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CHARGE AND ITS PROPERTIES

COULOMB'S LAW

ELECTRIC FIELD AND FIELD LINES

ELECTRIC DIPOLE AND DIPOLE MOMENT




Year

2025(5Q)

2024(5Q)

2023(4Q)

2022(5Q)

2021(30Q)

Topic

Electric flux(2), Electric field due to spherical shell, Electric dipole and

Guass’s Law
Quantization of charge, Coulomb’s law, Electric flux(2), Properties of charges

Gaussian surface, EF due to semicircle, Properties of charge and Dipole

moment

Superposition principle, EF, Motion of EC in uniform EF, Electric dipole,

Millikan drop experiment

Motion of EC in uniform EF, E.F due to infinite straight wire and EF due to

rod




Year

Topic

2020 (4Q) Electric flux, EF lines, Dipole moment, E.F due to infinite straight wire
2019(3Q) Electric dipole, Motion of EC in uniform EF and Coulomb’s law
2018(1Q) Electric field due to point charge

2017(4Q) Coulombs Law, Dipole moment, EF due spherical conductor and Work done
2016(3Q) EF due to dipole, Motion of EC in uniform EF and Gauss law
2015(3Q) Coulombs Law, EF lines and Dipole Moment
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Charge 1s an intrinsic property associated with matter due to which 1t produces and
experiences, electric and magnetic effects. > Riggest
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| X Electric charges
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Particte . positive 5 pAdlom @

Noonlo‘ve D ClertRon -

There exist two types of charges 1n nature. |

(1) Positive charge : Due to deficiency of electrons (as compared to protons).

(11) Negative charge : Due to excess of electrons (as compared to protons).
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v Charge is a scalar quantity -
é\‘ T e o KR

v Like point charges always repel each other while unlike point charges always attract each

other

If a charged body 1s kept in contact with an another body, then

v fCharge 1s transferable |:
charge can be transferred to another body.

+/|Charge is always associated with mass{ Charge cannot exist without mass though mass can
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| \ Specific Properties of Charge
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of reference, 1.e. charge on a body does not change whatever be its speed.
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of the system 1s obtained simply by adding them algebraically (with their respective signs).

Moltiew, T 22¢

( j\} L 4 A& A - &
e = +94_ 46 =
.‘*)( ‘r ﬁ { c;f‘f-. ] !f I ¢ ﬁ ?L“ “b"“’

~— & - |




oo
o

| . Specific Properties of Charge

also called as “Law of conservation of charge.” Conservation of charge holds good in all
type of reactions, for example
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on any body must be an integral multiple of a basic unit of charge represented by e.
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Which of the following charges is/are not possible? ¢
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How many electrons must be removed from a body to make it electrified by 3.2C of
charge ?

Ky = Q
<
Ny = o 1
/ G\u—oq




_avesion IR

A neutral body ejects 104° electrons in a specific process, find charge acquired by the
body?
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A body has —10C of charge, If 3 x 10%° electrons are removed from this, then find new
charge on the body? e

62 o QITO;
Q\=- e

Q =Ggc- 10¢
0, =+ we

0. =3 8¢

WY -\
Qa = + 3xny X\-éx\cq




10 x 10*° alpha particles are ejected per second from a body, then after how much
time, the body will acquire a charge of 8 uC ?
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Which of the following is not true |about electric charge?

v
Charge on a body 1s always integral multiple of certain charge known as charge of

electron

O Charge 1s a scalar quantity ./

. . S
e Net charge on an 1solated system 1s always conserved

2

Charge can be converted into energy and energy can be converted into charge




Which of the following is not true about electric charge?

° Charge is a scalar quantity -

o Charge on an 1solated system 1s always conserved -

7

e A particle having non zero rest mass can have zero charge < nepiq.
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Which one of the following statement regarding electrostatics is wrong? ||

° Charge is quantized -~

o Charge is conserved

e There is an electron field near an isolated charge at rest =~

Q A stationary charge produces both electric and magnetic fields iJ



If a body has positive charge on it, then it means it has

e Gained some electrons

Q 'Lost some electrons




Which of the following option is correct
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Y
A

o The total number of charged particles in the universe remains conserved

o The magnitude of total positive charge on the universe 1s constant »

e The magnitude of total negative charge on the universe is constant /

Q “ The total charge of the universe 1s constant:!
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During charging of neutral body, {mass of the body increases then body becomes

Negatively charge

° None of these




A positively charged body can be make neutral by

e |
o ‘ Giving some electron

o G1ving some proton

e Removing some proton

Q None of these



Neutral body can be negatively charged by

o Giving some excess proton

o G1ving some extra neutron

e Giving some extra electron‘

Q Removing some proton



Which of the following is not the unit of charge?
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]Smallest unitJ of charge i1s




Electric charges A and B are attracted to each other. Electric charges B and C are also
attract each other. If A and C are held close together, they will

p—————
g

T

e No effect on each other

Q More information i1s needed to answer



Which of the following is |correct| regarding electric charges?

o If a body having positive charge 1.e shortage of electrons .~
O If a body having negative charge i.e excess of electrons. *

e Minimum charge a body can have Q = +1.6 x 10-1° C

2

All of the above
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When 10'% electrons are removed from a neutral metal sphere, then the charge on the
sphere becomes

16 uC Elm o
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If a charge on the body 1s 1 nC, then how many electrons arc present on the body?
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A body has a charge of -3.2 uC. The number of excess electrons it has is
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| X Conductors & Insulators

'Conductors : |
Those which allow electricity to pass through them easily are called conductors. They have
electric charge (electrons) that are comparatively free to move inside the material.

Ex. Metals, human and animal bodies, earth etc.

Insulators !
Those which offer high resistance to the passage of electricity through them, are called
insulators.

Ex. Glass, rubber, plastic, nylon, wood etc.
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| \ Methods of charging
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(1)Charging by friction or rubbing :
If we rub one body with another body, electrons get transferred from one body to the another.

When an object in column-1 1s rubbed against the object of column-2 then they acquire
charges specified in the following table.

* Column-1 Column-2
Fositive LNargo Negative Charge
/ Glass rod / Silk cloth
/' Cat skin / Ebonite rod
Woollen cloth Rubber shoe, Amber, Plastic objects
j Dry hair J Comb
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| \ Methods of charging
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' (2) Electrostatic induction {

If a charged body 1s brought near a neutral body, the charged body will attract opposite
charges and repel similar charges present in the neutral body. As a result of this one side of
the neutral body becomes negative while the other positive, this process 1s called 'electrostatic
induction'. Hence, “Induction is a phenomena of redistribution of charges on a body in the
influence of other charged object or external field .”
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(3) Charging by conduction

Whenever a charged conductor brought in contact with other conductor, charge continuously
flows from one to another until their potential becomes equal. This 1s also called sharing of
charges.

Ql . D= Ait('\ Redq,;&;‘:a['ioﬁ.
— :
7 \§, Tt R =R
R e i
l‘ } Y R R
li// Q, Q \‘ - ( = Q Q,+Q,
Vl \!?. R. .‘ R)_ Q .
\
Q, = Q\"'Q;_ _ Q +® (
S o R.4+R.



Find charge on identical conducting sphere when they placed in contact
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Find charge on each when key is close?
+8C -4C

O,

(Same size)




Find charge on each sphere when key is close Q,=-17C
Q, =+5C
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. Gold leaf electroscope

It is used to detect the presence of chargg.

When a conducting body touches the metal knob of an electroscope, then knob & leaves both
wire acquire same nature of charge.

Metal knob

Hinged gold

leaves




When a charged body is placed near the electroscope then knob will acquire opposite nature
of charge & leaves will acquire same nature of charge.
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Characteristics:

1. It 1s valid for point mass and spherical mass.
2. It 1s always attractive in nature.

3. Its long range force.

4. It 1s conservative 1n nature.

5. It 1s central force.

6. It 1s medium independent.
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| X Coulomb’s Law

stationary point charges 1s directly proportional to the product of the magnitude of charges
and 1nversely proportional to the square of the distance between them, acting along the line
joining the two charges.”
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Where, Permittivity of free space, &y = 8.854 x 10712 C°N~1im™2
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| X Coulomb’s Law

Characteristics: ' Limitation |

It holds good only for point charges at rest
1. It 1s valid for point charges only. . For distances less than 10~ 1°m, it loses its
2. It 1s attractive and repulsive 1n nature. validity
3. It 1s conservative 1n nature. . It 1s a medium dependent law.
4. It 1s central force. . It 1s not a universal law.

5. It 1s medium dependent.



‘Statement : When the number charges are interacting, then net electrostatic force on a given
charge 1s the vector sum of the forces exerted on it due to all other charges.
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guestion ®

A point charge g, exerts a force F on another point charge g, when placed at a fixed
distance. If another point charge g5 is brought near g, the force on g, due to g

Increases

decreases

May increases and decreases

Does not change




A point charge A of +10 puC and another point charge B of +20 uC are kept 1 m apart in

free space. The electrostatic force on A due to B is 131 and the electrostatic force on B
due to A is ﬁz. Then
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_ question RS o

Two identical charges in vacuum are separated by a distance r. The electrostatic force
between them is given by F. If 75% of the charge is taken from one of the charges and
given to the other, then the new force is F'. The ratio F/F'is :
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[f two charges g, and g, are separated with distance 'd' and placed in a medium of
dielectric constant K. What will be the equivalent distance between charges in air for

the same electrostatic force? F = Fom.
jt\‘ p ._————: e d —
4 o
Frn e F °
5
"@ MR { Uwn




(Y

-
{ - \r;‘ o
N

Two identical spheres of electric charges +2nc and -8nc are placed at a distance d

\\w .a/ \‘s.ee“ ~—

apart,/If they are allowed to touch each other, what is the distance between them to
get a repulsive force of same magnitude as before? F = F/'
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guestion Gy

Two spheres carrying charges +6uC and +9uC separated by a distance d, experiences
a force of repulsion F,When a charge ofG3uC is given to both the spheres and kept at
the same distance as before, the new force of repulsion is
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guestion 3 ®
W= 9%

Two identical charges repel each other with a force equal to 10 g wt when they are 0.6
m apart in air (g = 10 ms™). The value of each charge is -
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Two identical metal spheres charged with +12uF and -8uF are kept at certain
distance in air. They are brought into contact and then kept at the same distance. The
ratio of the magnitudes of electrostatic forces between after contact is




guestion @

Two identical conducting spheres with negligible volume have 2.1nC and -0.1nC
charges respectively. They are brought into contact and then separated by a distance

of 0.5 m. The electrostatic force acting between the spheres is ﬂ [Huome Work]_ﬂ




Find the force on a charge q, = 300uC due to the charge g, = -10uC. If the position of
the charges are givenas (1,-1,2)and (-1, 1, 1)
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| Problems based on symmetry B3|
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— >
Find force on any one charge due to other 3 charge I A
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X Problems based on symmetry

-«

Find force on any one charge due to other 2 charge in a triangle
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ELECTRIC FIELD

“It 1s defined as force per unit charge”

Formula - - F
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ELECTRIC FIELD

Properties of Electric Field Intensity :

It 1s vector quantity. Its direction 1s the same as the force.
v Electric field due to positive charge 1s always away from it while due to negative charge it

is always towards it. @ E =
------------- — o

Its unit 1s newton/coulomb. nlc

Its dimensional formula [_ mlT A'ﬂ

E - €, tEarE T - -
It obeys superposition principle. => & = =7 =253
Force on +ve charge, - Orpecs iy {hide, . Force on a —ve charge,



. MOTION OF A CHARGED PARTICLE IN
¥ A UNIFORM ELECTRIC FIELD
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_Question @
A charge of 10uC and -10 pC is placed in uniform electric field of 5 x 10° N/C directed
along positive x axis, find out force acting on positive and negative charge?
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Calculate the electric field|intensity which would be just sutficient to balance the weight
of a particle of charge -10 uC and mass 10 pg. (take g = 10 ms-2).
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A charge particle of 1uC 1s placed at origin, Find intensity of electric field due to the
charge at position (3, 4)m.
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T &
Find the point at which resultant Eof the systems will become zero. For the system of

2uC and 6uC separated by a distance 2 m.

/

(A

== %2 / Xv(/lvw\‘\
3)
a[' // 2. =X
X 0 () . 2 =IO = gy
T Caic
€ - €,
< A -ave 1;3;_{‘
&z
=
x=l [-Ae WM
K <, St C
Pé‘?; _ K2, Efx(q{, @Xr@{




VDY . = = z \
| \ Electric field lines or Lines of forces S o
% lﬁd

Properties: [These are the imaginary lines of force 1n electric field of charge.

4 Electric field lines are geometrical representation of strength of electric field.
2 Electric field lines originate from positive charge and terminate on the negative
charge.
3" Electric field lines are always perpendicular to the surface of the conductor.
4 Electric field lines do not pass through the conductor.
% Electric field lines do not intersect.
. They do not form any closed loops.
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Which of the electrostatic lines of forces are correct drawn?
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Electric field lines about a negative point charge are

o Circular, anticlockwise

o Circular, clockwise
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guestion s &

The figure shows some of the electric field lines corresponding to an electric field. The

figure suggests




~ Question s (5y)

The electric field lines on the left have twice the separation on those on the right as

shown in figure. If the magnitude of the field at A is 40 vim~! what is the force on 20 uC
charge kept at B

04x10-41\1 e

s R I s il i ————————
O 8x10% N

e 16 x 104 N
° 1x10* N




Pick out the statement which is incorrect?

A\

o A negative test charge experiences a force opposite to the direction of the field
O The tangent drawn to a line of force represents direction of electric field
e Field lines never intersect

o The electric field lines forms closed loop



~ Question Yo (5y)

The given figure gives electric lines of force due to two charges g; and q,. What are the
signs of the two charges?

o g4 1s positive but g, 1s negative
> q, 9,

O g1 1s negative but g, 1s positive
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Calculate the magnitude of an electric field which can just suspend a deutron of mass
3.2 X 10747 kg freely in air



guestion * ®

A charged particle of mass m and charge ¢ 1s released from rest in an uniform electric field
E. Neglecting the effect of gravity, the kinetic energy of the charged particle after ¢ seconds
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~ Question e (5y)

A particle of mass m and charge g is placed at rest in uniform electric field E and then
released. The Kkinetic energy attained by the particle after moving a distance y is




In the uniform electric field of E =1 x 10* NC-! an electron is accelerated from rest.
The velocity of the electron when it has travelled a distance of 2 x 10-%2 m is nearly

— ofelectron ~ 1.8x10" C kg™!

° 8.5 x 10° ms™!
o 1.6 x 10 ms1
e 0.85 x 10 ms?

0.425 x 10 ms1



An electron of mass m, charge e falls through a distance h metre in a uniform electric
field E. Then, time of fall

2hm G . 2hm

ek

|| hE




What is the flux through a cube of side ‘@’ if a point charge q is at one of its corners?







