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SCIENCE ELECTROSTATIC POTENTIAL AND CAPACITANCE

Important Questions

Multiple Choice questions-

1. Which of the following statement is true?

(a) Electrostatic force is a conservative force.

(b) Potential at a point is the work done per unit charge in bringing a charge from any point to
infinity.

(c) Electrostatic force is non-conservative

(d) Potential is the product of charge and work.

2. 1 volt is equivalent to

nt-wt.un ( b] newton

second coulomb
joule ( joule

coulomb second

3. The work done in bringing a unit positive charge from infinite distance to a point at distance
x from a positive charge Q is W. Then the potential at that point is

(ﬂ] E‘FQ (b] W
x

@2 (d) WQ

X

4. Consider a uniform electric field in the z-direction. The potential is a constant
(a) for any x for a given z

(b) for any y for a given z

(c) on the x-y plane for a given z

(d) all of these

5. Equipotential surfaces

(a) are closer in regions of large electric fields compared to regions of lower electric fields.
(b) will be more crowded near sharp edges of a conductor.

(c) will always be equally spaced.

(d) both (a) and (b) are correct.

6. In a region of constant potential

(a) the electric field is uniform.

(b) the electric field is zero.

(c) there can be no charge inside the region.
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SCIENCE ELECTROSTATIC POTENTIAL AND CAPACITANCE

(d) both (b) and (c) are correct.

7. A test charge is moved from lower potential point to a higher potential point. The potential
energy of test charge will

(a) remain the same
(b) increase
(c) decrease

(d) become zero
8. An electric dipole of moment Pis placed in a uniform electric field E.Then
(i) the torque on the dipole is PxE

(ii) the potential energy of the system is P.E

(iii) the resultant force on the dipole is zero. Choose the correct option.

(a) (i), (ii) and (iii) are correct

(b) (i) and (iii) are correct and (ii) is wrong

(c) only (i) is correct

(d) (i) and (ii) are correct and (iii) is wrong

9. If a conductor has a potential V # 0 and there are no charges anywhere else outside, then
(a) there must be charges on the surface or inside itself.

(b) there cannot be any charge in the body of the conductor.

(c) there must be charges only on the surface.

(d) both (a) and (b) are correct.

10. Which of the following statements is false for a perfect conductor?

(a) The surface of the conductor is an equipotential surface.

(b) The electric field just outside the surface of a conductor is perpendicular to the surface.

(c) The charge carried by a conductor is always uniformly distributed over the surface of the
conductor.

(d) None of these.
Very Short:

1. Express dielectric constant in terms of the capacitance of a capacitor.
2. On what factors does the capacitance of a parallel plate capacitor depend?
3. What is the ratio of electric field intensities at any two points between the plates of a

capacitor?
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4. Write a relation between electric displacement vector D and electric field E.
5. Write the relation between dielectric constant (K) and electric susceptibility Xe.

6. A hollow metal sphere c radius 5 cm is charged such that the potential on its surface is 10
V. What is the potential at the center of the sphere? (CBSE Al 2011)

7. What is the geometrical shape of equipotential surfaces due to a single isolated charge?
(CBSE Delhi 2013)

8. Draw the equipotential surfaces due to an isolated point charge. (CBSE Delhi 2019)

9. ‘For any charge configuration, equipotential surface through a point is normal to the
electric field’. Justify. (CBSE Delhi 2014)

10. The given graph shows the variation of charge ‘q’ versus potential difference ‘V for two
capacitors C1 and C,. Both the capacitors have the same plate separation but the plate area
of C, is greater than that of C, Which line (A or B) corresponds to C; and why? (CBSEAI 2014C)

A

L

v
Short Questions:

1. Draw a plot showing the variation of (i) electric field (E) and (ii) electric potential (V) with
distance r due to a point charge Q. (CBSE Delhi 2012)

2. Two identical capacitors of 10 pF each are connected in turn (i) in series and (ii) in parallel
across a 20 V battery. Calculate the potential difference across each capacitor in the first case
and the charge acquired by each capacitor in the second case. (CBSE Al 2019)

3. A point charge ‘q’ is placed at O as shown in the figure. Is Va - Vs positive, negative, or zero,
if ‘q”is an (i) positive, (ii) negative charge? (CBSE Delhi 2011, 2016).

0 A B
» - ——mmmmmm————a= @
q

4. The graph shows the variation of voltage V across the plates of two capacitors A and B
versus charge Q stored on them. Which of the two capacitors has higher capacitance? Give a
reason for your answer.
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5. A test charge ‘q’ is moved without acceleration from A to C along the path from A to B and
then from B to Cin electric field E as shown in the figure,

¥+
(2, 3)

B'\ .,:5

N

>
) EOEE— YT
C A

(i) Calculate the potential difference between A and C
(ii) At which point (of the two) is the electric potential more and why? (CBSE Al 2012)

6. A slab of material of dielectric constant K has the same area as that of the plates of a
parallel plate capacitor but has the thickness d/2, where d is the separation between the
plates. Find out the expression for its capacitance when the slab is inserted between the
plates of the capacitor. (CBSE Al 2013)

7. Two-point charges q and -2q are kept ‘d’ distance apart. Find the location of the point
relative to charge ‘q’ at which potential due to this system of charges is zero. (CBSE Al 2014C)

8. Four-point charges Q, g, Q., and q are placed at the corners of a square of side ‘a’ as
shown in the figure.

(Q (q)

(q) (Q
a

Find the potential energy of this system. (CBSEAI, Delhi 2018)

Long Questions:

www.swottersacademy.com



SCIENCE ELECTROSTATIC POTENTIAL AND CAPACITANCE

1. Two-point charges 2 uC and -2 uC are placed at points A and B 6 cm apart.
(a) Draw the equipotential surfaces of the system.

(b) Why do the equipotential surfaces get closer to each other near the point charges?
(CBSEAI2011C)

2.

(a) Obtain the expressions for the resultant capacitance when the three capacitors C;, C;, and
Cs are connected (i) in parallel and then (ii) in series.

(b) In the circuit shown in the figure, the charge on the capacitor of 4 uF is 16 pC. Calculate the
energy stored in the capacitor of 12 uF capacitance. (CBSE 2019C)

Assertion and Reason Questions-

1. For 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.

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

b) Both A and R are true, but R is not the correct explanation of A.
c) Aistrue, but R is false.

d) Ais false, and R is also false.

Assertion (A): An electric field is preferred in comparison to magnetic field for detecting the
electron beam in a television picture tube.

Reason (R): Electric field requires low voltage.

2. For 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.

a) Both A and R are true, and R is the correct explanation of A.
b) Both A and R are true, but R is not the correct explanation of A.
c) Aistrue, but R is false.
d) Ais false, and R is also false.
Assertion (A): An applied electric field will polarize the polar dielectric material.

Reason (R): In polar dielectrics, each molecule has a permanent dipole moment but these are
randomly oriented in the absence of an externally applied electric field.

Case Study Questions-
1. When an insulator is placed in an external field, the dipoles become aligned. Induced surface
charges on the insulator establish a polarization field Ej in its interior. The net field E in the

- -
insulator is the vector sum of E and E; as shown in the figure.
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(a) (b) (c)

On the application of external electric field, the effect of aligning the electric dipoles in the
insulator is called polarisation, and the field is known as the polarisation field.

é
The dipole moment per unit volume of the dielectric is known as polarisation P. For linear

isotropic dielectrics, ﬁ — X E, where X = electrical susceptibility of the dielectric medium.
(i) Which among the following is an example of polar molecule?
a) 0
b) H»
c) N2
d) HCI

(ii) When air is replaced by a dielectric medium of constant K, the maximum force of
attraction between two charges separated by a distance:

a) Increases K times.
b) Remains unchanged.
c) Decreases K times.
d) Increases 2K times.
(iii) Which of the following is a dielectric?
a) Copper.
b) Glass.
c) Antimony (Sb).
d) None of these.
(iv) For a polar molecule, which of the following statements is true?
a) The centre of gravity of electrons and protons coincide.
b) The centre of gravity of electrons and protons do not coincide.
c) The charge distribution is always symmetrical.

d) The dipole moment is always zero.
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(v) When a comb rubbed with dry hair attracts pieces of paper. This is because the?
a) Comb polarizes the piece of paper.
b) Comb induces a net dipole moment opposite to the direction of field.
c) Electric field due to the comb is uniform.
d) Comb induces a net dipole moment perpendicular to the direction of field.

2. This energy possessed by a system of charges by virtue of their positions. When two like
charges lie infinite distance apart, their potential energy is zero because no work has to be
done in moving one charge at infinite distance from the other.

In carrying a charge q from point A to point B, work done W = q(Va - Vs). This work may appear
as change in K—E of the charge. The potential energy of two charges g1 and gz at a distance rin
D%
airis 17€or
It is measured in joule. It may be positive, negative or zero depending on the signs of q1 and qa.
I. Calculate work done in separating two electrons form a distance of

1m to 2m in air, where e is electric charge and K is electrostatic force constant.

a kel

d. Zero
Il. Four equal charges q each are placed at four corners of a square of

side a each. Work done in carrying a charge -g from its centre to infinity is:

a Zero

V24

TERA

v2q

TERS

b.

2

q
Tepa
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lli. Two points A and Bare located in diametrically opposite directions of a point charge of
+2,qu at distances 2m and 1m respectively from it, The potential difference between

A and B is:

a 3 x 10%V
b. & x 10%
C -9 x 10°V
d -3 x 103V

IV. Two point charges A = + 3nC and B = + 1nC are placed 5cm apart in air.
The work done to move charge B towards A by 1cm is:

a 2.0 x 10773
b.1.35 x 10773
£ 2,7 % 1077
d 12.1 x 10773

V. A charge Q is placed at the origin. The electric potential due to this charge at a
given point in space is V. The work done by an external force in bringing another

charge q from infinity up to the point is:

ano @
Sl

< <=

v' Answer Key:

Multiple Choice Answers-

Answer:

Q

Answer:
Answer:
Answer:

Answer:

o o o T o

Answer:

Answer:

o O

Answer:

© ® N o U B W DNPRE

Answer:

10.Answer: d

(@)
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Very Short Answers:

1.

© N O W

9.

Answer: It is given by the expression K = éwhere C is the capacitance of the capacitor
with dielectric and Co is the capacitance without the dielectric.

Answer:

e Area of plates,

e The separation between the plates and

e Nature of dielectric medium between the plates.

Answer: The ratio is one, as the electric field is the same at all points between the plates
of a capacitor.

Answer:

— — —

=g E+P
Answer: K=1+ e
Answer: 10V
Answer: Concentric circles.
Answer: These areas are shown.

Equipotential lines

Field Lines

Answer: This is because work done in moving a charge on an equipotential surface is zero.
This is possible only if the equipotential surface is perpendicular to the electric field.

10.Answer: Since C = g9 A/d, since the area for C is more, therefore capacitance of Cz is

more. From the graph greater the slope greater is than the capacitance, therefore, graph
A belongs to capacitor C,. While graph B belongs to capacitance C..

Short Questions Answers:

Answer: The plot is as shown.
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Answer:

(i) Since the two capacitors have the same capacitance, therefore, the potential will be
divided amongst them. Hence V = 10 V each

(ii) Since the capacitors are connected in parallel, therefore, potential difference =20V
Hence charge Q = CV =10 x 20 = 200 pC

Answer:

If -\ = 9 _i — _l
. = 4n€p ().-\. ()B

As OA< OB

=~ If q is positive then Va - Vg is positive and

if q is negative Va - Vg is also negative.

Answer:

Capacitor A has higher capacitance. We know that capacitance C = Q/V.

For capacitor A

For capacitor B

Q
B =g

As Vg > Va
~ Cs<Ca
Thus, capacitance of A is higher.

Answer:

()dV=-Edr=-E(6-2)=-4E
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(ii) Electric potential is more at point C as dV = - Edr, i.e. the electric potential decreases in
the direction of the electric field.

Answer:

Givent=d/2,C="?

We know that when a dielectric of thickness ‘t’ is inserted between the plates of a capacitor,
its capacitance is given by

L g0 A

il e

Hence we have
-~ LD 11 — 2}\‘5“1‘1

AT _’iﬁ — d(11K)

Answer:

Let the potential be zero at point P at a distance x from charge g as shown

d
D S

¥

O

P +q -2

Now potential at point P is

kq k(-2q9)

I d.:

Solving for x we have
x=d
Answer:

The potential energy of the system

U= = (4q—Q+ “_ L‘,z_)

4xey a a2 a2

1 , g Q*

meEpQ .‘__3 /9

Long Questions Answers:
1. Answer:

(a) The diagram is as shown.
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(b) We know that E = - dV/dr
Therefore, dr = - dV/E

2. Answer:

Since near the charge, electric field E is large, dr will be less.
(i) Parallel combination of three capacitors.

q=q1+d2+0Qs3

and gz be charged flowing across.
C1, Gy, and Cs respectively, then

A

q

B, Q4JE‘

Let three capacitors of capacitances Ci, C;, and C3 be connected in parallel, and potential
org=CiV+GCV+GCV..(i)
Vv

difference V be applied across A and B. If q be total charge flowing in the circuit and g1 g2
C,

q=CpV

CV=CV+CV+GCV

If CP is the capacitance of the arrangement in parallel, then
So equation (i) becomes

Or

Cr=Ci1+C2+C3

in series. Let q charge be flowing through the circuit.

(ii) Series combination of three capacitors Let three capacitors C1, C;, and Cs be connected
potential difference across the series combination, then

If V1, V2, and V3 be potential differences across the plates of the capacitor and V be the
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i =
c €. G

—V —pje—V,—>je—V, —>»
i N e
V=Vi+V2+V;
Or
:i i _..,.i ()
e T T\

If Cs is the capacitance of series combination, then V = Ci.

S

So the equation (i) becomes

Charge q across 4 uF Capacitor is 10 pc Potential difference across the capacitor of
capacitance 4 pF will be

g _ 16uC _ 16x10°°C _,,,
C 4uF 4x10 ®F

~. Potential across 12 uF Capacitors
=12V -4V =8V

Energy stored in the capacitors of capacitance C= 12 uF

=

T 1 a4 m-5 i 2 2
CVE= = % 12x10% % 82 joule

Je b=

[#x]
(]

Assertion and Reason Answers-
1. (d) Ais false, and R is also false.

Explanation:

If electric field is used for detecting the electron beam, then very high voltage will have to be
applied and very long tube will have to be taken.

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

Explanation:
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If a material contain polar molecules, they will generally be in random orientations when no
electric field is applied. An applied electric field will polarize the material by orienting the dipole
moment of polar molecules.

Case Study Answers-
1. Answer:
(i) (d)HCI
Explanation:

In polar molecule the centres of positive and negative charges are separated even when
there is no external field. Such molecule have a permanent dipole moment. lonic molecule
like HCI is an example of polar molecule.

(i) (c) Decreases K times.

Explanation:
Fo
K
~. The maximum force decreases by Klimes.
(iii) (b) Glass.

(iv) (b) The centre of gravity of electrons and protons do not coincide.

AsF o, =

Explanation:

A polar molecule is one in which the centre of gravity for positive and negative charges
are separated.

(v) (a) Comb polarizes the piece of paper.

2. Answer :

i (c) — k;'

Explanation:

W = (P.E.)final - (P.E.)initial

ke? ke’ _ ke’
2 1 2
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ii. (b) ‘f;

Explanation:

Potential at the centre of the square due to four equal charges q at four corners,

Y — % V2q

ameg(ay2) TEPA
f)

Wos0o = —Woseo = —(-q)V
_ V¢

Tega

iii. (¢) -9 x 103V

Explanation:

Here, q = 2uC = 2 x 107°C, 1, = 2m,rp = lm.

=2x107° x9x 10°[{ — %}

V = -9 x 10°V.
iv. (b) 1.35 x 10”73
Explanation:

Required work done = Change in potential energy of the system,

W=U;—U; =ki2_jo%

T
—kaqa|: - 1]

S W=(9x%x10%)(3x10? x1x1079)

1 1
x —"
[4x10 o 5x10 2]
=27 x 10”7 x (0.05) = 1.35 x 10773,
v. (b) Vg
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