Electrostatic Potential and Capacitance

(2025)

1. A metal sheet is inserted between the plates of a parallel plate capacitor of
capacitance CC. If the sheet partly occupies the space between the plates, the
capacitance :

(1 Marks) (CBSE 2025 - 55/5/1)
A. becomes less than C
B. becomes greater than C
C. remains C

D. becomes zero

E=a™
2. The electric field at a point in a region is given by ”" where ais a

constant and r is the distance of the point from the origin. The magnitude of
potential of the point is:

(1 Marks) (CBSE 2025 - 55/5/1)

3. Two horizontal plates, separated by 1 cm, are arranged one above the other.
A particle of mass 5 mg and charge 2 nC is released in air between the plates.



The potential difference that should be applied to the plates so that the
particle remains suspended between them, is:

(1 Marks) (CBSE 2025 - 55/7/1)
A.50V
B. 100V
C.200V
D. 250V

4. A parallel plate capacitor has plate area A and plate separation d. Half of the
space between the plates is filled with a material of dielectric constant K in
two ways as shown in the figure.

| ==

(b

Find the values of the capacitance of the capacitors in the two cases.
(3 Marks) (CBSE 2025 -55/5/1)

5. Two small solid metal balls A and B of radii R and 2R having charge
densities 20 and 3o respectively are kept far apart. Find the charge densities
on A and B after they are connected by a conducting wire.

(3 Marks) (CBSE 2025 - 55/5/1)

6. A circuit consisting of a capacitor C, a resistor of resistance R and an ideal
battery of emf'V, as shown in figure is known as RC series circuit.
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As soon as the circuit is completed by closing key S; (keeping S» open) charges begin to flow
between the capacitor plates and the battery terminals. The charge on the capacitor increases and
consequently the potential difference V.(= q/C) across the capacitor also increases with time.
When this potential djfference equals the potential difference across the battery, the capacitor is
fully charged ( Q = V'C). During this process of charging, the charge g on the capacitor changes
with time ¢ as q = Q [1 — e */RC]

The charging current can be obtained by differentiating it and using %[e"“} = me™*

Consider the case when R = 20k(2,C = 500p Fand V =10 V.

Question 6a

The final charge on the capacitor, when key S is closed and Sz is open, is
1.5uC

2.5mC

3.25mC

4.0.1C

Question 6b

For sufficient time the key S1 is closed and S: is open. Now key Sz is closed and
S1is open. What is the final charge on the capacitor?

1. Zero
2.5mC
3.2.5mC



4.5uC
Question 6¢
The dimensional formula for RC is
1 [ML? T A7)
2 [MeLo T A°|
g ML 2T A?|
s [MOLOT A°|

Question 6d

(a) The key S is closed and S5 is open. The value of current in the resistor after 5 seconds, is
1. ——mA
2./
y/emA

2
B. L mA
4

{*
5. mA
Question 6e

The key S1 is closed and Sz is open. The initial value of charging current in the
resistor, is

1.5 mA
2.0.5mA
3.2mA
4.1mA
(4 Marks) (CBSE 2025 - 55/1/1)

7. A parallel plate capacitor has two parallel plates which are separated by an
insulating medium like air, mica, etc. When the plates are connected to the
terminals of a battery, they get equal and opposite charges and an electric field
is set up in between them. This electric field between the two plates depends



upon the potential difference applied, the separation of the plates and nature
of the medium between the plates.

Question 7a

The electric field between the plates of a parallel plate capacitor is E. Now the
separation between the plates is doubled and simultaneously the applied
potential difference between the plates is reduced to half of its initial value.
The new value of the electric field between the plates will be :

1.E

2.2E
3.E/4
4.E/2
Question 7b

A constant electric field is to be maintained between the two plates of a
capacitor whose separation d changes with time. Which of the graphs
correctly depict the potential difference (V) to be applied between the plates
as a function of separation between the plates (d) to maintain the constant
electric field?




a

Question 7¢

':‘l.'-++-1+i+\.1++-++-+

In the above figure PQ are the two parallel plates of a capacitor. Plate Q is at
positive potential with respect to plate P. MN is an imaginary line drawn



perpendicular to the plates. Which of the graphs shows correctly the
variations of the magnitude of electric field strength E along the line MN ?

1

AN N

M N

M N



Question 7d

(a) Three parallel plates are placed above each other with equal displacement J between
_}
neighbouring plates. The electric field between the first pair of the plates is E ; and the electric

field between the second pair of the plates is E\g. The potential difference between the third and
the first plate is -

1_(E1+E’2)-&"
2 (EI—EE)-J
3 (Ez—ﬁl)-&'

d(E,+E,)
2

Question 7e

(b) A material of dielectric constant K is filled in a parallel plate capacitor of
capacitance C. The new value of its capacitance becomes

1.C
2.C/K
3.CK

4 C(1+%)

(4 Marks) (CBSE 2025 - 55/2/1)

8. A parallel plate capacitor consists of two conducting plates kept generally
parallel to each other at a distance. When the capacitor is charged, the charge
resides on the inner surfaces of the plates and an electric field is set up
between them. Thus, electrostatic energy is stored in the capacitor. The figure
shows three large square metallic plates, each of side ' L. ' held parallel and
equidistant from each other. The space between P1 and Pz and Pz and Pz is
completely filled with mica sheets of dielectric constant ' K'. The plate P; is



connected to point A and other plates P1 and Pz are connected to point B. Point
A is maintained at a positive potential with respect to point B and the potential
difference between A and B is V.

Ae

Question 8a
The capacitance of the system between A and B will be :

1.

2
3.
4

Question 8b

The charge on plate P; is :
1 ggVKL?
© T 2d
egVKL?
d
229 VKL?
d
ggVKL?
4d

2.
3.
4.

Question 8c



The electric field in the region between P, and Ps is :

b | =

2V
d

v

d

Bt

1.
2.
3.
4.

<|a

Question 8d. (a) The separation between the plates of same area (L2) of a

parallel plate air capacitor having capacitance equal to that of this system, will
be :

1.
2.
3.
4.

;| n-;|n-ﬁ|§ml R

Question 8e. (b) If the source of potential difference applied between A and B is
removed, and then A and B are connected by a conducting wire, the net charge
on the system will be :

g VKL?2

(4 Marks) (CBSE 2025 - 55/4/1)

9. A capacitor is a system of two conductors separated by an insulator. In
practice, the two conductors have charges Q and -Q with potential difference V
= V1 — V2 between them. The ratio Q/V is a constant, denoted by C and is
called the capacitance of the capacitor. It is independent of Q or V. It depends
only on the geometrical configuration (shape, size, separation) of the two
conductors and the medium separating the conductors. When a parallel plate
capacitor is charged, the electric field Eo is localised between the plates and is



uniform throughout. When a slab of a dielectric is inserted between the
charged plates (charge density o), the dielectric is polarised by the field.
Consequently opposite charges appear on the faces of the slab, near the plates,
with surface charge density of magnitude oyp. For a linear dielectric oy is
proportional to Eo. Introduction of a dielectric changes the electric field, and
hence, the capacitance of a capacitor, and hence, the energy stored in the
capacitor. Like resistors, capacitors can also be arranged in series or in parallel
or in a combination of series and parallel.

Question 9a. Consider a capacitor of capacitance C, with plate area A and plate
separation d, filled with air [Fig. (a)]. The distance between the plates is
increased to 2d and one of the plates is shifted as shown in Fig. (b). The
capacitance of the new system now is:

| o]

P WD R =
ST b R

C

C

Question 9b. A slab (area A and thickness d1) of a linear dielectric of dielectric
constant K is inserted between charged plates (charge density o) of a parallel
plate capacitor [plate area A and plate separation d(>d1)] and opposite

charges with charge density of magnitude o, appear on the faces of the slab.
The dielectric constant K is given by :



1.
2.
3.
4.

Question 9c. An electric field E is established between the plates of an air filled
parallel plate capacitor, with charges Q and -Q. V is the volume of the space
enclosed between the plates. The energy stored in the capacitor is:

%EGEE
ggQ*E
seB*V
£0EQV

nal I .

Question 9d. (a) Three capacitors A, B and M, each of capacitance C are
connected to a capacitor N of capacitance 2 C and a battery as shown in the
figure. If the charges on A and N are Q and Q' respectively, then Q'/Q is :

A
_H___
=B =M
N
11
|}
I
\T
1.1/6
2.1/3

3.3



4.6
Question 9e.

(b) A slab (area A and thickness % ) of dielectric constant K is inserted in a parallel plate capacitor
of plate area A and plate separation d. If C and Cy are the capacitances of the capacitors with and

without the dielectric, then c% is:

1.
2,
3. K
4.

(4 Marks) (CBSE 2025 - 55/6/1)

10. (i) A small conducting sphere A of radius r charged to a potential V, is
enclosed by a spherical conducting shell B of radius R. If A and B are
connected by a thin wire, calculate the final potential on sphere A and shell B.

(ii) Write two characteristics of equipotential surfaces. A uniform electric field
of 50NC-1lis set up in a region along +x axis. If the potential at the origin (0,0)
is 220V, find the potential at a point (4 m,3 m).

(5 Marks) (CBSE 2025 - 55,/2/1)

11.

(i) The electric field in a region is given by E:‘ = 4{}m§N/C. Find the amount of work done in
taking a unit positive charge from a point (0,3 m) to the point (5 m, 0).

(ii) A charge Q is distributed over two concentric hollow spheres of radii » and R(:> 'r) such that
their surface charge densities are equal. Find:

(1) the electric field, and

(1) the potential at their common centre.

(5 Marks) (CBSE 2025 - 55/6/1)

12.



(i) Two point charges +q and —g are held at (a, 0) and (—a, 0) in x-y plane. Obtain an
expression for the net electric field due to the charges at a point ( 0,y ). Hence, find electric field
atafaroffpoint(y > a)

(i) Three point charges of —2nC, —1nC, and +5 nC are kept at the vertices A, B and C' of an
equilateral triangle of side 0.2 m _ Find the total amount of work done in shifting the charges from

Ato Ay, Bto By and C'to C. Here Ay, B; and C are the midpoints of sides AB, BC and CA
, respectively.

(5 Marks) (CBSE 2025 - 55/4/1)

13. (i) Show that Gauss's theorem is consistent with Coulomb's law. Using it,
derive an expression for the electric field due to a uniformly charged thin
spherical shell of radius r at a point at a distance y from the centre of the shell
suchthat (Dy>rand (I y<r

(ii) A point charge of +2 nC is kept at the origin of a three-dimensional
coordinate system. Find the type and magnitude of the charge which should be
kept at (0,0, —6m) so that the potential due to the system becomes zero at
(0,0,2 m).

(5 Marks) (CBSE 2025 - 55/4/1)

14.

(i} Two point charges 5uC and —1pC are placed at points (-3 cm, 0,0) and ( 3 ¢cm, 0,0 )
g .
respectively. An external electric field E = r—‘tf where A = 3 x 10°Vm is switched on in the

region. Calculate the change in electrostatic energy of the system due to the electric field.

(i) A system of two conductors is placed in air and they have net charge of +80uC and —80uC
which causes a potential difference of 16 V between them.

(1) Find the capacitance of the system.

(2) If the air between the capacitor is replaced by a dielectric medium of dielectric constant 3 |
what will be the potential difference between the two conductors?

(3) If the charges on two conductors are changed to +160uC and —160uC, will the capacitance
of the system change ? Give reason for your answer.

(5 Marks) (CBSE 2025 - 55/1/1)



15. (i) Consider three metal spherical shells A,B and C, each of radius R. Each
shell is having a concentric metal ball of radius R/10. The spherical shells A,B
and C are given charges +6q,—4q, and 14q respectively. Their inner metal balls
are also given charges —2q, + 8q and —10q respectively. Compare the
magnitude of the electric fields due to shells A,B and C at a distance 3 R from
their centres.

(ii) A charge —6uC is placed at the centre B of a semicircle of radius 5 cm, as
shown in the figure. An equal and opposite charge is placed at point D ata
distance of 10 cm from B. A charge +5puC is moved from point' C ' to point' A"
along the circumference. Calculate the work done on the charge.

+6q —-6q
D

(5 Marks) (CBSE 2025 - 55/1/1)

16.

(i) A parallel plate capacitor with plate area A and plate separation d has a capacitance Cp. A slab

of dielectric constant K having area A and thickness (%) is inserted in the capacitor, parallel to

the plates. Find the new value of its capacitance.

(i) You are provided with a large number of 1u F identical capacitors and a power supply of 1200
V' . The dielectric medium used in each capacitor can withstand up to 200 V only. Find the
minimum number of capacitors and their arrangement, required to build a capacitor system of
equivalent capacitance of 2 F' for use with this supply.

(5 Marks) (CBSE 2025 - 55/7/1)



17.

(i) An electric dipole of dipole moment p consists of point charges g and —¢q, separated by 2a.
Derive an expression for electric potential in terms of its dipole moment at a point at a distance
:v(}2> a.) from its centre and lying (1) along its axis, and (Il) along its bisector line.

(i) An electric dipole of dipole momentp = (0 — 81 + [l.ﬁf,-‘)l[l‘mCm is placed in an electric

- .
field E = 1.0 x 1[]7]{%. Calculate the magnitude of the torque acting on it and the angle it
makes with the x-axis, at this instant.

(5 Marks) (CBSE 2025 - 55/7/1)

Answer
1.B
2.A
3.D
4,
a)
11 1
o x(#) #




5.
For ball A

q1 = 20 x 47R?
= 87R*o

For ball B

q2 = 30 x 4m(2R)?
= 487R%s
Total charge (Q) = q; + g2
= 56mR%0

When balls A and B are connected by a wire, their potentials will be equal Let
q
be the charge on ball

A

and

(Q—a)

be the charge on the ball
B

after connecting wire.

Kqg K(@Q-q

R 2R
2q=Q—¢q
- Q
7= 73
B 56T R0
N 3
Q 112xR%*c
Q- = =
3 3
EErRic
oA 3
4T R2
_
3
1127 R%a
opg =



7
= —a

3
6a. Correct Option: 5 mC
6b. Correct Option: Zero
6c. Correct Option: [M? LO T A9]
6d. Correct Option: Q—L,Emﬁ
6e. Correct Option: 0.5 mA
7a. Correct Option: E/4

7b.

Correct Option:

Vv

7cC.

Corract Option:

!
)
« T

T




7d.
Correct Option: (E‘l + Eg) . u_‘f

7e. Correct Option: CK
8a.

2epKIL2

Correct Option: —5

8b.

o VKL?2
d

Correct Option:

8c. Correct Option: V/d

d

8d. Correct Option: 54

8e. Correct Option: Zero

9a. Correct Option: C/4

. Correct Option: —

o—g

9c Correct Option: %E[}EE \'

9d. Correct Option: 6

Correct Option: 2K

e K+1

10.



(i) Potential on sphereg]
A=V=2

Amepr

Charge on sphere
A =AdmeerV

The charge is transferred to shell
B

Potential on shell
_ 1 dmegrV
B - 4'.'T€n R

Potential on shell
_ v
B="%

Potential on sphere
A=

Potential on shell
B

(ii) Characteristics of equipotential surfaces: -
(Any two)
Potential at all points on the surface is same.

Equipotential surface is normal to the direction of the electric field.

Vo —V = Ed="50 x4

Vo=V =200V
V=220V-200V
V=20V

11. (a)



L =
V=—fE-d’r

= — [4Da:d:s

= —20z*

Potential at A (
0,3m

)
Va=0

Potential at B
(5 m,0), Vg = =500V

Work done in taking a unit positive charge from a point
(0,3 m)

to the point

(5m

. 0)

W=q(Ve—Va)
=1(—500 — 0)
W = —500J

(ii) (I) Electric field at the common centre will be zero as the charge enclosed
by the inner sphere is zero.

Q-9



Alternatively:

Qen:U
pr =10

L =
§E-ds=0
E=0

o

éurface charge densities are equal

dmr? T dmR2

9= R

Potential at common centre

_ kg kQ-q)
V=T "t"wm
ko Qrf k Qr’
ST E[Q— m}
V= kQ(R +r1)
R2 4 r?
12l




Magnitude of electric field due to the two charges +q and -q are given by

q 1
E'q:élmf 24 a2
0y +a

g -4 1

dmey y* + a*

Components normal to the dipole axis cancel out.
The components along the dipole axis add up.

The total electric field is opposite to the dipole moment will be given by-

—r X .

E=-(Efq+E_¢)costp

o 2qa .
dmeg(y? + a2)%?

(

p

Is a unit vector along dipole moment)

At large distance
(y > a)

darey




Initial electrostatic potential energy of the system

1 s9qagqs |, 9c9a |, qcds
Ul_mo(AB +76 t 50
9% 10°

05 L(72x 1) +(=2x5) + (=1 x5)] x 1018

Uy = -585x107")
U, 1 (qmqsl 96,94, QGIQBI)
2

= dme, VA By ALC, | BLC,
Us=—11.7x107J

W=U,-U; =-58x10"J

13. (i) Gauss's theorem is based on the inverse square dependence on distance
contained in the coulomb's law.

Alternatively-

According to Gauss's theorem

According to Coulomb's law, force on charge

do
in this field
F — 1 99,

dre, 1t

Therefore, Gauss's law is consistent with Coulomb's law

® MForv>r

(i




Electric flux through Gaussian surface
E x 4my?
The charge enclosed by the surface

a x 4mr?
Using Gauss theorem

: odar?
E (4my?) =
(4my*) = —
__':.
E- 2 &
Amregy?
(Il Fory=r

(2

The charge enclosed by Gaussian surface = 0

Using Gauss theorem

Electric flux

=E (4my?) =0
le.

E=0 (y<r)

;J{o."’.l
]
<
&
want, —)
4
e



Let the charge is kept at A be q

Potential at point B due to charge at the origin O and charge (q) at A

V=Vi+V;
1 leﬂ_g_l_ q
 dgweg 2 6+ 2
1 q
10°° —}_0
471".59{ +8
q=—-8x107°C
14.
0}
5
E=3X21{]'F' ( Given) dV = —E . d7
T
V=3x%10"/r

Electrostatic energy of the system in the absence of the field

o Hogp
U1 - ™2

Electrostatic energy in the presence of the field

K . -
Uf= %4‘@'1"'(7'1) +QQV (7'2)
AU=U; - U = ¢V (71) + .V (72)
5% 107% x 3 x 10° _1x10—ﬁx3x1{}5
3x10°? 3x10?

AU =
=401J

C'=KC
2) =3xbpuF=15pF
s Q _ 80uC

=533V

- C' 15uF



3) No, The capacitance of the system depends on its geometry.

15.

Total charge for

A =

Total charge for
B =

Total charge for
C=+4q

As,

E=%

Since ) = 4g and r = 3R
E_k(4q}_ dkq
~ 9R?  OR?
. Ep =Ep =E,
Ex6x10"% kx6x10°
V.= — — -
ii) 5 % 10 5 % 10
=0
[kxﬁxlﬂ_ﬁ kxﬁxlﬂ_ﬁ]
Va =

15 x 102 5% 10°*
_kx6x10° [1—3]

102 15
9x10° x 6 x 107% x 2
B 15 x 10~
=-T72x10"V
W:‘I[VA_VE]
=5x 10 °[-7.2 x 10° — 0]
W=-367




EoA
Cp =
"7
_ EQA
(d—t)+ #
t=d/4
C— EQA - EQA
(d-9+7x  d(F+3x)
4K
CO{3K+1)

Alternatively: When dielectric is inserted, the electric field between the plates is
E = E¢/K

The potential difference will be
3d
V=E;| —
() +2(%)
_|_

(391 5(2)
SIe

+E
E

e (2521
0= %? N (33{1—11) ?;;

4K
CZC“(3K+1)

(ii) Each capacitance can withstand 200 V

No. of capacitors in each row
_ 1300 __ 6
= =

Net capacitance of each row
=1/6uF

Number of rows
=1



1 1
Ceq:E+g+ _____ n
P
6
Son=12

Total no. of capacitors in the arrangement
=6x12
=172

17. 1. Along its axis

Na—
X+ a
ki
V= —3
X—a
V=V_+V,
-1 1
=k
q(x—|—a + x—a)
2a kp
=k —
q(xz_az) x2—a?
k
X > a :—E
X

(i
F=PxE
= (0.81+0.67) x 10 x (1x 10")k
= [0.8(—7) + 0.67] x 107

v = {\/m] x 1072

=10"%2Nm
_ 0.8
T 06

4
_ -1
@ = tan (—3 )

a = 53°

tan o



0

S
-q/a 1 tq
A3 B

2a
g.ét\

: 5
0-%)

2024

1. Two charges +q each are kept ' 2a ' distance apart. A third charge —2q is
placed midway between them. The potential energy of the system is -

(1 Marks) (CBSE 2024 - 55/4/1)

A Bmwepa

2

B. Bwepa

qu
C. Bmepa




ﬁq*
D. " Bme pid

2. Assertion (A) : Equal amount of positive and negative charges are
distributed uniformly on two halves of a thin circular ring as shown in figure.
The resultant electric field at the centre O of the ring is along OC.

Reason (R) : It is so because the net potential at O is not zero.

¥ A+

A. If both Assertion (A) and Reason (R) are true and Reason (R) is correct
explanation of Assertion (A).

B. If Assertion (A) is true but Reason (R) is false.
C. If both Assertion (A) and Reason (R) are false.

D. If both Assertion (A) and Reason (R) are true and Reason (R) is not the
correct explanation of Assertion (A).

(1 Marks) (CBSE 2024 - 55/5/1)

3. Consider a group of charges q1,q2,93... such that £qeq0. Then equipotentials
at a large distance, due to this group are approximately :

A. Ellipsoidal surface
B. Spherical surface

C. Plane

D. Paraboloidal surface

(1 Marks) (CBSE 2024 - 55/3/1)



4, A proton is taken from point P1 to point P2, both located in an electric field.
The potentials at points P1 and P2 are -5V and +5 V respectively. Assuming
that kinetic energies of the proton at points P; and P: are zero, the work done
on the proton is:

(1 Marks) (CBSE 2024 - 55/3/1)
A —1.6 x10-18]
B.0.8 X 10-18]
C. Zero
D.1.6 x 10-18]

5. A proton and an alpha particle having equal velocities approach a target
nucleus. They come momentarily to rest and then reverse their directions. The
ratio of the distance of closest approach of the proton to that of the alpha
particle will be :

(1 Marks) (CBSE 2024 - 55/3/1)
A1/2
B. 1/4
C.2
D. 4

6. Ten capacitors, each of capacitance 1p F, are connected in parallel to a
source of 100 V. The total energy stored in the system is equal to :

(1 Marks) (CBSE 2024 - 55/1/1)
A.10-2]
B.0.5 X 10-3]
C.5.0 x 10-2]
D.10-3]



7.
The electric field in a region is given by
= (10z + 4)i
where z isin mand E is in N/C. Calculate the amount of work done in taking a unit charge from
(i) (5 m,0) to (10 m, 0)
(i) (5 m, 0) to (5 m, 10 m)

(3 Marks) (CBSE 2024 - 55/4/1)

8. The figure shows four pairs of parallel identical conducting plates,
separated by the same distance 2.0 cm and arranged perpendicular to x -axis.
The electric potential of each plate is mentioned. The electric field between a
pair of plates is uniform and normal to the plates.

TV AV S0V el W =0V -._mn'. BSTUIRY _mw .r'

Question 8a.

For which pair of the plates is the electric field E’ along i?
1.1

2.1

3.1

4 1V

Question 8b. An electron is released midway between the plates of pair IV. It
will :

1. move along i at constant speed
2_move along i at constant speed
3. accelerate along i

4. accelerate along —i

Question 8c. Let Vo be the potential at the left plate of any set, taken to be at x
= 0 m. Then potential V at any point (0 < x < 2 cm) between the plates of that



set can be expressed as :
where « is a constant, positive or negative.

1. V=V,4+azx
2.V =V, + ax?
3.V =V, +az'/?
4.V =V, 4 az??

Question 8d.

(a) Let Eq, Eg, E5 and E4 be the magnitudes of the electric field between the pairs of plates, |, Il
Il and IV respectively. Then

1. Ey > Ey > E3 > Ey

2 E3>Es>E; > Es

3. Eq - E;:, = E'g = E]_

4F >E>E,>E,

Question 8e. (b) An electron is projected from the right plate of set I directly
towards its left plate. It just comes to rest at the plate. The speed with which it
was projected is about :(Take (e/m) = 1.76 X 1011C/kg)

1.1.3 x 10° m/s
2.2.6 x10°m/s
3.6.5 x 10° m/s
4.52x10" m/s

(4 Marks) (CBSE 2024 - 55/3/1)

9. Dielectrics play an important role in design of capacitors. The molecules of a
dielectric may be polar or non-polar. When a dielectric slab is placed in an
external electric field, opposite charges appear on the two surfaces of the slab
perpendicular to electric field. Due to this an electric field is established inside
the dielectric.

The capacitance of a capacitor is determined by the dielectric constant of the
material that fills the space between the plates. Consequently, the energy
storage capacity of a capacitor is also affected. Like resistors, capacitors can
also be arranged in series and/or parallel.



Question 9a. Which of the following is a polar molecule?

1.0

2. H;

3. N2

4, HCI

Question 9b. Which of the following statements about dielectrics is correct?

1. A polar dielectric has a net dipole moment in absence of an external electric
field which gets modified due to the induced dipoles.

2. The net dipole moments of induced dipoles is along the direction of the
applied electric field.

3. Dielectrics contain free charges.

4. The electric field produced due to induced surface charges inside a
dielectric is along the external electric field.

Question 9c. When a dielectric slab is inserted between the plates of an
isolated charged capacitor, the energy stored in it :

1. increases and the electric field inside it also increases.
2. decreases and the electric field also decreases.

3. decreases and the electric field increases.

4. increases and the electric field decreases.

Question 9d. () An air-filled capacitor with plate area A and plate separation
d has capacitance Co. A slab of dielectric constant K, area A and thickness
(d/5) is inserted between the plates. The capacitance of the capacitor will
become



1 ai{I—{rl Co
5 :Ki-{r_ -C[I
3. 42&_1_ Co
52

Question 9e. (b) Two capacitors of capacitances 2Coand 6Co are first
connected in series and then in parallel across the same battery. The ratio of
energies stored in series combination to that in parallel is

ok
om

1.
2.
3.
4.

-
c:.|':":'

(4 Marks) (CBSE 2024 - 55/5/1)

10. (i) A dielectric slab of dielectric constant ' K' and thickness 't ' is inserted
between plates of a parallel plate capacitor of plate separation d and plate area
A . Obtain an expression for its capacitance.

(ii) Two capacitors of different capacitances are connected first (1) in series
and then (2) in parallel across a dc source of 100 V . If the total energy stored
in the combination in the two cases are 40 m] and 250 m] respectively, find the
capacitance of the capacitors.

(5 Marks) (CBSE 2024 - 55/4/1)
11.

(i) Obtain an expression for the electric potential due to a small dipole of dipole moment f:? at a
point ¥ from its centre, for much larger distances compared to the size of the dipole.

(ii) Three point charges q, 2q and nq are placed at the vertices of an equilateral triangle. If the
potential energy of the system is zero, find the value of n.

(5 Marks) (CBSE 2024 - 55/2/1)
12.



(1} Draw equipotential surfaces for an electric dipole.

(ii) Two point charges g, and g, are located at ¥, and 75 respectively in an external electric field
ﬁ_ Obtain an expression for the potential energy of the system.

(iil) The dipole moment of a molecule is 107%°Cm Itis placed in an electric field E of 10° V;’m

such that its axis is along the electric field. The direction of E is suddenly changed by 60° at an
instant. Find the change in the potential energy of the dipole, at that instant.

(5 Marks) (CBSE 2024 - 55/5/1)

13. (i) Obtain the expression for the capacitance of a parallel plate capacitor
with a dielectric medium between its plates.

(ii) A charge of 6uC is given to a hollow metallic sphere of radius 0.2 m. Find
the potential at (i) the surface and (ii) the centre of the sphere.

(5 Marks) (CBSE 2024 - 55/3/1)
14,

(i) An electric dipole (dipole moment p = ﬁg ), consisting of charges -g and q , separated by
distance 2 a , is placed along the x-axis, with its centre at the origin. Show that the potential V'

i
z?

due to this dipole, at a point z, (z > a) is equal to ﬁ_n
(i) Two isolated metallic spheres S; and S» of radii 1 cm and 3 cm respectively are charged such
that both have the same charge density (% 4 10_9) C,fmg_ They are placed far away from each
other and connected by a thin wire. Calculate the new charge on sphere 5;.

(5 Marks) (CBSE 2024 - 55/1/1)




Answer
1.B
2.B
3.B
4.D
5.C
6.C
7.
0]

xp
AV = —f Edx

1
10 2 10
10
sz—f {10x+4)dx=—[ ; +4x}
5 5
~395V

gAV =-395x1
—3957J

W

8a. Correct Option: IV

8h. Correct Option: accelerate along —i

8c. Correct Option: V=V + ax

8d. Correct Option: Es> E3z > E» > E4
8e. Correct Option: 2.6 X 10 m/s
9a. Correct Option: HCI

9b. Correct Option: The net dipole moments of induced dipoles is along the
direction of the applied electric field.

9c. Correct Option: decreases and the electric field also decreases.

od Correct Option: [Ei{Ij—l] Co



9e. Correct Option: 3/16
10. a) (i)

Electric field in air between plates

Electric field inside the dielectric

Potential difference between the plates

V:Eg(d—t)-l-Et
T t
V—g[d—t—l-f

_ g v
V= Asﬂ[d t+K]

Capacitance
q
C=—=
v
_ AEn
d—t+ 4
A
C= =0



e ] =1
+ - * -
- -
+ r P -
+ e N -
+ -
+ = 'I
e 1
“l—

—od —

ii) Total energy stored in series combination

i) Total energy stored in series combination

1 10z 2 3
(&% )vE=10x107°7

1)

—

Energy stored in parallel combination

2(Cy + Cg) V2 =250 x 107°% J.
(2)

Substituting value of

V=100V
ineq (1) and (2), on solving

Ci=4x10°FordouF
Co=1x10"°"For10uF

11.



Ly

Potential due to the dipole is the sum of potentials due to charges q and —-q

dweg \ T Ty

(N

V=gt -4)

By geometry

a’ — 2arcosf

21 a? 4 2arcosf

+ +

Forl
r>=a
, retaining terms only up to first order in

a/r

2 0 2
ngrz(l_ﬂﬁ_)

r T

o 2 (1_ Zatusﬁ)
T



Similarly
72 o p? (1 4 Zecosl)

Using the binomial theorem and retaining terms up to the first order in

A~ L( 1 iﬁamsﬂ)—l.ﬂ
= r

i

112

3(1- 2sm0)

Using eqn. (1) (2), (3) and

p = 2q
a
2acosf
v=_14 1
dmey 1
_ pcost
N 4?‘1’50?‘2

Alternatively -



n

L J

re9 =7 +acost
' =1 —acost

Vo (L1
-'-'l'FI.'ED 1 Ta
1 1
V=12 -
dmeg \ r —acost r4acost

q 2acosf
"~ dmeg \ 2 — a?cos?d

— il cosd
dmegr | 1 iz—zcusi [

For

r = a

. neglecting
2

f
TE

_ Feogd

daregr?



(i) Consider the side of equilateral triangle as '
a

. 17 — Fkn@ kgaqs kg1as
Potential energy = U = —% 4 =28 4 =

According to question

u- H22e) k29 (ng)  klg)(ng)

=0
(L (L a
2 2 2n 2 il 2
S + !l + 9 _ 0
o [} s
n=-2
o 2
T3
12.
(1)
N N
N\ 220\
[ ((@))) frﬁ’ﬁ*“h |
Yoo N -ff.’/’;,f_x' ‘x\:‘"\\h =, g,
SN S \:‘;—:’/



(il) Work done in bringing a charge
q1
from infinity to

T

W, =q; V(1)
()

Work done in bringing a charge
2

from infinity to

)

against the external field :

W3 =qa V (72)
(i)

Work done on

q2

against the field due to
qi

— _G1q3
le o 4TFE‘1].$‘12
(1))

Potential energy of the system

Total work done

=q1 V(F1) + a2 V(F2) + ;2&

+TEQT12

(i) Change in Potential energy

Work done



W =pE [cos fy — cos 0]
W = 10" x 10° [cos 0 — cos 60°]
W=50x10"%]
13. (i) When a dielectric slab is inserted between the plates of capacitor, there

is induced charge density “F

which opposes the original charge density

(@)

on the plate of capacitance.

Electric field with dielectric medium is

B (o0 —op)
En
VzExd:@d
£D
(c—or) =7
V:_gd _
EQK AE(JK
_Q_KEDA
C_V_ d

(ii) Electric potential due to a point charge

T Lmeg T
(i) At the surface

1 g 9x10°x6x107°
C dmeg T 0.2
V=27%x10"V

(ii) Since electric field inside the hollow sphere is zero, hence V is same as that of the surface and
remains constant throughout the volume.

V=27Tx10°V



14,

0]

a
| poo-mmme e —
4 o g
1 ¢
V= =
dmeg 7
V=V,-V,
LT
Vo g _q
dreg | (2 —a) (z+a)
_ q [z+a—-z+a
o dmeg | (22 —a?)
2
v 4 a p

dmeg (22 — a?)  4meg (z% —a?)

As p is along x -axis, so

= Tmeg (z*—al)




"

’rf:rz(l—

Similarly,

Alternatively:

(%-%)

L]
By geometry

2 _
ry =

2

r? + a® — 2arcosf
Ty =

r? + a® + 2arcos

a2
-
2a cos B
T

2a cos

T

2a.cosl
T
(1 -+

=~ p? (1—

rg":"rQ

. we obtain

Using binomial theorem & retaining terms upto the first order in
a

Lo 1(1 - Zeemsf)F o L(14 Scosh)
(ii)

Lo 1(1— Zesmt)F > 1(1 - 2cos)
({0

Using equations (i) ,(ii) & (i) & p = 2qa

9 2acosf __ pcosd
1..2

T 4wy

pcosé

=1

P

T dmegr?



As

e

T
Is along the x -axis.

-1

~3»
= S

ey

p-

=p-
=V
dmey =2

(ii)

Charge on sphere
S1

(Q; = surface charge density x surface Area

= (3 x 10—9) x 4m(1 x 1072)°
m

— 8 x 107 1°C

Charge on sphere
Sa

Q2 = surface charge density x surface Area

- (3 x 10—‘-") x 47 (3 x 1072)°
m

— 72 x 107 %C



When connected by a thin wire they acquire a common potential V and the
charge remains conserved.
Q1 +Q2=0Q1+ Q3

=V + GV
Q1+ Q2= (C, +Cy)V

) Q1+ Qs
Common potential (V) = ———=
p (V) C1+ Oy
1 1
Oy =dmegri = — x10 2= x10UF
! T g 109 9
1
Cy = dmegry = x3x102==x10"F
. o 0 % 107 3
80 x 1071

V= =18V
(¢ +3)x107"

1
Q’lzCl‘V:Exl{] %18
Qy=2x10 “C

Alternatively:

Charge on sphere

S1

(7 = surface charge density x surface Area

- (E x 10—9) x 4r(1x 1072)”
T

— 8 % 10 ¥

Charge on sphere
S



Q2 = surface charge density x surface Area

— (E x 10 9) x47r(3x 10 2\]2
T ]

=72 x 107%C

When connected by a thin wire they acquire a common potential V and the charge remains
conserved.

Qi+ Q:=Q1+ Q5

Q_r
Q) 1
On solving,

I=2x10""2C



2.2 Electrostatic Potential

(1 mark)

1. The physical quantity having Sl unit NC tmis .
(2020) (R)

2.3 Potential due to a Point Charge
(1 mark)

2. A point charge +Q is placed at point O as shown in |
the figure. Is the potential difference ¥y - Vg positive,
negative or zero? i

5 A B

(Delhi 2016, Foreign 2016) |

2.4 Potential due to an Electric Dipole

ETXT (3 marks)

3. Derive the expression for the electric potential due
to an electric dipole at a point on its axial line. i

(2/3, Delhi 2017) (ip)
25 Potential due to a System of Charges

Y (2 marks)

4, Two small conducting balls A and B of radius ry and

r; have charges g, and g, respectively. They are !
connected by a wire. Obtain the expression for

charges on A and B, in equilibrium. (2023) :
5. N small conducting liquid droplets, each of radius r,
are charged to a potential V each. These droplets :

coalesce to form a single large drop without any :
charge leakage. Find the potential of the large drop. !

(2020) (i)

Answer the following questions based on the above ;

a)

(b}

{c)

Consider a uniformly charged thin conducting
shell of radius R. Plot a graph showing the
variation of |E| with distance r from the centre,
for points 0= r < 3R,

The figure shows the variation of potential V

with 1 for two point charges Q4 and Qs where
r

Vis the potential at a distance r due to a point

charge. Find El
Qx

v

L

4

Q:

&08
(8] L -
r
An electric dipole of dipole moment of
&x 107 C-mis kept is a uniform electric field of
10" N/C such that the dipole moment and the
electric field are parallel. Calculate the potential

energy of the dipole.
OR

An electric dipole of dipole moment P is
initially kept in a uniform electric field E such
that p is perpendicular to E . Find the amount
of work done in rotating the dipole to a position
at which p becomes antiparallel to E.  (2023)



Zero.

(4 marks)

The following questions are source based/case based
questions. Read the case carefully and answer the

questions that follow.

7. Electrostatics deals with the study of forces, fields E 9. Equipotentials at a large distance from a collection
and potentials arising from static charges. Force !
and electric field, due to a point charge is basically :
determined by Coulomb's law. For symmetric charge
configurations, Gauss's law, which is also based on :
Coulomb's law, helps us to find the electric field. A
charge/ a system of charges like a dipole experience ! m (1 mark)
a forceftorque in an electric field. Work is required :

to be done to provide a specific orientation to a

dipole with respect to an electric field.

OR

(3 marks)

11. (a) Draw the equipotential surfaces corresponding

to a uniform electric field in the z-direction.

(b) Derive an expression for the electric potential

i 19. The electric potential as a

. function of distance X’ is A
shown in the figure. Draw a B
12. Draw the equipotential surface due to an electric § o

(1/3, Delhi 2019) |
20. Is the electrostatic potential necessarily zero at

at any point along the axial line of an electric
dipole. (Al 2019)

dipale.
OR

Diepict the equipotential surfaces due to an electric
(2/3, Delhi 2017) :
13. Define an equipotential surface. Draw equipotential

dipole.

surfaces:
(i} inthe case of a single point charge and
(ii) inaconstant electric field in Z-direction.

Why the equipotential surface about a single

charge are not equidistant ?

(ii) Can electric field exist tangential to an :
equipotential surface? Give reason.
(AI12016) (R] |

14. Two closely spaced eguipotential surfaces A and
B with potentials V and V + 8V, (where 8V is the
change in V), are kept &l distance apart as shown in :

6. Two point charges q and -2q are kept 'd’ distance : 2.6 Equipotential Surfaces

apart. Find the location of point relative to charge 'g’ :
at which potential due to this system of charges is

(Al 2014C) 8. The electric potential V at any point (x, v, 2} is given

MCQ

by V = 3x° where x is in metres and V in volts. The
electric field at the point {1 m, 0, 2 m}) is

{a) &6V m*along -x-axis

{b) &V m!along +x-axis

() 1.5V m™!along -x-axis

(d) 1.5V m*along +x-axis. (Term12021-22) Lurh

of charges whose total sum is not zero are
{a) spheres (b) planes
(c) ellipsoids (d) paraboloids

(Term | 2021-22) (R |

10. Why are electric field lines perpendicular at a point
on an equipotential surface of a conductor?

(A1 2015C) (1]

: 17. Write two important characteristics of equipotential

"For any charge configuration, equipotential surface
through a point is normal to the electric field.” Justify.
(Delhi 2014) :

surfaces. (25, 2020)
18. The magnitude of electric field {in N C) in a region
varies with the distance rlin m) as
E=10r+5
By how much does the electric potential increase in
moving from point at r = 1 m to a point at r = 10 m.

(2/5, 2020) [Ap|

1 2 3

graph of the electric field E as -
(1/5,A12019) (An|

a function of x

a point where the electric field is zero? Give an
example to support your answer.

(2/5, Al 2019) (Ap)

2.7 Potential Energy of a System of

Charges
MCQ

i 71, A+30nC charge () is initially at rest at a distance

of r; = 10 ecm from a + 5.0 nC charge q fixed at the
origin. The charge Q is moved away from g to a new
position at r, = 15 cm. In this process work done by
the field is

a) 1.29x%107%) (b) 3.6x%10°)

lc) -45x107J (d) 45x107)



the figure. Deduce the relation between the electric :
field and the potential gradient between them. :
Write the two important conclusions concerning :
the relation between the electric field and electric :

potentials.
B

V+aV

I (5 marks)

15. Draw equipotential surfaces due to an isolated point

charge (—-g) and depict the electric field lines.

14, A cube of side 20 cm is kept
in a region as shown in the

figure. An electric field E exists
in the region such that the

oy

potential at a point is given by o »x

V= 10x + 5 where V is in volt
and x is in m. z
Find the

{i) electric field E and

(ii) total electric flux through the cube.

25. Two point charges g and =g are located at {0, 0, -a)
and (0, 0, a) respectively.

arrangement.

{b) Find the amount of work done in moving a small

test charge g, from point (I, 0, 0) to (0, 0, O).

(Al 2020C) 34. Two point charges g, and g, are kept r distance
26. Obtain the expression for potential energy of an :
electric dipole placed with its axis at an angle (6) to :
an external electric fheld {E':l_ What is the minimum |

(Al 2019C)

value of the potential energy?

XM (3 marks)

27. (a) Two point charges + Q, and -Q, are placed r |
distance apart. Obtain the expression for the !
amount of work done to place a third charge : 6. An infinitely large thin plane sheet has a uniform

Qs at the midpoint of the line joining the two :

charges.

{b) At what distance from charge +0; on the line !

joining the two charges (in terms of Q4. Qs arud_l

2mari)

fDth:EDId-C} E'l.lI Z3. Obtain an expression for electrostatic potential

(3/5, 2020) (An) |

(5 marks)

(8} Depict the scuifotentisl surbsces:due to Hhis 33. Find the expression for the potential energy of a

(Term | 2021-23)
: (1 mark)
22. Figure shows the field lines 'Q
i on a positive charge. Is the “

work done by the field in
moving a small positive
charge from 0§ to P
positive or negative?

Give reason. (Foreign 2014) lE.:

energy of a system of three charges g, 2q and -3g
placed at the vertices of an equilateral triangle of
side a. (2023)

(Al 2020) 24. Three point charges Q, g and -g are kept at the

vertices of an equilateral triangle of side L as shown
in figure. What is

(i) the electrostatic potential energy of the
arrangement? and

(ii) the potential at point D?
A

4
-q DUEC

: 3 (2023)

system of two point charges 4, and g, located at
f, and F,, respectively in an external electric field E.

(2/5, 2020) (Ag)

apart in a uniform external electric field E. Find the
amount of work done in assembling this system of
charges. {2/5, 2020) I'ﬁ.:{:
Derive an expression for the potential energy of an
electric dipole in a uniform electric field. Explain

conditions for stable and unstable equilibrium.
(3/5, Al 2017)

Lag
LN

surface charge density +o. Obtain the expression for
the amount of work done in bringing a point charge
g from infinity to a point, distant r, in front of the

charged plane sheet. (375, Al 2017) |T£h!



28.

29.

30.

2.8 Potential Energy in an External Field

will this work done be zero. (2020) (&) |

Four point charges Q. q, Q and g Q q i

are placed at the corners of a

square of side 'a’ as shown in the

figure. Find the

(a) resultant electric force on a 5
charge (Q, and

(b) potential energy of this system. {2018) -:m]hl

the vertices of an equilateral triangle ABC of side
I as shown in the figure. Obtain the expression :
for the magnitude of the resultant electric force

acting on the charge g.

(b) Findout the amount of the work done to separate
the charges at infinite distance. (2018) :

Three point charges +1 uC, -1 uC and +2 uC are :

initially infinite distance apart. Calculate the work

done in assembling these charges at the vertices of :
an equilateral triangle of side 10 em. (2017) :

Y (2 marks)

3L

Obtain the expression for potential energy of an
electric dipole placed with its axis at an angle (B) to
an external electric field | E } . What is the minimum

E. Find the amount of work
done in moving a charge g & Y
over aclosed rectangular loop

abeda. q + =

(Dethi 2014) (1) :

(S marks)

40.

When a parallel plate capacitor is connected across
a dc battery, explain briefly how the capacitor gets |
charged. (2/5,A12019) (1)
. If two similar large plates, each of area A having :
surface charge densities + o and - o are separated

by a distance d in air, find the expressions for

(a) feld at points between the two plates and on
auter side of the plates. Specify the direction of
the field in each case.

(b} the potential difference between the plates.

{c) the capacitance of the capacitor so formed.

(3/5, Al 2016)

: 2.9 Electrostatics of Conductors
MCQ

37. Which of the diagrams correctly represents the
i electric field between two charged plates if a neutral
conductor is placed in between the plates?

(b)

(d)

(Term 1 2021-22)

: 211 Capacitors and Capacitance

- M (1 mark)

i 38. The given graph shows variation A

of charge 'g wersus potential

difference 'V for two capacitors B
Cy and C. Both the capacitors
have same plate separation but
plate area of C; is greater than
that of C,. Which line (A or B)
corresponds to Cy and why? (A1 2014C) (1]

v

. 212 The Parallel Plate Capacitor

MCQ

39. A charge particle is placed between the plates of
i a charged parallel plate capacitor. It experiences a
farce F. If one of the plates is remowved, the force on

value of the potential energy? {2019C) :
. The electric field inside a +_+ + + + + =+
parallel plate capacitor is g > b i

the charge particle becomes
@) F (b) 2F
) F/2 id) Zero (Al 2020C)

(i} Calculate the capacitance of the capacitor.

(ii} If this capacitor is connected to 100 V supply.
what would be the charge on each plate?

(iii} How would charge on the plates be affected,
if a 3 mm thick mica sheet of K = 6 is inserted
between the plates while the voltage suppl
remains connected? (Foreign 2014) [Ey|

(4 mark)

44, A capacitor is a system of two conductors separated
i by an insulator. The two conductors have equal
and opposite charges with a potential difference
between them. The capacitance of a capacitor




2.13 Effect of Dielectric on Capacitance
MmcQ

42,

Two capacitors of capacitances C; and C; are
connected in parallel. If a change Q is given ta the
combination, the ratio of the charge on the capacitor

C4 to the charge on Ca will be:

Euf
CZ C:I.

{a) C,/Cs

(Al 2020)

ETIM (2 mariks)

43.

X (3 marks)

&4,

45,

A sphere 5, of radius r, encloses a
net charge Q. If there is another
concentric sphere 5; of radius
rzlrz * ry) enclosing charge 20, find
the ratio of the electric flux through
5, and 5, How will the electric

flux through sphere 5; change if a medium of
dielectric constant 5 is introduced in the space

(Al 2014C) (Ap) |

inside 54 in place of air?

The space between the plates of a parallel plate
capacitor is completely filled in two ways. In the
first case, it is filled with a slab of dielectric constant :
K. In the second case, it is filled with two slabs of :
equal thickness and dielectric constants K, and K §
respectively as shown in the figure. The capacitance :

2.14 Combination of Capacitors

-1? Three capacitors, each of 4 pF are to be connected

of the capacitor is same in the two cases. Obtain the
relationship between K, K; and K.

K _E K, :
7
_,———————
d d."'ﬂ
[Case 1) (Case 2)

separation between the plates is 0.3 mm.

2.15 Energy Stored in a Capacitor
MCcQ

48,

A wariable capacitor is connected to a 200 V
battery. If its capacitance is changed from 2 pF
to X I.IF: the decrease in energy of the capacitor is

(Al 2020) i
In a parallel plate capacitor with air between the
plates, each plate has an area of 6 x 10m” and the |

(i)

(i)

depends on the geometrical configuration (shape,
size and separation) of the system and also on
the nature of the insulator separating the two
conductors. They are used to store charges. Like
resistors, capacitors can be arranged in series or
parallel or a combination of both to obtain desired
value of capacitance.
(i) Find the equivalent A._:i"-'" Gl
capacitance between I C
points A and B in the ]
given diagram. e
A dielectric slab is inserted between the plates
of a parallel plate capacitor. The electric field
between the plates decreases. Explain.
(iif) A capacitor Aof capacitance C, havingcharge Qis
connected across another uncharged capacitor
B of capacitance 2C. Find an expression for (a)
the potential difference across the combination
and {b) the charge lost by capacitor A.
OR
Two slabs of dielectric constants 2d/3
2K and I fill the space between B
the plates of a parallel plate
capacitor of plate area A and
plate separation d as shown in
figure. Find an expression for
capacitance of the system.

~
..r-'"":
i

il

e

{T

i

{2023)

: 54.

in such a way that the effective capacitance of
the combination is & uF. This can be achieved by
connecting.

{a) Allthree in parallel

{b) Allthree in series

{c} Two of them connected in series and the
combination in parallel to the third.

Twao of them connected in parallel and the
combination in series to the third. (2023)

(d)

Twuo identical capacitors of 12 pF each are connected
in series across a battery of 50 V. How much
electrostatic energy is stored in the combination?
If these were connected in parallel across the same
battery, how much energy will be stored in the
combination now?



m (2 marks)

50.

2 % 1072 J, The value of X is

(a} 1uF (b) 2uF () 3uF (d) 4uF

Calculate the potential difference and

Cy= 20 uF, C; = 30 uF and C3 = 15 uF.

il
A
G G G

¥

capacitor.

LN (B (3 marks)

5L

5.

53.

In the figure given below, find the
A E‘ Cy L3 i Gipg

i

1=

[l
v

{a) equivalent capacitance of the network between
i 57.

points A and B.
Given:Cy=Ce=4pF, Co=C3=C4= 2k
(b) maximum charge supplied by the battery, and
(c}] total energy stored in the network.

is of 2 uF capacitance.
Cs pCa[CicCa| Cs
i e e L

{ii) Ifadc source of 7V is connected across AB, how
much charge is drawn from the source and what

is the energy stored in the network?

difference across each capacitor.

the |
energy stored in the capacitor C; in the circuit :
shown in the figure. Given potential at A is 90 V, ©

(Al 2015) (An]
A parallel plate capacitor of capacitance C is charged
to a potential V. It is then connected to another :
uncharged capacitor having the same capacitance. !
Find out the ratio of the energy stored in the :
combined system to that stored initially in the single :
(Al 2014) :

(2020) (fn) |
(i) Find the equivalent capacitance between A and :
B in the combination given below. Each capacitor :

(Delhi 2017)
A 12 pF capacitor is connected to a 50V battery. How :
much electrostatic energy is stored in the capacitor?
If another capacitor of & pF is connected in series
with it with the same battery connected across the :
combination, find the charge stored and potential :
(Delhi 2017) (Ap) :

(Term12021-22) | 35

38,

58.

Also find the charge drawn from the battery in each
case. (Delhi 2017)
Two identical parallel plate capacitors A and B are
connected to a battery of V volt with the switch 5
closed. The switch is now opened and the free space
between the plates of the capacitors is filled with a
dielectric of dielectric constant K. Find the ratio of the
total electrostatic energy stored in both capacitors
before and after the introduction of the dielectric.

N
| 1 I (Al 2017) (An)

Two parallel plate capacitors X and ¥ have the same
area of plates and same separation between them.
X has air between the plates while ¥ contains a
dielectric of e, = 4.

}l.'! |‘l"
F o o }—‘

15V

o5

(i) Calculate capacitance of esach capacitor if
equivalent capacitance of the combinationis 4 uF.

(i) Calculate the potential difference between the
platesof X and Y.

fiii} Estimate the ratio of electrostatic energy

stored inX and Y. (Delhi 2016)

In the following arrangement of capacitors, the
energy stored in the & pF capacitor is E. Find the
value of the following

(i) Energy storedin 12 pF capacitor

(i) Energy storedin 3 uF capacitor

(iii} Total energy drawn from the battery

'N

12 pF

3|.LF

{Foreign 2016) (p)
Two capacitors of unknown capacitances C, and
C; are connected first in series and then in parallel
across a battery of 100 V. If the energy stored in the
two combinations is 0.045 J and 0.25 J respectively,
determine the value of C,; and C,. Also calculate the
charge on each capacitor in parallel combination.

(Delhi 2015) (Gr)



(S marks)

59.

&0,

&1

&2,

(i)

{ii)

(i)

fi)

(i)

(i)

(b)

(b)

(&) Why doesthe electric field inside a dielectric
slab decrease when kept in an external :

electric field ?

(B} Derive an expression for the capacitance
of a parallel plate capacitor flled with a :

medium of dielectric constant K.

A charge g = 2 uC is placed at the centre of a

sphere of radius 20 cm.

What is the amount of work done in moving
4 pC from one point to another point on its

surface ?

Write a relation for polarisation P of a dielectric
material in the presence of an external electric |
(Al 2021C)
Obtain an expression for the potential energy of
an electric dipole placed in a uniform electric field.
Three capacitors of capacitance Cy, Co and ¢
C3 are connected in series to a source of :
V volt. Show that the total energy stored in the
combination of capacitors is equal to sum of the

field.

energy stored in individual capacitors.

A capacitor of capacitance C is connected
across a battery. After charging, the battery is :
disconnected and the separation between the :

plates is doubled. How will
(i} the capacitance of the capacitor, and

affected? Justify your answer.,
Obtain the

in series. i
In the circuit shown in 20uF
the figure, the charge _u""F }
on the capacitor of
4 uF is 16 pC. Calculate 4uF i
the energy stored in i
the capacitor of 12 uF 1]t
capacitance. 12V
(Al 2019C) °

When a parallel plate capacitor is connected
i 66

across a dc battery, explain briefly how the
capacitor gets changed.

A parallel plate capacitor of capacitance 'C’ is
changed to Vvolt by a battery. After some time !

&3.

(i) the electric field between the plates be 64.

(Al 2021C) :
expressions for the resultant
capacitance when the three capacitors Cy, C, ©
and C; are connected (i) in parallel and then (ii) :

P 65.

the battery is disconnected and the distance
between the plates is doubled. Now a slab of
dielectric constant 1 < K < 2 is introduced to
full the space between the plates. How will the
following be affected?

(i} The electric field between the plates of the
capacitor.

(i) The energy stored in the capacitor.

lustify your answer in each case

The electric potential as a function of distance

x is shown in the following figure. Draw a

graph of the electric field F as a function

of x.

(i)

(Al 2019)

A parallel plate capacitor is charged by a battery
to a potential difference V. It is disconnected from
battery and then connected to another uncharged
capacitor of the same capacitance. Calculate the
ratio of the energy stored in the combination to the
initial energy on the single capacitor,

{2/5, Delhi 2019)

B parallel plate capacitor of capacitance 'C'is charged
to 'V volt by a battery. After some time the battery
is disconnected and the distance between the
plates is doubled. Mow a slab of dielectric constant
1< K < 2 is introduced to fill the space between the
plates. How will the following be affected?

il The electric field between the plates of the
capacitor?

{iil The energy stored in the capacitor.

Justify your answer in each case. (2/5, Al 2019) [Ev]

Find the ratio of the potential differences that must
be applied across the parallel and series combination
of two capacitors Cy and C; with their capacitances
in the ratio 1 : 2 so that the energy stored in the two
cases becomes the same. (3/5, Al 2016) (Ev)

A fully charged parallel plate capacitor is connected
across an uncharged identical capacitor. Show that
the energy stored in the combinationis less than that
stored initially in the single capacitor. (Al 2015)

W\ CBSE Sample Questions _f‘



2.2 Electrostatic Potential

(=
13

25 Potential due to a System of Charges

3

MCQ

The electric potential V as a function of distance X is

shown in the figure.

The graph of the magnitude of electric field intensity !

E as a function of X is

+E
(a) 0

-E

&

+E +E——

(c) (d) |
s T E——
o -E P |
(2022-23)
A solid spherical conductor
has charge +Q and radius
R. it is surrounded by a
solid spherical shell with @
: 2 B j€ D
charge -0, inner radius
2R, and outer radius 3R.
Which of the following
statements is true? ]
-
{a) The electric potential has a L
—ah

maximum magnitude at C

and the electric field has a

maximum magnitude at A
(b) The electric potential

has a maximum

maximum magnitude at B.

[c) Theelectric potential at Ais zero and the electric

field has a maximum magnitude at 0.

(d} Both the electric potential and electric field

achieve a maximum magnitude at B.
(Term12021-22) (Ap)

MCQ

The electric potential on the axis of an electric
dipole at a distance ' from it's centre is V. Then :
the potential at a point at the same distance on its :

equatorial line will be

@ 2v (b -v (@ = d)

5 Zero

- XM 2 marks)

magnitude at D and the electric field has a : 7

i 8.

0 2 4 &

{a) Theydo not cross each other.
(b} The rate of change of potential with distance on
themis zero.
(e} For a uniform electric field they are concentric
spheres.
(d) Theycan beimaginary spheres.
(Term 1 2021-22) (1]

MCOQ

° For question number 6, two statements are given one
labelled Assertion (A) and the other labelled Reason
. [R). Select the correct answer to these questions from
. the codes (a), (b), (c) and (d) as given below.

i 6.

Assertion (A) : Electric field is always normal to
equipotential surfaces and along the direction of
decreasing order of potential

Reason (R) : Negative gradient of electric potential
is electric field.

la) Both A and R are true and R is correct
explanation of A

ib) Both A and R are true, and R is not correct
explanation of A

() Adstrue, but Risfalse.

(d) Aisfalseand R is also false. (2020-21)

Establish the relation between electric field and
electric potential at a point. Draw the equipotential
surface for an electric field pointing in +£ direction
with its magnitude increasing at constant rate

along -Z direction. (2020-21) (U]

2.7 Potential Energy of a System of

Charges

MCQ

An electric dipole of moment p is placed parallel to
the uniform electric field. The amount of work done
in rotating the dipole by 0% is

(a) 2pE (b) pE {c) pE/2 (d) zero

(Term | 2021-22)

Given below are two statements labelled as Assertion



4. Threecharges 2q, -q and -q lie at vertices of a triangle.
The value of E and V at centroid of triangle will be
(a) Ez0andV=0 (b) E=0andV=0
() Ez0andV=0 (d) E=0andV=0

2.6 Equipotential Surfaces
MCQ

5. Which of the following is NOT the property of

equipotential surface?

(b) Both A and R are true but R is not the correct
explanation of A.

(e} Ais true but Ris false.
(d) Adis false and R is also false.

EEXI (2 marks)

10. Deduce an expression for the potential energy of
a system of two point charges g, and g: located
at positions ry and ry respectively in an external |

(2020-21) :

field (E).

(5 marks)

11. {(a) Three charges -q, Q and -q are placed at equal
distances on a straight line. If the potential
energy of the system of these charges Is zero, !

then what isthe ratio Q :g?
{b) (i)

centre of the shell cutside it.

(ii) Draw agraph showing the variation of electric

field intensity E with r, for r > R and r < R.

(2022-23) |

12. (a) Define an ideal electric dipole. Give an example.
{b) Derive an expression for the torque experienced :

by an electric dipole in a uniform electric field.
What is net force acting on this dipole?

(¢} An electric dipole of length 2 cm is placed with
its axis making an angle of &0° with respect to :

- T (5 marks)

a torque of E\E MN/m , calculate the magnitude of :

uniform electric field of 10° N/C. If it experiences

charge on the dipole, and its potential energy.

(2020-21) (Ev) |

(Term 1 2021-22) :

(Term 1 2021-22)

Obtain the expression for the electric field
intensity due to a uniformly charged spherical :

shell of radius R at a point distant r from the - 2.13 Effect of Dielectric on Capacitance

(2022-23) ; (A)and Reason (R).

: 9. Assertion (A) : An electron has a high potential

energy when it is at a location associated with a

mare negative value of patential, and a low potential

energy when at a location associated with a more

positive potential.

Reason (R) : Electrons move from a region of higher

potential to region of lower potential.

Select the most appropriate answer from the options

given below:

[a) Both A and R are true and R is the correct
explanation of A

: 212 The Parallel Plate Capacitor

MCQ
i 14. A free electron and a free proton FFFFFFET
i are placed between two oppositely ® (=)
charged parallel plates. Both are

closer to the positive plate than the

negative plate.

Which of the following statements is true?

I. Theforceonthe proton is greater than the force
on the electron.

Il. The potential energy of the proton is greater
than that of the electron.

IIl. The potential energy of the proton and the
electron is the same.

ta] lonly (b}

{c) Mland I only (d)

1l anly
Il and | only

(Term 12021-22) (fn)

MCQ

15. A capacitor plates are charged by a battery with "V
volts. After charging battery is disconnected and a
dielectric slab with dielectric
constant 'K is inserted between its
plates, the potential across the
plates of the capacitor will become

(a) zero [b) W2
&) WK (d} KV

(Term 12021-22) (An)

14. (a) Draw equipotential surfaces for (i) an Eiectrlt
dipole and (i) two identical positive charges
placed near each other.

(b) Ina parallel plate capacitor with air betu!EE[L the



plates, each plate has an area of 6 x 107¥ m®and

2.11 Capacitors and Capacitance o i Bt the st % nsi

McQ (i) Calculate the capacitance of the capacitor.
i _ — (ii) If the capacitor is connected to 100 V supply,
13. Three capacitors 2 uF, 3 pF and & pF are joined in what would be the on each plate?
series with each other. The Equi'.ralem Capaﬁtaﬂfﬁ" is E [I-Ii} How would tharg'E‘ on the plEtE be affected if a
la) 1/2uF (b) 1uF 5 3 mm thick mica sheet of k = & is inserted
() 2uF {d) 11pF between the plates while the voltage supply

(Term | 2021-22) remains connected ? (2022-23)

Detailed g=lo]Rbap(e])
_ : ‘ ?;;r;ia&jiﬁerence due to a point charge O at a distancer

1. The physical quantity having Sl unit N C! m is V= 3 E
electrostatic potential. i 4Reg .,
3 o M 5 From the given figure
. )
i Ta TEg Mg
- —————— el @ 1 @ g1 1]
A—VgE e
- % dnegr, AdmEqly  Ameg|ry Ty
1 1 (1 1 : 5. Letq be the charge on each droplet.
Rrh=—a—=3—=— =0 i 1 g .
e Ta \fa T i Then V=—=2 o
i dne, 1

Hence, (V, - Vgl >0
iz, potential difference [V = Vg) is positive.

Canswer Tips ( #]

= At infinity, the electric field and the potential are
assumed to be zero. So the potential decreases with

Volume of big drop = N x volume of small drop

iﬂﬂ =I"q1*1n:""—:|:r:3
3 3

where R is the radius of the big drop.
:-.- R=NY3p¢

i)

e and Q = Ng, where Q is the charge of bigger drop
3 je—2a— . Potential of larger drop,
i .. 1 @ 1 Ng N w23
........... _-P' IH.l" — ] 73 = 73 V: V
M 5 4 : 4neq R 4meg NYSr N
P PR Bt 6. ga=4q anddgg=-2q A p g
Let P be an axial point at distance r from the centre of the ka,
dipole. Electric potential at point P will be Vea s da 4 8
1 (-39 1 g (22 = |
v ='|.|"'1 +'u"'2 = 1 —_— ﬁ;qB
4 4 i = fe——=
: lﬂn r1+n MEg T 2:; og d-x) = —.
LN . L =
4m:n1_r-n r+a] ey gt Vea + Vs = 0
1 B - ka_2ka . g _x=ox
e [ p=q(2d)] x (d=x)
For a far away point,r >>a Ie=dix= -
1 i =
Wi Amne % o V"T Concept Applied |:'Efi]
o r

Thus, due to a dipole potential at a paint is V “}E ;
r

4. There are two conducting ball having radius ry and rs 7. (a) Here, a uniformly charged conducting shell of

¢ radius R.

and the charge on balls is g1 and g: respectively

= Since there are two charges in the system, the total
potential will be given by the superposition equation.



5o, charge density on ball 1,

91
0y =——

-Ier1

: q
Charge density on ball 2, 6., = —2—
2 4:‘&?

After connecting for long time, let the charge on ball 1

will be g3 and charge on ball 2 will be g5

ball 1 ball 2

After connecting the wire, total charge and area becomes
Q=4q,+q, area(a)=4n (r{ +r3)
(g, +42)
4n£r12 +r§]I
So, charge on ball 1, ¢} = &. 4nrs
_laytay) Ang (@ +aphd
C4n y +r2:| (405
Charge on ball 2, g5 = o4nrs

_laraldng (6 +a,)n
4n{;2+rzl 2 {rfﬂzz}

{c) Given,p = 6 x 107 C-m
E= 10" N/C £

Charge density, o=

Since, dipole moment and electric -
field are parallel to each other. T -
So,0=0° A s

Potential energy, U = -pE cosf 4 p
U=-6x10"x 10*

U=-6x107 joules

¥

OR

An electric dipole of dipole moment j is initially kept in © Thus due to a dipole potential at a point is V “5_ _

uniform electric field E,

U = -PE cost g
or dU=-PE cosb db 44 z
JdU==PE [ cosade *-q i

! .

2

— (U= —pElingl = = inf=xl=sinX
d.U-_[d'U- pE|5mﬂ|; pE| sin{-m) sm2]

AW =AU

- pE0 - 1] = pE
8. [a): Potential, V = 3x2

E--dv ==3x2x==5X
dx

f andat3R E=ﬂ_ﬂ
| 9R2

We know that,
Ey=0, (0=r=<R)

(3RY? e
{b) Q, has more slope than Q..
 50.0,>Q, ) ay .
© o kQ = SRR P
H =— ...{I:I] -
Lo :
[Vn-: %} .......... .E ........ .Gi
Because both are straight line i E
passing through origin. 608 ' |
D y=mx O (1) E i
! So,Q=m, 1/r
or Q = _l.i-ll'lﬁﬂ“ = MIIS % EL:E
I Q, tan30® 1/.3 Q, 1
q 1 1 q 2a
_4“‘:& r=a r+a _dma Rogt
i
=E% [:p=q(2a)l
-a

12 Equipotential

//' surfaces '\
. / '
Ty . TR

13. Equipotential surface is the surface with a constant
walue of potential at all points on the surface.
i (i) Equipotential surface for single point charge :



E(1,0,2)=-6x1=-6Vm?
E=6&V m!along -x axis

9. lal:For spheres, the equipotentials at a

10. If the field were not normal to the equipotential :
surface, it would have a non zero component along
the surface. So to mowve a test charge against this :
FEII'I'I.DUFIEI'IL i wurrk Wil hawe: o e done, Eu_t thace : (i) Equipotential surfaces in a constant electric field in
is no potential difference between any two points on :
an equipotential surface and consequently no work is :
required to move a test charge on the surface. Hence, the :

electric field must be normal to the equipotential surface

at every point.
11. (a)
[, o H“"n. [ - X
= - “‘"{""—"-'
—
- z
R
= e ~ _h_"‘....
) =y ¥
Equipotential Surface
(b) |-q— Eﬂ—h-|
— P
- 0 +q
| R -

Let P be an axial point at distance r from the centre of the
distance from the charge +q are r and r - or respectively.

dipole. Electric potential at point P will be
1 (=gl 1 4

V= +V,= . .
EE dmey r+a 4dmeg r—a

sy =W

90

charge against the electric field E is given by
F=—g,F

Therefore, work done to move the test charge through an

infinitesimally small displacement PG=3l is given by
AW =F .Bi=(~gE). 8l =—g,Edlcos180°= g Edl

As the distance r decreases in the direction of 8, then
AW = —qggoE &r

large
distance from a collection of charges, the sum is non zero.

i . f . 1
i equidistant because electric potential, Vec=.

: (i) Electric field cannot
i equipotential surface.

If the field lines are tangential, work will be done in
moving a charge on the surface whereas on equipotential
i surface but we know that Wsg = go(Ve -Va) =0

R e Tios (7]

! 17. [a)
i () Work done in moving a test charge over an
i equipotential surface is zero.

i (i) Electric field is
: equipotential surface.
If E is electric field at point P due to charge +q placed at :
point O, then the test charge g, experiences a force equal |

& y i Mow the electric potential, '.I"=—_[E.dr
to goE and the external force required to move the test :

i 19. Flectric field E=—2V.
T

 Forx=0to1V=kx
i x=1to2,V=k

i f-direction.
= = e 5
. .. . I
- - - -
]_ =
> > > >
¥
— . L. L.
- - - -
For constant electric field

Equipotential surfaces about a single charge are not

r

exist tangential to an

14. Electric field as gradient of potential, consider a point
charge +q placed at point O. Suppose that V and V+&V

are electrostatic potential at surfaces 4 and B, where

V+8V)=v+ 2

Qg

2 In an uniform electric field, every plane normal to the
field direction is an equipotential surface.

Properties of equipotential surface are:

always directed normal to

18. GivenE=10r+5

10 16
== {lﬂ-r+5}dr=-[$+5rl
1

2 10
=—1[5r +5.r]1 =—[{5%100+50)—(5+5)]=-540V
dv

i)



aw W s
o

From equations (i} and (i), we get

8V =-Esr E=-2¥
o

Therefore, electric field at a point is equal to the negative

gradient of the electrostatic potential at that point.
Important conclusions :

(i) Mo work is done in moving a test charge over an
: 20. The electric field E-?

(i) The electric feld is always at right angles to the e e e e e

: potential electric field can be zero.

equipotential surface.

eqguipotential surface.
(iii) The eqguipotential surfaces tell the direction uf
the electric field.

15. For an isolated charge the
equipotential surfaces are concentric
spherical shells and the separation
between consecutive equipotential
surfaces increases in the weaker
electric field.

16. (i) Now electric field

p__av_-dv _£{101+51--1GI
ar  dx
(i} Mow the total electric flux through the cube,

ﬁ:JE.d‘S

E= il

v

JE.d‘S+IE d.5+’{E d5+jE.d5+J'E_d5+IE.d5
I v

=0+0+ |:+1D]|[2{] * 10792 + {-ID}{EDH 10'1]1 +0+0=0 :

Given an equilateral triangle,
Let side of triangle isr.

There are three pair of charges. Potential energy,

U= 1 [al2q) +2=i(-3q]' +i-3ql{tﬂ
dne,l r r

U_L'zai_ﬁ_zsi} )

T Anegl r r r :

= B '-?qi]

U-“m:ﬂ-- J i

2q =g

2

Usel 797

¢ feld
patential is non-zero and constant.

mj

| W=9x10"x5x3x1078 Tt

T L where k is some constant
: 50, using (i) the variation of electric field is shown in

figure.

+E

-dV

i For example, a hollow shell, the
inside is zero, whereas

21. (d):Given,ry, = 10 cm, ry = 15 em

| Work done = change in PE

kaQ kaQ

P WS e —

5 s

100 100 -7|3=-2
=9x15x10
[30]

9x15x10~7

P w=ZX2 _asx1077)

30

: 22. Work done = g (Potential at Q - Potential at P},

i where g is the small positive charge.

The electric potential at a point distance r due to the fisld
i created by a positive charge Q is given by

e .

“dmeg r

fp =< I'q o .Ilrp B V,n

- Hence, work done will be negative.
: 23. Electrostatic potential energy,
5 i IR oF |

aneg 15 N2

i 27. (a) The work done to bring the charge Qy from

* infinity to %
From o= ECI% _"i
I le i
&
: -+ ? -
i 1 A

dne, r/2 A4nme, rf2 -4ﬂ5n

i [b) Consider a point P at a distance x from Q; where
¢ work done is zero. Then



kaa

24. (i) PE=Y—1
T;
i

Potential energy of the arrangement is given by

u_kal=a), kQq _ ki-alg
L L L

kqi

2 I ||1 12 _".'IE
{Il} Aﬂ_‘hlL -I-TL
Potential at D
Ve H—qlxi kqxi mxz
L JaL

Eﬁﬂ

\-"_

(b) As W = gpaAV

system of charges, AV =0
So.W=0

26. Consider an electric dipole having charges +gq and -q

is placed in external field E .

1
-

L

B
Ko™ ;

-q
A

Lia

Torgue experienced by the dipole
T = PE sinf

1 a5 - T
Potential energy = T.df=| “PEsinBdf
i 2 L

U= -FE[msH]E ==PE(cos8, -cosh,)

If 8, = 90°, 0, = 0
U==PE cosB==P-E

Potential energy is minimum if 8 is 20°.

Angle between forces Fag and Fac is 120°
Magnitude of resultant force,

F=oF 2y +F 2 +2FgF s cOS120°

["z J{4F+¢2F+Exdx2x[ 21]

A

i = ox=

| 28. (a) Force on charge Q due 2 a
i tocharge q. .

Force on charge Q due to B (2 B
another charge (Q,

29. (a) Fag=

- __ql

i . Potential at P due to Q, = potential at P due to G,
E= kQ; = {r=x) =xQ.

¥  (r=x)

| rQy-xQy=xQy = rQy=x(Qs + Q)

oy
Q-_l ""qz

Fq=4:2ﬂ:{$ a n‘.

q

Q* 1 @ £,
FQ'.;!EO {IIT‘E 411111252

Met force on charge Q is

= |r_:"_'_2 =
So, the Charge go moves from (I, 0, 0) to (0, 0, 0) means | Free=Fq +/Fg +Fy F”+F4“E
along x-axis. x-axis in the equipotential line for a given !

1ql+1

. 19
-41&,5}:2,;2 4:12&:“;2“5

[Eﬂ"_ ql along diagonal
412,,,::

{b) Potential energy of the given system,

= Uun‘l' Um""”ﬂ‘f‘ Um""'uﬂ"'Um =4qu+ Um'}‘Um

_4Q o @
4neqa 4uniﬁna 4:|:£u{\|"§ﬂ}

1 [ ]
g Jzu " V2a
1 gl4q)
dneg 2
_1 4f
-41::5:, I

o 1 qgl2q)
dme P?

1 2q°

#mﬂ, 2

W=j:nrm{a]da=_{:np£sinm

=pE [-cnselzo

. = pE[-cos8 - (-cosby)]
i = pE[-cosb + cosby]

i = pE[cosby - cosh]



14 1 a
_EFJHH B =i (2¥3)
(b) Required work done = Change in potential energy of :
the system = Uy -Uj;
'ﬂﬂ"{”ﬂﬂ‘l‘”ﬂ:‘l‘ Uﬂ!
=4-—1[ﬂ{-4'i]'+{—4ﬂ'l[2ﬂ]+{ﬂ}f2ﬂ]‘]
nEgl
o BT _10g"
T

30. The work done in bringing a charge g, from infinity

to point A, Wy =0.

gy=+1uC
A

10 cm
10cm

4= +24iC
C

gz ==1uc

10em #

Work done in bringing charge g, to point B from infinity
1 ga, _ 1 -1x107?

dneg T Aney 10x1072

WB=

infinity,
__1 1x2x107% 1 2x(-1)x107"
€T 4ney 10x102 4m, 10x1072

Total work done, W= Wy + Wy + W

__1 g, m1x1072 2x1077 (21071
Ameq 10x102 10x102 10x1072

1 -1x10712
4MEq 10%107
=9 %107 x (-0.1) x10"*¥ = -0.9 x 107 = -0.09 J

It experiences a torgue T 7 =
which tends to rotate it as ;ﬂ‘ £ f
shown in  figure below, ?‘f;i
7=p=E =pEsind B

g B 'qE-l—iJ.-q

To neutralize this torque, let

infinitesimal angular speed.
Work done by the external torque.

: 34. Potential energy of a
i system of two charges in an
: external field

Wy =gy (V- 0} 0

: ; : | where V, is the potential at
31. Consider a dipole with charge -g and +g seperated ! point A due the external field. ) )

by a finite distance 2/, placed in a uniform electric field E . Now work done in bringing charge g, to point B

E g 1
! Wa=g.V¥
zﬁza+4

i This work done is stored as the potential energy of the
system in the position when the dipole makes an angle 6
¢ with the electric field.

: Assuming potential energy to be zero when 8 = 90°

! Putting, =90°, U, =0

and8,=0,U,= U
U-0=pE(cos 90° - cosf) = U= -pEcosh

In vector form, U==5.E
2. Electric field inside a parallel plate capacitor = E

& B F 4 34

a > b
L o l l E W
d = c

Here, electric field is conservative. Work done by the
. conservative force in closed loop is zero.

i So, required work done = 0.

33. The work done in bringing charge q; in the external
¢ electric field at a distance § =g, V(ry).

i Work done in bringing charge gs in the external electric
: field at adistance £ =g V().

. . ) : The work done in moving gz against the force of gy
VWork done in bringing a point charge g3 to point C from

=1 A
4meg

where ryz is the distance between gy and g2

Potential energy of the system

1 g4
iogViIn ) +g.Vie )+ b
: gy [-"'1} G5 {21 2 —

L]
e I91. g2
Ve 41 -Y’ﬁz

7 i
v

$ly

Vel

=q1Va

Aii N
A

4%

r

where Vg is the potential due to the external fisld at
! pointB.

us assume an external torque %, be applied; which Total work done in assembling the configuration of two

rotates it in the plane of the paper from angle g, to

angle 8, without angular acceleration and at an W=Wi+W;

5 1
P WegVy+aVp+——

charges in an electric field is

19
dmeg T



ey Points (17
= Work done only depends upon the initial and final
position and is independent of path.

dfl in uniform electric field E is
dW =1 df = pE sinf df

Hence, net work done in rotating the dipole from angle 6

to 8, in uniform electric field is
_ (¥ e _ ol 8
W-IEJ pEsinBdd =pE| EﬂSE]H‘

or W= pE [-cos 6 + cos 8] = pE [cos 8, - cos 6]

If initially, the dipole is placed at an angle 8; = 90° to the

direction of electric field, and is then rotated to the angle Now. €= q
- VT

By = B, then net work done is
W = pE [cos90° - cosd]
or W= -pEcosd

in the form of potential energy ie.,
U=-pEcosB

This gives patential energy stored in electric dipole of
moment p when placed in uniform electric field at an
i to half of its earlier value. [1]
i to half of its earlier value. 11]

40. Consider a parallel plate

So, potential energy of an electric dipole is minimum, capacitor is connected across a

when it is placed with its dipole moment p parallel to the : battery as shown in figure e =
E and so it is called its most | : Lo
i Then the electric current will

flow through the circuit. As the electrons reach the plate,
i the insulating gap does not allow the electrons to move

So, potential energy of an electric dipole is maximum, :

when it is placed with its dipole moment p anti-parallel to further; hence, positive charges develop on one side of

the direction of electric field E and so it is called its most | the plate and negative charges develop on the other side
i of the plate. As the voltage begins to develop, the electric
charges begins to resist the deposition of further charges.
Thus the current flowing through the circuit gradually
becomes less then zero till the voltage of the capacitor is
. exactly equal but opposite to the voltage of the battery.

! This is how capacitor gets charged.

i 41. Capacitor is based on the principle of electrostatic
. induction. The capacitance of an insulated conductor
W=g-(Vp-V.) 0 increases significantly by bringing an uncharged earthed

= i conductor near to it. This combination forms parallel

angle 6 with its direction.
angle 6 with its direction.
(i) When ©6=0° then Uy, =-pE

direction of electric field
stable equilibrium position.
(i) When 8 = 180° then Uy = + pE

unstable equilibrium position.

Canswer Tips (7]

+1 = Pl i +| 4 = |F
S +o—0| +O0—o0|+
+ == + +

Stable Unstable

36, Let P be a point at distance r from the sheet.

; -i{r—aal:a-a ar, vp—vu=m

From eq. (i) W= ==

35. Since net force on electric dipole in uniform electric | 3/ (d):When an neutral conductor is placed between

field is zero, so no work is done in moving the electric | Pplates, a negative charge is induced on upper part and

dipole in uniform electric field, however some work is positive charge is induced on lower part of sphere so the
done in rotating the dipole against the torque acting on

it. 5o, small work done in rotating the dipole by an angle

correctly field lines are represented in (d).

#* + + 4+

38. The plate area of C; is greater than that of Cy. Since
capacitance of a capacitor is directly proportional to the
: area of the plates,

Ca>Cy

Therefore, slope of a line (=gq/V) is directly proportional

C : . : . to the capacitance of the capacitor, it represents. Since
This gives _thE “T‘“”‘ done ok ratating _thE dipole thrnug_h : the slope of line A is more thaE that of B, Iirl::lleﬁ. represents
an angle 6 in uniform electric field, which gets stored in it C, and the line B represents C,.

3%, lcl: Theelectric field between the oppositely charged

plates of a capacitor in twice of that due to one plate. 5o,
when the one plate is removed the electric force reduces




£ £ ! i plate capacitor.
Now, Vip - V., =-jE-dF=-_{Edr=-_{L2%}dr | & R

(Field from an infinitely large plane sheet of charge g is

uniform and is given by —}

2 i
9 la) Magnitude of electric field intensities
- dr-- Ir}:, E1=E'2=i
'[ : Zeg
H i
! : Now C’y and C; are in series
Er! ErJ T Ey i A d d
% : C, Eenk A 2e, K A
I i
t i C.= 1'{-1.“2 A
Plate- 1 Plate - 2 i Ki+K; | d
(i} Inregionl {nut:de] . AsC,=C,
Ei=Ea-Ei= —=— =0
SEx=iy Jeq  22g : So, H=_§%
: +
(i) In region Il (inside) 1T
6 o « ; ; Egd
En=Ey+Ez= gt i 45. (i) Capacitance C=——
Zeqg 269 g d
(iii) In region Il (outside) _ 8.85x107 2 x6x107° _17.7510-11F
6 o 3x107"
EI-IIFEI_EI=_'2_ =0 i
20 260 { (ii) ChargeQ=CV=17.7x10"11x100
In the region Il ie., in the space between the plates, : =177 =10°%C
resultant electric field Eyis directed normal to plates, (i) C=KC
from paositive to negative charge plate. 5 @ =KQ= 1062 x 1078C

(b) The potential difference between the plates is w
o Q

e L= R S When a dielectric slab of constant K is inserted

(c) Capacitance of the capacitor so formed is between the piates of capacitors, the capacitance is

increased by K times.
-V ™ O ;
Qd/ Aeq d : 46, (i) As the bridge is balanced, so C, and C; are in
42. (a):When they are connected in parallel, Vissame : seriesand C,; and C5 are in series.
; c
So, -T2 -
g Gy ¢ and C; and Ce are in parallel
g
qE ¢ i Ep = E-I-E =C
: Q 30 i 22
43. (i) ¢1=— o =— E
Eg Eg C, /\\,C,
$ _1 / /\
¥ b2 3 ! i X A A =Gy B
{ii) If a medium of dielectric constant 5 is filled in the : \/ /
space inside 54, the flux inside 5,
Q _o ; ‘:4/\ /\ Cs
0=t
Seq G | .

44, (a): l:::_:ﬁj'—ll‘!,l H
d i Now Cp and Cs are in parallel



K _EHI E K
7 ]
d ds2 di2
[Caze 1) (Case 2
KijeqAx2
O =2 0
' d
o Ksagg Ax2
Co=—FH
c d
{a) Common potential, V=M
C,+C,
Ve Q+0 _Q
T C#2C 3C
CxQ_Q
b) Nowch N AL i
{b) MNow chargeon A, Qq4 T
Charge lost by A=0=0,. =Q--§=?
OR
di3 2d/3
(i) Cym2Eefxd
2
C _ KegAx3
2" 2d 2K k|
Now both are in series
1_1.1_d  2d
Cs € €, 6Kegh 3KegA
———3
1 d+4d
C. 6Kegh
ok
5d
47. (c]:For the two series capacitors i
4x4 i
4+4 | i
Coq=20F ‘ : 2
Now, C,, and 4 uF in parallel. anf |
C=2+4=6pF

48. (a):Voltage, V=200V, C;=2puFto Ca=XpuF

Decrease in energy, AU =2 x 1072 J

i1 1
: =—0V==CV
i Eq 2

: and final energy (Combined capacitor) =!-_E~'_

Coq=C+C=2C

: (i) when dielectric is inserted,

Thus, the electric field decreases.
(iii) A—=C.Q

Va=0Q/C
B—2C.Q=0
Ve=0

i Charge on equivalent capacitor

C,

eq
wal N
+ -

i Q=CyV= %xiﬂ_ﬁx?ﬂ

- Q=600uC
: Charge on each capacitor is same as they are in series.
Mow, potential drop across C,

U=%x3€lx‘lﬂ_ﬁ x(20)2 = 6x10~ joule

50. Energy stored in a capacitor

2_1Q%
e

Capacitance of the (parallel) combination
f =C+C=2C

Here, total charge Q, remains the same.

Initial energy (Single capacitor) =%§

2

22C
Finalenergy 1

Initial energy T2



1. .2 1 3
AU==C V2 ==C.V
Ty

2x15‘2=§x2m:< 200(2-X)x107% ; X = 1 uF

49. The equivalent capacitance (C,) of the circuit is

given by
i 1 1. 1
l‘.:mI 20 30 15
C,=20pF C,=30pF
Il I 11
11 [4] [1]
Cq=15uF
|1
L
20V
i_3+2+4
Ceq a0
Cog=—HF

Equivalent capacitance between A and B is
1 1 2 3
ceqtiv.a]ent El Cparalul CE
111 3+1+3 7

Coasvsent = 5 = 0.86 uF

(i) Q= CoguvsientV' = 0.86 x 7 = 6 uC.
Energy, E = %qv- % xbx7=21)

53. Electrostatic energy stored in the capacitor,

1.5 A _12 2 |
U=5CV2 =2x12x1072x(50) =l

(As C=12 pF,V=50V) 3
U=15x 1078) vy
When & pF is connected in series with

12 pF, charge stored across each capacitor,

51. (a)

52. (i)

CiCs
it Rt V) Il 11
Q C,+C, 11 1
” 1Z2pF &pF
12 x6x10°
- - —_11x50=2m pC I F
{12+6)x10 Sov

Mow, potential difference across 12 pFis,

C. 1 C. 2 Ca cg ':5:

A A
R e S

+
|

IS"u"
A and B are short circuit therefore, effective
capacitance is only Cs.

So the eguivalent capacitance between A and B is
i Cy=2pF

i (b) Charge,Q=CV=2uFx5V=10uC

i [c) Total energy stored

1

E=ECV1=%:-<2 uF=(5V)* =25 i

In the circuit C.. C4 and C, are in parallel
Coarstiet = C2 + C3+ C4=2+2+2=6pF
C

Cy a5 Coarter
A T P S il

C-l
When switch 5 is opened, B gets disconnected from
the battery. The capacitor B is now isalated, and the
charge on an isolated capacitor remains constant,
often referred to as bound charge. On the other hand,
A remains connected to the battery.

Hence, potential V¥ remains constant on it.

When the capacitors are filled with dielectric, their
i capacitance increases to KC. Therefore, energy stored in
B changes to szzl{:‘:. where = CVis the charge on B,
: which remains constant, and energy stored in A changes
to 1/2 KCV?, where V is the potential on A, which remains
: ponstant. Thus, the final total energy stored in the

: capacitors is

= 1tEVF+_sz 1&#2(1{-.-_] i)
: 2 NC 2 2
From Egs. {i} and (i}, we find
F U 2K

L K2 +1

foA
i 58, Here, C_=
: S | X ¥
EgE A c ,
| = =e,C=4C, . v
(il G and C, are in series, so | g
: equivalent capacitance is given by 15



Potential difference across & pF is,
—12
_Q _200x10" ° o543y
G,  &x107V2

54, When two identical capacitors are in series,

Electrostatic energy,
U=1C5.,_,z 12pF 12pF
2
It
As C=l1Ca 12x12_ o \_sov 'sov

U, =%x6xlﬂ_ux{5ﬂ]z =7.5n)
When two identical capacitors are in parallel then,
120
Stored energy, Up =§CPV
As, Cp=Cy+ (3= 12pF+12pF =24 =107 F
U,= %xqum—l’- %(50)° =30nJ

Charge drawn from the battery when two identical

capacitor are in series,
Q,=CV=6x% 100x 50 =300 pC

Charge drawn from the battery when two capacitor are
L 57, ()
Let V¥ be the potential difference along the capacitor of

55. Initially, when the switch is closed, both the | capacitance éuk

in parallel,
Q=CV=24x 10712 x 50 = 1200 pC

capacitors A and B are in parallel and, therefore, the
energy stored in the capacitors is

u‘=2x-;-cv2=cv1 i)

Since potential is same for parallel connection, the
potential through 12 uF capacitor is also V. Hence,

energy of 12 uF capacitor is
Eys .%xuxm*" xv2 n%}:l?:{i!]’ﬁ xgx 10% =2E

(i} Since charge remains constant in series, the charge
on & uF and 12 uF capacitors combined will be equal to
the charge on 3 uF capacitor. Using the formula, Q = CV, |

We can write

(6+12)x 108 xV=3x10%x V"
Vi=6W
Using (i) and squaring both sides, we get
v~Z=12E x 10°

Es%xaxm‘*xuzxm*:mf

(iii) Total energy drawn from battery is
Epa =E+Eju+Ey=E+2E+1BE=21F

58. When two capacitors C; and C, are in parallel,
Equivalent capacitance, Cp = Cy + C;

Energy stored, U, = %C,, V= % (Cy + C)V?

c C,:-:L']:

TC,+C,

_C,x4C,

TC,+4C,
AC

4=—2 - C,=5pF
5 LE

(- C=4uF)

| and C, =4 C,=204F
: (i) Charge on each capacitor, @ = CV

Q=4x10%x15=60x10%C

: Potential difference between the plates of X,

-_— =g

Potential difference between the plates of Y,

V,=V-V,=15-12=3V

 (iii) Ratio of electrostatic energy stored,

Q°
. ©

2w v 4L,
& G G
xq

Given that energy of the & pF capacitor is E

=4

SSI=

5ince.%cv1=f %xsxﬂrﬂxv*:E
-l S -
= Vi=—x10 )
3
i i e E (i3
{ When dielectric is inserted, F=-8=—
K Egk
S ad
i Potential difference, V=Ed=—
i EqoK
: _Q_QEK QEKA
Mow, C-v- e Qd
H KEqzA
i L=
i d

(i) As the surface of sphere is eguipotential, so the
wiork done in moving the charge from one point to the
i otheris zero.

| W=gq-AV=0

(i) B=yE

&0, (i) Consider an electric dipole having changes +q and
. -gis placed in external field E .

¢ Torgue experienced by the dipole
i T=PEsinb



Here, U, =025 ),V =100V

2u
v (100} :
Cy+Cy=5%1073 iy
When C, and C; are connected in series
Equivalent capacitance, C, = Sy
Cy+Cy

Energy stored. U, = = C Ve = Y 5% V2
20, +C,
Here, U, = 0.045
c.c, =261 C)
v?
_ 2x0.045x5x10™
10*

Cy=Co=yIC; +C52—4C,C, = (5x105F —4x4,5x10710

=45%x10~10

Cy-Cy=264% 107 i)

Solving eq. (i} and (i), we get
C, =382 yF, C,= 118 uF

When capacitors are connected in parallel they have

different amount of charge and given by
Q,=C,V=382x10"%x100=382x 10*C
Q:=CV=118x10%x 100= 118 x 10 C.

59. (i) (A) dielectric material gets polarized when it is
placed is an external electric field. The field produced due :
to the polarization of material reduce the effect of

external electric field. Hence, the electric field inside a {Il-i} When battEl"f iz disconnected then CharﬂEﬂ‘rEl’ﬁaiﬁﬁ-

i same.

dielectric decreases.
(B] Let the electric is filled between the
plates of a capacitor.

The surface charge density is o. The electric
field between the plate when no dielectric i )

is inserted, E;= =
E

o

&1. (a) (i) When the capacitors are connected in parallel,
S0 L.ll

s |
g1=C1 Y, =GV, ga=0V » 1
q=q,+q,+a;
CoV=CV+CaV+T3V o

1

(i) When the capacitors are
connected in series. 50

L J
Ct c:3 at 9

qd

Capacitance., C'=

(i) Electric field, E=Z=—3_

. Potential energy = [[*.do= [,*PEsinodo

u =—FE[EDSH]3: ==-PE(cos8, —cos8,)

10y =90, 0,=0
U==PE EﬂSﬂ:—ﬁrE

Potential energy is minimum if 6 is 0°.

- L

2 B .
R
7 :

: (i) Inseries combination,

T F ® 1

1:;- 1Q¢¢ 1Q°

= e o e o

“3C; 3C, 2L,
U"U1+U1+U3

I
Uy

egA C
2d 2

q
€0 €A

! It remains unchangsd

: (i) Since energy stored in the capacitor

Q__Qd
SOC T A
Q_ Qd
i Similarly U= — = ————
T e e AR
fasl<K<2
! 5o, the energy stored between the plates increases.
: —d
: (i) As E=—* sothe graphis
i x
Ek
O ) 3 ::x




(b) 20 wF and 4 uF is in parallel.
Cp=2ﬁ+4=24 |.IF

e e O v R B
_________ 2{]“}-
C, c T12°22°12° 8
12 uF Lo

C,=8uF Il
g=C, V=8x12=%6pC _”7
Vi P28 oy =
25 7e 12 [0

I

12V

50, V4 F=12-8=4V
Mow, energy stored in 12 pF

U=%xcux\-’fz=%x12x3x5=334pj

£2. (a) Charging of capacitor with dc battery whenever
parallel plate capacitor in charge in dc source, plates start
acquiring charge in accordance with the terminals of the

i ii) Asthe capacitance of the capacito
battery till potential difference across the plate becomes : (i) PRCRAIR DLYIE LA

equal to terminal potential of de battery.

(b) i) The electric field between the plates of parallel Q2
i Energy stored in the capacitor is U=E

plate capacitor

0 B

Frism—e——
9 €y €A
;f aléieétrrc is |n5ErtE:d
S - L =

g, AK K

5o, the electric field intensity decrease to % times.

In parallel, Cp=Cy + Co = Cy + 2C, = 3C,

N . . T
G O Gy 2y 2y 26,
2

or C;“ ECI

and final energy (Combined capacitor) ===—

63. Energy stored in a capacitor

| Capacitance of the (parallel) combination
i =C+C=2C

Here, total charge Q, remains the same.

Initial energy (Single capacitor) = %%2

1%
22C
Finalenergy 1
Initial energy T2

&4, (i) The electric field between the plates is

v
E:—
d

The distance between plates is doubled, d = 2d

el (V)L L
- d \K) 2d 2|k

Therefare, if the distance between the plates is double,
the electric field will reduce to one half,

_tokA kA 1
d’ 2d 2

Therefore, when the distance between the plates is
doubled, the capacitance reduces to half and the energy
stored in the capacitor becomes double.

| 65. Gen 21 o g=2c
Cy 2
i 3 (d): P
i
- r ro+g



Given U, = U
1 : 2
Ecsuf-icpvg or §c1v51=3r:1u§

V 9 - Ve 3
F 27y, 2
664, Let fully charge capacitor C has charge Q.
e
=

C.QVv
V=0/C
Energy stored in the capacitor
L ___cv? Ql
2

Now, the l:harged capacitor is connected to identical |

uncharged capacitor.
C c

Tl
11 [N ]
Il
11 (B}

e

C
The two capacitor will have same potential.

_QitQ, _Q+0_Q
C;+C; 2C 2C
Mow, total energy
s SER e
U'==CV<+=CV
2 '3
a2
Py oo 7 ) T | Q] Q
U==Cl—| +=C|—| =—
2 [zcr+2 (2:: 4c
So, U=Lr
Energy lost as heat during charging the another capacitor, :
T e L
2C 4C 4C
Y -

1. [a):As, E=-% . Hence, the graph of electric field E

as a function of 'x' will be shown as:

A
+E'_ 1
0 5 4 é =X
-E
(1
2. (d}:Both the electric potential and electric field :
achieve a maximum magnitude at B. (0.77)

| Potential at'P'is, Vp=—dl_, Kl __, (1)
i ~.'rr2+i2 wu'|4'1+l'2
4 {e): +2q
r
EJ |E E:
F F
-q E; o

| Net electric field intensity at centre G, E#0
i Net potential at G,

(0.77)
V=0

: 5. [c):In uniform electric field, equipotential surfaces
are never concentric spheres as they can never intersect
i but perpendicular to electric field lines.
i 6. (b):Electric field
equipotential surface because there is no potential
gradient along any direction parallel to the surface and so
¢ an electric field parallel to surface.

(0.77)
is always at right angle to

(0.77)

7. Equipotential surfaces in a constant electric field in
: Z-direction.

W oW
L
'|r 1!
Y W

(1)

w W
W
L
W

For constant electric field

Electric field as gradient of potential consider a point

i charge +q placed at point O. Suppose that V and V#5V are
: electrostatic potential at points A and B, where distance
: from the charge +q are r and r - 8r respectively.

L veav)=v+ X
] : a
v ¥
g

If E is electric field at point P due to charge +g placed at
point O, then the test charge q, experiences a force equal
to qnf and the external force required to move the test
i charge against the electric field £ is given by

| Py
I Therefore, work done to move the test charge through an
: infinitesimally small displacement PQ=34 is given by

AW =F -8l =(—gE)- 8l = —qgEdlcos180° = g,Edi



s the distance r decreases in the direction of &l, then

oW = =ggE or
LAY i)
Ay
From eguations (i) and {ii), we get
. av
V=-Ebr E=s=— 1) ¢
 E=mr @ :
8. (b):W = pE (cosB, - cosb,)
As,8; = 0° and 8, = 90°
o W=pE{cos 0P - cos 20°) :
=pE{1-0)=pE 0.77) :
9. (c):Electrons move from a region of low potential to :
high potential.

electric field at a distance § =g, Viry)

field at a distance Fy=q2 V (ra)
The work done in moving g2 against the force of gy
-1 4%
dneg Ry
where ry, is the distance between g, and g,.
Potential energy of the system

1 g4
g, Vi )+ qzv[r2}+m-:j

b X et X —]

11. (a) 4
ki-a)Q  kQl-g) ki=gli-al _,
x x 2x
-2%qQ ka® kg’ 2kqQ Q1
T+E_E}ur e g=40 or q--d.

spherical shell :
Gaussian surface

e T

" spherical shell

(il WhenpointPliesoutside the spherical shell : Suppose

(0.77) :
10. The work done in bringing charge g4 in the external

Total electric flux through the Gaussian surface is

. given by

o= Eds=E fids

an,-iﬁdszdmj

h=FExd4 e ---El]
Since the charge enclosed by the Gaussian surface is q.

¢ according to the Gauss’s theorem,

-4 i
)

. From equation (i) and (i), we obtain

Exdwpro=d
=

1

E=
dmegy

iz (for r=R)
r

: e ; A (i} A graph showing the variation of electric field as a
work done in bringing charge q; in the external electric G et s thows Belaws

E(NAC)

e |

R (3)

12. (a) A pair of equal and opposite charges separated
¢ by a small vector distance is called an electric dipole. An

Therefore, electric field at a point is equal to the negative : ideal dipole consists of two very very large charges +g

gradient of the electrostatic potential at that point.  (2) and -q separated by a very very small distance. An ideal
. dipole has almost no size.

: Water molecule is an example of electric dipole. (1)

(b} Torgue on a dipole in uniform electric fisld;

: When electric dipole is placed in a uniform electric field,

its two charges experience equal and opposite forces,
(2

i electric dipole in a uniform electric field is zero.
(b) Electric field due to a uniformly charged thin :

which cancel each other and hence net force on an

However these forces are not collinear, so they give rise
to some torque on the dipole given by
Torgue = Magnitude of either force

* Perpendicular distance between them
1= Fry = qE.2a sinfl = g2a. E sinB



that we have to calculate field at point P at a distance :

r{r > R) from its centre. Draw Gaussian surface through where 8 is the angle between the directions of p

Gaussian surface is a spherical surface of radius r and e y .
i Invectorial form, T=pxE
Let £ be the electric field at point P, then the electric flux | () When 6=0°or 180° then Ty, =0

i i) When 8= 90° then 1, = pE (1)
Thus, torque on a dipole tends to align it in the direction
i of uniform electric field.

¢ If the field is not uniform in that condition the net force

. on electric dipole is not zero. (1)

c
{15, (d): :3‘

point P so as to enclose the charged spherical shell.

centre O.

through area element of area ds is given by
do=E-ds

Since ds is also along normal to the surface
di= Eds

When®=0;t=0and p and E are parallel and the dipole
is in a position of stable equilibrium.

(c) Torgue t= PEsind = Qlsind i) £
Here | is the length of the dipole, Q is the charge and E is
the electric field. i
Therefore O = Torque/Esin (8)

= 843 /(2% 1|:r2}{1051§ =8x103C |

Potential energy, U = -PE costl = -0l cost i)
Divide equation (i) by (i),

T Qlsing
—= whereP =
u -Q.lcusﬂl et
F
—==tantl = U= . =-|EWI.3 ==8J (1) :
-tans0® /3
13. |b): As the three capacitors are joined in series,
o I T |
E G G T
1 1,11 3+2+41 6
C236 6 6 :
C=1pF (0.77) |
14, (b)::.F,=F, & F=gE :
E=qg=same
MNow, PE. = gVir)

(PE), > (PE),

©77) |

or 1= pEsind

When battery is disconnected

) = Charge remains constant

C = KC c
Q=cv B
Q=CV K

Q = KCV . v
L Gt

v TKCTK l"v'c] (0.77)

! 16. (a) Equipotential surfaces for a dipole and two
! jdentical positive charges, are shown in figure (i) and (i)
i respectively.

i i) (2)

. (b) Here,A=6x10m%d=3mm=3x10%m

(i} Capacitance,
c_SoA_ 8.85x107 12 x6x1072
d 3x1073

{ii) Charge, Q=CV=17.7 x 102 x 100
=177x10°0C
(iii) New charge, Q' =kQ = 6 x 17.7 x 10710
=1062x108C (3)

]:1?.?x10_uF




	Electrostatic Potential and Capacitance - 25-24.pdf (p.1-51)
	Electrostatic Potential and Capacitance.pdf (p.52-76)

