
1

Zmo® =qV
=
m m

e qg./dq.[2q 101 1.
. 0,00 = ]— ] —=1l—=—==+2:1:1
% Ya-Y Vm \V2m \4m J2 2

5. The electric potential decreases uniformly from 150 V to 50 V as one moves along the x-axis from a point at x = —

1cmto x = 1 cm. The electric field at the origin.

(A) is greater than 50 V cm™ (B) is less than 50 V cm™
(C) is equal to 50 V cm™ (D) is equal to greater than 50 V cm™*
Ans (D)

o AV S0-180 100 5y o
AX  1-(-) 2

As E, and E, are not known, E at the origin can be either equal to or greater than 50 \V cm™.

6. Three charges each of magnitude 1 uC are placed at the vertices of an equilateral triangle of side 10 cm. The
electric potential at the centre O of the triangle is
(A) 27/3x10"V (B) 27+/3x10"°V (C) 5.4x10°V (D) zero

Ans (A)
Since each charge is at the same distance from the centre O of the triangle, the net potential at O is the three times

the potential due to each charge.

]
Ame, 1

since rcos30=5x1072, r

_ 5x107 10x107°
c0s30 J3
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-6
.V, =3x9x10° (Mj =27/3x10" V

10x107?
7. In infinite number of charges each equal to q are placed on the x-axis of a coordinate system at
X=1Imx=2mx=4m,Xx=8m. and so on. The potential at the origin due to the infinite set of charges is
A B C D) infinite
) 47180 ®) 47580 ©) 47580 ®)
Ans (B)
Potential at the origin is the sum of potentials due to each charge.
Lloae, ]
47580 1 2 4

8. An amount of charge Q is distributed uniformly along an insulating ring of radius R. The electric potential on the
axis of the ring at a distance r from the centre of the ring is

1 Qr 1 Q
3/2 (B) 3/2
4ney (R +12) 4ne, (R2 +1?)
1 1
(©) 9 T (D) —%
4mey (R? 4 12) dney (R2+12)
Ans (C)
Consider an element of charge dQ. The potential due to this charge at P is given by
a0
dVv = 1 d 1 dQ i
47‘[80 d 4’It80 \/(R2 +r?) 7\
+ NSl
The potential at P due to the entire ring is given by b };——r——::-P
Q Nk
V = dV = B — "_"_ +
J. 4ngyN R2 +r? j 47580\/ R? +r? ++5++

9. Two point charges 4q and 16q are placed at a distance r apart. Suppose a third charge —q is placed in between, on
the line joining 4q and 164, so that the electric potential energy of the system of charges is minimum. The position
of the third charge is
(A) % from 4q (B) % from 16q © % from 4q (D) % from 16q

Ans (A)
Let the charge —q be placed at a distance x from the charge 4q as shown in the figure. The potential energy of the

system of charges is given by

1 [(4Q)(1GQ)+(4Q)(—Q)+(16Q)(—Q)}

 4me, r X r—x
du df4 16 b7 169
For U to be minimum, —=0:>—[—+—}=0 = .
dx dxLx r-—x
. 4 16 4 16 2 2
e, ——+——=0=D0—="—"—="=—"—"_

x2 (r=x) X2 r=x X r—x
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r
= X=—
3

Note: The system will have minimum potential energy when the third charge is placed at the neutral point
produced by the other two charges.

10. Let g, and —q, are two charges separated by a distance d apart. Let A and B be —— r two points
at distances r; and r, from the charge q; where the net electric potential due to 4, A -2 B the two
charges is zero as shown in the figure. Then ’

(A) 1, =( ql jd; 3 =(—q2 jd ®)r, =( %, jd; 3 =[ 9, ]d
ql+q2 q1+q2 q1+q2 q1+q2

©) rlz( % ]d; r, =[—qz Jd (D) rlz( % jd; r, =( % ]d
q,+0, 0,—q, 0,—0, q,+0,

Ans (C)

For the potential at A to be zero,
1 g, 1 (%) _,
dme, 1, 4dme, (d-r,)
ie., G % . rlz(—q1 Jd
n d_rl g, +Qq,
For the potential at B to be zero.
1 g, 1 (%) _
4ne, 1, 4me, (r,—d)
ie., G_ % . r, =( % )d
f, I, —d q,—-q,

11. A metallic sphere of radius R; is charged to a potential V. If it is enclosed by a spherical conducting shell of radius
R, and connected to it, its new potential will be
(A) zero (B) V R, (SR Ry (D) V Ry

R, R, R,+R,
Ans (B)
If Q is the charge on the metallic sphere, its potential is given by V = ! Rg When it is surrounded by a
e, Ny
spherical conducting shell of radius R, and connected to it, the charge on the sphere is completely transferred to the
spherical shell. The potential of the spherical shell is given by V'= ! Rg . All points inside the spherical shell
ey R,
will be at this potential. Hence, the new potential of the metallic sphere will also be V'.
VR (R
V R, R,

12.  Three concentric metallic spherical shells A, B and C of radii a, b and ¢ with a < b < ¢, have surface charge
densities o, —c and o respectively. The potential of the spherical shell A is
(A) Z(a-b+c) B) Z(a+b+c) ©€) Z(b-a+c) D) Z(c-b+a)

€y €g €g €y
Ans (A)

The potential at any point inside a spherical shell is the same as that on its surface. Since the shell A is enclosed
within the shells B and C, its potential is the sum of its own potential and the potentials due to B and C.
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Hence V, = ! &+ 1 $+ ! &
4ne, a 4mng, b 4mg, C

1 [o(4na2) _ol4n?) G(4ncz)}

- 4me, a b c
~%(a-b+c)
&

13.  Of the following graphs the variation of electric potential (V) due to a hollow charged conducting sphere of radius
R with distance r from its centre is represented in

vV vV VvV |4
_1i 0 +ia —Ii §) +1=2 r /_I:e_o_+;e\ r RO g
(A) (B) ©) (D)

Ans (C)
The potential inside a charged hollow conducting sphere is a constant which is equal to the potential on the surface.
The potential outside the charged sphere varies inversely as the distance from the centre of the sphere.

14.  Two metal spheres A and B of radii 1 mm and 2 mm are initially charged with 20 nC and 10 nC respectively. They
are brought in contact and then moved back to their initial positions. The common potential is
(A) 1125 kV (B) 180 kV (C) 45 kv (D) 90 kV
Ans (D)
When two charged metal bodies (spheres) are brought in contact, charge flows from one to the other until the two
conductors acquire the same potential.
Since, V, =V,, La_14q
dne, 1, A4me, T,
where g; and q;, are charges on the metal spheres after distribution of charges.

.G 1x10° 1
g, 1, 2x10° 2
qzI 22%‘

q, +, =q,+d, =20 nC+10nC

g, +20q, =30nC=q, =10nC, q, =20 nC
-9

10x10° _ o0y

03

L 9 g0
4me, 1 1x1

V' is also 90 kV. Thus the correct choice is (D)

\/1.:

15. A small metal sphere is attached to a wooden handle. Holding the wooden handle the metal sphere is introduced
into the space between two oppositely charged metal plate of a capacitor. Then
(A) The metal spheres acquires a net positive charge when held closer to the + ve plate and retains when brought
out the region.
(B) The metal acquires a net negative charge when held closer to the + ve plate and retains when brought out the
region.
(C) The two hemispherical surfaces of the metal sphere will have been oppositely charged when placed between
the metal plates but no net charge on being taken out.
(D) The sphere will have no net charge when placed in between the plates but acquires a net charge on being taken
out of the electric field.
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Ans (C)

Due to induction, the surface of the conducting sphere closer to the positive plate becomes negatively charged
while the opposite hemisphere acquires positive charged. However the net charge on the sphere is zero both when
put in between the plates or outside the two plates.

16. A parallel plate air capacitor has a capacitance of 1.3 pF. The separation between the plates is doubled and wax fills
the space between them. The new capacitance is 2.6 pF. The dielectric constant of wax used is
(A)35 B)7 (C) 4 (D) 5

Ans (C)

17.

The situations arising in the problem is introduction of a dielectric. On introducing a dielectric of relative
permittivity ¢, (or dielectric constant K), C increases.
CxK

. . . . . . A
The capacitance C, of the parallel plate capacitor of area of cross-section A and separation distance d is, C, = SOT .

g, KA

If the separation distance is doubled and the space is filled by wax, the new capacitance is C, = where K is

the dielectric constant of wax.

So & K or K=2 G
C, 2 C,

ie. K2l 20PF 1 e k=2,
1.3 pF

When a metal plate is introduced between the plates of a parallel plate capacitor its capacitance increases to 4.5
times the initial value. If d is the separation between the two plates of the capacitor, the thickness of the metal plate
introduced is

(A) d/3 (B) 5d/9 (C) 7d/9 (D) d
Ans (C)
. . €A
Initial capacitance C = rE
When a metal plate of thickness t is introduced, the new capacitance C' = (dgo—At)
Given C'=45C = £A =4.5‘°’OA Solving, we get tzﬁ
(d-t) d 9
18. A capacitor of capacitance C is charged to a potential V and then disconnected from the battery. The air in between
the plates of the capacitor is replaced by a dielectric constant K. The fractional decrease in the energy of the
capacitor is
1 1 1
A) — B) K C)1-— D) —
(A) " (B) © ” (D) 2
Ans (C)

On introducing a dielectric slab between the plates of a capacitor which is already charged Q remains unaltered

while V and C change. Thus, expressions containing both V and C should be avoided namely [U = %Cvzj :

2
Before the dielectric is introduced, Energy stored, U, = %8—

air

After the introduction of the dielectric, with the battery disconnected,
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1 Q° 1 @ . :
Energy stored, U, ==. == . Fractional decrease in energy
2 Cdiel 2 KCair
= le_&zl_i_
U, U, K
Aliter
U—EQV
2
1 1
Ui _Uf _ EQV' _EQVf _ V| _\/f
u 1 Y
i —QV. i
2Q '
But \/f :ﬁ Uf_Uf z\/l_(\/I/K) :1_1
K U, V, K

19. Two parallel plate capacitors of capacitance C and 2 C are connected in parallel and charged to a potential
difference V. The battery is then disconnected and the space between the plates of capacitance C is completely
filled with a material of dielectric constant K. The potential difference across the capacitors now becomes

\ 2V 3V 3V
A — B) — C) —— D
) K+1 ®) K+2 © K+2 ©) K+3
Ans (C)

When the capacitors are in parallel the pd across both capacitors are equal. On introducing a dielectric (dielectric

constant K) the capacitance of the capacitor increases to K times.
Initial charge on the system is Q=CV +(2C)V =3CV. On introducing a dielectric slab into the smaller (first)

capacitor its new capacitance is KC.
Thus, C 4 =KC+2C=(+2)C

Q remains constant.

Qi=Qn 1+ 3CV=C4xVy ; 3CV=(K+2)CV, ; .. Vg= 3V

K+2

Aliter
_CV,+CV, CV+2CV | %
T C,+C, (KC+2C) " K+2
20. A parallel plate air capacitor is charged to a potential difference V. After disconnecting the battery, the distance
between the plates of the capacitor is increased using an insulating handle. As a result, the potential difference
between the plates,
(A) does not change (B) becomes zero (C) increases (D) decreases

Ans (C)

Q

c= % On increasing d, ¢ decreases. In the given problem, V is fixed. Thus in the expression V =C Q remain

unaltered and C decreases. Thus, V increases.

21.  When a capacitor remains connected to a battery, a dielectric slab is introduced between the plates. Then,
(A) potential difference between the plates increases
(B) energy stored in the capacitor increases
(C) electric field between the plates decreases
(D) charge on the plates decreases
Ans (B)
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When a dielectric slab is introduced with the battery still connected, we know that V remains constant. V,, =V,

air diel —

constant.
B, xd=Ey,xd

where d = separation between the plates of the capacitor.
= By =B

al

From this it is clear that charges (A) and (C) are wrong.
U, _@2c,v: _c, 1

| air

U~ (1/2CuV? Cy K
- U; =KU,. Kbeing always > 1, U, >i, and hence the choice (B).

Also U = %QV since U; > U, and V is constant Q, >Q, and choice (D) is also wrong.

22.  Two identical capacitors 1 and 2 are connected in series to a battery as I %I
shown in figure. Capacitor 2 contains a dielectric slab of dielectric 1 2
constant K as shown. If Q; is the charge on each capacitor before

removing the slab and Q, is the charge on each capacitor after removing E
the slab, then the correct relation between Q; and Q..
Lo K @) &K+l © & 2K (o) K+
Q, K+1 Q, K Q, K+1 Q, 2K
Ans (C)

Since the two capacitors are in series both have equal charges. Let Q, be the charge on the system.
Then charge on the system is

CxKC K Q,(K+1)
=|—=|V,=| —|CV, .. V=""2ZZ (1
% (C+ch ! (K+1) ! ! KC M
On removing the dielectric slab the charge on the system is
CxC CV. 2Q
o V — 2 V = 2 2
0SS -2 o
) Q 2K
The battery being the same V, =V, from Eqgs. (1) and (2) we get Q_ =1
+
2

23. A parallel plate capacitor has two layers of dielectric as shown in the figure. This
capacitor is connected across a battery. The ratio of potential difference across

the dielectric layers (order K; and K5) is

(A) 2/3 (B) 3/2 (C) 4 (D) 1/4
Ans (B)
We have, C = €,5,A C,- 2¢,A C,- 6g,A
d 2d

Thus, since the capacitors are in series the charge g on each capacitor is the same.

6e, A d oV
=—-X .

[N

N w

N
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24,

A parallel plate capacitor of area A is filled with two dielectrics of dielectric constants K; and K, as shown in
figure. The equivalent capacitance is

Al KK, A
(A) C:T(K1+K2] (B) C= d (K +Ky)
g A K +K, _&A(K,
(C)C:T( 2 j Bre=- (2)

Ans (C)

When two dielectric slabs are placed as shown in the figure, we can imagine a metal plate of negligible thickness

separating the two dielectrics. Then, the system is equidistant to two capacitors C, and C, in series.
The given figure can be redrawn as follows.

T
a2 Al2 A2 | | A2
[ ]

[ ]
The capacitor system with two dielectric slabs placed side by side as shown is equivalent to two capacitors of

capacitances C; and C, in parallel.
Thus, the effective capacitance C=C, +C,.

But, C, = SoKl(dA/Z) and C, = SoKng/Z)
Al2 Al2
C={—8°( )Kl}{—go( )KZ} or C:ﬁ[—KﬁKZ]
d d d 2
25. A parallel plate capacitor has two layers of dielectrics as shown in the figure. Then the ratio of potential differences
across the dielectric layers when connected to a battery is a b
K K,a
A —L B) 2
(A) K, (B) K.b
K
©) K,b (D) K,a 1
K,a K,b
Ans (D)
The arrangement is equivalent to two capacitors in series.
.. Ratio of potential differences = inverse ratio of capacitances
e, ViV, =C,:C =S SA V) Kpa
b a V, Kb
26.  The equivalent capacitance of the given circuit is A
18 5 -
) By ®) 2uF Tor Lo A
5 18 1. =
1 6uF | 3uF & @
(C) 15 uF (D) —uF . T A
15 B 6
Ans (C)

[ 3

= 6 uF 9 uF — =

QO T
.
1
LA
DY
-

mL >
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27.

Three capacitors, each of capacitance C = 3 pF, are connected as shown in figure. The equivalent capacitance
between points P and S is
(A) 1 uF

(B) 3 uF CqQocC C g
(C) 6 uF P R

(D) 9 uF

Ans (D)

28.

The given circuit can be redrawn as shown.

PEI—‘LIH—l s =

c c R cC 'S PR =

O

SR TR B

TU)

O
O

So the capacitance acrossPand SisC+C+C=3C=3 3 uF) =9 uF

In the network shown, C; =6 uF and C =9 uF. The
equivalent capacitance between points Pand Qis  Pe—|
(A) 3 uF J_
(B) 6 uF T G
(C) 9 uF o—l I

(D) 12 uF ¢

O

RERas
T 19T

O

Ans (A)

The last three capacitors on the right, each of capacitance C = 9 uF, are in series, and are equivalent to a
9

capacitance C' given by C'= c. 3 =3puF.

n
Since C' is in parallel with Cy, the equivalent capacitance of the last part of the network is
C'=C'"+C;=3+6=9pF.
Continuing this process of calculation towards the left, we notice that we are finally left with the combination
whose equivalent capacitance is 3 uF.

29.  Five capacitors are connected to each other as shown. What is || 1 || 5 | | 3 || ; ||
the potential drop and charge across 4 pF capacitor? 18pF I_Qu-L“rlﬂ 8uF -~ 18pF
(A)3V,10uC (B) 10 V, 30 uC 20V
(C)3V,20puC (D) 10V, 40 uC .

Ans (D)

30.

Capacitors 6 uF, 4 uF and 8 uF are in parallel and their effective capacitance 6 + 4 + 8 = 18 uC. Across the power
supply we have three capacitors 18 uF each in series. The voltage is divides equally across the three 18 uF. Hence,

voltage across each unit in series is [%?J =10V

C
11 11
. chargean4 pF =10V x 4 uyF =40 uC 4 L 1
ST
The effective capacitance between A and B is = g T (C: =
(A)C (B) C/2 4”_.ITI|
(C)3C (D) 4C 'C' T 'C'

Ans (C)




Ramanujan School of Physics

The capacitor network enclosed by the dotted loop is a balanced Wheatstone net of equivalent capacitance C.
L Cg=C+C+C=3C
31. The equivalent capacitance between A and B in the given diagram is

(A) 2 EA (B) &A
A 3g,A
C) > D) =
©) o (D) r
Ans (A)
The arrangement can be analysed as shown in the given figure.
112
2 1 C
D= s [ B
3 c A 2c B
4 1
4''3
Cip=Cyp=C
C,=C+C=2c=25%A
32. !n the circuit shown in figure, the equivalent capacitance between a ari‘tﬂl)lﬁ ””
is
a e— —eo b
(A) 20 pF (B) 40 uF 10 10 uF
(C) 10 pF (D)5 uF Il Il
Ans (C)
The circuit given in the figure can be redrawn as
10 puF 10 uF 10 pF 10 pF
—A——— —i— —A
a p l:D a | b
10 pF 10 pF 1 10 uF 10 pF —
———]— ——
Fig 1 Fig 2
a 20uF 20 pF b a 10uF b
——— o -
Fig4
Fig 3

33. Figure shows a part of an electrical circuit with two capacitors of capacitances C; and C.,.
The points A and B are at potentials V, and V, respectively. The potential at the point D will be

(A) (% +V,) (B) StV C c;
2 C,+C, A ._l I =D I |_. B
©) C\V,+C\V, (D) C,V,-C)V, Vi Va
C,+C, C, +C,
Ans (B)
Let q be the charge on each capacitor. If V is the potential at point D, then,
V-V =gq/C; (1)
and V-V, =q/C, .. (2)
Dividing Eqgn. (1) by Eqn. (2), we get
Vi-V_C oyl (CV,+C,V,),
V-V, C, (C,+C,)

3uF 6 uF
34. In the circuit shown, the potential difference across the 3 uF capacitor is V and the
p n p ’_“W”_
1

equivalent capacitance between A and B is Cag. Then

Al s0v—3PB
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(A)Cag =4 uF, V=40V (B) Cag=8puF, V=80V
(C)Cag=8uF, V=40V (D) Cag =4 uF, V=80V

Ans (A)
3 uF and 6 pF are in series and their equivalent capacitor is in parallel with 2 pF.

~Chs =%+2=4uF ; Potential difference across 3 pF is V=6—3?><2 =40V
35. A capacitor has a capacitance C; = 1.0 pF. It can withstand a maximum voltage of V; = 6.0 kV. A second capacitor
of capacitance C, = 2.0 uF can withstand a maximum voltage of V, = 4.0 kV. If the capacitors are connected in
series, the combination can withstand a maximum voltage of
(A) 10 kV (B) 9 kV (C) 8 kV (D) 6 kV
Ans (B)
The maximum charge the first capacitor can hold is Q; = C; V; =1 x 10° x 6000 =6 x 10° C
The maximum charge that the second capacitor can hold is Q, = C;V, =2 x 10°x 4000 =8 x 10° C
We know that in a series combination, the charge on each capacitor is the same. Now the first capacitor cannot hold
a charge of 8 x 107 C; it can hold a maximum charge of 6 x 10~° C. Therefore, the charge on the second capacitor
6x107°C
2x10°°F
Thus, the maximum voltage the system can withstand = V; + V, =6 kV + 3 kV =9 kV.
36. A parallel plate capacitor of capacitance C is charged to a potential difference V by connecting it to a battery. Another
capacitor of capacitance 2C is similarly charged to a potential difference 2V. The charging battery is then
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 terminal of the other. The final energy of the configuration is

must also be 6 x 10~° C. Hence, the voltage across the second capacitor is V, = =3000 volt =3 kV.

(A) zero (B) % cV? (C) % cV? (D) g cV?

Ans (B)
Q: = CV and Q, = (2C) x (2V) = 4CV. Since the capacitors are connected in parallel such that the plates of
opposite polarities are connected together, the common potential is
V= Q,-Q, _4Cv-CVv _v
C,+C, C+2C
Equivalent capacitance C'=C+2C =3C. Therefore, the final energy of the configuration is
1 1 3

U'==CV?*==x3CxV*==CVZ.
2 2 2
37.  The additional energy required to increase the charge from 5 uC to 10 uC of a 20 pF capacitor is
(A)25] (B) 0.625J (C)1.875J (D) -0.625J
Ans (C)
. . . . . 1Q?
The potential energy of 20 pF when its charge is 5 uC is found using U = 5c
2 —6 2
i.e., Ulz(lj(s MC) :E (5><10 71C2:) =0.625J.
2)(20 pF) 2 (20x107*F)

The potential energy of 20 pF capacitor when the charge is 10 uC is

1)(10uC)> 1| (10x10°C)* | _
U,=|= == - =25J.
2) (20pF) 2| (20x10“F)
So the additional energy required is U, —U; =2.5J-0.625J=1.875]
38.  Two capacitors C, and C, are charged to potentials 300 V and 100 V and then they are connected in parallel. The

potential difference of the parallel combination is 250 V. The ratio of C, to C; is
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(A)C,:C=1:3 (B)C,:C,=3:1 (C)C,:Ci=1:4/3 (D)C,:Ci=4/3:1
Ans (A)

If capacitors C; and C, are charged to potentials V; and V,, and then they are connected in parallel, the common

potential Vo is given by V,_ _M

C,+C,
C,/C))V.
Dividing the numerator and the denominator of the RHS by C; we get V,,, GGV,
1+(C,/C))
Letting Veomm = 250 V, V; =300 V and V, = 100 V
300 V)+(C,/C,)(100 V
250V=( )+(C/C)( ). : Simplifying for C— G 1y C,:C,=1:3
1+(C,1C)) cC,'C, 3

39. A parallel plate air filled capacitor has a capacitance of 2 uF. It is half filled with a dielectric with K = 3. Its

capacitance is, I I

(A) 4 pF (B) 3 pF Al /g dielectric

(C) 1.5 uF (D) 0.5 pF | | s

&)

Ans (A)

If A is the area of each plate, the capacitance of the air-filled capacitor shown in figure (1) is
C,= % where Cy = 2 uF (given).
g,AlI2 ¢ A C

The capacitance of air capacitor in figure (2) is C, == 4 é’—d = 70
The capacitance of dielectric filled capacitor in figure (2) is C, = kgog\/ 2_ k;(:jA = kgo
Since C; and C, are in parallel, the capacitance C of the capacitor shown in figure (2) is

C=C,+C,= C; K; CO(1 K)_21LlF (1+3)=4uF.

40. A capacitor has a capacitance 2 pF. It is initially charged to a potential difference of 5 V, and the battery is
disconnected. If a dielectric slab of dielectric constant K = 6 is inserted completely between the plates what is the
final electrostatic potential energy?

(A) 4.17 wd (B) 3.17 wJ (C)2.17 W (D) 1.17 WJ
Ans (A)
The initial charge on the capacitor will be Qo = CoVo = (2 uF) (5 V) =10 uC.
After the dielectric slab is introduced between the plates, the capacitance becomes K times the original value.
.. The new capacitance is, C = CoK = (2 uF) 6 = 12 uF
Since, the battery is disconnected, the charge on the capacitor plates will remain the same.
.. Electrostatic potential energy is U =1 Q _1 a0uCy. c)° =417 WJ
2 C 2 (12 uF)
41.  Four identical capacitors are connected in series with a battery of 16 V

1ev between
A and B as shown in figure. If the point P is earthed, then the potential at A and B is
LI—II—I IJ
c c

(A)16V,0 (B)12V,-12V
(©12v,-4V (D)8V,-8V

Ans (C)
The potential difference across each capacitor is 4 V. Since, there are three capacitors between the point A and the
ground, the potential difference between A and ground is = 12 V, the potential difference between ground and the
pointBis0—-4=-4V

C
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.. The potential at A is 12 V and that at B is -4 V

42. In the figure shown, each capacitor is of capacitance 4 pF. The equivalent Ae >
capacitance between A and B is V“f %“7
(A) 1 uF (B) 2.4 uF X 51%
(©)2 uF (D) 4 F ae, A
Ans (B) B
The given circuit can be rewritten as shown in the figure. /\,
Let C’ be the capacitance of each part of the network :i"’j}: %"7":
covered under the dotted lines C' = C + % = %C Il-:: ::_f I‘:X__I
C—§x4 F=6uF '_4!,_&; «I‘é"';l
p CTHETRH 3V

The circuit can be rewritten as shown in the figure

11,11, A 4%7&4&& a
C, 4 6 6 c o i_T_l
6 6 uF 6 uF _ C
Cs—guF R 6 uF ZH}C' ‘ ‘
c c LL—]

CtBZZCiSZZXSMF:CABZZAuF ot N\ 3

43.  Nine metallic plates are arranged so as to get the maximum capacitance. The separation between the adjacent plates
is such that the maximum value of capacitance is 8 uF. The capacitance of capacitor formed by the adjacent plates
is
(A) 2 uF (B) 4 uF (C)1uF (D) 0.5 uF

Ans (C)
In order to get maximum capacitance, the capacitors must be connected in parallel. For this, the alternate plates
must be connected together. If n plates are connected in the above said manner, then the effective capacitance
becomes (n — 1) C, where C is the capacitance between the adjacent plates.
In the given problem, nine plates are connected to get maximum capacitance. Therefore, the effective capacitance
C'=(n-1)C=8C.
But, C'=8 uF = C=1pF.

44.  Five identical capacitors connected in series have a equivalent capacitance of 4 uF. The total energy stored in them
when they are connected in parallel and charged to 400 V is
(A)101J (B)81J (OFN (D)211J

Ans (B)
The equivalent capacitance of the series combination C; = C/5 = 4 uF where C is the capacitance of each
capacitor. When these capacitors are connected in parallel, the effective capacitance becomes
C, =5 x C =100 uF. The energy stored by the combination,
E= %vaz = % x 100x107° x (400)* =81

45.  nidentical charged water drops, combine to form a big single drop. If energy of each drop is E, then the energy of

the combined drop is
1 5

(A) nE (B)n*E (C)n?E (D) nE

Ans (C)
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2
The energy of a charged drop E = % % where C is the capacitance of each drop. Let C’ be the capacitance of the

. - . ; _ 1 (ng)’
big drop. The energy stored in the big drop E' = > o
/ /

Eopu Copdmext JE_p o

E C 4dng,x R E R
Volume of the big drop = n x volume of one drop

AR =nx 2arP S R= ¥y

3 3

. E_/ = n? x # — El =n*E
46.  Two electrons each moving with a velocity of 10° ms™ are released towards each other. The distance of closest
approach will be
Solution
z[lmvz} _ 1 & g gpugqr o 9X10°x256x107
2 4me, I, oy

=1,=256x10""m
=r,=256 A

47.  Two point charges + 3.2 x 10*° C are at 2.4 A and are situated in uniform electric field of 4 x 10° Vm™. The work
done in rotating this dipole from stable equilibrium to unstable equilibrium is
Solution

For stable equilibrium, 6; = 0° and for unstable equilibrium, 6, = 180°

W = PE [co0s 6; — c0s 0;]

=3.2x 107 x 2.4 x 107 x 4x 10° [cos 0° — cos 180°]
=2x32x24x4x10%

=61.4x10%]
48.  The potential difference between the points A and B is
Solution A 12V
9,9 2412 |
4 2 + -1
3 2 uF - - 4 uF
n =12=q=16 uC
B LI|
AE‘=9=16X10_6 =8 Volt B 24V
2 2x10
49.  In the given circuit, if potential at ‘A’ is 10 V higher than at ‘B’ then potential and charge of each capacitor are
1pF 2 uF
| A—r———F—
Solution o v ©
According to KVL, V, ——&—+10-—3___v, =0
1x10 2x10
= 20= q_G {1+ 1] = Q= 40 uC, charge on each capacitor.
10 2 3
~V _9._140 volt
C, 3

=

v, =3 = DOy
C, 3
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NCERT LINE BY LINE QUESTIONS

1. An electric point charge q = 61 C is placed at origin of x - y Co-ordinate axis. Calculate electric
potential due to the charge at point P(12m, 16m) in free space.

[NCERT Pg. 54]

(@) 1.2kV (b) 2.3 kV (c)3.7kV (d)2.7kV
2. The comparative graph of potential and electric field due to a point charge at a distance r from
it is best shown by graph. [NCERT Pg. 55)
~ E v
E
or
(M V 2 .
BV
v
>(r) 2
0 \
4 0 !
£ I T ;
E v - \ k
or -\
() V VN

\‘\&L
NV

o) Z(n) o —— )
3. A point charge Q=4x10"C is placed at a point in free space. How much work is required to
bring a charge 2nC from infinity to a point 9cm from charge Q ? [NCERT Pg. 55)
a) 3x10J b) 8x107°J c) 2x107°J d) 5x10°J
4. Which among the following statements is an incorrect statement ? [NCERT Pg. 57)

(a) The electric dipole potential falls off, at large distance, as 1/1!

(b) The electric potential due to dipole in the equatorial position is zero

(c) The electric potential due to dipole has axial symmetry about dipole moment vector p

(d) Electric potential on dipole axis is maximum.

5. Two charges 6 nC and -4 nC are located 15 cm apart. At what point on line joining two charges
is electric potential zero? [NCERT Pg. 58]
(@) 6 cm from 6 nC charge (b) 45 cm from 6 nC charge




Ramanujan School of Physics

6.

10.

11.

12.

13.

(c) 38 cm from 6 nC charge (d) 9 cm from -4 nC charge
The incorrect statement regarding equipotential surface is [NCERT Pg.
60]

(a) Equipotential surface through a point is normal to electric field at that point

(b) An equipotential surface is a surface with a constant value of potential at all points on the
surface

(c) Equipotential surfaces of a single point charge are concentric spherical surfaces centred at
the charge

(d) For uniform electric field along x-axis, equipotential surfaces are planes parallel x - y plane
Work done by external agent in assembling three identical charges from infinity to given

locations is [NCERT Pg. 62]
@ rrrmrariirrarrerr s anr s srne ol arean e rarr s snrvarans snnimr e e
Q€ r > Q< r >Q
2 2 2 2
a) S o b) 5 9° Q) 5 a° d) 3q
8e, I 8me, I 2me, I 8me,r

Two point charges 7uC and -2 uC are placed at position (-9cm, 0) and (9cm, 0) respectively.
How much work is required to separate two charges infinitely away from each other ?

[NCERT Pg. 66]
a)0.2] b) 0.5] ) 0.6] d) 0.7]
A dipole with dipole moment 310° C m is placed in external uniform field of E = 410° N C*.
Calculate amount of work done by field in rotating the dipole from 6= 60° to 0°. ( 0is angle

between electric field E and dipole moment vector) [NCERT Pg. 66]
(2) 2000 J (b) 6004 ] () 3004 J (d) 904 J
When a conductor is placed inside uniform electric field. Then [NCERT Pg. 68]

(a) At the surface of conductor, electrostatic field is normal to the surface at every point.

(b) Inside the conductor, electrostatic field is zero.

(c) The electrostatic potential is constant throughout the volume of conductor and has the same
value on its surface

(d) All of above are correct
Two conductors are separated by distance of 1 cm in air. The dielectric strength of air is

about 310° Vm™. What maximum safe potential difference can be applied across conductors?
[NCERT Pg. 68]

(a) 3x10°V (b) 6x10"V (c) 3x10°V (d) 1.5x10"V
A slab of material having dielectric constant K = 1.5 has the same area as of a plates of

parallel plate capacitor but has thickness % of plate separation is introduced between the

plates of the capacitor having capacitance C. On introducing slab, capacity becomes factor of

[NCERT
Pg. 78]
a) 2c b) 2C o8¢ d) 2c

7 7 7 3

A network of four capacitors each 10pF are connected as shown with 500V supply. Calculate
the ratio of charges stored on C,and C, [NCERT Pg. 80]
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A

¢ | |
C,

500 vV T Ce =

, | 1
1

B C.

1 1
(a)1 ®) - © 3 (d)3

A 900 pF parallel plate capacitor is charged by 100 V ideal battery. The space between
the plates is lcm. How much electrostatic energy is stored per unit volume of empty

space of capacitor? [NCERT Pg. 82]
(a) 4.42x107*Jm™ (b) 8.85x10°Jm™
(c) 2.21x107"Im™ (d) 6.2x10°Im™

A 90 pF capacitor is charged by a 10 V battery. The capacitor is then disconnected from battery

and connected to another charged 90 pF capacitor. Final electrostatic energy stored by the

system is [NCERT Pg. 82]

=
l

|
C

[ op JR—

A
——
—

(@) 225 p] (b) 2.25n] (c)4.5p] (d)4.5n]

A parallel plate capacitor is charged by a battery. Now battery is removed and medium
between the plates of the capacitor is filled with an insulating material of dielectric constant K,
then [NCERT Pg. 85)

(a) Electric field due to charged plates induces a net dipole moment in the dielectric (insulating
material)

(b) Net potential difference between the plates is reduced
(c) Capacitance C decreases from initial value C_ to (C_/K)

(d) Both (a) and (b) are correct

A parallel plate capacitor with each plate of area 6x10°m? has plate separation of 3 mm. A 3
mm thick mica sheet of dielectric constant K = 6 was inserted between the plates. If this
capacitor is connected to 100 volt supply, what is charge on positive plate of capacitor?

(NCERT Pg. 87]
a) 1.92x107°C (b) 1.06x10°C
(c) 4.2x10°C (d) 4.36x10'C
Equivalent capacitance of the network across points A and B is [NCERT Pg. 90]




Ramanujan School of Physics

19.

20.

21.

22,

23.

24.

25.

26.

11
11

100 pf

A —

200pF 200 pF ‘A
| -
200 pF
(a) 200pF (b) 150pF (c) 100 pF (d) 700 pF

A spherical capacitor consists of two concentric spherical conductors held in position by filling
insulating material of dielectric constant 6. The inner sphere has radius of 10 cm and outer has
40 cm. The capacitance of spherical capacitor is [NCERT Pg. 91]

(a) 100 pF (b) 108 pF (c) 88.8 pF (d) 73.3 pF

A parallel plate capacitor is to be designed with a voltage rating of 2 kV, using a material of
dielectric constant 3 and dielectric strength about 12 x 10° Vm-, for safety we should like the
tield never exceed 20% of dielectric strength. What minimum area of plate is required to have
capacitance of 60 pF? [NCERT Pg. 91]
(a) 1.2x10°m? (b) 475x10*m*  (c) 1.88x10°m*  (d) 5.65x10°m?

The electric potential inside a conducting sphere

(a) increases from centre to surface

(b) decreases from centre to surface

(c) remains constant from centre to surface

(d) is zero at every point inside

It becomes possible to define potential at a point in an electric field because electric field

(a) is a conservative field

(b) is a non-conservative field

(c) is a vector field

(d) obeys principle of superposition

Which of the following about potential at a point due to a given point charge is true ?

The potential at a point P due to a given point charge

(a) is a function of distance from the point charge.

(b) varies inversely as the square of distance from the point charge.

(c) is a vector quantity.

(d) is directly proportional to the square of distance from the point charge.

Which of the following quantities do not depend on the choice of zero potential or zero
potential energy?

(a) Potential at a point

(b) Potential difference between two points

(c) Potential energy of a two-charge system

(d) None of these

A cube of a metal is given a positive charge Q. For this system, which of the following
statements is true?

(a) Electric potential at the surface of the cube is zero

(b) Electric potential within the cube is zero

(c) Electric field is normal to the surface of the cube

(d) Electric field varies within the cube

A unit charge moves on an equipotential surface from a point A to point B, then
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(@ V,-V,=+ve (b)V,-V,=0
(V,-V,=-ve (d) it is stationary

The electric potential at a point on the equatorial line of an electric dipole is

(a) directly proportional to distance

(b) inversely proportional to distance

(c) inversely proportional to square of the distance

(d) None of these

The potential energy of a system of two charges is negative when

(a) both the charges are positive

(b) both the charges are negative

(c) one charge is positive and other is negative

(d) both the charges are separated by infinite distance

An electric dipole of moment p is placed normal to the lines of force of electric intensity , E
then the work done in deflecting it through an angle of 180° is

(a) pE (b) +2pE (c) -2pE (d) zero

Which of the following about potential difference between any two points is true?

I. It depends only on the initial and final position.

II. It is the work done per unit positive charge in moving from one point to other.

I1I. It is more for a positive charge of two units as compared to a positive charge of one unit.
(a) I only (b) I only

(c)Tand II (d) L, I and III

An electric dipole of moment p is placed in a uniform electric field E . Then which of the
following is/are correct?

I. The torque on the dipole is pxE

II. The potential energy of the system is p.E
III. The resultant force on the dipole is zero.

(@)L ITand II (b) I and III

Match the entries of Column I and Column II

Column I Column II

(A) Inside a conductor (1) Potential energy =0

placed in an external
electric field.

(B) At the centre of a dipole (2) Electric field =0

(C) Dipole in stable (3) Electric potential =0
equilibrium

(D) Electric dipole (4) Torque =0

perpendicular to

uniform electric field.

(a) (A) > (2 (B) > (4 (Q) > (3); (D) > (1)
(b) (A) > (2 (B) > (3); (C) > @) (D) > (1)
© (A) > (2 (B) - () (Q) > (1); (D) > (@)
() (A) > (1) (B) - (3); (©) > @) (D) > ()

If a unit positive charge is taken from one point to another over an equipotential surface, then
(a) work is done on the charge (b) work is done by the charge

(c) work done is constant (d) no work is done

On decreasing the distance between the plates of a parallel plate capacitor, its capacitance

(a) remains unaffected (b) decreases
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(c) first increases then decreases. (d) increases
Energy is stored in a capacitor in the form of

(a) electrostatic energy (b) magnetic energy
(c) light energy (d) heat energy

If in a parallel plate capacitor, which is connected to a battery, we fill dielectrics in whole space
of its plates, then which of the following increases?

(@ Qand V (b) Vand E (c)Eand C (d)Qand C

When air in a capacitor is replaced by a medium of dielectric constant K, the capacity
(a) decreases K times (b) increases K times

(c) increases K? times (d) remains constant

A conductor carries a certain charge. When it is connected to another uncharged conductor of
finite capacity, then the energy of the combined system is

(a) more than that of the first conductor

(b) less than that of the first conductor

(c) equal to that of the first conductor

(d) uncertain

TOPIC WISE PRACTICE QUESTIONS

Topic 1: Electrostatic Potential and Equipotential Surfaces
The electric potential inside a conducting sphere
(a) increases from centre to surface (b) decreases from centre to surface
(c) remains constant from centre to surface  (d) is zero at every point inside
A unit charge moves on an equipotential surface from a point A to point B, then
@ Va—Ve=+ve (b) Va-Ve=0 (c) Va—Ve=-—ve (d)itis stationary
Consider a finite insulated, uncharged conductor placed near a finite positively charged conductor. The
uncharged body must have a potential :
(@) less than the charged conductor and more than at infinity.
(b) more than the charged conductor and less than at infinity.
(c) more than the charged conductor and more than at infinity.
(d) less than the charged conductor and less than at infinity.
Two concentric spheres of radii R and r have similar charges with equal surface charge densities (o).
What is the electric potential at their common centre?

(@)ole, (b) E(R -r) (c) g(R +T) (d) None of these
€ €

0
From a point charge, there is a fixed point A. At A, there is an electric field of 500 V/m and potential
difference of 3000 V. Distance between point charge and A will be
(@6m (b) 12m (c) 16 m (d)24m
Four points a, b, ¢ and d are set at equal distance from the centre of a dipole as shown in a figure. The
electrostatic potential V,, Vp, V., and V4 would satisfy the following relation:

(@ Va>Vp>Ve>Vy (b)) Va>Vp=Vg> Ve (€) Va>Vc=Vp=Vy (d) Vo=Vg>Va>V,
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Charges are placed on the vertices of a square as shown. LetE be the electric field and V the potential at
the centre. If the charges on A and B are interchanged with those on D and C respectively, then

q q
A E
D C
-q -4
(a) Echanges, V remains unchanged (b) Eremains unchanged, V changes
(c) both Eand V change (d) Eand V remain unchanged

Two metal pieces having a potential difference of 800 V are 0.02 m apart horizontally. A particle of mass
1.96 x 10 kg is suspended in equilibrium between the plates. If e is the elementary charge, then charge
on the particle is

(@8 (b) 6 (c)0.1 (d)3

The electric potential V (in Volt) varies with x (in metres) according to the relation V = (5 + 4x?). The
force experienced by a negative charge of 2 x 10 ° C located at x = 0.5 m is

(8)2x10°N (b)4x10°N (c)6x10°N (d)8x10°N

The 1000 small droplets of water each of radius r and charge Q, make a big drop of spherical shape. The
potential of big drop is how many times the potential of one small droplet?

@1 (b) 10 (c) 100 (d) 1000

Which of the following figure shows the correct equipotential surfaces of a system of two positive

Four charges qi= 2 x 108 C, qo= -2x 102 C, g5 = -3x 10 C, and g4 = 6x 10°® C are placed at four

corners of a square of side V2 m. What is the potential at the centre of the square?

(@) 270V (b) 300 V (c) Zero (d) 100 V

The electric potential at point A is 1V and at another point B is 5V. A charge 3 nuC is released from B.
What will be the kinetic energy of the charge as it passes through A?

(2) 8 x10°°J (b) 12 x 10°°J (c)12x107°J (d)4x107°J

A thin spherical conducting shell of radius R has a charge g. Another charge Q is placed at the centre of
the shell. The electrostatic potential at a point P, a distance R/2 from the centre of the shell is

(520 022 0 4y R, _a (9+Q)

4melR 4ne R 4meg R © 4ne R 4megy R 4me R

A large insulated sphere of radius r charged with Q units of electricity is placed in contact with a small
insulated uncharged sphere of radius r' and is then separated. The charge on the smaller sphere will now
be

(@)

| | |

rl
Electrical field intensity is given asE = (2x +1) yi +x(x+1)].The potential of a point (1, 2) if potential at

origin is 2 volt is,
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@2V (b)4Vv (c)-2V daov

The electric potential due to a small electric dipole at a large distance r from the centre of the dipole is
proportional to

@@)r (b) 1/r (c) 1r? (d) 1/r

Two small identical metal balls of radius r are at a distance a from each other and are charged, one with a
potential V; and the other with a potential V,. The charges on the balls are :

(@) g, =Via,q, =V,a

(b) 0, :V1rlq2 :Vzr

V. +V V. +V
(c) ql=( 12 2ja,qz=( 12 ZJF

(@ 6 =-=
a

Choose the wrong statement about equipotential surfaces.

(@) It is a surface over which the potential is constant

(b) The electric field is parallel to the equipotential surface

(c) The electric field is perpendicular to the equipotential surface

(d) The electric field is in the direction of steepest decrease of potential

r
(rv,-aVv,),q, = —g(rvl —av,)

Topic 2: Electrostatic Potential Energy and Work Done in Carrying a Charge

20.

21.

22,

23.

24,

25.

26.

27.

When a positive charge q is taken from lower potential to a higher potential point, then its potential
energy will

(@) increase (b) decrease (c) remain unchanged (d) become zero

A square of side ‘a’ has charge Q at its centre and charge ‘q’ at one of the corners. The work required to
be done in moving the charge ‘q’ from the corner to the diagonally opposite corner is

(@) zero (0) (0 22 (t) 5~

dne, a dne, a 2n e, a

An alpha particle is accelerated through a potential difference of 10° volt. Its kinetic energy will be

(@) 1 MeV (b) 2 MeV (c) 4 MeV (d) 8 MeV

A and B are two points in an electric field. If the work done in carrying 4.0C of electric charge from A to
B is 16.0 J, the potential difference between A and B is

(@) zero (b) 2.0V (c)4.0V (d)16.0V

A conductor carries a certain charge. When it is connected to another uncharged conductor of finite
capacity, then the energy of the combined system is

(a) more than that of the first conductor (b) less than that of the first conductor
(c) equal to that of the first conductor (d) uncertain

If a unit charge is taken from one point to another over an equipotential surface, then

(a) work is done on the charge (b) work is done by the charge

(c) work done on the charge is constant (d) no work is done

A ball of mass 1 g carrying a charge 10°® C moves from a point A at potential 600 V to a point B at zero
potential. The change in its K.E. is

(a) —6 x 10 ® erg (b)—6x10° (c)6x10°) (d) 6 x 10 % erg

A positive point charge q is carried from a point B to a point A in the electric field of a point charge + Q
at O. If the permittivity of free space is e0, the work done in the process is given by
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QQ 11 QQ 11 Q@ (1 1 9Q
® 3 (a Bj ®) 7 (a 5] “’MMO(?‘E)“ (abj

There exists a uniform electric field E = 4 x 10° Vm ™ directed along negative x-axis such that electric
potential at origin is zero. A charge of — 200 uC is placed at origin, and a charge of + 200 uC is placed at
(3m, 0). The electrostatic potential energy of the system is

(@) 1201 (b) —1201J (c)—2401J (d) zero

Two insulating plates are both uniformly charged in such a way that the potential difference between
them is Vo, — V1 = 20 V. (i.e., plate 2 is at a higher potential). The plates are separated by d = 0.1 m and
can be treated as infinitely large. An electron is released from rest on the inner surface of plate 1. What is
its speed when it hits plate 2? (e = 1.6 x 10 C, me = 9.11 x 10 *! kg)

v

e (.1 m —
X

e 1 2
(a) 2.65 x 10° m/s (b) 7.02 x 10 m/s  (c)1.87x10°m/s  (d) 32 x 10 m/s

Two positive charges of magnitude ‘q’ are placed, at the ends of a side (side 1) of a square of side ‘2a’.
Two negative charges of the same magnitude are kept at the other corners. Starting from rest, if a charge
Q moves from the middle of side 1 to the centre of square, its kinetic energy at the centre of square is

1 20Q(y, 1 1 20Q(;_2) (o L1 20Q(; 1
(a) zero (b) 4neoT(1+£j (©) FEOT(l \/gj (d) Ine, a (1 \/§j

Two points P and Q are maintained at the potentials of 10 V and — 4 V, respectively. The work done in
moving 100 electrons from P to Q is:

(a) 9.60 x 10J (b)—2.24x10"°J) (c)2.24x107%°) (d) —9.60x 10" J

Two identical thin rings each of radius R meters are coaxially placed at a distance R meters apart. If Q;
coulomb and Q coulomb are respectively the charges uniformly spread on the two rings, the work done
in moving a charge g from the centre of one ring to that of other is

q(Ql_QZ)(\/E_l) (C) q\/E(Ql-i_QZ) (d) q(Q1+Q2)(\/§+1)
J2.472,R 4rg,R J2.47¢,R

(@) zero (b)

Topic 3: Charge and Capacitance of a Capacitor
The capacity of parallel plate capacitor depends on

(a) metal used to make plates (b) thickness of plate

(c) potential applied across the plate (d) area of plate

We increase the charge on the plates of a capacitor, it means,

(a) increasing the capacitance (b) increasing P.D. between plates
(c) decreasing P.D. between plates (d) no change in field between plates

If in a parallel plate capacitor, which is connected to a battery, we fill dielectrics in whole space of its
plates, then which of the following increases?

(@ Qand V (b) Vand E (c)Eand C (d)QandC

A dielectric slab is inserted between the plates of an isolated charged capacitor. Which of the following
guantities remain unchanged ?

(a) The charge on the capacitor (b) The stored energy in the Capacitor
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(c) The potential difference between the plates (d) The electric field in the capacitor
A cylindrical capacitor has charge Q and length L. If both the charge and length of the capacitors are
doubled by keeping other parameters fixed, the energy stored in the capacitor:
(a) remains same (b) increases two times (c) decreases two times (d) increases four times
To establish an instantaneous current of 2 A through a 1 mF capacitor ; the potential difference across the
capacitor plates should be charged at the rate of :
(@) 2 x 10* V/s (b) 4 x 10° /s (c) 2 x 10° V/s (d) 4 x 10* V/s
Two identical metal plates are given positive charges Q; and Q, (< Qi) respectively. If they are now
brought close together to form a parallel plate capacitor with capacitance C, the potential difference
between them is

2C
A parallel plate capacitor with air between the plates has a capacitance of 8 pF. Calculate the capacitance
if the distance between the plates is reduced by half and the space between them is filled with a substance
of dielectric constant. (&, = 6)
(a) 72 pF (b) 81 pF (c) 84 pF (d) 96 pF
A parallel plate air capacitor has a capacitance of 100 mF. The plates are at a distance d apart. If a slab of
thickness t (t < d) and dielectric constant 5 is introduced between the parallel plates, then the capacitance
will be
(@) 50 mF (b) 100 mF (c) 200 mF (d) 500 mF

A uniform electric field E exists between the plates of a charged condenser. A charged particle enters the

Q,+Q, Q,+Q, Q.-Q, Q,-Q,
(a) T (b) ~c (c) ~c (d)

space between the plates and perpendicular to E . The path of the particle between the plates is a :

(a) straight line (b) hyperbola (c) parabola (d) circle
Force between two plates of a capacitor is
2 2
()L (b) 2 () L (d) None of these
€A 2g,A €A

An air capacitor of capacity C = 10 mF is connected to a constant voltage battery of 12 volt. Now the
space between the plates is filled with a liquid of dielectric constant 5. The (additional) charge that flows
now from battery to the capacitor is

(@) 120uC (b) 600 nC (c)480uC (d)24nuC

A parallel plate capacitor with air between the plates is charged to a potential difference of 500V and then
insulated. A plastic plate is inserted between the plates filling the whole gap. The potential difference
between the plates now becomes 75V. The dielectric constant of plastic is

(a) 10/3 (b) 5 (c) 20/3 (d) 10

The gap between the plates of a parallel plate capacitor of area A and distance between plates d, is filled
with a dielectric whose permittivity varies linearly from e, at one plate toe, at the other. The capacitance

of capacitor is:
(@) & (g, +¢,)Ald (b) & (e, +<)Al2d
() g Al[dIn(e, /)] (d) & (g, —)Al[dIn(e, /)]

The capacitance of a parallel plate capacitor is C, (Fig. a). A dielectric of dielectric constant K is inserted
as shown in fig (b) and (c). If C, and C. denote the capacitances in fig (b) and (c), then
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ENE > Af2 F

[ [ f/%
@ (b) C

A parallel plate air capacitor is charged to a potential difference of V volts. After disconnecting the
charging battery the distance between the plates of the capacitor is increased using an insulating handle.
As a result the potential difference between the plates
(a) does not change (b) becomes zero (c) increases (d) decreases
'n' identical drops, each of capacitance C and charged to a potential V, coalesce to form a bigger drop.
Then the ratio of the energy stored in the big drop to that in each small drop is

(a)n>®:1 (b) n*?:1 (©n:1 @dn®:1
When a dielectric is introduced between the plates of a condenser, the capacity of condenser
(@) increases (b) decreases (c) remains same (d) None of these

An unchanged parallel plate capacitor filled with a dielectric constant K is connected to an air filled
identical parallel capacitor charged to potential V;. If the common potential is V>, the value of K is
V, - V. V, V. V, - V.
a 1 2 b 1 c 2 d 1 2
@ == Ofveny © v, @ =5~
Topic 4: Grouping of Capacitors and Energy Stored in a Capacitor
If there are n capacitors in parallel connected to V volt source, then the energy stored is equal to

(3) CV () Lncv? (©) CV? d) Lcv?
2 2n

A sheet of aluminium foil of negligible thickness is introduced between the plates of a capacitor. The
capacitance of the capacitor

(a) decreases  (b) remains unchanged (c) becomes infinite (d) increases

The work done in placing a charge of 8 x 10™*®coulomb on a condenser of capacity 100 micro-farad is

() 16x107% joule (b) 3.1x10% joule  (c) 4x10™joule  (d) 32x10* joule

Two capacitors of capacitances C; and C, are connected in parallel across a battery. If Q; and Q:

respectively be the charges on the capacitors, then &Wi” be equal to
2

C C c? c’
a) =2 b) =% c) —= d =%
()Cl ()C2 ()Cg ()Clz
In the given figure, the charge on 3 uF capacitor is
2uF 3uF 6uF
11 11 11
11 11 11
11
I I
1w
(a) 10 pC (b) 15 uC (c) 30 uC (d) 5 uC

For the circuit shown in figure, which of the following statements is true?
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V=30V V,=20V

LR R O
‘ C,=2F  C,=3F ‘

(a) With S; closed V; =15V, V, = 20V (b) With Sz closed V1 =V, =25V
(c) With S;and S, closed V1 =V, =0 (d) With S; and Sz closed, V1 =30V, V, =20V

The equivalent capacitance of the combination of the capacitors is

W %_j
4
| T
(a) 3.20puF (b) 7.80uF (c) 3.90uF (d) 2.16puF
A capacitor has two circular plates whose radius are 8cm and distance between them is Imm. When mica

(dielectric constant = 6) is placed between the plates, the capacitance of this capacitor and the energy
stored when it is given potential of 150 volt respectively are

() 1.06x10°F, 1.2x107°J (b) 1.068x10°F, 1.2x10°J
() 1.2x10°F, 1.068x10° J (d) 1.6x10°F, 1.208x107°J
In a charged capacitor, the energy is stored in

(a) the negative charges (b) the positive charges

(c) the field between the plates (d) both ‘a’ and ‘b’

Three capacitors Cy;, C, and C3 are connected to a battery as shown in the figure. The three capacitors
have equal capacitances. Which capacitor stores the most energy?

15
11
= -=q d
(@) C, or C3 as they store the same amount of energy (b) C,
(c) Cy (d) All three capacitors store the same amount of energy

Seven capacitors each of capacitance 2 uF are to be connected in a configuration to obtain an effective

capacitance of 10 uF Which of the combination (s) shown in figure will achieve the desired result?

(@) % ié (©) E>‘ (d) Q

A capacitor of capacnance Ci=1pF can Wlthstand maximum voltage V; = 6kV (kilo-volt) and another
capacitor of capacitance C, = 3 uF can withstand maximum voltage V, = 4kV. When the two capacitors

are connected in series, the combined system can withstand a maximum voltage of
(a) 4kV (b) 6kV (c) 8kV (d) 10kV




Ramanujan School of Physics

64.

65.

In the given network of capacitors as shown in Fig. given that C; = C, = C3 =400 pF and C4 = Cs = Cg =
200 pF. The effective capacitance of the circuit between X and Y is

X0 b b o
l::“‘I |
|1
=l
Cﬁl | 1T
Il
(a) 810 pF (b) 205 pF (c) 600 pF (d) 410 pF

Three capacitors connected in series have an effective capacitance of 4uF. If one of the capacitance is
removed, the net capacitance of the capacitor increases to 6 pF. The removed capacitor has a capacitance
of :

(a) 2 uF (b) 4 uF (c) 10 uF (d) 12 pF

PREVIOUS YEARS QUESTIONS

The electrostatic force between the metal plates of an isolated parallel plate capacitor C having a charge Q
and area A, is [2018]
(a) independent of the distance between the plates

(b) linearly proportional to the distance between the plates

(c) inversely proportional to the distance between the plates

(d) proportional to the square root of the distance between the plates

The diagrams below show regions of equipotential. [2017]
WV 40V 10V 30V 10V
WV 40V 20V
A B
, . 10V
(3.) (b) 10V 30V (C) 20V A0V (d) 0V

A positive charge is moved from A to B in each diagram.

(@) In all the four cases the work done is the same

(b) Minimum work is required to move q in figure (a)

(c) Maximum work is required to move q in figure (b)

(d) Maximum work is required to move q in figure (c)

A capacitor is charged by a battery. The battery is removed and another identical uncharged capacitor is

connected in parallel. The total electrostatic energy of resulting system: [2017]
(a) decreases by a factor of 2 (b) remains the same

(c) increases by a factor of 2 (d) increases by a factor of 4

A capacitor of 2 uF is charged as shown in the diagram. When the switch S is turned to position 2, the
percentage of its stored energy dissipated is : [2016]

2
=

1

=]
V= }' —
ZMT BuF
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(a) 0% (b) 20% (c) 75% (d) 80%
5. A parallel plate air capacitor has capacity 'C' distance of separation between plates is 'd" and potential
difference 'V' is applied between the plates. Force of attraction between the plates of the parallel plate air

capacitor is : [2015]
cv? cv? c*v? c*v?
a b C d) —
()20I (b) ; ()20|2 (d) e
6.  If potential (in volts) in a region is expressed as V(X, Yy, z) = 6 Xy — Yy + 2yz, the electric field (in N/C) at
point (1, 1, 0) is: [2015]

@ —(6i+5]+2f<) (b) —(2?+3]+I2) (©) —(6?+9]+I2) (d) —(3i+5]+3f<)

7. A parallel plate air capacitor of capacitance C is connected to a cell of emf V 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. Which of the following is incorrect ? [2015]
() The energy stored in the capacitor decreases K times.

(b) The chance in energy stored is %CV2 (% —1)

(c) The charge on the capacitor is not conserved.
(d) The potential difference between the plates decreases K times.

8.  Inaregion, the potential is represented by V(X, y, z) = 6x — 8xy — 8y + 6yz, where V is in volts and X, y, z
are in metres. The electric force experienced by a charge of 2 coulomb situated at point (1, 1, 1) is: [2014]

(a) 685N (b) 30 N (c) 24 N (d) 4/35N
9. A conducting sphere of radius R is given a charge Q. The electric potential and the electric field at the
centre of the sphere respectively are: [2014]
(a) Zero and Q = (b) Q and Zero (c) Q and Q > (d) Both are zero
ng,R 4ne R 4ne R 4ng R

10. Two thin dielectric slabs of dielectric constants K; and K, (K; < K3) are inserted between plates of a
parallel plate capacitor, as shown in the figure. The variation of electric field ‘E’ between the plates with

distance ‘d’ as measured from plate P is correctly shown by :
[2014]

+4+

(@) ° = o ° R =

11.  Two identical capacitors C; and C, of equal capacitance are connected as shown in the circuit. Terminals
a and b of the key k are connected to charge capacitor C; using battery of emf V volt. Now disconnecting
a and b the terminals b and c are connected. Due to this, what will be the percentage loss of energy ?

[2019 (ODISSA)]
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12.

13.

14.

15.

16.

17.

18.

19.

(1) 75% (2) 0% 3) 50% (4) 25%
The variation of electrostatic potential with radial distance r from the centre of a positively charged
metallic thin shell of radius R is given by the graph [2020 (Covid-19)]
v \ Y \
T *>T
(@ R (b) "R
Y \ v \
> k »F
= 4 — i
c R d K

A parallel plate capacitor having cross-sectional area A and separation d has air in between the plates.
Now an insulating slab of same area but thickness d/2 is inserted between the plates as shown in figure
having dielectric constant K(= 4). The ratio of new capacitance to its original capacitance will be,

[ 2020 (Covid-19)]

i
NN

I
N\
s
AN
|

/2

1)2:1 (2)8:5 (3)6:5 4)4:1

A short electric dipole has a dipole moment of 16x10°Cm. The electric potential due to the dipole at a
point at a distance of 0.6m from the centre of the dipole situated on a line making an angle of 60° with the

=

AN

dipole axis is ( L o gx10°Nm? /czj [2020]
4re,
1) zero 2) 50V 3) 200 V 4) 400 V
In a certain region of space with volume 0.2 m® the electric potential is found to be 5V throughout. The
magnitude of electric field in this region is [2020]
1)5N/C 2) zero 3) 0.5N/C 4) 1 N/C

The capacitance of a parallel plate capacitor with air as medium is 6uF . With the introduction of a
dielectric medium, the capacitance becomes 30uF. The permittivity of the medium is

(€,=8.85x10"*C*°N"'m?) [2020]
1) 5.00C*°N™'m™ 2) 0.44x10° C°N™m™ 3) 1.77x10 ™ C*N'm™? 4) 0.44x10™°C°N™'m™
Polar molecules are the molecules: [2021]

1) acquire a dipole moment only in the presence of electric field due to displacement of charges.
2) acquire a dipole moment only when magnetic field is absent.

3) having a permanent electric dipole moment 4) having zero dipole moment.
Two charged spherical conductors of radius R; and R; are connected by a wire. Then the ratio of surface
charge densities of the spheres (o, /o, ) is [2021]

R R? R
1) 22 2) [ Re 3) —% n

Rl Rl R2 RZ

A dipole is placed in an electric field as shown. In which direction will it move? [2021]
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20.

21.

22.

23.

24,

25.

26.

A
1)towards the right as its potential energy will decreases
2)towards the left as its potential energy will decrease
3)towards the right as its potential energy will increase
4) towards the left as its potential energy will increase

A parallel plate capacitor has a uniform electric field * E’ in the space between the plates. If the distance
between the plates is ‘d’ and the area of each plate is ‘A’ the energy stored in the capacitor is: ( &, =

permittivity of free space) [2021]
2
1) &,EAd 2) L. E7Ad gy EA L
2 & 2
The equivalent capacitance of the combinaéion shown in the figure is : [2021]
|l
]
- Ly
I 3
1. 2C 2.C/2 ¢ 3.3C/2 4. 3C
Twenty seven drops of same size are charged at 220 V each. They combine to form a bigger drop.
Calculate the potential of the bigger drop [2021]
1) 1320 V 2) 1520 V 3) 1980 V 4) 660 V
Two hollow conducting spheres of radii Ry and R, (R, >> R, ) have equal charges. The potential would
be [2022]
1) more on bigger sphere 2) more on smaller sphere
3) equal on both the spheres 4) dependent on the material property of the sphere
..V is more for smaller sphere
The peak voltage of the ac source is equal to: [2022]
1) The value of voltage supplied to the circuit 2) The rms value of the ac source
3) /2 time the rms value of the ac source 4) 1/ /2 times the rms value of the ac source
The angle between the electric lines of force and the equipotential surface is: [2022]
1) 0° 2) 45° 3) 90° 4) 180°

A capacitor of capacitance C = 900 pF is charged fully by 100 V battery B as shown in figure (a). Then
it is disconnected from the battery and connected to another uncharged capacitor of capacitance C = 900

pF as shown in figure (b). The electrostatic energy stored by the system (b) is : [2022]

i
1 i
+C J + b

(a) ® ©
100V M
+ - * }7

B C

1) 45x1079 2) 3.25x1078 3) 2.25x10°%3  4)15x1078)
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NCERT LINE BY LINE QUESTIONS — ANSWERS

)d 2)d 3)b 4)d 5b 6d 7)b 8d 9b 10)d
11)a 12)d 13)d 14)a 15b 16)d 17)b 18)c 19)c 20)c
21)c  22)a 23)a 24)b 25)d 26)b 27)d 28)c 29)d 30)c
3)b  32)b 33)d 34)d 35)a 36)d 37)b 38)b

TOPIC WISE PRACTICE QUESTIONS - ANSWERS
1) 3]2) 23 14 35 11]6) 27 18 49 4]10) 3
11) 3 |12) 1 |13) 2 |14) 3 |15) 4 |16) 3 |17) 3 |18) 4 |19) 2 |20) 1
21) 1 |22) 2 |23) 3 |24) 2 |25) 4 |26) 3 |27) 2 |28) 1 |29) 1 |30) 4
31) 3 |32) 2 |33) 4 |34) 2 |35 4 |36) 1 |37) 4 |38 3 |39) 4 |40) 4
41) 3 |42) 3 |43) 2 |44) 3 |45) 3 |46) 4 |47) 1 |48) 3 |49) 1 |50) 1
51) 4 |52) 2 |53) 2 |54) 4 |55) 2 |56) 1 |57) 4 |58 1 |59) 2 |60) 3
61) 3 |62) 1 |63) 3 |64) 4 |65 4

PREVIOUS YEARS QUESTIONS-ANSWERS

1) 1[2) 13 114 45 16 1]7) 3|8 4]9 2]10) 3
11) 3 |12) 4 |13) 2 |14) 3 |15) 2 |16) 4 |17) 3 [18) 1 |19) 1 |20) 2
21) 1|22) 3 |23) 2 |24) 3 |25 3 |26) 3
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=

TOPIC WISE PRACTICE QUESTIONS - SOLUTIONS

(c) Electric potential inside a conductor is constant and it is equal to that on the surface of conductor.
(b) At. equipotential surface, the potential is same at any point i.e., Va = Vg as shown in figure. Hence no
work is required to move unit charge from one point to another i.e.,
w
VA_VB :_—:OjW:O
unit charge
(a) The potential of uncharged body is less than that of the charged conductor and more than at infinity.

(c) Charge on the outer sphere =g, = 4nR’c
Charge on the inner sphere = g, = 4nr’c
1%, 14
dne, R 4dne) 1

W,

2 2
_ 1 |4=nR cs+4nrcs :4ch (R+r):£(R+r)
4dn e, R r 4dn e, €
(a) E=500 V/mV = 3000 V.
We know that electric field (E) = 500 = % rd= 3500000 6m

(b) Here distance between a and +q= distance between C and —g=y; (say);
distance between a and —q= distance between C and +g=Yy»
similarly , d(+q)=d(—q)=b(—q)=b(+q)=r (say)

Thusavazlﬂ—k__lq
¥1 y2
ki —kq
Vo= —+—2=0
T T
k ==
v, =K, 7k
y2 ¥i
ki -k
N S
T T

Since y,> Y3, Vais positive V¢ is negative.

Thus Va>Vb=Vd>Vc

(a) Let d- distance between any vertex and the center.

The potential at center before and after the charges are interchanged =
1 q 149 N 1 —q

e d 47&9 d 4rze d

Field initially at center= 4i dq_2 cos( 2 ) fromAtoC
e

. . . 1
Field at center after interchanging the charges= 4— % cos( 2 j fromCto A
dre

The direction of field has changed
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8.

10.

11.

12.
13.

14.

15.

16.

(d) In equilibrium, F=qE = (ne)% =mg
L _mgd _1.96x10°x9.8x0.02 _,
eV 1.6x107"° x800

(d) V=5+4x2 SV ey
dx

Force on a charge is
dv
F=qE=q| — |=q(-8x
q q[ dxj a(-8x)
=-2x10"°x(-8x0.5)=8x10"N

(©) Vo =k 3
;

small

If the radius of big drop is R,

%HRS :1000§7zr3 = R=10r

and charge of big drop, Q = 1000 g

Now Vi, =k 2 =k 22999 _3100k 9~ 100v, ,,
R 10r r

(c) Equipotential surfaces are normal to the electric field lines. The following figure

shows the equipotential surfaces along with electric field lines for a system of two positive charges.

(a) Conceptual

(b) When the charge is released to move freely, the work done by electric field is equal to change in
kinetic energy

S W =AKE —gAV =AKE

KE=-3x10°(1-5)=12x107°J

(c) Electric potential due to charge Q placed at the centre of the spherical shell at point P is

1 Q 120

"“4rze, RI2 47, R

Electric potential due to charge g on the surface of the spherical shell at any point inside the shell is

_1a

> 4me, R
.. The net electric potential at point P is
Vv, 29, 1 3

dne, R 4megy R
(d) Let the charge on the smaller sphere be g. As the potential of both will be the same finally,

|
r r r+r

(©)
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17.

18.

19.
20.

21.

22,

23.

24,
25.

26.

27,

28.

29.

21 9 21 9

Vu i) D_V2 1 0 =\/;J - y2d1+21ydy=ﬁ . d{Iyg}

2(2,1.9)
TYi0,0.0) =2

(c) Due to small dipole V o rlz

(d) V= —— {ql qz}andv— L [%+i}

Ar e, Are,l T A

(D~

After solving above equations, and neglecting r? in comparison to a, we get
r r
q, = —g(rv2 —aV;)andq, = —g(rv1 —aV,)

(b) Electric lines of force are always perpendicular to an equipotential surface.

(a) Because work is to be done by an external agent in moving a positive charge from low potential to high
potential and this work gets stored in the form of potential energy of the system. Hence, it increases.

(a) Here,

Hence, VA— Vg =0

a,l"F_’

3.II .;:j_

7

BY¥
Work done, W =q(Va—Vg) =0
(b) Charge on a particle, g =2 e.
K.E. =work done = q x V = 2e x 10° V = 2 MeV.

(c) SinceW, ;=0q(Ve—Va)=Vs—Va= 1:3 =4V

(b) Energy will be lost during transfer of charge (heating effect).

(d) Since the potential at each point of an equipotential surface is the same, the potential does not change
while we move a unit positive charge from one point to another. Therefore work done in the process is
zero.

(c) As work is done by the field, K.E. of the body increases by

K.E.=W =q(Va- Vg) =10® (600 - 0) = 6x10°J

(b) Wea =0 (Va-V3)

g9 Q| [1_1}
4neja  4ne,b | 4me,la b
(a) Potential energy of the system
U :q1V1+q2V2 +Lﬂ
4me, T,
Now, V1 [electric potential at origin] =0
V, [electric potential at (3m, 0)] =4 x 10° x 3 =12 x 10°
—U = (+200) x 10° x 12 x 10° + 9 x 10°

-6 -6
><(200><1o )x(—ZOOxlO ) 240120 - 120]

19
(a)eV——mv —>v= ‘/Zev \/2X1961X110031 20 65x10°m/s
X
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30.

31.

32.

33.

34.

35.

36.

37.
38.
39.

40.

2k

@ U, = 2Q, ((9)Q_ 1 29Q[, 1 U, =0
a JBa dre, a

By conservation of energy

Gain in KE= loss in PE

K=_1 —ZqQ{l—i}
dre, a J5

(c) potential difference=V=—4-10=—14V

Charge=g=100e =—1.6x10-17C

v=2

Now, potential difference, q
—W=gV=1.6x10""x(—14)
=W=2.24x10"'%]

(b) Work doneW,, =(V, -V, )q

1 1Q, _11Q,. @
4neO[R \/_}andvz_mteo{R \/_R}
q(Q1_Q2)(\/§—1)

\/§.4neoR

2

Thus, W,, =

(dg

R R

U

(b) *- qoV forq=CV

—>as charge on capacitor increases means P.D. between plates increases.

(d) Since battery remains connected so P.D. between the plates is constant. But as we introduce the
dielectric, the capacitance increases and hence charge increases.

(a) Due to insertion of a dielectric slab capacitance increase by K times. The potential difference, the
electric field and the stored energy decreases by 1/K times.

(d) increases four times

(c)As C= Q_ 'tszl:%zleoe\//s
vV V t C 1x10

(d) The potential difference between the two identical metal plates is given as
C A
d

Let the surface charge density is given as

01:0'2:9

A

The net electric field is
_0,70y

net

2¢g,

We know the potential difference is given as

V=E.d

Ql — Qz

By substituting the above values we get V = >C

(d) Capacity of parallel plate capacitor
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41.

42.

43.

44,

45.

46.

_EEA
d

So, % —8x107¥

C (For air g, =1)

Ifd— % ande, — 6then new capacitance

Cl=6x S8 1258 _ 15, g0F — 96pF

d/2 d
(c) Capacitance will increase but not 5 times (because dielectric is not filled completely). Hence, new
capacitance may be 200 mF.

(c) When charged particle enters perpendicularly in an electric field, it describes a parabolic path

_1(QEN(xY
y=3 mj(4)

K L E 3

o P
i | x
13 B
This is the equation of parabola.

(b) The magnitude of electric field by any one plate is

Qp Q
HE
Q

—0r
2e,  2Ag,

QZ

0

Now force magnitude is|Q||E| i.e.|F| =

() g1 =C1V =10x12=120mC
92 = CoV =KCyxV =5x10x12 =600 C
Additional charge that flows = g, - g; = 600 -120 = 480 . C.
©V,=Lv-9_V_C_ & 50 20

C, c v, C cC 75 3
C=kC,=k= 2—30 By definition,

(d) As the permittivity of dielectric varies linearly from g;at one plate to ¢,at the other, it is governed by

equation, k :(82 _gl)xw:l consider a small element of thickness dx at a distance x from plate. Then
dv = de
k
d
[lav=['C-—1
’ Ph [f78 X+&
d 1

do

“m"‘(ﬂ
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Q oA go(gz—gl)A

Q=CV=>C=== =
\Y do & &
In| 2 din| 2
‘90(52 ‘91) & &
47. (a)
2¢, A(1+K
c :EOAandCb— g A _2& (+ )
o d d d
2 2K
IS A IS AK
0 A 0 A
C, = d2 5 :EEO’IA(lJrK)orcb=60d'°‘2(1++<)>caorc:C:EOAﬁx:a

~.C,andC_ >C,

48. (c) If we increase the distance between the plates its capacity decreases resulting in higher potential as we

know Q = CV. Since Q is constant (battery has been disconnected), on decreasing C, V will increase.
49. (a) Volume of big drop =nx volume of small drop
4 7R® —nx 4 ard
3 3
R=n""r
Capacitance of small drop, C=4xeor
Capacitance of big drop, C=4zeoR=4reon™r ; C=n'"C

q
The potential of small drop V=g/C= 470"
9
1/3
The potential of big drop V= (4meor ) - V=n?3y
1

= Energy of small drop = 2 CV?

11 1
Energy of big drop = 2 CV?=2 n*3c(n?*v)?=n>"®2 CV?
. Energy(big drop) _ n5/3

Energy(small drop) 1
50. (a) Increase, because C = Ke,A
51. (d) As we know,
i Total charge

Common potential = —————

Total capacity

C,VvV,+0 V,
=C,V,,Q, =0, therefore V, =221 —=—1
@ =GV Q. ? C,+kC, 1+k
1+k:ﬁ or k:ﬁ_lzu
V, V, v,

52. (b) The equivalent capacitance of n identical capacitors of capacitance C is equal to nC. Energy stored in

this capacitor

E :l(nC)V2 =1nCV2
2 2
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53.

54,

55.

56.

57,

58.

59.

60.
61.

62.

I, S
1"rc

ntimes_

ST = EJ
o o vV
‘...Z"

(b) The capacitance of a parallel plate capacitor in which a metal plate of thickness t is inserted is given
by C= fofh .
d

(d) The work done is stored as the potential energy. The potential energy stored in a capacitor is given by

) -18)?
=1Q_:lx(8’<10 )
2C 2 100x10°
(b) In parallel, potential is same, say V
Q_GV_G
QZ CZV CZ
(a) C = equivalent capacitance
So= 1 1+1+1:> .C=1uF
C 2 3 6
Charge in series circuit will be same.
5.g=CV=(1x10%x10=10uC
.. Charge across ‘3uF’ capacitor will be 10uC.
(d) Initial charge on capacitors C; and C; is given by,
01 =C1V1 =60 pC g2 = C,V, = 60pC
When S; and S3 are closed, capacitors C; and C, get connected in series. As a result charge on them
should be same and so the charge do not redistribute on them. So potential on them remains same.
(a) Equivalent capacitance of two parallel capacitors 10uF and 6uF=(10+6)uF=16uF This 16uF capacitor
IS in series combination with 4uF capacitor,

=32x107%)

_16x4 =%=3-2/IF

~ Equivalent capacitance of the entire combination = 16+4 20

(b) Energy stored = 1CV 2_1 x1.068x107° x150% =1.2x107°J
2 2

KAe 6{”(130]2}

C= - 3
Yo 1x10
12
C= 672')(%)(% =(6x7x64x8.85)x1071***

=10676.38x10™"° =1.0676x10™

(c) Electrostatic energy of a condenser lies in the field in between the plates of the condenser.

(© P(;tential drop across C; is maximum. Hence, energy stored in C; is maximum as energy oc (potential
drop)”.

(a) The equivalent capacitance
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63.

64.

65.

1 11 1 1 10
=—+—+ =—=C,=—uF

Cq 2 2 2x5 10 11
() AsQ =CV, (Qu)max=10°x6x 10° =6mC
While (Q2)max = 3 x 10 ® x 4 x 10° = 12mC
However in series charge is same so maximum charge on C, will also be 6 mC (and not 12 mC) and
potential difference across it V, = 6mC/3uF = 2kV and as in
series V = V1 + V5 S0 Vimax = 6kV + 2kV = 8kV
(d) Start with C, and C, in parallel, then C; in series, then Cs in parallel, then C; in series and finally Cg in
parallel.

(d) Let there are three capacitors with capacitances C;, C,, C; respectively and C; is removed.

In first case,i:i-ki.;i ___________ (1)
Cl

eql

In second case, ~©d2

From (1) and (2), Car G Ce
1 1 1

o4 C 6 C=124F

NEET PREVIOUS YEARS QUESTIONS-EXPLANATIONS

(a) Electrostatic force between the metal plates

QZ

I:plate = ﬁ
For isolated capacitor Q = constant

Clearly, F is independent of the distance between plates.

(a) As the regions are of equipotential, so Work done W =gAV

AV is same in all the cases hence work - done will also be same in all the cases.
(a) When battery is replaced by another uncharged capacitor

As uncharged capacitor is connected parallel

So, C'=2Cand V, = 1t% .y, _ q+0 =V v
C, +C, C+C 2

Cq

|1
1T

:':.

Initial Energy of system, U, = %CV2 --------- (i)

. 1 VY :
Final energy of system, U, =E(2C) > (i)

:%CV2 (%) ; From equation (i) and (ii), U, = % U,
i.e., Total electrostatic energy of resulting system decreases by a factor of 2

(d) When S and 1 are connected
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The 2 uF capacitor gets charged. The potential difference across its plates will be V.
The potential energy stored in 2 uF capacitor
U, :lCVZ :1><2><V2 =V?
2 2
When S and 2 are connected
The 8 uF capacitor also gets charged. During this charging process current flows in the wire and some
amount of energy is dissipated as heat. The energy loss is

AU =2 e (Vv
2C,+C,
Here, C, =2uF,C, =8uF,V,=V,V, =0
2AU=2x 28y gy =ty
2 2+8 5
AU LV
The percentage of the energy dissipated = F><100 = 5V2 x100 =80%

5.  (a) Force of attraction between the plates, F = gE

_qx % —q 9 q’ OV o
2, 2A €, Z(EOAde 2cd 2d

€ A

Here, c= ,q=cv,A=area

6. (@) Potential in a region
V =6xy—-y+2yz
As we know the relation between electric potential and

electric field isE = —3Y
dx

= M M g
ox oy oz

E=| (6yi+(6x-1+22)+(2y)k) |
E(L1,0)=—(6i+5]+2k)
Q

7. (c) Capacitance of the capacitor, C = v

After inserting the dielectric, new capacitance C' = %

New potential difference

1.2 Qe
u._zcv _ZC(.Q cV)
Qz Qz _szz _(uij

U == =—— L

2f 2kc 2KC \ Kk

AU=U, —U, =Ecv2{l— }
2 k

As the capacitor is isolated, so change will remain conserved p.d. between two plates of the capacitor
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KC K
g (d)EZ_a_v?_a_v]_a_v]
oXx oy oz

:—[(6—8y)f+(—8x—8+ 62)]+(6y)l2}
At(1, 1, 1)E =2} +10j— 6k
:(E):m:\/M_O:ZE
< F=QE =2x2+/35 =4+/35

9.  (b) Due to conducting sphere
At centre, electric field E=0

Q

And electric potential V =
ne, R

10.  (c) Electric field, E oc%

AsK;<KssoE; > E,
Hence graph (c) correctly dipicts the variation of electric field E with distance d.

11. Uinitialzlcvz
2
Loss=— = (v -0y =Lcv?
2(C+C) 4
1CV2
%Loss:‘l1 x100 =50%
~cv?
2
12. Vinzvsz%and Vout:$(r>R)
y
T
r=R
€A
13. C,="22—
° d
c gA g A 8gA 8
K™ - I — £ o
d-t+t g¢-4,d4 5d 5
k 8
14y KPcoso V:9><109><16><109><00860O

2 ’

r (0.6)°
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P
9x16x = .
Ve 2.y v_200v
0.36 0.36

15.  Through out the volume electric potential is constant
V = constant =dV =0

==V
dr
S A _6uF (D)
16. d
A _30uF )
d
2
G
(1) o

=5x8.85x10" = 44.25x10% ~ 0.44x10"°C*N'm™~
17. having a permanent electric dipole moment

18. For same potential % _R

A R,
o _% R _R
o, 0, R12 R
19. u=-PEcos@=PE
Ly sl&Apege 1. prpg
20. 2 . d 2

21. 3" capacitor is short circuited ; Ceq=2C

kQ

22. Electric potential due to a charged sphere = R

k =9 x 10° N-m?/C?
Q : charge on sphere
R : Radius of sphere
Let charge and radius of smaller drop is g and r respectively

For smaller drop, V = kq =220V
r
Let R be radius of bigger drop,
As volume remains the same (% ﬂrij 27 = %ERS =R= i/ﬁr =3r

Now, using charge conservation,
=Q=27q
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big drop R 3r r

23. Voci

R

2, v =Y

rms \/E
VO = \/Evrms
25. Electric lines of force are perpendicular to equipotential surface
-.0=90°
26.  Common potential (V')

CV+0:\L:@:5OV
2c 2 2

Energy stored in the system

%CfoZ:(%CijxZ:

V, —k—Q=M=9(k—q)=9x200=1980V

V'=

CV?  900x10 % x(100)’
4 4

=2.25x107°%J




