Class 12 Physics-Notes: Chapter-1: Electric Charges and Fields

Part -1: Introduction, Electric Charge and Basic Properties

1. Introduction

fIGgd (Electricity) S fa Td URNT®! &1 SMUR 5| U4, e, HCR, HIER,
<ciifavH, fafee Iuaur auT Iw—+H &1 Tare faggd Rigml R semd ]|
Electrostatlcs Physics ﬁagw%mﬁﬁwﬁa’ga ST (Static Electric Charges) ddl
I GRT IUF I T e &7 FT 31ee fa o 2|

g 3T W 3714 aTe 37Tl Electric Potential, Capacitance, Current Electricity d{T
Electromagnetism—ﬁ:ﬂ‘a’%l

2. Electric Charge

Definition

Electric Charge UaTd &1 98 HaYd 0T § ST BRI 98 37 AR aegaif W s a1
S T & IYT 399 I SIHT FRT g |

Symbol: q T Q

SI Unit: Coulomb (C)

3. Types of Electric Charges
&l UHR & faggd A% 8id ;
(i) Positive Charge (+)
REARRYE
« Glass Rod &7 Silk ¥ TS TR Glass Rod TR $-THD A I 8T g |

(ii) Negative Charge (-)
BEIE?UI:
« Ebonite Rod 1 Fur § TS TR Ebonite Rod TR BUMHE 3 IUH 8idl g

4. Interaction Between Charges
. UM UYHR & 3MAT (Like Charges) TH-guR &I UfAHNd (Repel) F3d & |
. AU UeR & ST (Unlike Charges) Th-g¥R P TSI (Attract) Hd & |

5. Methods of Charging
foreit avg ! <1 TAga fafdra @ emafia forar o wean &
(i) Charging by Friction
3l I3 BT WS WR Iaae 1 BT RIFRY gl g |
Examples:

e Glass Rod + Silk

o Ebonite Rod + Fur

(if) Charging by Conduction
SRS g ! GIRY T T TR BRI TR ATA BT RIFTIRUT SIel 3|
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For example, body A has charge q and it is brought in contact with another charged body B of
charge 2q, then after separation, body A will have charge 3qg/2 and body B will also have charge
30/2.

Similarly if body A has charge —q and is brought in contact with body B which is uncharged and
has identical size with that of body A, then after separation, body A will have charge —q/2 and
body B will also have charge —q/2.

Note:

If both bodies are not identical in sizes, charges after separation will be different. The charges
will be shared proportionately according to their radii.

For two isolated conducting spheres of radii R, and R, after contact and separation, their final
charges are proportional to their radii, because their potentials become equal during contact.

For example,
The body A has charge g; and radius R; and is brought in contact with body B of charge g, and
radius Ry, then after separation, the charge distribution will be as: g < R, so, % = %

2 2

After separation, body A will have charge

)

And body B will have charge

= o757

Where,

|Gnet = 01 + q2 |

(iii) Charging by Induction
fomT Toef fopu forat =mees & 3Ma=1 ST HRAT Charging by Induction HETdl g
HEQ@YUl a4 TIH Y& T4 (Direct Contact) 3TIRIH gl gidl|

6. Basic Properties of Electric Charge
(A) Additivity of Charge
Tt quTet 1 Hot 3T ISP JHT AR HT SO AT 8T ]

Q=1 +q2+qs+ ————
Example:

If g1 =3C, g2 = —2C, then Q =1C

(B) Conservation of Charge
Statement

Tl QU (Isolated) Tl & $ot faggd SMAx Hed Fod Igar g1 A= 7 o Sard foar o
gw%ﬁ?ﬁwmw«mdl%; Had U aeg I GO avg H QIR fardT S e
|
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Applications:
o Charging by Friction
e Charging by Conduction
e Charging by Induction

(C) Quantisation of Charge
fordlT aq OR JUIRYT Hf SHTART Fkd T ST e BT YUTich 0TS oIl & |
q = tne

Where,

e nN=1, 2, 3, """

. e=1.6x10"C
Example
If an object has charge Q = 4.8x10™° C, then n = 3. That is, this object has charge equals
to the magnitude of charge of 3 electrons.

Important Facts

(] Charge of Proton = +1.6x10™°C

"1 Charge of Electron = —1.6% 10*c
"1 No charge on Neutron

Summary
o Electric ChargeWﬁWEﬂ%ﬂW%‘l
. T YPR S AV 8Id —YTHD Td BUNHD |
« UM 33 Ui a gut faudia mawr e fid #d g
« 3O IUF el BidT, Fad TR BT 8|
. ﬁWﬂ%ﬁinne%Wm%l
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Part -2: Conductors, Insulators, Charging by Induction &
Coulomb's Law

Learning Objectives
After studying this part, students will be able to:
« Distinguish between conductors and insulators.
e Explain charging by induction.
o State and apply Coulomb's Law.
« Understand the vector nature of electrostatic force.

Apply the Principle of Superposition.
Solve basic numerical problems based on Coulomb's Law.

1. Conductors and Insulators
Conductors

A conductor is a material in which electric charges can move freely throughout the substance.
Examples

o Copper

e Silver

e Aluminium

« Gold

e Graphite

e Mercury

Characteristics
o Large number of free electrons
e Low electrical resistance
o Easily conducts electric current
o Charges redistribute themselves over the entire surface

Insulators
An insulator is a material in which electric charges cannot move freely.
Examples

e Glass

e Rubber

e Plastic

e DryWood

e« Mica

e Porcelain

Characteristics
e Very few free electrons
e High electrical resistance
e Charges remain localized
e Poor conductor of electricity
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Comparison
Property Conductors Insulators

Free Electrons Present Almost Absent
Charge Movement Easy Difficult
Electrical Conductivity | High Very Low
Resistance Low High

2. Charging by Induction

Charging by induction is the process of charging a conductor without direct physical contact.
Principle

A nearby charged body causes the free electrons inside a conductor to rearrange themselves.

If grounding is provided and later removed appropriately, the conductor acquires a net charge
opposite to that of the inducing body.

Steps of Charging by Induction
1. Bring a charged rod near a neutral conductor.
2. Charges inside the conductor redistribute.
3. Connect the conductor to the Earth.
4. Remove the Earth connection.
5. Remove the charged rod.
The conductor is left with a charge opposite to that of the inducing rod.

Important Features
e No direct contact is required.
o Based on redistribution of free electrons.
e Charge is produced due to induction.
e Widely used in electrostatic applications.

3. Coulomb's Law

Statement

The electrostatic force between two stationary point charges is directly proportional to the
product of their magnitude of charges and inversely proportional to the square of the
distance between them.

Mathematical Expression

. . . . A
Magnitude of electrostatic force of attraction or repulsion r a,
- &
F o |q4]lq| f
And, Figure-1: Two point charges
1 separated hy distance r
F <« —
T‘Z
Or,
F=k |Q1||2q2|
r
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(Coulomb’s law in magnitude form)
Where,
e F = Electrostatic force (N)
e q4,q, =Point charges (C)
« 1= Distance between charges (m)
e k= Electrostatic constant

1

InS. I unit, k = — =9 x 10° N-m?C (for air or free space)

TTEQ
Here, €, = 8.85 x 10712 C®*N"'m™ [or C*/N-m? or Farad/m (Fm™)] = absolute permittivity of air
or free space.

Here, k = 1 is taken CGS unit and F = —'%r”z‘h'

Dimensional formula of permittivity of free space (€g) :
[e0] = [MT1L73T*A2]

4. Nature of Electrostatic Force

o Like charges repel each other.

o Unlike charges attract each other.

o Electrostatic force acts along the line joining the two charges.

e ltisa central force.

e It obeys Newton's Third Law.

5. Vector Form of Coulomb's Law
The vector form gives both the magnitude and direction of the electrostatic force.
If # is the unit vector from q; to g, , then

= 1 (q1q2
Fio = —(=52)
127 4mey \ 12
Direction of Force Like charges (repulsive force)
The direction of force at a charge due to other ?12 & +q,1 Y29 o 75'21
charge is along the line joining the centre of r ,
. . Unlike Charges (attractive force)
two charges and directed either away from
i 1 ?12 _F)z 2
charge g, or towards charge g, depending upon Qe 1 e
both are like charges or unlike charges. r
. Figure-2: Direction of Force in like and Unlike
In the Figure-2: T

(a) For Like Charges (Repulsive Force)
ﬁlzz force on charge (charge +q ) at point 1 due to charge (+2q) at point 2, acting away
from point-1
And,

F,, = force on charge (charge + 2q ) at point 2 due to charge (+q) at point 1, acting away
from point-2.
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(b) For Unlike Charges (Attractive Force)

F,, = force on charge (charge -q ) at point 1 due to charge (+2q) at point 2, acting
towards charge + 29 at point -2

F,, = force on charge (charge + 2q ) at point 2 due to charge (+q) at point 1, acting
towards charge —q at point-1

6. Principle of Superposition

When more than two charges are present, the net electrostatic force on any charge is equal to the
vector sum of the forces exerted by all other individual charges.

Mathematically,

ﬁ=F_)1+F_>2+ﬁ3+ - - - =
This principle is applicable because electrostatic forces obey vector addition.

7. Limitations of Coulomb's Law

Coulomb's Law is valid when:

Charges are point charges.

Charges remain stationary.

Medium is homogeneous and isotropic.

Distance between point charges is much larger than their sizes.

For extended charged bodies, Coulomb’s point-charge expression can be used when their
dimensions are small compared with separation.

Solved Example 1

Two charges of 2 uC and 3 pC are placed 0.50 m apart in air. Find the electrostatic force between
them.

Given

g, = 2uC=2x1076C, g, = 3uC=3x1076C,r=0.50 m
Formula

lq111q2]
F=k 2
Solution
gl 92X 107X 3x107%
F=k 7 = (9 x107) (0.50)2 =0.216 N

Answer: 0.216 N (Repulsive)

Exam Tips

'] Always convert pC into Coulomb.

1 Always use SI units.

1 Mention whether the force is attractive or repulsive.
1 Draw a neat force diagram whenever possible.
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Common Mistakes

] Forgetting to convert uC into C.

1 Using centimetres instead of metres.

] Forgetting to square the distance.

1 Writing only the magnitude without mentioning the nature of the force.

Quick Revision
o Conductors contain free electrons.
Insulators do not allow free movement of charge.

e Induction requires no physical contact.
e Coulomb's Law:

1111921
F=k q1 2‘]2
T
o Electrostatic force follows the inverse square law.
o Net force is obtained using the Principle of Superposition.

Try Yourself

Two spheres A and having charges Q and 3Q of (i) same radii and of same material and
(if) A has radius r and B has radius 2r, having same material also, are brought in contact
and then separated. Find the net charge on A and On B in case of (i) and (ii).

2. Asshown in the figure, find the net electric force on charge —q.

+q
2a 2a
q
9 q
|.-‘ a J. @ ]
| g A

3. Two point and like charges of same magnitude experiences the force F when kept in air.
What will be the new force between them placed at same distance but kept in vacuum?

4. Three forcesﬁl, fz and E are acting on a point charge g due to other charges in the

given direction as shown. Given their magnitudes as: F; = F, = F = = 2F;. Show
that arrangement of charges and find the net force and its direction at charg( +q £
By using methods as 000
(a) Law of parallelogram method 45°
(b) Unit vector method F
(c) Vector method F,

(d) Component of force method

https://birendrapsingh.com Page 8




Class 12 Physics-Notes: Chapter-1: Electric Charges and Fields

Part -3: Electric Field, Electric Field Intensity & Electric
Field Lines

Learning Objectives
After studying this part, students will be able to:
o Define an electric field.
o Explain electric field intensity.
o Calculate the electric field due to a point charge.
« Understand the principle of superposition of electric fields.
o Interpret electric field lines and their characteristics.
e Solve basic numerical problems related to electric fields.

1. Electric Field

Definition

An Electric Field is the region around a charged body in which another charge experiences an
electrostatic force.

In other words,

An electric field is the space surrounding a charge where its influence can be detected by
another charge.

Concept
A charged body does not need to touch another charge to exert force on it. The force is
transmitted through the electric field surrounding the source charge.

2. Test Charge
A Test Charge is an imaginary, sufficiently small positive charge used to determine the electric
field at a point without appreciably disturbing the existing charge distribution.
Characteristics

e Very small in magnitude.

« Positive by convention.

« Does not disturb the existing electric field.

3. Electric Field Intensity
Definition
Electric Field Intensity at a point is the electrostatic force experienced by a unit positive test

charge placed at that point.
Mathematically,

Where,
o E = Electric field intensity
e F = Electrostatic force
e (o = Positive test charge
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SI Unit

Newton per Coulomb (NC™1)

Another commonly used unit is

Volt per metre (Vm™1)

Both units are equivalent.

Nature

Electric field intensity is a vector quantity.
Its direction is the same as the force acting on a positive test charge.

4. Electric Field Due to a Point Charge

Consider a point charge Q.
A test charge o is placed at a distance r.
Q| Iqo
4-77,'60

Using Coulomb's Law,

Since
F
E=—
do
Therefore,
_( 1 ) el
-~ \4me,/ \ r2
Important Formula
r

Where
k=9x10° Nm?/C?

5. Direction of Electric Field

Positive Charge
Electric field lines point away from the charge.

Negative Charge
Electric field lines point towards the charge.
Its direction is shown in the following figures.

(i) Due to a +ve point charge q placed at a point (say at point A) in free space or in air:
So, due to a positive point charge, the direction of electric field intensity at point (say P) is away
from that point and along AP (that is, line joining point charge (+g) and the point P.). Its

magpnitude is Ep, = L(M) S (i)

4mey \r2 41€( \12

(if) Due to a —ve point charge placed at a point (say at point B) in free space or in air:
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B P
+ P
ﬁil_ ----------- HEPA _qi—----——-{—-.
he T o Epg
Figure-3 (i) Electric Field Figure-3(ii) Electric Field

direction due to +ve Charge direction due to -ve Charge

6. Principle of Superposition of Electric Fields
If several charges are present, the resultant electric field at any point is equal to the vector sum
of the electric fields due to individual charges.

E = El + EZ + E3 + - ———-
This principle is widely used in solving multi-charge systems.

General Formula to find net electric field in vector form:

Electric field intensity at a point whose position is r due to other charges whose positions are ry,
ry, 3, ------- can be expressed as- (Principle of Superposition for Electric field intensity)

1 N\ a6 -7)

E') = - —
dmme Lu |7 — T3
=1

7. Electric Field Lines

Definition

Electric field lines are imaginary curves drawn such that the tangent at any point gives the
direction of the electric field.

They provide a convenient way to visualize electric fields.

Characteristics of Electric Field Lines

(i) Originate from Positive Charges
Field lines always begin on positive charges.

(if) Terminate on Negative Charges
They end on negative charges or at infinity.

(iii) Never Intersect

Two electric field lines can never cross each other.

If they intersected, the electric field would have two directions at the same point, which is
impossible.

(iv) Density Represents Strength
Closer field lines indicate a stronger electric field.
Widely spaced lines indicate a weaker field.

(v) Continuous Curves
Electric field lines are continuous and smooth.
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(vi) Perpendicular to Conductors
At the surface of a charged conductor, field lines are always perpendicular to the surface.

(Vii) Number of field lines proportional to charge
The number of field lines is directly proportional to magnitude of charge.

8. Electric Field Due to Multiple Charges
The electric field at any point is obtained by adding the individual field vectors.
Depending on the geometry,
« Parallel vector addition
o Opposite vector subtraction
e Component method
may be used.

Solved Example

A charge of Q = 5x10° C is placed in air. Find the electric field intensity at a point 0.20 m away.
Given

Q =5x10°C, r=0.20m

Formula
kQ

E = T'_Z

Solution
E_kQ_9><109><5><10‘6_1125X106N c
2 0.04 o /
Answer:
1.125 x 10°N/C|

Exam Tips

] Electric field always exists around a charged body.

"1 Electric field is independent of the test charge.

1 Direction is always defined for a positive test charge.
1 Never confuse Electric Force with Electric Field.

Common Mistakes

'] Writing Electric Field as a scalar quantity.

1 Forgetting that electric field direction is defined using a positive test charge.
" Drawing field lines intersecting each other.

"1 Ignoring vector addition while calculating the resultant electric field.

Nature of Electric Field
e Vector Quantity
e Acts along the line joining charges
« Follows the inverse square law
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Part - 4: Electric Dipole, Dipole Moment, Electric Field Due
to a Dipole & Torque on a Dipole

Learning Objectives
After studying this part, students will be able to:

o Define an electric dipole.

e Explain electric dipole moment.

o Derive the electric field due to an electric dipole at axial and equatorial positions.
o Understand the torque acting on a dipole in a uniform electric field.

Distinguish between stable and unstable equilibrium.
Solve Board, NEET, and JEE Main level numerical problems.

1. Electric Dipole
Definition
An electric dipole is a system consisting of two equal and opposite point charges separated
by a small fixed distance.
If
« Positive charge = +q
e Negative charge = —q
and the separation between them is 2a, then the system is called an electric dipole.

Examples
e HCI molecule
e H20 molecule, HCL, NH3 (Polar molecule)
e NH: molecule

2. Dipole Axis

The straight line joining the two charges of an electric
dipole is called the Dipole Axis. _
The midpoint of the dipole is called the q

centre of the dipole (O). [; i | y

2
Figure-7: Electric Dipole and Dipole Moment Direction

Equatorial Axis

dipole axis
+q
—
a

3. Electric Dipole Moment

Definition

The Electric Dipole Moment is defined as the product of the magnitude of either charge and the
separation vector from the negative charge to the positive charge.

Mathematically,

p=qd

Where
e (= Magnitude of either charge
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o d=2a Separation between the charges
Hence,

p = q(2a)

SI Unit: Coulomb metre (C m)

Direction

The direction of the dipole moment is from the negative charge towards the positive charge.

Properties of Dipole Moment
o Itisavector quantity.
e lts direction is from —q to +q.

o Larger charge or greater separation produces a larger dipole moment.

4. Electric Field Due to an Electric Dipole

The electric field produced by a dipole depends on the position of the observation point.

Two important positions are studied:
e Axial Position
o Equatorial Position

5. Electric Field at an Axial Position

Consider a point P on the axis of the dipole at a distance r from its centre.

Derivation-1: Derive the electric field at the axial position due to a short dipole
The electric field at P is the algebraic sum of the fields due to +q and —q.

For a short dipole (r > 1),

Eqxial =

Let a dipole of charge +q are separated by
small distance 2 | and placed along x-axis.

Let P be the point where field intensity is being
derived at distance r from the centre of dipole
O as shown in the Figure-8.

The direction of electric dipole moment is from
—(Q charge to +q charge as shown in the figure.

(zp)
4mey \ 13
¥ axis 3 .
7w >
Ap>—0p—eg < P_—E}—)-— X-axis
L2l _ .S : L > Epg
= r+L —

Figure-8: Electric Field at Axial Position due to a dipole

Now, magnitude of electric field intensity at point P due to charge +q at point B is

q

E =|E') |= 1 lql _ 1
PB PEL™ 4mey \ (r — 1)2 4T€)

o= l)z) — —(i),away from P along BP

Magnitude of electric field intensity at point P due to charge -q at point A is

https://birendrapsingh.com
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5 1 |—q]| 1 q
pa = |Epal 4te, <(r + l)2> 41e, ((r + l)z) (i), towards = q along

Since,
Epp > Epy
As,
r=-D< @+
The net electric field intensity at point P due to both point charges —q and +q (making a dipole) is
along AB and away from point P and its magnitude is given by,

Enet = Epp — Epg = 47360 [((r j l)z) B ((r -|C—I l)2>] N 471160 [q {(x +(l1‘)22 —_l(;;z_ Z)Z}l

1 4qrl 1 2pr
4mey L(r? — lz)z] - 41r€ [(TZ — lz)z] -~
Where, p = electric dipole moment. p = q (21)
We also see that direction of net electric field intensity is along the direction of electric dipole
moment (that is, the case of stable equilibrium).
If > [, then r? >» [2, so, from equation (iii),

Or,

Enet = Ep =

E 1 [Zpr )
net — 4mey | 14 (iv)
Or,
1 /2p
e I RO

In vector form, the net electric field intensity at axial position at point P when r > [

Bo= () @

4mey \1r3

Observation
o Electric field is directed along the dipole axis.
« Net electric field direction is parallel to dipole moment direction. (8 = 90°)-Stable
equilibrium
e Itdecreases as

E x—
T3

6. Electric Field at an Equatorial Position

Consider a point P on the perpendicular bisector of the dipole.

The electric fields due to the two charges combine to produce a resultant field opposite to the
dipole moment.

For a short dipole,
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(Direction opposite to p)

Observation
o Field is opposite to the dipole moment.
« Net electric field direction is antiparallel to the direction of dipole moment. (§ = 180°)-
Unstable equilibrium position
e Again,

Derivation-2:
To derive the expression of electric field intensity due to a dipole of charge +q, separated
by 2l distance at the equatorial position when r >> | when placed in free space.
In right angle triangle AOP,
AP = \/0A? + OP2 = /12 + r2 = BP
As shown in the Figure-9, the magnitude of electric field intensity at point P due to charge —q at
point A is

Epy = ! =4l = ! ( a ) — — — —(i),towards — q charge
PA™ Ameg \r2 + 12 A€y \r% + [? ' 1 g
And the magnitude of electric field intensity at point P due to charge +q at point B is
_ 1 [+qly _ 1 q T
Epp = 4T€ (r2+12) T ame, (r2+lz) (”)'away from p S
Here, = B e
1 net
Epy = Epg = E (say) = pp (rij) — — — (iiQ) —E_iz& RE
From the figure above shown, o C—E va ©
A0 _ BO l . >
cos @ =E=E=—le————(w)
r + o Figure-9: Electric Field at
Now, angle between Ep, and Epp is 2 0, Equatorial Position due to a dipole

So, net electric field intensity at point P

Ep = JEPAZ + Epg” + 2(Epy) (Epg) cos 26

Or,
Ep = E% + E2 4+ 2E2 cos 26
Or
Ep = /2E% + 2E2(2c0s26 — 1)
Or

Ep = vJ2E? + 4E2c0s26 — 2E2 = 2E cos § — — — —(v)
Putting the value of E and cos 8 from equations (iii) and (iv) into the equation (v), we get

b = oy 1 7) ()
P ameg\r2 + 12)\Vrz 1 2
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= — (2 )y
4o \ (r2 4 12y

Or

Since, magnitude of dipole moment is

p = 2ql (vii)
When r > [, then 1% can be neglected in comparison to 2,
Therefore, using equations (vi) and (viii), we obtain,

1
Ep= 41€ (r%)

(antiparallel to p)
In vector form,

E’p L(p)(_i)

 4mey \1r3

7. Comparison of Axial and Equatorial Fields

Property Axial Position Equatorial Position
Direction Along dipole moment | Opposite to dipole moment
Magnitude 2kp /13 kp/r3
Relative Strength | Stronger Weaker
Thus,

Eaxial — 2.1
Eequatorial

for a short dipole at the same distance.

8. Dipole in a Uniform Electric Field

When an electric dipole is placed in a uniform electric field, the two charges experience equal

and opposite forces.

The net force on the dipole is zero, but these forces form a couple, producing a torque that tends

to rotate the dipole.

9. Torque on an Electric Dipole 7

If the dipole moment makes an angle 6 with the electric = —>F,

field, the torque is given by: 27 A | F
L8 e

Only the perpendicular component of force contributes =~ 2% g c

to the torque.

Where
e t=Torque
e p = Dipole moment
e E =Electric field

https://birendrapsingh.com
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o 0=Angle between p” and E”
Derivation-3:

To derive torque acting due to a dipole of charge +q, separated by 21 distance and placed in a
uniform electric field.

Let a dipole of charge +q and length 2a is placed in the uniform electric field as shown in the
Figure-10.
Torque acting on the dipole is
tT=FXrl—-———(1)

Here,

r 1=AC = 2asinf — — — (2)
The force on each charge is of equal magnitude and in
Opposite direction as shown in the Figure-10.

Then,
F,=F,=F
Since,
F=qE—-—-—--(3)
From equation (1), (2) and (3), we get
T =qEQasinf) — ——(4)

The dipole moment is 7 and makes angle 6 with E, (from 7 to E)
The magnitude of dipole moment is

p=q2a)——-—-(5)
From equation (4) and (5), we obtain
T =pEsinf — —— (6)
Derived

In vector form,

T=pxE
Special Cases
(i) Maximum Torque
When 6 =909,

Tmax = PE
(if) Zero Torque
When 6 = 00

T=0

10. Stable and Unstable Equilibrium

Stable Equilibrium

The dipole is in stable equilibrium when its dipole moment is parallel to the electric field.
0 =0°

A small displacement produces a restoring torque.
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Unstable Equilibrium

The dipole is in unstable equilibrium when its dipole moment is antiparallel to the electric
field.

6 = 180°
A small displacement causes the dipole to rotate further away from its original position.
E E
B — —_ — T
7] F T .
—_—y —3>F — b
Figure-11(i) Figure-11(ii): Figure-11(iii):

Stable Equilibrium Unstable Equilibrium

Solved Example
An electric dipole has a dipole moment p = 4x10® Cm. It is placed in a uniform electric field of
E = 5x10° N/C at an angle of 30°. Find the torque acting on the dipole.

Solution
Using
T =pEsinf
Or
T=4x%x10"8x5x%x10° xsin30°=1x 10"2Nm
Exam Tips

1 Dipole moment is directed from negative to positive charge.
"1 For a short dipole, both axial and equatorial fields vary as 1/r31/r"3.
1 At the same distance,

Eoxial = 2Eequatorial
1 Torque is maximum at 90° and zero at 0° and 180°.

Common Mistakes

1 Drawing the dipole moment from positive to negative.

[] Using 1/72 instead of 1/r3for the field of a short dipole.
1 Confusing net force with torque in a uniform electric field.
"] Forgetting the direction of the equatorial field.
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Part -5: Electric Flux, Area Vector & Gauss's Law

Learning Objectives
After studying this part, students will be able to:

o Define electric flux.

o Understand the concept of an area vector.

o Calculate electric flux through a plane surface.
o State and explain Gauss's Law.

Apply Gauss's Law to symmetric charge distributions.
Solve Board, NEET, and JEE level numerical problems.

1. Electric Flux
Definition

Electric Flux through a surface is the measure of the electric field passing through that surface
and it mathematically defined by the surface integral of electric field over the surface,
Field line diagram provides a qualitative visualization of electric flux.

It represents the number of electric field lines crossing a surface.

Flux is a scalar quantity.

2. Concept of Area Vector
For every plane surface, an Area Vector is defined.
Definition
The area vector is a vector whose:

e Magnitude = Area of the surface

o Direction = Normal (perpendicular) to the surface
Symbol:

A

Magnitude:

-

A=A

3. Electric Flux Through a Plane Surface
Consider

o Electric field=E”

o Areavector=A”

e Angle between them =0
Electric Flux is given by

o—F-A
Or
@ =EAcos@
SI Unit
Nm?C~1

-]

.

Figure-12: Electric Flux through a
Plane Surface
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Cases of Electric Flux
Case l

Electric field perpendicular to the surface, 6 = 00

Maximum flux.

Case 2

@ = Qmax = EA

Electric field parallel to the surface, 6 = 900,

No field lines cross the surface.

Case 3

=0

Electric field opposite to the area vector, 6=180°,

Flux is negative.

4. Closed Surface

¢ = —EA

A closed surface completely encloses a volume.

Examples:
e Sphere
e Cube

e Cylinder with both ends closed
The area vector of a closed surface is always directed outward.

5. Electric Flux Through a Closed Surface

For a closed surface,

The symbol

¢E:3€§-dz

i

indicates integration over a closed surface.

6. Gauss's Law
Statement

The total electric flux through any closed surface is equal to 1/¢€, times the total charge

enclosed within that surface.

Mathematical Form

Where

f Ez ) d/T _ Qenclosed
€o
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e Qonciosea = Net charge enclosed
o €o= Permittivity of free space

7. Significance of Gauss's Law
Gauss's Law enables the calculation of electric fields for highly symmetric charge distributions
without directly applying Coulomb's Law.
It is especially useful for:
e Spherical symmetry
e Cylindrical symmetry
e Planar symmetry

8. Important Points

Charge Outside the Surface

A charge located outside a closed surface contributes zero net electric flux through that surface.
Although its field lines may enter and leave the surface, the net flux remains zero.

Net Enclosed Charge
If the algebraic sum of charges inside a closed surface is zero,
Qenclosea = 0
then
. . 9r =0
This does not necessarily mean that the electric field is zero everywhere on the surface.

9. Applications of Gauss's Law
Gauss's Law is used to determine the electric field due to:
« Infinitely long straight charged wire
« Infinite plane sheet of charge
o Uniformly charged spherical shell
e Uniformly charged solid sphere
These applications are discussed in the next part.

Solved Example 1
A uniform electric field of 200 NC™ acts normally on a square plate of side 0.20 m. Find the
electric flux.

Given
E=200 NC, Side = 0.20 m, Area A A=(0.20)* = 0.04 m
Since
6 =0°

Flux

@ =EAcos@
Or

@ =200%0.04Xcos0°=8x1=8Vm

Answer

8Vm
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Solved Example 2

A closed surface encloses a charge of 6 uC. Find the total electric flux through the surface.
Given

Q =6x10°C

Using Gauss's Law,

_ Qenclosed
= 6—0
Or
6% 10 oy
¢ = ggsax1o- = 678 X 10°Nm*C
Exam Tips

1 Electric flux is a scalar quantity.

1 Area vector is always perpendicular to the surface.

O For a closed surface, use the outward normal convention.
1 Only the enclosed charge appears in Gauss's Law.

Common Mistakes

"1 Confusing electric field with electric flux.

1 Using the total nearby charge instead of the enclosed charge.
"] Taking the area vector parallel to the surface.

1 Assuming zero flux implies zero electric field.

Try Yourself
2. Find the net electric field at point A, B and C of two - long line charge separated
by distance 2 r and kept in air. The linear charge densities on line charge -1 and
on line charge-2 are +\ and —A respectively.

+2 —A

ZrE

3. Asquare surface of side 10 cm placed in z-x plane. The electric field E=
(3% + 4f) x 103 N/C exists in the region. Find the net flux passing through the
square surface.

4. Two dipoles each p, are placed in x-direction and y-direction. The magnitude of
electric field in x-direction is E. What is the torque acting on the dipole?

https://birendrapsingh.com Page 24




Class 12 Physics-Notes: Chapter-1: Electric Charges and Fields

Part - 6: Applications of Gauss's Law

Learning Objectives
After studying this part, students will be able to:
e Apply Gauss's Law to highly symmetric charge distributions.
« Derive the electric field due to:
o Aninfinitely long straight line charge
o An infinite plane sheet of charge
o A uniformly charged spherical shell
o A uniformly charged solid sphere
e Solve Board, NEET, and JEE-level problems based on Gauss's Law.

1. Electric Field Due to an Infinitely Long Straight Line Charge
Principle

For an infinitely long uniformly charged wire, the electric field has cylindrical symmetry.
Choose a cylindrical Gaussian surface of radius r and length L.

Assumptions
e Uniform linear charge density = A
e Infinite length
e Electric field is radial.
o Magnitude of electric field is constant over the curved surface.

:| dA
A

I o dA E
S
3%_1__,?:19
- \dAz

Figure -13: Cylindrical Gaussian Surface
Around a Long Charged Wire

Derivation-4: To derive the electric field due to an infinite line charge at distance r from it
Using Gauss’s law.

Let length of Gaussian cylindrical surface is L. For the two flat end faces, the area vectors are
perpendicular to the electric field, so the flux through them is zero. On the curved surfaces, it is
parallel to the electric field.

The area vector d/fland d/Tz makes 90° with the electric field, hence, flux is zero.
Charge enclosed,

Q=aL-——(1)

https://birendrapsingh.com Page 25




Class 12 Physics-Notes: Chapter-1: Electric Charges and Fields

Curved surface area,

A=2nrL ———(2) £
Using Gauss's Law,
fﬁ . dz‘i) — Qen;losed o (3)
0
Since the electric field is constant over the curved surface,
From equations (1), (2) and (3), we have S
AL
EA = P (4) Figure-13(1): Graph between E
0 - . N
Therefore, and r for infinite line charge
B AL B A .
 2megrl  2meyr ®
Final Result
A
 2me,r
Observation
o Electric field decreases as
E < —
r

Unlike a point charge, it does not follow the inverse square law.

2. Electric Field Due to an Infinite Plane Sheet of Charge

Principle
For an infinite plane sheet, the electric field is uniform and perpendicular to the sheet.
Choose a cylindrical Gaussian pillbox.

Assumptions
Surface charge density, o

Y-axis
E
E % 1“| X-axis
1 r
—
Figure-14 (2) Graph
Figure-14 (1) Gaussian Pillbox between E ana' r

Through a Infinite Plane Sheet
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Derivation-5
Charge enclosed,
Q =0A
Using Gauss’s law
fﬁ . dz‘i) — Qen;losed o (1)
0
Flux passes through both flat faces
Hence,
gA
2EA=—————(2)
€o
Or
2€g
Final Result
£ o
 2¢,
Observation

The electric field is independent of distance from the sheet.

3. Electric Field Due to a Uniformly Charged Spherical Shell
Let radius of shell =R

Charge enclosed = Q

Gaussian surface area A = 4mr?

(A) Outside the Shell

Choose a spherical Gaussian surface of radius r > R

Using Gauss's Law, S N
Qenclosed ‘ A Gaussian Surface-1
FA=—"—"——— (1) 7
€o !
Or 0 \\ ;" (Gaussian Surface-2
= ) RS
4megr? l:5urfau:oa
Hence, E ..
1 Q outside
E i =—\— Figure-15(1) Electric Field due to a Spherical shell
outside 4 2
7TEO T

The shell behaves exactly like a point charge placed at its centre.

(B) On the Surface
Atr=R
From equation (1)
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Esurface

i ()

Maximum electric field

(C) Inside the Shell

Forr <R, at point a.
Enclosed charge

Therefore,

Important Result
Inside a charged spherical shell,

Einsize =0
This is one of the most important Board and NEET questions.

max

S

E=0r=R (=R
r<R

r

I

Figure-15(2): Graph between E and
r in spherical shell

4. Electric Field Due to a Uniformly Charged Solid Sphere
(Extra/Competitive Exam Enrichment-Not required for CBSE

Board 2026-27)
Radius =R
Total charge = Q

(A) Outside the Sphere

Exactly the same as a point charge.

1 /Q
Eoutside = (_)

4mey \r?

(B) Inside the Sphere

Supposer <R
Charge enclosed,

r
Qr = ﬁ
Using Gauss's Law,
Q 1
E(4nr?) =—=
(4mr*) . (260 I
Hence,
1 (mQ
Binsae = g7z (75)
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Observation
Inside a uniformly charged solid sphere,
Exr
The electric field increases linearly from the centre to the surface.

Comparison Table
Charge Distribution Electric Field

Point Charge Eo1/r?
Dipole Eox1/r3

Quadrupole Ex1/r*
Infinite Line Charge Ex1/r
Infinite Plane Sheet Constant
Spherical Shell (Inside) Zero
Solid Sphere (Inside) Exr

Solved Example

A uniformly charged spherical shell has radius 0.20 m and charge 8x10® C. Find the electric
field:

(i) At the centre

(ii) On the surface

Solution

At centre,

On surface,
kQ
E = T_Z
Or

-6
E=9x109xﬂ=18x105N/C
0.04 '

Exam Tips

71 Always choose the Gaussian surface according to the symmetry.

1 Write the enclosed charge first.

"1 Mention why the electric field is constant over the chosen Gaussian surface.
) Learn all four final formulae thoroughly.

Common Mistakes

1 Using Coulomb's Law instead of Gauss's Law in highly symmetric problems.
1 Forgetting that E = 0 inside a charged spherical shell.

1 Confusing the results for a spherical shell and a solid sphere.

] Choosing an incorrect Gaussian surface.
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Appendix - A
1. Important SI Units

Quantity SI Unit
Charge Coulomb (C)
Electric Field NC'orvm!
Electric Flux Nm2C™’orVm
Dipole Moment Cm
Surface Charge Density | C m™
Linear Charge Density | Cm™

2. Frequently Asked Board Questions
1. State Coulomb's Law and write its mathematical expression.
2. Define electric field intensity.
3. What is an electric dipole?
4. Define electric dipole moment.
5. Derive the electric field at the axial position of a short dipole.
6. Derive the electric field at the equatorial position of a short dipole.
7. State and explain Gauss's Law.
8. Derive the electric field due to an infinite line charge.
9. Derive the electric field due to an infinite plane sheet of charge.
10. Explain why the electric field inside a uniformly charged spherical shell is zero.

3. Quick Memory Tips

Like charges Repel; unlike charges Attract.

Electric field points away from positive charges and towards negative charges.
Dipole moment points from negative to positive.

Eaxial=2Eequatorial

Inside a charged spherical shell, Electric Field = 0.

For an infinite plane sheet, the electric field is independent of distance.
Always choose the Gaussian surface according to the symmetry of the problem.

4. Last-Minute Revision Checklist

"1 Properties of electric charge

"1 Coulomb's Law

"1 Electric field and field lines

"1 Electric dipole and dipole moment

1 Axial and equatorial field derivations
] Torque on a dipole

"1 Electric flux

[ Gauss's Law

1 Applications of Gauss's Law

" Important formulae and SI units
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Challenge Question (HOTYS)

A Gaussian surface encloses three charges: +3 uC, —5 uC, and +4 uC. What is the total electric
flux through the surface?

Hint: Use the net enclosed charge in Gauss's law.
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Appendix - B: Assertion-Reason, Case Study &
Competency-Based Questions

Section A : Assertion—Reason Questions

Directions

Choose the correct option:

A. Both Assertion (A) and Reason (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. Alistrue, but R is false.

D. A is false, but R is true.

Q1

Assertion (A):

Electric field lines never intersect each other.
Reason (R):

The electric field at a point has a unique direction.

Q2

Assertion (A):

The electric field inside a uniformly charged spherical shell is zero.

Reason (R):

The net enclosed charge inside any Gaussian surface drawn within the shell is zero.

Q3

Assertion (A):

The electric field due to an infinite plane sheet of charge is independent of distance.
Reason (R):

The electric field due to an infinite plane sheet follows the inverse square law.

Q4

Assertion (A):

The electric dipole moment is directed from the negative charge to the positive charge.
Reason (R):

The dipole moment is a vector quantity.

Q5

Assertion (A):

The torque on an electric dipole is zero when it is parallel to a uniform electric field.
Reason (R):

The angle between the dipole moment and the electric field is 09, making sin 6 = 0.

Section B: Case Study Questions
Case Study — 1 : Electric Dipole

Two equal and opposite charges are separated by a small fixed distance, forming an electric
dipole. The dipole is placed in a uniform electric field.
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Answer the following questions:

(i) What is the direction of the electric dipole moment?
A. Positive to Negative

B. Negative to Positive

C. Perpendicular to the dipole axis

D. Towards the centre

(ii) The net force on the dipole in a uniform electric field is:
A. Maximum

B. Zero

C. Infinite

D. Equal to pE

(iii) The torque on the dipole is maximum when:
A. Q0

B. 300

C. 600

D. 900

Case Study — 2: Gaussian Surface

A closed spherical Gaussian surface encloses three charges:
+2 uC, =5uC and +6 pC

Another positive charge is placed outside the surface.
Answer the following:

(i) The enclosed charge is:

A. 1puC

B.2uC

C.3uC

D.5uC

(ii) The outside charge contributes to the net electric flux through the closed surface:
A. Completely

B. Partially

C. Not at all

D. Depends on the distance

(ii1) Which law is directly used to calculate the electric flux?
A. Ohm's Law

B. Faraday's Law

C. Gauss's Law

D. Newton's Law

Section C: Competency-Based Questions
Q1

Why is a Gaussian surface chosen according to the symmetry of the charge distribution rather
than its physical shape?
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Q2
Why is the electric field inside a uniformly charged spherical shell zero, even though charges are
present on the shell?

Q3
A student states that electric flux becomes zero whenever the electric field is zero. Is this
statement always true? Justify your answer with an example.

Q4
Two equal positive charges are brought closer together. How does the electrostatic force between
them change? Explain using Coulomb's law.

Q5

Why is the electric field inside a conductor in electrostatic equilibrium equal to zero?

Section D: HOTS (Higher Order Thinking Skills)
Q1

Two Gaussian surfaces of different shapes enclose the same point charge.
Will the electric flux through both surfaces be the same? Explain.

Q2
Can the electric field be zero at a point where the electric potential is not zero? Explain with an
example.

Q3
An electric dipole is placed in a uniform electric field.
Why does it rotate but not translate?

Q4
Why does the electric field due to an infinite line charge vary as 1/r, whereas the field due to a
point charge varies as 1/r% ?

Q5
Explain why electric field lines are always perpendicular to the surface of a charged conductor in
electrostatic equilibrium.

Answer Key
Assertion—Reason

Question | Answer

1

SIENTMIN
> mo>>
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Case Study -1
(i) B

(i) B

(iii) D

Case Study -2
(i) C (+2-5+6=+3 uC
(iiyC
(i) C

Teacher's Tip
Students should remember the following concepts very clearly:
o Electric Field — Vector quantity
Electric Flux — Scalar quantity
Electric Dipole Moment — From negative to positive
Only enclosed charge contributes to electric flux
Net force on a dipole in a uniform electric field is zero, but torque may act
Inside a charged spherical shell, the electric field is zero
Inside a conductor in electrostatic equilibrium, the electric field is zero
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Appendix - C: Numerical Problems (Basic to Advanced)

Instructions
o Use:
o k=9x10°Nm?C?
o € =8.854x10-12 C*N'*m?
e Answers are provided at the end.
o Difficulty Level:
o % Basic
o % % Moderate
o Y% % Advanced

Section A : Basic Numerical (Board Level)
QL. %

Two point charges of +2 puC and +4 pC are placed 0.30 m apart. Calculate the electrostatic force
between them.

Q2. %

Find the electric field intensity at a point 0.50 m from a point charge of 5 uC..

Q3. %

An electric dipole has charges +3 uC separated by 8 cm. Calculate its electric dipole moment.

Q4. %
A uniform electric field of 400 N C™* acts normally on a square plate of side 20 cm. Calculate the
electric flux through the plate.

Q5. %k

A closed surface encloses a charge of 8 uC. Find the total electric flux through the surface.

Section B : Intermediate Numerical (NEET Level)
Q6. %k

A short electric dipole has a dipole moment of 6x10® C m. Find the electric field at an axial
point 0.20 m from its centre.

Q7. %Xk

Find the electric field at an equatorial point 0.20 m from the centre of the dipole in Question 6.

Q8. %k

An electric dipole of moment 5x10® C m is placed in a uniform electric field of 2x10° N C™* at an
angle of 600. Calculate the torque acting on it.
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Q9. %%

A uniformly charged spherical shell has a radius of 15 cm and a total charge of 4 uC. Calculate
the electric field:

(a) At the centre

(b) On the surface

Q10. %k %

A line charge has a linear charge density of 4x10° C m™. Calculate the electric field at a distance
of 10 cm.

Section C : Advanced Numerical (JEE Main Level)
Q11. Yk

An infinite plane sheet has a surface charge density of 5x10° C m™. Calculate the electric field
near the sheet.

Q12. %k %k

A uniformly charged solid sphere has radius 0.20 m and total charge 8 pC. Find the electric field
at a point 0.10 m from its centre.

Q13. %k %k

Two equal positive charges of 4 uC are fixed 40 cm apart. Determine the electric field at the
midpoint.

Q14. %k %k

Three charges +2 pC, —3 pC, and +5 pC are enclosed within a Gaussian surface. Calculate the
total electric flux through the surface.

Q15. %k %k

An electric dipole is placed perpendicular to a uniform electric field of 8x10% NC™. If the dipole
moment is 2x10”' C m?, calculate the maximum torque.

Answer Key

Q. No. Answer
1 0.8N

2 1.8x10° N C™
3 2.4x107 C m?
4 16 Nm*C*
5 9.04x10° N m? C™*
6 1.35x10° N C™*
7 6.75x10° N C*
8 8.66x10° N m
9a) O
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Q. No. Answer

9(b) 1.6x10°NC?

10  7.2x10°NC*

11 2.82x10°NC?

12 45x10°NC*

13 0

14  452x10°Nm2C*?
15  1.6x10%°Nm

Exam Tips
e Always convert pC to C and cm to m before calculation.
o Write the formula first, then substitute values with proper SI units.
o Keep 3 significant figures unless instructed otherwise.
« In Board examinations, include the SI unit in the final answer to obtain full marks.

For CBSE Board/ Other Boards/NEET/IIT exam Point of View,
Solve Also Numerical based on

a) Electric Flux in Cube and Cylinder
b) Electric Field and Electric Force
c) Charging by Conduction method
d) Dipole, and

e) Gauss’s law
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