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Electric charge
is a fundamental
property of
| matter. é

|
\ B -

(1 JELECTRIC CHARGE

Key Points

+ Charge is a fundamental property of matter.
* Sl unit : Coulomb (C)

« Two types of charge : Positive (+) and
Negative (~)

Like charges repel, unlike charges attract.
Charge is conserved.

Charge is quantised.

.

Quantisation of Charge
q = ne

where n =0, 1, %2, -+

e=1.6x10"C

Additivity of Charge

[ 4 JELECTRIC FLUX ]

Electric flux through a surface is the measure of the
number of electric field lines passing through it.

&, = E-A = EAcos@

Charge is invariant
under change of
frame of reference,

@

12

The electrostatic force between two point charges is

directly proportional to the product of charges and
inversely proportional to the square of the distance
between them, acting along the line joining them,

1 G192
4me, r?

Fi; =

Where,
£, = 8.854 x 107" C2 N m™?

Fy, = force on q; due to g,

Key Points

vV Feqaq

v Foe 2

v Force is equal and opposite on both charges.

[ 5 ) GAUSS'S LAW ]

The total electric flux through any closed surface

is equal to -1 times the total charge enclosed.
"

Gene

ff-dﬁ:
€q

]
Z

Where,

* A = area vector

(perpendicular to surface)
+ 8= angle between E and A

Flux depends on Special Cases

¥ Magnitude of E 8=0° B, = EA
(Maximum flux)
v Area of surface (A)
8 = 90°
¥ Oriantation (8) (Zero flux) i
Arbitrary 8 P = EAcos B

7/ ORS — IMPORTANT FACTS
* Hollow cavity inside a conductor with no charge
= E = 0 everywhere inside the cavity.

+ I a charge is placed inside the cavity, it induces
charges on the inner surface; still E = 0 in the
conductor material.

+

DIRECTION REMINDER

E &
E points in the direction of force @
on a positive test charge.

+q0

)

Charged Conducting Sphere

pplications (for symmetric charge distributions)

{ill Infinite Line Charge (A)
+

(radially outward)

(ifl) Spherical Shell (o] (v} Solid Sphere (p]

»

25

E="(outside) D I
€9 4me, r’
E=0 (insicle) ‘_::77! Q’;_r<u
anmey, R
@ Key Idea

Choose a Gaussian surface that matches the symmetry

of the charge di to simplify

(i#l) Infinite Plane Sheet (o}

R
4

(perpendicular to sheet)

 ELECTRIC CHARGES AND FiELD

CLASS XII PHYSICS — FORMULA SHEET

[ 3 JELECTRIC FIELD

Electric Field Intensity (E)

Eloctric field at a point is the force axparienced
per unit positive test charge placed at that point.
3
o

E = St unit : N/C

Field due to a Point Charge

Bimoat 8 &
ame, r?

=

(radially outward for +q,

inward for —aj < b =
Field due to a System of Charges
E=E +E +E +

(Principle of superposition)

CHAPTER AT A GLANCE
* Electric charge

= Coulomb’s law

* Electric field

* Electris flux & Gauss's law

Electric Field Lines

* Originate from + charge
and terminate on - charge
for at infinity).

» Tangent at any point gives
direction of E.

= Do not intersect,

+ Closer lines =
stronger field.

6 CONDUCTORS (IN ELECTROSTATIC EQUILIBRIUM)

Praperties

E = 0 inside the conductor

Charge resides on the outer surface
Surface is an equipotential surface
Electric field just outside the surface
is prependicular to it

ROR S s

Excess Charge Resides on
Quter Surface
gty

Where, Q = charge on surface

A = surface area

8 ) APPLICATIONS OF ELECTRIC FIELD

Electric Field due to a El i Ph

Precipitators

v Continuous and closed in conductors

Lightning Van de Groaff

Generator

S
Q. sen Remove smoke and Uses electric field Due to large charge Builds up very high
o dust particles from to attract toner separation between charge to produce

r<R industrial gases, particles to paper. clouds and ground. strong electric fields.

FIELD LINES SUMMARY REMEMBER
' Start from + and end on — (or at @) ' Charge is conserved and quantised.
+  Mever intersect each other " Coulomb's law governs the force.
« Crowded lines = stronger field + Electric field is a vector quantity.
" Gauss's law is a powerful tool for

Electric Field Just Outside
the Surface

E is perpendicular
to the surface.

Shape of Conductors

Charge resides on the surface in
such a way that there is no electric
field inside,

Deflection in
CRT

Electric field deflects
electron beam in
TV/menitor screens.

ic charge

EXAM TIP : Draw clear diagrams, choose proper Gaussian surface, apply symmetry, write units, and state direction!
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CHAPTER 2

-——— ELECTROSTATIC POTENTIAL AND CAPACITANCE -

ELECTR

1 ATIC POTENTIAL (V)

Work done in bringing a unit positive charge
from infinity to a point (without acceleration).

W .p
do
EB pue to point charge (q)
q

l e’
T dmeg 1

B systemof charges g, 4z, ---, €n
1
e Q.
4meg [Ty T

B Due to electric dipole {p = 2aq)

-q

o——2a—+

{i) A! any pu'irl!

1 pcos8 1 F
V= et TR
ameg  r? dmeg 1
{ii} On dipole axis (6 = 0, xr)
& R
T Amey r?
(iii) In equatorial plane (8 = 7 )

v=o |

Electric potential is same at all
points on the surface.

Electric field lines are always

perpendicular to equipotential

surfaces,

Two equipotential surfaces

cannot intersect.

Mo work is required to move a

charge along an equipotential

surface.

Mo work is required to move a

charge along an equipotential

surface (AV = 0).

Shapes of Equipotential Surfaces

—— Ele

UNIFORMLY CHARGED
SPHERICAL SHELL (0, R)

a POTENTIAL DIFFERENCE (AV)

Work done against electric field in moving
a unit positive charge from one point
to another.

4 CAPACITORS & CAPACITANCE

A of two

by an i ic).
Capacitance (C) is the ability of a capacitor
to store charge,

VB=V1=

If Wy 5 is work done in moving a charge q
from one point to another point then

vt 2
4meg T Wia )
Va=Vi= where Q = charge, V' = potential difference
(ii} On surface {r = R) q
fm — 1 _Q Combination of Capacitors
V= 2| Wi, =g (V, - V) () Series Combination
4rreu R |
c, o) G
@i Inside (- < R) |-
= 3 oieectrics & ——— .
Vi e o ST ST L T
| ¥ | ELECTRIC POLARIZATION B e
3 {ii} Parallel Combination
CONDUCTORS & INSULATORS
= 6= |
Conductors Insulators =+ & £ Hn Ca
x =N E T I T
¥ s P S
which can mave bound ta stoms —— 8
&m. and cannot move = e IC,q e T o
+ Elactric field imaide freety. == &= |
& conductor is 2ero = Act as barriers to Parallel Plate Capacitor
tha e
i . b 1 . e
equilinium | When a dielectric is placed in an slectric fisld, SFF g wihout dielectrk
FREE Cl & BOUND C: its molecules get I_q A =
INSIDE A CONDUCTOR .. e | o e ‘
e Electric dipole moment of malecules 5 d

+— = Free charges
reside on the
surface.

induced in the direction of E.
(i) With dielectric
{constant K)

— _ Electric dipole moment

+— + Inside the conductor, =
of molecule

E =0 and V = constant, Energy stored in a capacitor

Q2

o 1
U=zCV2= 5 QV

RELATION BETWEEN FIELD & POTENTIAL

E=-VV¥
(i) Electric field is in the direction in which
the potential decreases steepest.

(i) s magm’:ude is given by the change in the
of ial per unit di
narmal to the equipotential surface.

Two identical
positive charges

ctric field line -——~- Equipotential surface

ELECTRIC POTENTIAL ENERGY (U)

(i) For two point charges q, and gz {ii) Two charges in an external field (iii) Dipole in an external field Equilibrium of a Dipole

= — 0
@ 92 E @ 4z S @;
R == — equilibrium (F 1 E)
(- 2 = -2 Q- mans o
1 ! Unstable 8 - 180° @
L G142 = q192 bri (§ anti-parallel to B) W
= =~ = v, Vo + i E equilibrium P
drteg T | 9t + 9272 AmEq F

EFFECT OF DIELECTRIC (CONSTANT K) ON A CAPACITOR DIELECTRIC IN A CAPACITOR

Battery Connected (V = Constant)

Battery Disconnected (0 = Constant)

Quantity Without Dielectric With Dielectric (K) Change i terma of K) | Without With K} Ch
®=1) =1
Capacitance (C) Co KCy xK Co KCy %K
Charge (Q} CoV KCaV = K Qa Qo No change
.
Patential Difference (V) v v No change % =V KQCU = ‘;‘—“ +K
] o .
) D and the
z z
Eneray Stared (U) 1 cov? 1 ke,v? xK 2 B o L Q_u) LK effective electric field between plates,
2 2 26, 2KCy K \2Cy thus increasing capacitance.

APPLICATIONS IN DAILY LIFE

BB Power Distribution B} Electronic Devices

Voltaga drives Contrais the:
current to movement af
duliver power m charges in devices
to devices. fike TV scroans,

[E ] Audio Equipment B Camera Flashes B Automotive Systems B} Medical Devices
Capacitors filtor Capacitors stone Usod in hybeid & [ Capacitors in
noine and stabilize aneqy to provide olectnc vehicles |"I defibrillators
signats for clear high- power. for energy i deliver o buest of

Rashes. recuparation. onengy.

SIMULATION LINK FOR CAPACITOR
@ High-Veltage Lines

B Lightning Rods Explore ir for at:
& Facilitates the Smacth surfaces d i -lab-basics
+ £ 4+ tranafer of charge prevent charge
and prevents leakage

damage
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MULTIPLE CHOICE QUESTIONS

QI In aregion electric field is given by E=4xi N/C. The potential difference between points
A(x=1m) and B (x=3m), Va-Vz is given by: CBSE 2026 55/1/2

(a) -16V (b) 16V (c) -8V (d) 8V
Q2 From the figure given below calculate the capacitance of the given combination of
capacitors between points A and B (Ci= C2 =C; =1 pF , C4=2uF) JEE MAINS 2026

(a)2 (b) 7/2 (c)7/3 (d)5/2

: ('l (.'.1 (‘iS
Q3 A point charge lies at a distance x from the midpoint of an 1J
electric dipole on its axis. The electric potential at a point P is proportional to:
(a)1/x3 (b) 1/x2 (c) 1/x* (d) 1/x!?

Q4 Ten capacitors, each of capacitance 1 pF, are connected in parallel to a source of 100 V. The
total energy stored in the system is equal to:

(a) 1027 (b) 10317 (€)0.5x 1037 (d)5.0x 102J
Q5 The diagrams below show the regions of equipotential. T Te(
A positive charge is moved from A to B in each diagram then: AH><{ : ‘>> >5
(a) Maximum work is required to move q in figure (c). ol (a0l o
(b) In all the four cases the work done is the same. T

(c)Minimum work is required to move q in figure (a). o { a >>>>

(d) Maximum work is required to move q in figure (b) =y | a0 i

Q6 As shown in figure, A, B and C are concentric shells of radius a, b and c respectively
(a<b <c). Their surface charge densities are , ¢, -c and ¢ respectively. : What
is the electric potential on the surface of shell A ?

(a) —(a+b+0) (b) —(a+b+0) (C)—(b a-c) (d)—(a-b+C)

Q7: Four charges 10® C ,-2x10® C; +3x10® C and 2x10® C are placed at the four corners of a
square of side Im the potential at the center of the square is :

(a) zero (b) 360 volt (c) 360V2 volt (d) 180V

Q8: The electrostatic force between the metal plates of an isolated parallel plate capacitor C
having a charge Q and area A, is:

(a) Independent of the distance between the plates (b) Linearly proportional to the distance
between the plates  (c¢) Proportional to the square root of the distance between the plates
(d) Inversely proportional to the distance between the plates

Q09: A capacitor is charged by a battery. The battery is removed and another identical
uncharged capacitor is connected in parallel. The total electrostatic energy of resulting system

(a) Increases by a factor of 4 (b) Decreases by a factor of 2

(c) Remains the same (d) Increases by a factor of 2

Q10: A capacitor works as the charge storing device in

(a)AC circuits (b)DC circuits (c) Both (1) & (2) (d)Neither (1) nor (2)

QI11. A uniform electric field pointing in positive x-direction exists in a region. Let A be the
origin, B be the point on the x-axis at x =+ 1 cm and C be the point on the y-axis aty =+ 1

cm. Then, the potentials at the points A, B and C satisfy
ZIET MYSURU-SSM PHYSICS-XI1-2026-27 !




(a) Va<Vs (b) Vo> Vg (c) Va<Vc (d) Va>Vc

Q12. Which statement is not correct for an equipotential surface?

(a) Electric field intensity is always perpendicular to the equipotential surface.

(b) Potential difference between any two points on it is zero.

(c) Equipotential surfaces are spherical in shape.

(d) No work is required to move a charge on an equipotential surface

Q13. An electron mass m and charge e travels from rest through a potential difference of V.
What will be the final velocity of electron?

2eV

(a) eV (b) == (© =% (d)

2my
e

Q14. Four point charges —Q, -q, 2q and 2Q are placed, one at each corner of the square. The

relation between Q and q for which the potential at the centre of the square zero, is

@Q=-q () Q== (©Q=q Q=+

Q15. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface

is 80 V. The ratio of potential at a distance Scm from the centre of the sphere to the potential at

the surface of sphere is

(a) 1:2 (b) 2:1 (o) 1:1 (d)1:4

Q16. There is one charged isolated air capacitor and U is the energy stored in it. Separation

between the plates of the capacitor is increased to double of the initial value. Energy stored

becomes

(a) U2 (b) 2U (c)U/3 (d)3U

Q17. Four condensers are joined as shown in the figure and the

capacity of each condenser is 8 puF. The equivalent capacity between i i J

the points A and B will be: [

(a) 16 pF (b) 8 pF g‘é
(c) 32 puF (d) 2 uF

Q18. A parallel plate capacitor is connected to a battery as shown in Fig. Consider two
situations: A: Key K is kept closed and plates of capacitors are moved apart using insulating
handle. B: Key K is opened and plates of capacitors are moved apart using insulating handle.
Choose the correct option(s). x
(a) In A : Q remains same but C changes. v
(b) In B : V remains same but C changes.

(c) In A : V remains same and hence Q changes.

(d) In B : C remains same and hence V changes.

Q19. Two protons 4 and B are placed in space between plates of a parallel
plate capacitor charged up to V volts (See fig.) Forces on protons are Fa ¢ -
and Fg , then )
(a) FA>Fs (b) Fa <Fs Ny -
(c) Fa=Fg (d) none of the above

Q20. n small droplets of same size are charged to a same potential V. If all of them combine to
form a single drop then potential of the single drop will be

(a)nV (b) V/in (c)n??*V (d)n'AV
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ANSWERS

Q1 (a)Va-Vs= — [ E.dx so potential difference= -2x* = -2(3%-1%) = -16V

Q2 (a) C1 & C; are parallel so 2uF .. This 2pF is in series with Cs. So 1 pF.now this is in parallel
with C; so final equivalent resistance is 1 pF+C3=2 pF

Q3 (b)For an electric dipole, the electric potential at a point on its axial line is given by V=kp/x>
where distance between the charges is much smaller than the distance at which potential is
to be calculated.

Q4 (d) Net capacitance = 10x 1 pF=10"F connected to 100V so total energy is U=1/2 CeqV? 50
we get 5x1072]

Q5 (b)Work done w = qAV, AV is same in all the cases so work is done will be same in all the

cases.

Q6(d) Electric charge on shell A is ga=4ma’c ; Electric charge on shell A is qgg=-4nb’*c

Electric charge on shell A is qc=4nc’c

Shell A is inside the shell B and C. so VAzﬁ (gat gstqc)
0
Q7 (c) Potential at the centre is : V=kq/r : V=ﬁ (qu/t1 + qo/ra + Qa/r3+ qalra) =360N2 V
0

2
QS8 (a)For isolated capacitor Q = Constant : Favg=ziT: F is independent of the distance between
0

plates

Q9 (b) Common potential = V/2 ; Initial energy Ui=1/2 CV?>  final energy U= % CV? so loss
of energy = ¥» CV- V4 CV? = Y4 CV? decreases by a factor of 2

Q10 b)DC circuits

Qll. (b) E=- 3—‘: , Direction of electric field must be in the direction of the decreasing order of
electric potential.
Q12. (c) Shape of equipotential surface depends on charge or distribution of charges
2ev

_1 2 _ |2¢eV
Q13. (¢) eV—va SO v / —
L0 1 a1 20,1 24 o o

Ql4. (a) 4me, R 4me, R 4mey R 4me, R
QI15. (c) Value of potential inside and on the surface of a charged spherical shell is same
Q16.(b) As capacitor is isolated so charge on capacitor remains same

New capacitance C'= g and '=2V

Hence, new energy U' = 2U
Q17.(c) All capacitors are connected in parallel so Cpq= C1+C,+C3+C, $0 Ceq = 32 uF
Q18.(c) As it is connected to battery so V remains same but as capacitance changes so charge

changes
Q19.(c) As F = gE and value of electric field is uniform in the space between the plates

So Fa=Fs
Q20.(c) total charge Q = nq and R=n/3r, So V=n?’V

PRACTICE QUESTIONS

1. If a charged spherical conductor of radius 10 cm has potential V" at a point 5 cm distant from
its center, then the potential at a point 15 cm distant from the center will be:

3 2 1
(a)3V (b) 4 (c) 3V (d) 3V
2. A parallel plate air capacitor has capacitance 18 pF. If the distance between the plates is made

thrice and a dielectric medium is introduced, the capacitance becomes 72pF. The dielectric
constant of the medium is:
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(a)4 (b)9 (c) 12 (d)2
3. Select the incorrect statement.
(a) Electric potential decreases inside electric field if one goes in a direction making an angle
less than 90° with the direction of electric field intensity.
(b) Electric potential increases at the fastest rate if one goes in the direction of electric field
intensity.
(c) Electric potential decreases at the fastest rate if one goes in the direction of electric field.
(d) Electric potential increases at the fastest rate if one goes in the direction opposite to that
of electric field.
4. A capacitor C; is charged by a potential difference Vo as shown in the figure. This charging
battery is then removed and the capacitor is connected to an uncharged Key

capacitor Co. The final potential difference V across the combination is:
Cl—Cz Cl

@V(ED) Vi) ©w()  @w(es) ]

(o)

5. As per this diagram, a point charge + ¢ is placed at the origin O. Work b6 G-
done in taking another point charge — Q from the point A [co-ordinates l
(0, @)] to another point B [co-ordinates (a, 0)] along the straight path AB
is: ¥

-qQ aQ \ a -qQ AR
(a) Zero (b) (47rsoa2) \/Ea © (47rsoa2) V2 (d)(4nsoa2) \/Ea

ANSWERS

1.C 2.C 3B 4.C 5.D

ASSERTION-REASON QUESTIONS
Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below:
(a) Both assertion (A) and Reason (R) are true and Reason (R) is the correct explanation
of Assertion (A).
(b) Both assertion (A) and Reason (R) are true and Reason (R) is NOT the correct
explanation of Assertion (A).
(c) Assertion (A) is true and Reason (R) is false.
(d) Assertion (A) is false and Reason (R) is also false.
1. Assertion (A): Electric field is always normal to equipotential surfaces and along the direction
of decreasing order of potential.
Reason (R): electric field is defined as negative gradient of electric potential.
2. Assertion (A): Electric field inside a hollow conducting sphere is zero.
Reason (R): Charge is present only on the outer surface of conductor.
3. Assertion (A): Work done in moving a charge between any two points in a uniform electric
field is independent of the path followed by the charge between these two points.
Reason (R): Electrostatic forces are non-conservative.
4. Assertion (A): Electrostatic potential and electric potential energy are two different quantities.
Reason (R): For a test charge Q and a point charge Q, the electric potential energy becomes
equal to the potential.
5. Assertion (A): When the distance between the parallel plates of a parallel plate capacitor is
halved and the dielectric constant of the dielectric used is made three times, then the capacitance
becomes three times.
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Reason (R): Capacitance does not depend upon the external battery connected.
6. Assertion (A): Circuit containing capacitors should be handled very carefully even when the
power is off.
Reason (R): The capacitors may break down at any time.
7. Assertion (A): Capacity of a conductor is independent on the amount of charge on it.
Reason (R): Capacitance depends on the dielectric constant of surrounding medium, shape and
size of the conductor.
8. Assertion (A): Two parallel metal plates having charge +Q and —Q are facing at a distance
between them. The plates are now immersed in kerosene oil and the electric potential between
the plates decreases.
Reason (R): Dielectric constant of kerosene oil is less than 1.
9. Assertion (A): Two adjacent conductors of unequal dimensions, carrying the same positive
charge have a potential difference between them.
Reason (R): The potential of a conductor does not depend upon the charge given to it.
10. Assertion (A): Polar molecules do not have permanent dipole moment.
Reason (R): In polar molecules, the centers of positive and negative charges coincide even
when there is no external field.

ANSWERS

1. Option (A) is correct : E = - %. So, the electric field is always perpendicular to equipotential

surface. Negative gradient of electric potential is electric field. So, direction of electric field must
be in the direction of the decreasing order of electric potential.

2. Option (A) is correct: Since no charge resides in the surface of a hollow sphere, the electric
field also zero inside. For hollow conducting sphere, the charged reside on the surface only.

3. Option (C) is correct. Work done in moving a charge between any two points in a uniform
electric field = charge x potential difference. So, it is independent of the path followed by the
charge. Electrostatic forces are conservative type.

4. Option (C) is correct. Electric potential and electric potential energy are two different
quantities. Electric potential is defined as the potential energy per unit charge. Hence V=P.E./q.

Keg A 3Kegg A
C= So C2=6C
Ay 2 I

6. Option (C) is correct. Even when power is off capacitor may have stored charge which may
discharge through human body and thus one may get a shock. Breakdown of capacitors requires
high voltage.

5. Option (B) is correct. Initial capacitance C; = C =

7. Option (A) is correct. C = S?TA. In the expression, there is no involvement of charge. So,

capacitance is independent of charge. It depends on permittivity of the surrounding medium and

the area of the plate.

8. Option (C) is correct. Electric field for parallel plate capacitor in vacuum E = gi Electric field
0

in dielectric E' = % Since the value of K for Kerosene oil is greater than 1, then E’< E.
0

Dielectric constant of Kerosene oil is greater than 1.
9. Option (C) is correct. Potential of a conductor depends upon charge and size of the body so
potential of both will not be same.
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10. Option (D) is correct. In polar molecules centre of positive charge does not coincide with
centre of negative charge so they have net dipole moment.

PRACTICE QUESTIONS

1. Assertion (A): A metal plate is introduced between the plates of a charged parallel plate
capacitor, its capacitance increased.

Reason(R): A metal plate is introduced between the plates of a charged parallel plate capacitor,
the effective separation between the plates is decreased.

2. Assertion (A): Sensitive instruments can protect from outside electrical influence by
enclosing them in a hollow conductor.

Reason(R): Potential inside the cavity is zero.

3. Assertion (A): The field intensity in between such sheets having equal and opposite uniform
surface densities of charge become constant.

Reason(R): The field intensity does not depend upon the distance between the thin sheets.

4. Assertion (A): The electrostatic force between the plates of a charged isolated capacitor
decreases when dielectric fills whole space between plates.

Reason(R): The electric field between the plates of a charged isolated capacitance increases
when dielectric fills whole space between plates.

5. Assertion (A): Electric field inside a conductor is zero.

Reason(R): The potential at all the points inside a conductor is same.

Answers
I.A 2.C 3.A 4.D 5B
VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
Q1 Two points R and S are equidistant from two charges +Q and -2Q. Calculate the amount of
work done in moving a charge —Q from point R to S. CBSE 2026 (55/5/3)
Q2 Two pint charges - 2 pC and 5 pC are placed at (-30cm,0) and (30cm,0) respectively in an

external electric field E = % { where A=9x10° Nm?C"!. Find the electrostatic potential energy

of the configuration. CBSE 2026 (55/3/2)

Q3 A parallel plate capacitor of plate area A and plate separation d is completely filled with two
dielectric slabs of dielectric constant K; and K> each of area A/2. Find the effective capacitance
of the capacitor. 55B CBSE 2026

Q4: (a) Draw electric field lines and equipotential surfaces for a system of two equal positive
charges separated by some distance. (b) Using the drawings in (a) above, explain that electric
field need not be a constant over each point of an equipotential surface. CBSE 55/2/3

Q5 Two air filled capacitors Ci and C, are connected in parallel with a dc battery. After the
capacitors are fully charged, a slab of dielectric constant K is inserted between the plates of each
capacitor. How will the i) charge on each capacitor and ii) energy stored in the capacitor affected

after the slab is introduced. CBSE 55/2/3 &
Q6 A parallel plate capacitor has a capacitance C. When it is half ; I .
filled with a material of dielectric constant K=5 as shown in the I‘/z &= d

figure, then calculate the percentage increase in the capacitance of |
the capacitor. IIT JEE MAINS 2026
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Q7 A parallel plate air capacitor is connected to a battery. The plates are pulled apart at a uniform
speed v. If x is the separation between the plates at any instant of the capacitor is then the time
rate change of the electrostatic energy of the capacitor is proportional to x*. Calculate the value
of a. IIT JEE 2026
Q8: Obtain an expression for electrostatic potential energy of a system of three charges q, 2q
and 3q placed at the vertices of an equilateral triangle of side a.
Q9 Two small conducting balls A and B of radius r; and r; have charges qi and q> respectively.
They are connected by a wire. Obtain the expression for charges on A and B, in equilibrium.
Q10. Draw an equipotential surface for a system consisting of two charges Q, —Q separated by a
distance r in air. Locate the points where the potential due to the dipole is zero.

SOLUTIONS

nlg (r2 + (_rZQ)); Vr=Vs so potential difference is zero and hence
0 1 2

1: work W=q(Vs-VRr) ; Vr= "

work done is also zero.

A A
2: V@=f E-dox = = [ £5.dx =5 U=q1 V) + V()2 = qufat Aot 2

xX1=x2=30cm , and x12=60cm
So after substituting all the values we get U=8.85]

3 : Sol C=K1804/2 o =Kot /2 o Coq=CiH+C, =520 [ Jafofl 20l 4 )
4 (a) : \ {4/ - —————

(b) Different points on an equipotential surface might be at different distances from the source
charge,so the electric field will not be constant at all points as shown in the diagram

5: In parallel combination the potential difference is same across the capacitors. On inserting
dielectric slab capacitance become K times, so charge becomes K times.

Energy stored by a capacitor U=1/2 CV2. As capacitance becomes K times energy stored by each
capacitor also increases by a factor of K(dielectric constant)

6 Initial capacitance: C= C=goA/d New capacitance = C/2 (1+K) ; K=5(given) s0 Cpew=3C
change in capacitance = 2C so change in %=200%

7:C=2% U=12CV?, U=1222V? s0 U a 1/x , Now dU/dt = dU/dx x dx/dt dx/dt = velocity

Since U a 1/x so dU/dx a x2 hence alpha is proportional to x

o2
8: potential energy of the system is U= —— 292 g0 U=— (=74)
ATE, T A, a

9:According to law of conservation of charge ; gi= qr: qi+ q2= qi+ q2=Q, 1 f When two balls are
Qr;

connected with wire : Vi=V2 : q1= " and Qo= and Q=qi+ @2 )

ri+nry r1+1ry /\ /\
10: The equipotential surface for the system is as shown. Electric potential is O : @ )
zero at all points in the plane passing through the dipole equator AB. 5 =
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PRACTICE QUESTIONS

Q1. Figure shows the field lines on a positive charge. Is the work done by %
the field in moving a small positive charge from Q to P positive or “5‘/

negative? Give reason. -

Q2. What is the amount of work done in moving a point charge Q around / T

a circular arc of radius ‘r’ at the centre of which another point charge ‘q’ is

located?

Q3. What should be the charge on a sphere of radius 4 cm, so that when it is brought in contact

with another sphere of radius 2 cm carrying charge of 10 pC, there is no transfer of charge from

one sphere to other?

Q4. A parallel plate is charged by a battery. When the battery remains connected, a dielectric

slab is inserted in the space between the plates. Explain what changes if any, occur in the values

of (i) Potential difference between the plates (ii) Capacitance (iii) Charge on the plates (iv)

Energy stored in the capacitor?

QS. 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 capacitor.
ANSWERS

1. The work done by the field is negative. This is because the charge is moved against the force

exerted by the field.

2. The potential of points A and B are same being equal to Vo= Vg = 4; % ~
o R 19

,Where R is the radius of the circle. Work done W=q (VB —Va)=q (Va—- . "% |

Va)=0 N 4

3.Va=Vg, Hence Q =20uC
4. (i) When battery remains connected, the potential difference remains the same.
(i1) The capacitance of capacitor increases as K > 1. (iii) The charge Q = CV, V = same, C =
increases; there, charge on plates increases (iv) Energy stored by capacitor increases.
(v) Electric field strength remains same.
5.Us:Ui=1:2
SHORT ANSWER TYPE QUESTIONS (3 MARKS)

Q1 Two parallel plate capacitors X and Y are connected in series to a 6 V battery. They have the

same plate area and same plate separation but capacitor X has air between its plates, whereas

capacitor Y contains a material of dielectric constant 4.

(a) Calculate the capacitances of X and Y, if the equivalent capacitance of the combination of
X and Y is 4 pF.

(b) Calculate the potential difference across the plates of X and Y. (CBSE 2026 55/5/1)

Q2 A 12 pF capacitor is charged to a potential difference of 150V. The terminals of the charged

capacitor are then connected to those of an uncharged 6uF capacitor. Calculate the potential

difference and charge on each capacitor.
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Q3 A three coulomb charge moves from a point (0,-2,-5) to another point (5, 1, 2) in an electric
field given by E= 2xi +3y% + 4k N/C. Calculate the work done in moving the charge in this
distance. JEE Mains 2026

Q4 A metal sphere of capacitance 100pF is charged to a potential of 100V. Another identical
metal uncharged sphere is brought in contact with the charged sphere. Calculate the change in
energy stored in the capacitors when they touch each other. (5/2 x 107J) I

Q5 Five capacitors of capacitances C; = C2 = C3 = C4= 10 pF and Cs =2.5 pF F 1,

are connected as shown, along with a battery of 50 V. Find the equivalent &%
capacitance and the charges on each capacitor v
Q6 a) Twelve negative charges of same magnitude are equally
spaced and fixed on the circumference of a circle of radius R as
shown in Fig. (i). Relative to potential being zero at infinity, find
the electric potential and electric field at the center C of the circle.

b) If the charges are unequally spaced and fixed on an arc of 120° . )
of radius R as shown in Fig. (ii), find electric potential at the v v
center C. CBSE 55/1/1
Q7 A parallel plate capacitor (A) of capacitance C is charged by a battery to voltage V. The
battery is disconnected and an uncharged capacitor (B) of capacitance 2C is connected across A.
Find the ratio of:

(a) Final charges on A and B

(b) Total electrostatic energy stored in A and B initially and energy stored in A initially
Q8 Two point charges + q and q are located at points (3a, 0) and (0, 4a) respectively in x-y plane.
A third charge Q is kept at the origin. Find the value of Q, in terms of q and a, so that the
electrostatic potential energy of the system is zero.
Q9 Two isolated metallic spheres S1 and Sz of radii 1 cm and 3 cm respectively are charged such
that both have the same charge density (2/n x 10° C/m?). They are placed far away from each
other and connected by a thin wire. Calculate the new charge on sphere S».
Q10. Three points A, B and C lie in a uniform electric field (E) of 5 x 10° ——————5*

<:\ """ QB
NC! as shown in the figure. Find the potential difference between (i)A ﬂ
and B, and (ii) A and C. —Cm*“c—* .
SOLUTIONS —

1: 1/Ceq=1/C1 +1/C2 given that Ceq=4 , and C,=C, Cy=4C so C=5pF and Cy=4C =20pF. Total
charge q= CeqV=24 x 10°C , Vx=q/Cx=4.8 V & Vy=¢/Cy =1.2V
C1V1+CoVy

2: Common potential across both the capacitors = o V2=0s0 V=100V,
1 2

Charge on C1 , q1=C1V=12 pFx100V=1200 pC and q2=C2V=600 pC
3: W=[E.dr=[2xi +3y?j + 4k.(dxi+ dyj + dzk) , W=x>+y*+4z evaluate this from (0,-
2,-5) to another point (5,1,2) & we get W=1861.

ZIET MYSURU-SSM PHYSICS-XII-2026-27




4: Ans: common potential = V=50V, Ui=1/2 CV? = 5x107"J and Ur= 2.5 x 10”7J. Change in the

energy =2.5x 107] C,=C,=C,=C,=10 uF
5:Ceq=25+25=5uF, qi=q=q=q4s=2.5x50=125 Ak

uC, qs=2.5x50=125puC s Csﬁ 2.5

6: a) Electric potential due to point charge V= kq/R Value of

each charge = -q, Total charge = -12q Total potential V=k (- 50 V

12q)/R = -12g/4neoR . By symmetry the resultant of all electric field vectors becomes zero. So
electric field is zero. (b) Electric potential is a scalar quantity and does not depend on placement
of charges .Therefore V= 12kqg/R, V=-12qg/4neoR

7: a) Initially Q= CV Finally ga=CaV1 and qg=CgV1; qa/ qg=Ca/Cg =1/2

(b) ga+qs=Q , qa=Q/3 & qs=2Q/3 so Ua+ Us/ Ua; = 1/3

99 _

2
20 Z—a); Potential energy of the system = 0.

8: Potential energy of the system = k (_Qi_aq) +

— 2

Sok (B 4+ 22 1) — 0, Q=12¢/5

9: Charge on sphere S; : Q1 = surface charge density x surface Area =8 x 107> C. Charge on

sphere S» : 72 x 10> C : When connected by a thin wire they acquire a common potential V

and the charge remains conserved. Qi+ Q= Q’1+ Q’2 on solving Q’1=2x10'2C

10: (i) Potential difference between A and B=E x (AB) =5 x 10° x (4 x 1072) = 200 volt

(i1) The line joining B to C is perpendicular to electric field, so potential of B = potential of C

i.e., Vp = V¢ Distance AB =4 cm

Potential difference between A and C = E x (AB) =5 x 10° x (4 x 10-2) = 200 volt
PRACTICE QUESTIONS

Q1. A charged particle of mass m and charge g is kept initially at

rest on a frictionless surface. Another charged particle of mass 4m

and charge 2¢ starts moving with velocity v towards it. Calculate

the distance of the closest approach for both the charged particles. =
Q2. (a) Four identical metallic balls were placed diametrically opposite on the circumference of
an imaginary circle of radius 10m. The first three balls were charged with 30mC, 40mC and -
70mC charge. Evaluate the value of charge(q) given to the fourth ball so that the net potential at
the centre of the circle becomes zero .

Q3. A capacitor of 200 pF is charged by a 300 V battery. The battery is then disconnected and
the charged capacitor is connected to another uncharged capacitor of 100 pF. Calculate the
difference between the final energy stored in the combined system and the initial energy stored
in the single capacitor.

Q4. A parallel plate capacitor is charged by a battery. After sometime the battery is disconnected
and a dielectric slab with its thickness equal to the plate separation is inserted between the plates.
How will (i) the capacitance of the capacitor, (ii) potential difference between the plates and (iii)
the energy stored in the capacitor be affected? Justify your answer in each case.

Q5. Find the ratio of the potential difference that must be applied across the parallel and the
series combination of two identical capacitors so that the energy stored in the two cases, becomes
the same.
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ANSWERS
2.q=0  3.3X10°J 4.C=KCy.V=-V0,E=—Eg 5.Vp:Vs=12
CASE STUDY TYPE QUESTIONS

1. The above 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 y
HiIBIRIE
| 11

1 5q2
" 4me, mv?

pair of plates is uniform and normal to the

plates. (i) For which pair of the plates is the [ 1 1 I

electric field E along 192 -0V 50V 50V 4150V 20V 4200V -100V 400V
A)I BI (©lI D) 1v I il 1 v
(i1) An electron is released midway between the plates of pair IV. It will:

(A) Move along  at constant speed (B) move along -{ at constant speed

(C) Accelerate along © (D) accelerate along -1

(iii) Let E1, Eo, E3 and E4 be the magnitudes of the electric field between the pairs of plates, I, 11,
[T and IV respectively, then:

(A)E1>E2>E3>E4 (B)E3>E4>E1>E2
(C)Es>Es>Ex>E (D) E2>E; > Es4>E;

(iv) 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 10" C/kg)

(A) 1.3 X 10°m/s (B) 2.6 X 10° m/s (C) 6.5X 10° m/s (D) 5.2 X 10" m/s

2. A parallel plate capacitor is an arrangement of two identical metal plate ofarea A
metal plates kept parallel, a small distance apart. The capacitance

of a capacitor depends on the size and separation of the two plates djsfs.m{ e
and also on the dielectric constant of the medium between the i Ll

plates. Like resistors, capacitors can also be arranged in series or

parallel or a combination of both. By virtue of electric field between the plates, charged
capacitors store energy.

(a) The capacitance of a parallel plate capacitor increases from 10pF to 8OuF on introducing a
dielectric medium between the plates. Find the dielectric constant of the medium.

(b) n capacitors, each of capacitance C, are connected in series. Find the equivalent capacitance
of the combination.

(c) A capacitor is charged to a potential (V) by connecting it to a battery. After some time, the
battery is disconnected and a dielectric is introduced between the plates. How will the potential
difference between the plates, and the energy stored in it be affected? Justify your answer.

ANSWERS
Ans.1. (i) (D) IV (ii) (D) accelerate along -1 (iii) (C) E4 > E3 > E> > E; (iv) (B) 2.6 X 10° m/s
Ans.2 (a) K=8 (b) C= % (c) Potential difference decreases by a factor 1/K, Energy

reduces by a factor 1/K

ZIET MYSURU-SSM PHYSICS-XII-2026-27




PRACTICE QUESTIONS

Q1 .A parallel plate capacitor has two parallel plates which are separated by an insulating
medium like air, mica etc. When the plate are connected to the terminals of a battery they get
equal and opposite charges and an electric field is set up in between them. The 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.
(1) 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 value of the electric field between the
plates will be :
(@ E (b) 2E (c)E/4 (d)E/2
(i1) 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)
between the plates as a function of separation between the plates to maintain the constant electric
field. -
@ v % v v -

(b) (c) (d)

d ~ d d i
(iii) In the above figure P,Q 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 pz=—==--------- - -

perpendicular to the plates. Which of the graphs shown correctly

the variation of the magnitude of electric field strength E along

the line MN? T
) 4 j DA
@ 1 @ T
n N ™ ~N
0 S — | EH \\ ~
< T a» T \_/
N ~N ™ ~N

(iv) Three parallel plates are placed above each other with equal displacement d between the
neighboring plates. The electric field between the first pair of the plates is E; and electric field
between the second pair of the plate is Ea. The potential difference between the third and first
plate is?

(a) (Ey+Ep). d (b) (E-Ey). d (¢) (Bz-Ey). d (d) d(Er+ E2)2
2. 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 edge length 4
‘L’ held parallel and equidistant from each other. The space
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between P; and P; and P> and P; is completely filled with mica sheets of dielectric constant K.
The plate P> is connected to point A and other plates P; and P3 are connected to point B. Point A
is maintained at a positive potential with respect to point B and the potential difference between
Aand B is V. 2025 CBSE

(i) The capacitance of the system between A and B will be:

KL? &oKL? 2g0KL? 2g0Kd
(@) 2= ()= () =% () =5
(i) The charge on plate P; is:
VKL? &0 VKL? 2g9VKL? goVKL?
(a) 22— (b) == (€) =— (d) ===
(ii1) The electric field in the region between Py and P> is:
(a) V/id (b) 2v/d (c) v/2d (d)d/v

(iv) The separation between the plates of same area L? of a parallel plate air capacitor
having capacitance equal to that of this system, will be :

(a) d/K (b) 2d/K (c) d2K (d) d /4K
ANSWERS PRACTICE QUESTIONS
Ans.1 (i) (c) E/4. (i) (d) (iii)(c) (iv) (a) (E;+E,). d
2g0KL? g9 VKL?

Ans 2: (i) (¢) . (ii) (b) . (iii) (a)V/d (iv) (c) d/2K

LONG ANSWER TYPE QUESTIONS

Q1 (i)Find the equivalent capacitance between A and B in the given figure.
(ii)) A dielectric slab is inserted between the plates of a
capacitor. The electric between the plates decreases. Explain. kG
(iii) A capacitor A of capacitance C , having a charge Q is 4 {
connected across another uncharged capacitor B of capacitance
2C find an expression for (a) potential difference across the Il
combination and (b) Charge lost by capacitor A
(iv) Two slabs of dielectric constant 2K and K fill the space between plates of a parallel plate

jo~]

capacitor of plate area A and plate separation d as shown in the figure. , 2d
. : . — A3 | G —]
Find the equivalent capacitance of the system
Q2. (i) An electric dipole (dipole moment p = pi ), consisting of charges
- q and q, separated by distance 2a, is placed along the x-axis, with its SR =R —

centre at the origin. Show that the potential V, due to this dipole, at a

. . 1 pi
oint X, (X >>a) is equal to — —
p . ( )is eq e 2

(i1) Two isolated metallic spheres Si and S of radii 1 cm and 3 cm .
respectively are charged such that both have the same

2a
charge density (% X 10'9)C/m2.. They are placed far y

away from each other and connected by a thin wire. - 9
Calculate the new charge on sphere S;. ‘ x
Q3 (i) Derive an expression for potential energy of an electric dipole p in an external uniform
electric field E . When is the potential energy of the dipole (1) maximum, and (2) minimum?
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(i1) Three point charges g, 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.
ANSWERS
1: (i) Cpe= C+C = 2C, (ii) Within the dielectric slab, induced electric field due to polarization,
Decreases the electric field. E=Eo/K (iii) (a)V’= Qtotat / Ceq = Q/3C =V/3  (b) charge lost by
capacitor = Q-Q/3 = 2Q/3 (iv) C1=6KeoA/d, C2=3KeoA/2d , 1/Ceq=1/C1+1/C; ; Ceq = 6KeoA/5d
1 P 1 pi

41rey x2—a? 41ey x%2—a?

2 : (i) Derive expression of potential at P, V = As p is along x-axis so, V =
1 pl .. 2 - - -

If x>>a, V= 2= 2. (ii) Charge on $1= 0 x 4mr° = (; X 10 9) x 41 (1X 10-2)2 =8 X 103 C,

Charge on S2= ¢ x 4nr’ = (% X 10'9) x 4w (3X 1072)2 =72 X 10"* C When connected by thin

wire they acquire common potential V and charge remains conserved Qi + Q2= Q1 + Q3 and %

2

==, Onsolving Q1 =2 X 10"2C
1

3: (i) Derivation of expression of potential Energy, U(0) = -p E cos cos 6 =p. E
(1) Potential energy is maximum 0 =180°, (2) Potential energy is minimum 6 = 0°

. . . . . : k k k
(ii) Consider an equilateral triangle of side a, Potential energy U= q;qz + 2283 q;q3
kq.2 k2gq.n kq.n . . kq.2 k2gq.n kq.n
U= qa 1,%24™ qa q, According to question U=0, So qa 14 Z 14 qa 1_ 0, After
: 2
solving n = — 3

PRACTICE QUESTIONS
1. (i) Draw equipotential surfaces of an electric dipole.
(i) Two point charges qi and q, are located at 7; and 7, respectively in an external field E. Obtain an
expression for potential energy of the system

(iii) The dipole moment of a molecule is 10° Cm. It is placed in an electric field E of 10° V/m such

that its axis is along the electric field. The direction of Eis suddenly changed by 60° at an instant.
Find the change in the potential energy of the dipole, at that instant.
2. (1) 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 mJ and 250 mJ
respectively, find the capacitance of the capacitors.
3.(a) Derive an expression for potential energy of a dipole in an external field.
(b) Draw equipotential surfaces due to an isolated point charge (+ q) and depict the electric field lines.
(c) Three point charges + 1 pC, — 1 uC and + 2 pC are initially infinite distance apart. Calculate the
work done in assembling these charges at the vertices of an equilateral triangle of side 10 cm.

ANSWERS

I %

1. (i) Suitable Diagram, (ii) potential energy of the system = q; V (77) + q, V (13) + yr
(iii) 5 X 10 2¢J

2. (i) Derivation of correct expression. C =

9
T12

Keg A

d_til” (i1) C1 = 40uf and C2 = 10pf
k
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