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Definition
The branch of physics in which we study about
charge atrest &its effects is known Electrostatics.

Charge

Charge is the property of any material by virtue
of which, it can produce electric field, magnetic
field & electromagnetic waves.

Unit of Charge

S.l unit = Coulomb

Electrostatic unit = Stat coulomb or Franklin.
Electromagnetic unit = Absolute coulomb

1 Faraday = 96500 C ]

1 Coulomb = 3 x 10° Stat coulomb = o Absolute

1 Coulomb = ! Faraday
96
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Specific Properties of Charge

(i) Charge is a scalar quantity: It represents an
excess or deficiency of electrons.

(if) Charge is transferable: If a charged body is
put in contact with another body, then charge
can be transferred to another body.

(iii) Charge is always linked with mass

Charge can never exist without mass even

though mass can exist without charge.

(a) So, the presence of charge itself is a
convincing proof of existence of mass.

(b) In charging, the mass of a body changes.

(c) When body is given positive charge its
mass decreases.

(d) When body is given negative charge, its
mass increases.

(iv) Charge is quantized
The quantization of charge is the property due
to which value of all free charges are integral

Electrostatics

Definition

Charge is property of matter
which is  responsible for
all electric and magnetic
phenomenon in nature.

% . Concept Reminder

Transfer of proton is not reason for
charge. Only excess or deficiency
of electrons give rise to charge on
body.

Key Points \

+ Electrostatics
¢ Charge
¢ Coulomb
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)

multiple of a a charged of single electron.
Thus, charge ‘Q’ of a body is always given by-
Q is equalto nei.e.,, Q = ne

n is +ve integer or —ve integer

A quantum of charge is the value of single
electron or proton carries.

Note : Charge on a proton = (-ve) charge on
an electron =1.6 x10™C

Charge is conserved

In an isolated system, net charge never
changes with time, though individual charge
may change i.e. charge can neither be created
nor be destroyed. Conservation of charge
can be used in all types of reactions either
chemical (atomic) or nuclear. No exceptions
have ever been found in this law.

(vi)Charge is an invariant quantity

Charge is not dependent of frame of reference.
i.e. charge on a body does not very whatever
be its speed.

(vii) Accelerated charge radiates energy

Vv = constant

Sr‘ _ Concept Reminder

At relativistic speed, mass of body
increases but charge remains
constant.

Key Points \

¢ Quantization
¢ |nvariant

Sr‘ _ Concept Reminder

Gold leaf electroscope can be
used to detect charge on body.

Vv # constant

v=0is aC:cl_)rest)— %_» (i.e. time varying)
Q produces both E and B Q

produces only E
(electric field)

(magnetic field)
but no radiation

(viii) Attraction - Repulsion between charges

Charges of same nature repel each other
while dissimilar charges attract.

produces E,B and
radiates energy



Methods of Charging
(i) Friction

Consider we rub one body with other body,
electrons are transferred from one body to the other.
Transfer of electrons take places from lower work
function body to higher work function body.

Positive Charge

Glass rod

Woollen cloth

Dry hair

Flannel or cat skin

Negative charge

Silk cloth

Rubber shoes, Amber, Plastic objects

Comb

Ebonite rod

Note: Clouds become charged by friction

(ii) Electrostatic Induction

Suppose a charged body is brought near a metallic = ¢»

neutral body then the charged body will attract A
dissimilar charges and repel similar charges that
are present in the neutral body. Because of this

[y

one side of the neutral body becomes negative
while the other positive, this process is called
“Electrostatic Induction”

Charging a body by induction process (in four successive steps)

Concept Reminder

In induction, contact between two
bodies is not required.

Charging q=0

- ‘:
£, -
el

- +

Charged body is brought
near uncharged body
Step-1

Charging q'= -ve
body -
-
+ =

Uncharged body is
connected to earth
Step-2

Charging q' = -ve

- ‘
& -
ot

Uncharged body is
disconnected
from the earth

Step-3

Charging body
is removed
Step-4

Electrostatics
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In electrostatic induction charge of inducer
remains unchanged [value wise] but its
distribution may change.

Charge produced in electrostatic induction is of
opposite nature as nature of inducer. This induced
charge is given as

;
q'=-ql1-—

8I’

g’ = induced charge
g = charge of inducer

g = dielectric constant of material of induced

object.
If & =1 [for vacuum]
then g’ =0 [no induction]
If g =oo [for conductor]
q’ =-q [maximum induction]

If 1<eg <o

0<q'<—ql|

Some important facts related with induction-

(i) The inducing body neither gains nor loses
charge in this process.

(ii) Nature of induced charge is always opposite
to that of inducing charge or body.

(iii) Induction takes place only in bodies (either
conducting or non-conducting) and not in
particles.

(iiif) Conduction
The process of transfer of charge due to
contact of two bodies is called conduction.
Suppose a charged body is put in contact
with uncharged body, then the uncharged
body becomes charged because of transfer of
electrons from one body to the other.

Key Points \

+ Friction
+ Induction
¢ Conduction

Sr‘ _ Concept Reminder

In conductor, charge distribute
itself over the entire surface. But
in insulator charge stays at same
place.

(a) The charged body loses some of its charge (which is equal to the

charge gained by the uncharged body)



(b) The charge gained by the uncharged body is always lesser than initial
charge present on the charged body.
(c) Flow of charge depends upon the P.D. between of both bodies.

It means “No potential difference = No

conduction”.

+ve charge flows from higher potential to
lower potential, while -ve charge flows from
lower to higher potential.

eg.
Before connection

sf‘ ~ Concept Reminder

If two spheres are of same size
then after connecting them charge
will distribute equally on both.

: R
q2 =—2X(q2 +q1)

(R, +R,)
IfR =R,
I I )
g, 5
_9t9
q, 5
Important Points
1. Charge dlf'fers from mas.s in the fo.llowmg sen.se. sf‘ _ Concept Reminder
(@) In Sl units, charge is a derived physical 31z
qguantity while mass is fundamental quantity. Two similar charged bodies may
(b) Charge is always conserved but mass is not attract each other because of
Note: Mass can be converted into energy induction process.
E = mc?

Electrostatics
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() The quanta of charge is electronic charge
while that of mass it is yet not clear.

(d) For a moving charged body mass increases
while charge remains constant.

2. True test of presence of charge is repulsion
and not attraction since attraction can present
between a charged and an uncharged object
and also between two similarly Charged
objects.

3. For a non-relativistic (i.e. v << c¢) charged
particle, specific charge % = constant.

4. Forarelativistic charged particle 9 decreases
m

as value of v increases, where v is speed of
charged object.

Ex. When a polythene is rubbed with wool, then
a charge of value -2 x 107 C is evolved on
polythene. Find the amount of mass, which
is transferred to polythene?

Sol. Using Q = ne, So, the number of electrons

-7
transferred n = Q__2x10° _ 1.25x 10"

e 16x10"
So, mass of transferred electrons
= n x mass of one e-
=1.25 x10™” x 91 x 103" = 11.375 x 107" kg
Ex. 10" o -particles (Nuclei of helium) per second
falls on a neutral sphere, calculate time in
which sphere gets charged by 2pC.
Sol. Number of a -particles falling in t second =
10"t.
Charge on a - particle = + 2e,
So, charge incident in time t = (10™t). (2e)
-+ Given charge is 2 pC
1078

. 2x107% =(10™t).(2e) >t =———— = 6.255
1.6x107"°

Coulomb’s Law
The electrostatic force of interaction between any
two point electric charges fixed at some points

Key Points

+ Relativistic
¢ Coulomb’s law
¢ o-particles



is directly proportional to the product of both
charges, inversely proportional to the square of
the distance between them and this force acts
along the straight line that joins the two charges.
Iftwo points charges g, and g, which are separated
by a distance r. Let F be the electrostatic force of
interaction between these two charges. According
to Coulomb’s law.

F2on1 q1 g, 1en2

y
F o q,q, and Focr—2

k 2
F, = 59% here [k = =9x10° Nm
r2 4me, c2

k

= coulomb’s constant or electrostatic force
constant.

1
4n80

vaccum

Electric permittivity
1. Electric permittivity of vacuum (¢)
1
g, =———
°  4nk

2
= 8.85x 10‘12C—
N x m2

2. Electric permittivity of medium (s)
£=¢g,¢

3. Relative electric permittivity or dielectric
constant of medium (¢ ) :

¢ electricpermittivity of medium
g =— =

" g, electricpermittivity of vaccum

This is a unitless quantity.

Key Points \

¢ Electric permittivity
¢ Relative permittivity
+ Dielectric constant

Rack your Brain ﬂ

Two point charges A and B, having
charges +Q and —-Q respectively,
are placed at certain distance
apart and force acting between
them is F. If 25% charge of A is
transferred to B, then find out
force between the charges.

Electrostatics
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Ex. A charge Q is to be distributed on two
conducting spheres. Find out values of
charges on spheres so, that the repulsive
force between them is maximum at fixed

distance.
Sol. Let charge on 15t sphere = q, then charge on «
2" gphere = Q - q. ¥ . Concept Reminder
Force between them F = w S -
r Fi2 = —Foq
. oF Q

For maximum value a_q =0=>qg= B} Coulomb’s law follow newton’s

third law of motion. e.g., they
Q form an action-reaction pair.

Charge on both spheres should be Eh

Coulomb’s Law in Vector Form

_ k n
F,, = forceonq, duetoq, = M1

f,, (here f,, is unit vector from q, to q,)

21

: kq,qa,
2

Coulomb’s Law in terms of position vector

~ kaga, . .
Flo = — 1#23(1‘1—5)
|r—r,| Rack your Brain

Principle of superposition

The force is a two-body interaction, i.e., electrical Two positive ions, each carrying
force between two-point charges does not a charge q, are separated by a
depend on presence or absence of other charges distance d. If F is the force of
and therefore, the principle of superposition is repulsion between the ions. Find
applicable, i.e.,, force on a charged particle out the number of electrons
because of no. of point charges is the resultant of missing from each ion.

all forces due to individual point charges, i.e.,



F,=F, +F +..

Note: Principle of superposition is not valid in c
case of nuclear force because nuclear force is
many body interaction.

When many charges are interacting, the net force
on a given charge is vector sum of all the forces
applied on it by all other charges individually.
_kapa,  kapa, kg | kaq,

oth |, By S, S
Tn i &

F
n
S
2

i=1 h

in vector form F =kq,

Some Important Points Related To Coulomb’s

Law and Electric Force

(i) This lawis based on physical observations and

is not logically derivable from any other concept.

Till now, experiments reveal its universal nature.
The law is analogous to Newton’s gravitation

MM put:

r.2

law: F=G

(a) Electric force between any charged
particles is very stronger than gravitational
force, i.e., F_ >> F_. This is why, we neglect
F. in presence of F_.

(b) Coulomb’s force can be attractive or
repulsive while force of gravitational is always
attractive in nature.

(c) Electric force does depend on the nature
of medium present between the charges
while gravitational force does not depend
on media.

(d) This force has an action-reaction pair, i.e.,
the amount of force which one charge
applies on the other is equal and opposite
to the force which the other charge applies
on the first.

(ii) The electrostatic force is conservative in
nature, i.e., work done to move a point charge
once round a closed path under this force is
always zero.

Rack your Brain a

Suppose the charge of a proton
and an electron differ slightly.
One of them is —e, the other is
(e + Ae). If the net electrostatic
force and gravitational force
between two hydrogen atoms
placed at a distance d(much
greater than atomic size) apart is
zero. Then find order of Ae.

SP‘ _ Concept Reminder

Electric force is much stronger
than gravitational force but
gravitational force is more
dominant in nature.

Electrostatics
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(iii) The net Coulomb’s force on two charged

particles in free space and in a medium filled
up-to infinity are

Fe 9% ppg e 1 3%
4me, 2 4me 2
So F =2k ,
F' ¢

0

(iv) Dielectric constant (K) of a medium is

V)

numerically equal to the ratio of the force on
two-point charges in free space to that in the
medium filled up to infinity.

The law expresses the force between two-
point charges at rest. While applying this
law to the case objects having extends
bodies of finite size, care should be taken in
considering the complete charge of a body to
be concentrated at its centre as this is true
only for spherical charged body, that too for
external point.

(vi) Electric force between two charges does not

depend on neighbouring charges.

Ex. Consider the distance between two equalpoint
charges is made two times and their magnitude
of their individual charges are also doubled, find
what would happen to the force between them?

Sol. F=—1»9xd ()
471:80 r2
Again, F' = —. (29)(29)
4me, (2r)?

2 2
or F'= 1 49 = L =F
4me, 4r?  4mg, 2

So, the force will remain the same.

Ex. A particle of mass m carrying charge +q, and is

revolving around a fixed charge -q, in a circle
of radius r. Find the period of revolution.

S‘ ~ Concept Reminder

In this problem, electrostatic force
between +q, and —q, is providing
centripetal force for circular

motion.

10.



Sol.
4ne, r? T2

T2 (4me, )r? (4n’mr) T am M

q1q2 q1q2

Ex. The force of repulsion between two-point
charges is F, when these are at a separation
of 1 m. Suppose point charges are replaced
by spheres of radii 25 cm having the charge
equal as that of point charges. The distance
between their centres is 1 m, then compare
the force of repulsion in 2 cases.

Sol. In 2" case due to mutual repulsion, the

effective distance between their centre of
charges will be increased (d’ > 0) so force of

. 1
repulsion decreases as F « —-
d

X

Equilibrium of System of Charged Particles

In equilibrium net electric force on every charged
particle is zero. The equilibrium of two charged
particles, under the action of Colombian forces
alone can never be stable.

(1) Equilibrium to Three Point Charges

€ X mmmmnen >
Q1 q Q2
Cmmmmmmmm————— [ mmmmmmmmmmmmmmee >

(a) Two charges must be of like nature as

_KQa, KQa _

F
q X2 (r _ X)Q

Sr‘ _ Concept Reminder

For equilibrium

(i) If both charges are of same
nature then third charge should
be put between them.

(ii) If both charges are of opposite
nature, then third charge
should be put outside and
close to less magnitude charge.

1.

Electrostatics
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(b) Third charge should be of unlike nature as

- KQa KQg _

Q, r2 x2

B
Therefore X=——7
NOENC

_Q1Q2

d = <i*2
an q (@+@)2

(2) Equilibrium of Symmetric Geometrical Point
Charged Particle system

0

q q
a .Q a
q 2 q

Value of Q at centre for which system to be in
state of equilibrium.

(i) For equilateral triangle Q = _Tq
3
(ii) For square Q = —q(+\/5+‘|)

(3) Equilibrium of Suspended Point Charge

System
For equilibrium position

2
Tcos®=mg and F, :kQ2 =Tsin0
X

Rack your Brain ﬂ

A charge q is placed at the centre
of the line joining two equal
charges Q. Find the value of q
such that system of the three
charges will be in equilibrium.

12.



F 2
= tanf = —= = kQ
mg  x’mg
2
(a) If 6 is smallthen tan 6 = sin® = X _ kQ
x’mg
s 2kQ2
= x° =
mg

5 3
21 €, Mg

(b) If whole set up is taken into an artificial

. kg?
satellite (g =0) thenT=F, = —
412
€= |- >
O————0
q 180° q

Ex. Find out position of point from 1uC at which
when +qg charge placed experiences no force.

° °
1 pC 4 pC
- 10 cmy=mremmmeenne >
Sol. In this case B is equilibrium point.
A B C
@ @ g
1 pC 4uC
fe----d ----> 10-d- I
Net force on +q =0
FBA = FBC
2
k(g _ k@) [10—dj 4
d*>  (10-d)’ d
10-d 10

——— =2 =>d=—cm
3

Ex. For the system shown in figure, find value of
Q for which resultant force on q is O.

(0.2) q a Q

(a,a)
a a
(0,0)
q
Q @ (2,0)

Electrostatics
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Sol. For force on g to be 0, charges q and Q
should be of opposite nature.
Total attraction force on q due to charges Q
= Repulsion force on g due to q

02)¢—2 40

a

(0,0)L"

oF q(a,0)

F,
2
JoF, = F V2kQa _ kg
AR T T (Jaay

:\/§Q=%:>q=2\/§Q

since g and Q must be of opposite nature,
therefore q = —2\/§Q.

Ex. Consider a cube with point charges q on each
of its vertices. Find the force exerted on any of
the charges because of rest of the seven charges.
Sol. The resultant force on particle A can be given
by vector sum of force experienced by this
particle because of all the other charges on
vertices of this cube. In this we use vector

- k
form of coulomb’s law F = &(ﬁ -r,)
3

[

14.



From given figure the different forces acting on A
qu(—aﬁ)

3

are given as FA1 = .

kg? (—af —aj- alz) .

3 (V3a)

) kqg? (—aj - alz)
e
- kqg? (—af - alz)

2a)

3
(

ko’ (-ai) _  kq?(-ai-aj

F5 - efs )’FAG = ((\/Ea)?’ )’FA7 = 23

= Net force on A

I:A A

= F=FA1 +FA2 +FA3 +FA4 +FA5 +FAe +F,

2

= F:%[(%+%+1j(i +j+k)}

Ex. Five-point charges, each of value +q are
placed on 5 vertices of a regular hexagon of
side L m. Determine the magnitude of the
force on a point charge of value -q C placed
at the centre of the hexagon?

Sol. Suppose there had been a 6™ charge +q at

the remaining vertex of hexagon, force due to all

6t charges on —q at O will be zero (as the forces
due to individual charges will balance each

other).
Now if f is the force due to sixth charge and

F due to remaining give charges.

@

Two identical charged spheres
suspended from a common
point by two massless strings of
length L, are initially at a distance
d(d << l) apart because of their
mutual repulsion. The charges
begin to leak from both the
spheres at a constant rate. As
a result, the spheres approach
each other with a velocity wv.
Then find out how v varies as
a function of the distance x
between the spheres.

Rack your Brain

15.
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Electric Field

Electric field is that region around any charged
particle or charged body in which if another
charge is placed, it experiences electrostatic
force.

Electric Field Intensity E :

An electric field intensity at a point is the
electrostatic force experienced by a unit positive
point charge both in magnitude and direction.

If a test charge q, is placed at a point in an
electric field and experiences a force F due to
some charges (called source charges), the electric
field intensity at that point due to source is given

by E-F
SN

If the E is to be determined practically then the § . Concept Reminder

Gl

test charge g, must be small in magnitude
otherwise it will affect the distribution of charge
on the source which is responsible to produce
the electric field and hence modify the quantity . ~
which is measured. F=qE

Properties of Electric Field Intensity E :

(i) Electric field intensity is a vector quantity. Its direction is same as the

force experienced by +ve charge.

(ii) Direction of electric field due to +ve charge is always away from it while
due to —ve charge, always coming towards it.

(iii) Its S.I. unit of an electric field is N/C.

(iv) It has dimensional formula [MLT=A""]

(v) Electric force experienced by charge g placed in a region of electric field
at a point where the electric field intensity E is given by F = qE.

Electric force on a charge is in the same direction of electric field on
+ve charge and in opposite direction on a —ve charge.
(vi) This field obeys the superposition principle, i.e., the field intensity at a
point due to a system of charges is vector sum of the field intensities due
to individual point charges.

If we know value of electric field
in a region then we can find
electrostatic force on any charge q.

16.



i.e. E=E,+E, +E; +....

(vii) It is produced by source charges. The electric
field will be a fixed value at a point unless we
change the distribution of source charges.

Ex. Electrostatic force on a —-3uC charge placed
at point P due to a system S of fixed-point

charges as shown in figure is F = (21i + 9j) pN.

Then find out electric field intensity at point
P due to S.

Sol. F = qE = (217 + 9j)uN = —3uC xE
= E=-7i-3jN
C
Ex. Find the electric field intensity which would
be just sufficient to balance the weight of a
particle of charge —10 uC and mass 10 mg.
(given g =10 ms™?)
Sol. The force experienced by point charge q in
an electric field E is
F =qE
So, according to given problem:
[W = weight of particle]
F 1 =W
i.e., |qE=mg

e, E= me _ 10N/ C., in downward direction.

Ex. Determine electric field intensity at point A
(0, 1m, 2m) due to a point charge -20uC

situated at point B(\/Em, 0,1m).

= A_FB
r = (-JE?+]+12)
IT = \/(\/5)2+(1)2+(1)2 =2

F.

Electrostatics
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9x10° x(-20x 107%)
8
= 225x10% (v2i + j+ KN/ C
Ex. Two-point charges 2uC and —2uC are placed at points A and B as shown
in given figure. Find out electric field intensity at points C and D. [All the
distance are measured in meter].
Y

E = (—2i +]+K)

(-2, 0) (2, 0) (22, 0)
— » * *
A B i
2uc =2uc

Sol. Electric field at point C:

A B E E,
—0 O O X
2uC -2pC C

(E,, E, are magnitudes only and arrows represent directions)
Electric field due to positive charges is away from it while due to
negative charge, it is towards the charge. It is clear then E_ > E,.

E... = (E; — E,) towards negative X-axis

= i(\%‘;) - gj%c);) towards negative X-axis

= 8000 (-iN/C
The electric field at point ‘D’ :

18.



D 1,450
0 2E,cos6
B
A 0 0 B
(-~/2,0) (+/2,0)

Here magnitude of both charges are same and also AD = BD

So E,=E
? A B . -
Vertical components of E, and E; cancel each other while horizontal

components are in the same direction.

2K(2uC
So, Enet =2E, COSO = %cos 45°

_ Kx10® 9000
V2o 2
Ex. Six equal point charges are placed at corners of a regular hexagon of
side a. What is electric field intensity at the centre of hexagon?

N/C .

. Y
AN G
SN /
¥ \ G \
" \‘ 'I
’ . ’ .
4 . ’ .
\ B \
4 \
LY ’ A
I' Ay * b Y
’ Ay ’ Ry
’ hY 4 LY
¢ S N
‘_ \)('
t q A ’ f q
. SN ‘
doN /
4 . ¢
4 \ /
4 /
. ‘ . ’
# \ G
. ’ kY ’
\ # \ G
\ / N /
\ 4 \ /
\ / ¢
£ ¢ A ’
N R
L +

Sol. Zero (By symmetry)

Ex. A +ve charge Q is distributed uniformly over a circular ring of radius a.
A point particle having a mass m and a negative charge —q, is placed fixed
on its axis at a distance y from its centre. Find the force on the particle.
Assuming y<<a, find the time period of oscillation of the particle if it is

released from there. (Neglect gravity)

19.
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Sol. When the negative charge is shifted at a distance x from the centre of
the ring along its axis then force acting on the point charge due to the
ring:

F. = qE (towards centre)

B KQx
=q (az Jr)(2)3/2
If a>>xthen

a?+x?2=a?
T Qgx

3.3

4me,

= (Towards centre)

Since, restoring force F. « x, therefore motion of charge the particle

will be S.H.M.
Time period of SHM :

1/2
T= zn\/E —on m _ 16n380ma3
)t

3
4ns—:0a

Charge Distribution
1. Linear charge density (1) :

Charge per unit length represents linear charge density.

_9 >
= L c/m Sr‘ _ Concept Reminder

Linear charge density (A) concept
is used for infinitely long charged
wire and ring.

Charge on any small element of length dx is as
dg = Adx

20.



2. Surface charge density (c):

Charge per unit surface area represents surface
charge density.

o= c/m?
A

Charge on any small element of surface area dA
is as

dg = cdA

3. Volume charge density (p):

Charge per unit volume represents volume charge
density.

Q 3
== C/m
P V /

Charge in volumetric small element of volume dV

is as

dq = pdV

Note : Equal amount of charge [upto maximum
limit] can be given to solid conducting
sphere and hollow conducting sphere of
same radii.

Ex. A thin rod of length L is from x = 0 to x = L

with linear charge density of A =i x where

Ao is a constant and x is the distance from

origin. Calculate total charge distributed on

this rod.
Sol. «—X—

x=0 % dx x=L

Charge on small element =
dg = Adx

dq = A xdx
Total charge

s(" _ Concept Reminder

¢ Surface charge density concept
is used for charged plate,
spherical shell, conducting
sphere etc.

¢ Volume charge density concept
is used for charged solid non-

conducting sphere.

21.
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Time period of Simple pendulum in uniform
Electric field:

Case-Il

If uniform electric field is directed vertically
downwards.

Case-ll:

If uniform electric field is directed vertically
upwards

AEMLLNNNNNLNNM MMM

Sr‘ _ Concept Reminder

«If E is applied vertically
downward or horizontally then
time period of simple pendulum
decreases.

+ If E is applied vertically upward,
then time period of simple
pendulum increases.

22.



Case-lIl:
If uniform electric field is directed horizontally.

JLTHLTNN R RN R RN R RN Y

geff

Electric Field Due to Uniformly Charged Wire

(i) Line Charge of Finite Length: Derivation of
expression for electric field intensity at a
point because of line charge of finite size of
uniform linear charge density A . The normal

distance of the point from the line charge is r
and lines joining ends of line charge
distribution make angle 6, and 6, with the

perpendicular line.

dE
LA r ‘%dﬂ

0
XI
dXT

Consider a small element dx on line charge
distribution at distance x from point A (see

s(" _ Concept Reminder

+ If we choose a point such that
0,=6,
then, y-components will cancel
each other and net electric field
will be in x-direction only.

23.
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figure). The charge of this element will be dg = Adx. Due to this charge
(dq), the intensity of electric field at the point P is dE.

K(dg)  K(rdx)

rPex® rP+x?

There will be two components of this field :

Then dE =

dE
I
| |
dE, dE,
Kird
E, :IdEX :jdEcose:jr2 +:((2 .cosH

Assuming, x =rtan6 = dx =rsec”0.d0
+0,

So, E:j

X
,92

KAr sec? 0. cos 0.d0
r2 +r?tan’0

E—k c0s 0.d0 = K—k[sin 0, +sino,]
r

r o,

Similarly y-component.

+0,
Ey = K—:b I sin0.d0 = K—:”[cos 0, —coso,]
-0

Net electric field at the point :

[c2 2
E et =4/Ex +Ey

(ii) We can derive a result for infinitely long line charge :
If we put 0, =0, =90° we can get required result.




(iii) For Semi-infinite wire:

®
---“r----l_> EX
E,
6, =90° and 6, = 0°,
KA KA
SO, EX = T,Ey = T

Electric field on the axis of a uniformly charged
Ring.

Ring of radius ‘R’ is charged uniformly with charge
of ‘Q’ then electric field on its axis at distance x
from centre is a following.

mi

axis

Eaxis - (R2 +x2 )3/2
Direction of electric field on axis of uniformly
charged ring is along axis of ring.

For positively charged ring is along axis away

from centre.
For negatively charged ring along axis towards

centre.

1. At centre of ring.
(x=0)
E =0

centre

2. At nearby axial point (x << R)
kQx kQx

axis (R2 JrX2)3/2 - R3

* - ‘a

_ Concept Reminder
For semi-infinite wire-
E=E,i-E]

E_Kr: Kis
r r

Along the axis of charged ring,
all components of electric field
perpendicular to axis cancel
each other.

25.
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3. For distant axial point (x >> R)

kQx - E _k_Q

axis
X2

axis (R2 + X2)3/2 -

(Ring behaves as point charge)

5. Maximum electric field on the axis of
uniformly charged Ring.
B kQx
axis (R2 +X2)3/2

For maximum electric field :—E =0
X

d|_ Kax |4

dX (R2 +X2)3/2

R
=> X=tft—
J2

Maximum electric field is E_, = 2kQ
" 343R?
Ex
- _2kQ_
max. 3\/§R2 '''''''' E
R
2 ; 3
/P R
J2

Centre of uniformly charged ring is the mean
position of stable equilibrium for unlike charged
particle [along axial displacement]

When unlike charged particle placed at centre
of uniformly charged ring is displaced along axis
and released then charged particle will execute
oscillatory motion and may execute SHM about
centre of ring if displacement is small.

‘ _ Concept Reminder

G

¢+ As we move away from center

of charged ring along axis, E

R
increases till E distance then

after this E decreases.

26.



Restoring force F=—-qxE_.

—kQqgx
(R2 +X2)3/2
if axial displacement is small
F oc —x [SHM]
if axial displacement is not small
force is not proportional to —-x then only
oscillatory motion (not Simple harmonic
motion)

F=

ELECTRIC FIELD DUE TO UNIFORMLY CHARGED

ARC
An arc of radius r is charged uniformly with linear
charge density of A and subtends angle of a at

centre then electric field of centre of arc is as
following.

.
~
.,
~
.,
.
A
.,
A,

-,
.
.
S
.
.,

s,

E=2—Msm “lwhere \=— 3 9
r 2 lengthofarc ar

if charge on arc is q then

E = qu sm{ J
ar? 2

Sr‘ _ Concept Reminder
¢ Electric field due to semi-
circular charged ring of density

2kk
Ais E=——
:

27.
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Ex. Calculate electric field at centre of uniformly charged arc as shown in
figure.

Sol.

Using the formula of electric field due to an arc.

E= 2k—ksin(g]

r 2
Given that
E= 2k—}Msin 45°
r
g2k 1

ro\2
In vector form E = k—l(? - ])
r
Ex. A point charge ‘q’ is placed at a separation r from a very long charged
thread of uniform linear charge density A. What is total electric force
experienced by the line charge due to the point charge (Neglect gravity).
Sol. Force on charge g due to the thread,

-2
r

By Newton’s 3™ law, every action has equal and opposite reaction, so

force on the thread = &.q (away from point charge)
r

28.



Ex. An infinitely large plate of surface charge density +c is lying in horizontal
xy plane. A particle having charges —q, and mass m is projected from

the plate with velocity u making an angle 6 with sheet. Find :
u

-q 0 g
"""" =+ + + + + + + + + + + + +  feeeeee-

(i) The time taken by the particle to return on the plate.

(i) Maximum height achieved by the particle.

(iii) At what distance will it strike the plate (Neglect gravitational force
on the particle)

Sol.

F

a

-------- FFF Ff F F FFF F F FF+ _f
Electric force acting on the particle

Fe = qOE = Fe = (qo)[iJ (dOanard)
2¢,
So, acceleration of the particle :
a=re_ O (uniform)
m 2em

This acceleration will like ‘g’ (acceleration due to gravity)
So, the particle will perform projectile motion.
2usin®  2usin®

g [ao
2e,m
u’sin’0 _ u’sin’0

(i) H= 2g _Q(qoc]

2e,m

i T=

u’sin20  u?sin20
g %00
2e,m
Ex. A block of mass ‘m’ and charge Q is resting on a frictionless plane at a
distance ‘d’ from fixed large non-conducting infinite sheet of uniform charge

density (o). suppose that collision of the block with the sheet is perfectly
elastic, find the time period of oscillatory motion of the block. Is it SHM?

(iii) R =

Electrostatics
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Sol. The situation is shown in Figure. Electric force due to sheet will
accelerate this block towards the sheet giving it an acceleration.
Acceleration will be uniform since, electric field E due to the sheet is

uniform.
azizg,where E=0/2¢,
m m

As initially this block is placed at rest and acceleration is uniform, from
2" equation of motion, time taken by this block to reach the wall can

be calculated as

R
E,
QE
d
mg
d= lat2
2
2d \/de \/4mdso
i t = _— = =
a QE Qo

Since collision with the wall is perfectly elastic process, the block will
come back with same speed and as now its motion is opposite to the
acceleration, it will come to rest after travelling same distance d in same
time t. After getting stop, it will again be accelerated towards the wall and
so the block will execute oscillatory motion with ‘span’ d and time period.

However, as the restoring force F = QE is constant and not proportional
to displacement x, the motion is not simple harmonic.

Ex. Consider an isolated infinite sheet having charge Q, on its one surface
and charge Q, on its other surface. Prove that intensity of electric field at a

point in front of sheet will be QS , Where Q = Q,+ Q,
0
Sol. Electric field at point P :
Q| Q,
P Q. Q,

2Ac, 2Ac,

30.



__Q A+ Q, A :Q1+Qzﬁ: Q A

2Ag, 2Ag, 2Ag, 2Ag,
[This result tells us that the net field due to a sheet depends only on
the net charge of the sheet and does not depend on the distribution of
charge on individual surfaces.]

Ex. Three large conducting parallel sheets are placed at a finite distance
from each other as shown in figure. Find out electric field intensity at

points A, B, C & D.

Q -2Q  3Q
y
A B C D
X
Sol. For point A
Q -2Q  3Q
E.o
E, E. A
Enee = Eq +E5 +Epg
e
2A¢g, 2A¢g, 2A¢g, Ag,
For point B :
Q -2Q  3Q
E,o
E3Q'B 'EQ'
Enee =Esq +E 5o +Eg =— 3+, W3, Qs g

31.
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For point C : >
sf‘ _ Concept Reminder

Q -2Q  3Q \>
¢ For two large conducting

o Eq parallel sheets having equal

FE C charge density, electric field in

between plates will be zero.
¢ For two large conducting
- o . parallel sheets having equal and
Enet =Eq +E5q +E 5 opposite charge density, electric
Q 2 3Q : 2Q v _ _Ef field outside plates will be zero.

= +
2A¢g, 2A¢g, 2A¢g, Ag,
for point D :
Q -2Q  3Q
E, E,
>
E, D
Enee =Eq +Eyo +E g

E
sy 3 R g

2A¢g, 2A¢g, 2A¢g, Ag,
Ex. Given figure shows a uniformly charged sphere of radius ‘R’ and total
charge ‘Q’. A point charge ‘q’ is placed outside the sphere at a distance r
from centre of sphere. Determined below forces:

Q

°q

(i) Force acting on the point charge q due to the sphere.
(ii) Force acting on the sphere due to the point charge.
Sol. (i) Electric field at the position of point charge

= KQ.
E=r—2r
= KqQ.
So, F= OiQr
r
= K
= PRSI

32.



(ii) Since we know that every action has equal and opposite reaction so
_KiQf
[
KaQ

= | Fsphere |: r_Q

Eoo-

sphere

Ex. Figure shows a uniformly charged thin sphere of total charge Q and
radius R. A point charge q is also situated at the centre of the sphere.

Find out the following:

(i) Force on point charge q
(ii) Electric field intensity at ‘A.
(iii) Electric field intensity at ‘B’
Sol. (i) Electric field at the centre of the uniformly charged hollow
sphere is zero

So, force on charge g =0
Kq

(i) Ep =Egppere +Eq =0+—;r =CA
r
An electric field due to sphere is zero, because point lies inside the
charged hollow sphere.
(iii) Electric field E, at point B = Eg.,, +E,
S KQp KAy KOQrA . cp
r r r

Note: In this case, we can also suppose that the net charge of sphere is
concentrated at the centre, to calculate of electric field at B.

Ex. A spherical shell having charge +Q (uniformly distributed) and a point
charge +q, are placed as shown.
+0Q, R

Find the force between shell and the point charge (r >>R).
Sol. Force on the point charge +q, due to the shell

= KO\, K n
= OoEghen = (QO)[r_zQJ r= %r

where f, is unit vector along OP.

33.
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Ex.

From action — reaction principle, force on the shell due to the point

charge will
KQq o

also be : Fsheu =

Conclusion : To find the force on a hollow sphere due to outside charges,
we can replace the sphere by a point charge kept at centre.

Find force acting between two shells of radius R, & R, which have uniformly
distributed charges Q, and Q, respectively and distance between their

centresisr.

Sol. These shells can be replaced by point charges kept at centre,

So, force between them
KQ.Q, .
F = %

’

+Q, BT

Electric field due to a uniformly charged solid sphere

Derivation of an expression for electric field due to solid sphere of radius
‘R’ and total charge ‘Q’ which is uniformly distributed in the volume, at a
point which is at a distance ‘r’ from centre for given two cases.

(i) r>R (i)r<R

Assume an elementary concentric shell of charge
dqg. Due to this shell, the electric field at the point
(r > R) will be :

s(" _ Concept Reminder

* Electric field at outside point
due to any charged sphere will
be similar to electric field of a
point charge having same charge
placed at center of sphere.

34.



Ex.

Sol. (i) At (R/+/2,0,0) : Distance of point from

Kdq

r.2

:J‘dEzg

dE = [from above result of hollow sphere]

E

net 2

r
For r < R, there will be no electric field due to

shell of radius greater than r, so electric field '%
at the point will be present only due to shell
having radius less than r. KQ/R?f
] KQ' H
Frec r’ K
3 i >
Here, Q'=—4Q xinrszQ—z R or
&R 3 R
E' = KQ = KQr ; away from the centre.

t
ne r2 R3

Note : The electric field inside and outside the sphere is always in
radius direction.

A non conducting solid sphere of radius R has
uniform volume charge density has its centre
at origin. What will be electric field intensity
in vector form at following positions:

() (R/~2,0,0) (i) ( R R ,oj % from the centre of a charged

NN
conducting spherical shell of
(iii) (R, R, 0) radius R is E. Find out the electric

Rack your Brain >

The electric field at a distance

field at a distance R from the
horizon = \/(R /27 +07 +0" =R/V2 <R, centre of the sphere.

so point lies at the sphere, so

= pr p {Ro}
E=— =t | 2]
3e, 3¢, J2

R R
(ii) At [—,—,O ; distance of point from centre
V2742

is JR/V22 +(R/2) +0? =R
The point lies at the surface of sphere, therefore
4 o3
K—=nRp R R
E=@F=3—{ii+ij}

R® R® |J2 2

35.
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_ L{ig N ij}
3g, [ V2 2
(iii) At (R, R, 0); distance of the point from centre

= JRZ +R*+ 0% =+/2R

So, point is outside the sphere

=  KQ. K%nRsp N p PR
E:?r:W[RHRJ}:G\/&O[RHRJ]

Ex. A uniformly charged non-conducting solid sphere of uniform volume
charge density and radius R is having a concentric spherical cavity of
radius r. Find out electric field-

)9

(i) Point A (ii) Point B
(iii) Point C
Sol. (i) For point ‘A’ :
Here, consider the solid part of sphere to be made of large no. of
spherical shells which have charge uniformly distributed on its surface.
Since point ‘A’ lies inside all spherical shells so electric field intensity
due to all shells will be zero. E, =0
(ii) For point ‘B’ :
All the spherical shells for which point ‘B’ lies inside will make
electric field zero at point ‘B’ So electric field is because of charge
present from radius r to OB.
4
KETE(OB3 ) I [0B® —1*] —

. B= — 0B
OB 3, OB

So,E—Bz

(iii) For point C,
similarly we can say that for all the shell point C lies outside the
shell
4
K—n(R® —r?) 3 3
E. :3—3OC=LR 2 oc
[OC] 3g, [0OC]
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Properties of Electric Field Lines
1. (a) The field-lines of an isolated positive charge are straight lines
emerging from the charge radially outward to infinity. (See in figure a).

4 s(" _ Concept Reminder
s& + Electric field lines are pictorial
@ — representation of electric field
ﬁ in a region.

[a]

(b) The field-lines of an isolated negative point charge are straight-lines
ending at the charge radially inward from infinity (See figure b).

(c) The field—lines for the two equal positive point charges is shown in
figure c.
[ J
N
[c]

37.
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(d) The field—Llines for the two equal negative point charges is shown in
figure d.

=20

[d]
(e) The field lines for a dipole (two equal and opposite charges) shown
in figure e.

[e]

(f) The field lines for a large plane sheet is shown in figure f.

A
+ + + 4+ + +

[f]

2. The number of lines originating or terminating on a charge is proportional

. o 1
to the magnitude of charge. In Sl units it has been taken that | —
80

electric lines are associated with one coulomb of charge.
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3. No two field-lines can intersect each other, because if they do so,
at the point of intersection of field lines two tangents can be drawn
which would mean two directions of the force at the point, which is
impossible.

€]

4. Due to conservative nature of electric field, the electrostatic field lines
will not form any closed loop.

5. Field lines have tendency to contract in length (longitudinal contraction)
like a stretched elastic string. This explains attraction between two
unlike charges. The lateral pressure between field-lines explains the
mutual repulsion between like charges.

6. Field-lines are always perpendicular at the surface of a conductor, but
they never enter inside the conductor because there is no electrostatic
field inside the material of a conductor.

7. The number of field-lines crossing through per unit area normal to the
lines, is proportional to the magnitude of the electric field at the point.
Hence crowded field lines in a region indicate the large magnitude of
the field in the region. In the given figure, the magnitude of the field at
A is greater than that at B.

8. The tangent drawn at any point of a field-lines gives the direction of the

force on a positive charge at that point. e
¥ . Concept Reminder

¢ If charged particle is

initially at rest then
= > E - >E it will move along
tqQe—F F—*-¢ direction of electric field
" if positive or it will move
opposite to electric field

[+ve charge] [-ve charge] if negative.

Motion of charged particle in uniform electric field.
1. if charge particle is at rest.

Electrostatics
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In both cases force F = ma = qE
= a _ gk
m

.. Charge particle will accelerate in straight line.

2. If charge is moving along straight line parallel to uniform electric field.
(a) For positive charge
Velocity after time t

E
v=v0+q—t
m

v, - E
+q e——>>—F
[+ve charge]
(b) For negative charge
Velocity after time t
V=V,— q—Et
m
= >E
F <—_Qq—> v,

[-ve charge]

3. If charge particle is initially moving perpendicular to uniform Electric
field.
Along x-axis, s(" _ Concept Reminder
u, =Vvg,a, =0,S, =Xx,v, =V, o
¢ The path of charged particle

1 .0
S =ut+§at = X =Vt in uniform electric field may
Along y-axis be straight line or parabolic
qE 1(qE depending upon initial velocity
u,=0a,=—"—y= _(_)tz of charged particle
m 2\l m P :

2
1(qE\( x 1 qEX®
= —| — _— - = —
Y Q[m)(voj Y 2 mv?

y o X* i.e., path parabolic

The deflection on the screenY = (y + D tan®9)
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+oH[+ + [+ + |+ o+ |+

tanf=—=—=——
VX rT\V0 mv0
Ex®> 2
So, tan@:q X2 X —
mvy X
= tan0 = Y

8

It means that the tangent at point P intersect the

point i.e. at distance X from B.
X
= Y = (5 + Dj tan®

Gauss’s Law:
It relates the total electric flux of an electric
field through a closed surface to the total charge
enclosed by that surface. According to Gauss law,
the total flux linked with a closed surface is 1/g,
times the charge enclosed by the closed surface,
Mathematically <j>|§ «ds = 8&

s 0
Definition of Gaussian Surface:
A Gaussian surface is defined an imaginary
surface which enclose a charge, such that the
electric flux is perpendicular to each point on the
surface and the electric potential at every point
is equal.

1

w
>o|<—-<—>|

Screen

line AB at its mid-

Rack your Brain

&

A charge Q is enclosed by a
Gaussian spherical surface of
radius R. If the radius is doubled,
then what will be the effect on
electric flux through surface.

Definition

Electric flux is defined as
total number of electric field
line passing through an area.

1.
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Some Important Points regarding Gaussian Surface

(i) Gauss’s law is valid for any closed surface, no
matter what its shape or size.

(ii) The term charge in the Gauss’s law includes

the total charge enclosed by the surface. The Key Points
charges may be situated anywhere inside the
surface.

¢ Gauss’s law
¢ Gaussian surface
+ Electric flux

(iii) In the situation when the surface is chosen
such that there are some charges inside and
some outside the surface. The term charge in
Gauss’s law represents only the total charge
inside the surface.

(iv) You can select any Gaussian surface and apply Gauss’s law. However,
don’t care about that the Gaussian surface pass through any discrete
charge.

(v) Gauss’s law is generally useful towards a much easier calculation of the
electric field when the system has some symmetry. This is facilitated by
the choice of a appropriate Gaussian surface.

(vi) This law is based on the inverse square dependence on distance

contained in the Coulomb’s law. Any breaking of Gauss’s law will indicate

departure from the inverse square law.

Gauss’s law and Coulomb’s law are equivalent:

We can prove Coulomb’s law and Gauss’s law using each other by assuming
one obtained to prove another.

To prove Gauss’s law by using Coulomb’s law assume a hypothetical
spherical surface known as Gaussian surface of radius ‘r’ with point charge
‘q’ at its centre. According to Coulomb’s law intensity at a point P on the

surface will be equal to E = %F
Ame, r
. P N
q T E

&l

Electric flux linked with area ds

42,



9 _f.ds
4mer

&

Ee

direction of ¥ and ds are same i.e.,

Feds =rdscos0°=rds

For all points on sphere r = constant

QSE-?Sz ! %q.)ds =L%(4nr2)=&
Ame, r Ane, r €

[ascﬁds = 4nr2]

® The results are true for any random surface provided the surface is closed.

® |t relates the total flux linked with a closed surface to the charge covered
by the closed surface.

e |faclosed bodywhich doesn’t enclose any charge is placed in either uniform
on non-uniform electric field then total flux linked with it will be zero.

e |f a closed body encloses a charge ¢, total flux linked with the body
doesn’t depend on the shape and size of the body and position of charge
inside it.

43.
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Ex. If a point charge ‘g’ is placed at the centre of a cube, then find the flux
linked (a) with the cube? (b) with each face of the cube?

Sol. (a) By to Gauss’s law total flux linked with a closed surface is (1/¢))

times the charge enclosed and for this condition the closed body cube is

enclosing a charge ‘g’ so, total flux ¢, = a

80

(b) Because cube is a symmetrical body with six faces and the point
charge is placed at its centre, so flux linked with each face will be

_ ey

O = 6(¢T) 6.
Note : (i) Here flux linked with cube or one of its faces doesn’t depend on

the side of cube.

(ii) If charge is not placed at the centre of cube (but anywhere inside
it), then total flux will remain same, but the flux linked with

different faces will be different.
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Ex. If a point charge ‘g’ is at one corner of a

cube, what is the flux linked with the cube?
Sol. For this case by placing 3 cubes at three
sides of given cube and four cubes above, the
charge will be at the centre. Therefore, the flux

linked with each cube will be (1/8)" of the flux —
80

.. Flux associated with given cube = a4

80

Ex. A point charge ‘q’ is placed at one corner of
a cube of edge ‘@’ Calculate the amount of
the flux through each face of the cube?

4

Ad

X

Sol. At a corner, eight cubes can be placed
symmetrically, flux linked with each cube
g

due to a charge ‘q’ at the corner will be ——
80

For the faces passing through the edge ‘A

electric field E will be parallel to area of

face and so electric flux through these three

faces will be 0.

Since, the cube has six faces and flux linked
with three faces (through A) is zero, so flux linked

with other three face will be [iJ
80
The other three faces are symmetrical so flux
linked with each of the three faces passing

through B will be, ~x| | 4 ]|= 12
3 |8lg, 24 ¢,

a
Rack your Brain ﬂ
A charge Q uC is placed at the
centre of a cube. Find out the
flux coming out from each face.

0

.0

)

©

i)

0

(@)

S

O

i
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Ex

If charges q and 2q are placed at the centre X
2 Rack your Brain

of face and at the corner, of a cube. Then

find the total flux through cube. A hollow cylinder has a charge

9

Sol. Electric flux through cube, when = is placed g coulomb within it. If ¢ is the
2 electric flux in units of volt meter
at the centre face, is associated with the curved
6= q/2 _ q surface, then find the flux linked
2, 4, with the plane surface in units
Flux through cube, when 2q is placed at the AR
corner of cube, is ¢, = 29 -9
8g, 4,
Total flux = ¢, + ¢, =i+i:li
4e, 4g, 2¢,
Ex. Electric flux entering a closed surface is 2000 V-m. Flux leaving that
surface is 8000 V-m. Find the charge inside surface.
Sol. Net flux = (8000 — 2000) = 6000 V-m
o=
€
= q =(6000) (8.85 x 107"?) = 0.053 pC.
Ex. A hemispherical shaped body is placed in a
uniform electric field E. What is the flux linked
with the curved surface, if field is (a) parallel to
Ease figure A (b) perpendicular to base figure s!" e FerE
T T T ¢ The flux entering a surface is
T T negative and flux leaving surface
is positive.
R R
Sol. Considering the hemispherical body as a closed body with a curved

surface and a plane base the flux linked with the body will be zero as
it does not enclose any charge, i.e.,

O =0cs +ps =0 ()
(a) When field is parallel to base, the flux linked with base
dps X Ex mR? c0s90° = 0 Substituting this value of ¢, in equation

(i), we get ¢.q =0
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(b) When field is perpendicular to base, the flux linked with base
dps = Ex TR? c0s180° = —R’E.

Ex. Find the field in the cavity, if a conductor having a cavity is charged?
Does the result depend on the shape and size of cavity of conductor?

+ + + + + +

Sol. When a conductor is charged, charge resides on its outer surface, so
for Gaussian surface A in the conductor or B in the cavity from Gauss’s

law we have,
| .
$E-ds =—(0)ie, E =0,
80

i.e., inside a conductor or in a cavity in a
conductor electric field vanishes. This effect
is called ‘electrostatic shielding’ and is
independent of shape and size of cavity of

conductor. e .
¥ . Concept Reminder

v v

Ex. A square of side 20 cm is enclosed by a + Gauss law is applicable for
spherical surface having 80 cm radius. any closed surface but to find
Square and sphere have the same centre. electric field using gauss law,
Four charges + 2 x107° C, - 5 x10° C, — 3 X surface should be symmetrical
107° C, +6 x 107 C are placed at the 4 corners about charge distribution.

of a square, then out going total flux from
spherical surface in N-m?/C will be
Sol. Since, ¢_.. =(2x10° -5x10° -3x10° +6x10°) =0

enc.

Charge enclosed is zero, so total flux is zero.
Applications of Gauss Law:

Gauss law is used to find electric field of symmetrical charge distributions.
Few of the cases are discussed here.
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(a) Electric field due to a uniformly charged line:

Gauss law is useful in finding electric field intensity because of
symmetrical charge distributions. We take a gaussian surface which is
cylindrical in safe of radius r which encloses a line charge of length h

with line charge density A.

=
h 4
7y

F 3

D
1l
o
o
tl

qSE . d_s' — qm
80
~ ] Eds+ [ Eds+ | Eds-=2
Cylindrical I Circular Il Circular 80
Surface Surface Surface
0 T 1 Ah
= _[ Edscos0” + J' Edscos — + J' Edscos — = —
Cylindrical | Circular 2 Il Circular 2 80
Surface Surface Surface
A
E Rack your Brain ﬂ
Two parallel infinite line charges
N with linear charge densities +Ai
r C/m and -A C/m are placed at
a distance of 2R in free space.
What is the electric field mid-wa
= Eomh) =M 5o g2 ) . ey
€, 2me etween the two line charges®
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(b) Electric field due to a thin infinite plane
sheet of charge:
To determine electric field due to the plane
sheet of charge at any point ‘P’ distant ‘R’
from it, select a cylinder of area of cross-
section A through the point ‘P’ as the
Gaussian surface. The electric flux due to
the electric field of the uniformly charged
plane sheet passes only through the two
circular parts of the cylinder.
Suppose surface charge density = ©

+

+

+ 1
+

: A

Sf‘ _ Concept Reminder

¢ Electric field due to conducting
sheet of charge density o is 82
and due to non—conducti:g

sheet is -2,
280

/vGaussian Surface

»
L™

oo
E + )
—% b(g ALY,
g ¥ i
& Plain sheet
i of charge

According to gauss law

qSE‘d—quin/go

j Edscos6 + j Edscos0 +

I circular Il circular
surface surface
cA
Edscos6 = —
cylindrical 80
surface
cA c
or EA+EA+0=— =E=—
€ 2¢g,

The magnitude of the electric field intensity due to an infinite plane
sheet of charge doesn’t depend upon the distance from the sheet.
Consider the sheet is +vely charged, the direction of the field is
perpendicular to the sheet and directed away from sheep on both
sides. But for a —vely charged sheet, the field is directed normally

inwards on both sides of the sheet.
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(c) Electric field intensity due to an uniformly charged spherical shell:
Let us consider a thin shell of radius R carrying a charge Q on its

surface.
(i) ata point P, outside the shell (r > R)

According to gauss law

QSEO.TS Qo E, (47r?) _Q

€o €

Q c R
EO = 3 = — —2
Ame,” g, I

Where the surface charges density
o - total charge Q
surface area 4nR?

The value of electric field at any point outside the shell is similar as if
the entire charge is concentrated at centre of shell.

(ii) at a point P_on surface of shell (r = R)
Field at surface is obtained by substituting r = R in above result,

Q o

s” Ang R® g,
(i) at a point P_ inside the shell (r <R)

According to gauss law q.)E.d—s = n Since, enclosed charge q, =0

S, €

Therefore, E,, is zero.
i.e., the electric field inside the spherical shell is always zero.
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E,..= Q/4nER?

EV-—:’X Ex%-

Or<R r=R r>R

Distance from centre (r)

(d) Intensity of electric field due to a spherical an uniform spherical

charge distribution:
Let us consider a spherical uniformly charge distribution of radius R in
which net charge Q is uniformly distributed throughout the volume.
The charge density
_total charge  Q  3Q
~ totalvolume 4 R  4nR®

(i) Ata point P, outside the sphere (r > R)
according to gauss law

$E, 5 =

Q orE, (4nr?) = Q

€9 €9

v

m

or EO:—Q P [R—3j

4ngyr®  3g, \ r?

(ii) At a point P_ on surface of sphere (r = R)

Q _ p

$ T 4me R 3g,
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Ex.

Sol.

Ex.

(iii) At a point P_ inside the sphere (r <R)
According to gauss law

- - . 1 4 3
Cj)E.in_dS. =% _ p.— mr’ = Qr

& & 3 g,R’
3
E,,(4nr?) = Qr3 or E_= Qr3 =P
gR 4g,R° 3¢,
-~
EI
AN :
. 4 . 1
Ex—=r - Q;sf* Ex—rg,-
O r<R r=R r>R

The charge density of a metallic plate which is uniformly charged is

given by o = — QM%. What is the distance from which a 50eV electron
m

must be projected so that it does not strike the plate?

The electric field due to metallic sheet E = ~f = K(4nc)n
80

where N is unit vector perpendicular to plate
E=9x10° x4 xn(-2x107°)A
= 721 x10°(-A)N/ C
Force on electron due to this field
= qE = 721 x 107(-1.6 x 107°)(-A)
= 72x1.6xmtx10"AN/C

Suppose electron be left from a distance d then,
F.d = energy of electron
or  72x1.6xmtx10"° xd=50x1.6x10"

or d=0.221x10"m

Prove that if an isolated large conducting sheet is given a charge then
the charge distributes equally on its two surfaces.

Sol. Suppose there is x charge on left side of sheet and Q—x charge on right
side of sheet. Therefore, point P lies inside the conductor so E, =0
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X Q-x

Q=% , . X
2Ag, 2Ag,
X _Q—x:O:> 2x _Q
2Ag, 2Ag, 2Ag, 2Ag,
Sx=2
2
Q
_X=_
© 2

Hence, charge in equally distributed on both sides.

Electric Dipole & Dipole Moment
A system that consists of two equal and opposite charges separated by a
small distance is termed an electric dipole.

e ————— d -------------------- >
o ®

For Example : Na* Cl-, H* Cl-etc.

An isolated atom can not be a dipole because centre of +ve charge coincides
with centre of —ve charge. But if atom is placed in an electric field, then
the positive and negative centres are displaced relative to each other and
atom become a dipole.

Dipole Moment:

The product of the magnitude of charge and distance between them is
called the dipole moment.

It is a vector quantity and its directed from negative to positive charge.
Unit: Coulomb - metre (C-m)

Dimension: [M°L'T'A"]

It is denoted by p and p =qd

Electric Field of a Dipole:
Electric field of a dipole is a superposition of field of positive and negative

charges of dipole.

583.

Electrostatics



Electrostatics

(@)

Ex.

Sol.

At an Axial Point

Consider a point P on axis of dipole at a
distance r from centre of dipole as show in
figure.

B d S
4 r .
& 0
-q +q

Electric field at P due to negative charge

= 1 q A 1 q A
E = —r y E = r
7 () 4ne, (r—d/2)

1_471:80[ d]
r+—
2

Total electric field at axial point P is E, =E, +E,

-

~ q 1 1
E, = -
47:80((r—d/2)2 (r+d/2)2J

an

~ q 2rd n 2pr
or Ea = 2 2 2r= 2 2 2r
4 e, (rF —d*/4) 4dre,(r’—d* /4)
When r>>d, E, = ! 2—??

Am e, r

The axial field is parallel to dipole moment.
A point charge which is placed at any point
on the axis of an electric dipole at a distance
very large distance experiences a force F.
Find the force experienced by this point
charge when its distance gets doubled from
the dipole.

Force acting on a point charge in dipole field
varies as F ocrl3 where r is the distance of
point charge from the centre of dipole.

Hence if r makes double so new force F' o g

sf‘ _ Concept Reminder

* Net charge of dipole is zero but
electric field and potential due
to dipole is non-zero.

Key Points \

* Dipole
¢ Axial point
¢ Equatorial point
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(b) At an Equatorial Point

Consider a point P distant r from centre of a dipole on its equatorial axis,

E, ,E,sin®

2

E,cos6  ON
E,cos0  oY[.

rYE, sinB\‘..
Lo o
A.' \ - / »D
-q 0 +q
« 5 >
1 q

Electric field at P due to negative charge E, = 0
4ne, (r* +d* / 4)

Electric field at P due to positive charge E, = ! ( 5 q2 j
4rig, \r* +d° / 4

Fields E, and E, are equal in magnitude.
Resolving E, and E, into two components one along OP and other perpendicular to OP

we find E,;sin® =E, sin®

Total field
E;, =E,cosO+E, cosb =2E cos6=2E,cos0
£ -9 1 d/2
M Ang, P+ /4) iR/ a
_ q.d _ P
4ney(r* +d* /4)?  4ne (@ +d* / 4)*7
Ifr>>d, EEq = 2 ! % (-1) i.e. field at equatorial point is antiparallel to dipole moment.
=

The electric field at axial point is parallel to dipole moment vector.
The electric field at equatorial point is antiparallel to dipole moment vector.
The ratio of field at axial point to field at equatorial pointis E, :E;, =2:1.

The dipole field E « 13 decreases more rapidly as compared to field of a point charge
r

Eoc—.
r2
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Ex. An the electric field due to a short dipole at a distance r, on an axial
line, from its mid-pointis the same as that of electric field at a distance

r’, on the equatorial line, from its mid-point. Determine the ratio —.
r

. 1 2 1
Sol. Given ; —? = %
4me, r 4re, r'
2 1 r’
or - =— or — =2
r.3 r.|3 r.|3
or L =ow
rl

Ex. Two charges each having magnitude 5 uC but opposite in nature, are
placed 4 cm apart. Find the electric field intensity of a point that is at
a distance 4 cm from the mid-point on an axial line of the dipole.

Sol. We cannot use formula of short dipole here because distance of the
point is comparable to the distance between the two-point charges.
q=5x%x10"°C,a=4x102m,r=4 x102m

4cm
€= —————— >
A 5puC
[ @----=---==-== )
-5uC 0 B 2cm P
DA S o g g B >

£ E - K(5uC) : K(5uC)
res + — (2cm)2 (6cm)2
=10*NC™

(c) Electric field at an Arbitrary Point
We resolve dipole moment p in two

components one along r and another ,'E‘
perpendicular to r. The radial component of
electric field )& E
E 1 2pcos0 . .

" 4n <, r3 éy ‘AEO

The magnitude of resultant field is

1 psin®
E, = —
Ane, r .%
Y
The magnitude of resultant field is 7] eadai il S *X

©

1
E=4E’+E = 2 %\/1+3COSQG

T €,

@
1
Ko



Ex.

Sol.

Ex.

The direction of resultant field is
tan a =E :ltane
E 2

.
Case | at axial point 6 =0° so

E= — %\/‘I+3cos20°= ! 2_3p
r

= Ane, r

Case Il at equatorial point 6 =mn/2

%\/‘I+3cos27c/ - %
.

dne, r

So, E =

4n g,

A short electric dipole is placed at origin and it is directed along positive
x-axis. Find out the direction of electric field at point (2, 2\/5) is-

Ay

(2,24/2)

X

—-q

+0 D>
O

tanf === \/§;cot9 =

X |<

1

J2

Also tana = tan6 =L =cotf =0+ a=90°
2 2

i.e., E is along positive y-axis.

An electric dipole is placed along the x-axis at the origin O. A point P
is at a distance of 20 cm from this origin such that OP makes an angle

% with the x-axis. If the electric field at P makes an angle 6 with

x-axis, then find the value of 67

Sol. According to question we can draw following figure.

'\
\"P
e “a ‘\‘
'O Q‘
o"' “\
v Ny 9
O ..'.‘Xr./.s. ............ L.x
p

As we have discussed earlier in theory
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tano = ltanE = 0L=tan‘1£
2 3 2
A

So, 0="1q gives 0="1tan
3 3 2

Behaviour of Dipole in an Electric Field:

(a) Uniform Electric Field:
Whenever a dipole is placed in a uniform electric field the two charges
experience a force. These forces have equal in magnitude but opposite
in direction and do not have same line of action. They constitute a
couple of forces which produces a torque. The torque rotates the
dipole so as to align it parallel to direction of field.

Net force F =F, +F, = qE(i) + qE(=i) =0
Casel-: t=1,, =pE when 6=n/2. When dipole is perpendicular

to the field it experiences maximum torque.

F_J'T.q

S W

eq
Casell: t=1.,=0 when 6=0°rn. When

dipole is parallel or anti-parallel to

field it experiences minimum SP‘ _ Concept Reminder
torque. v
E ¢ In uniform electric field net

(Parallel) ~ f’ force on dipole is always zero,

—q- % .q but net torque may or may not

_ be zero.
(Anti-parallel) —5
[ @

Ol 4

q -q
1. When a dipole is kept'in a uniform electric field then it experiences
no force.
2. It experiences a torque given by T=p xE.

3. The direction of torque is perpendicular to plane containing p and

E.
4. Only rotational motion of dipole takes place.
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4

v

Torque = force x perpendicular distance between forces.
T=qExdsin® =pEsin®

or torque = T = —pxE

(b) Dipole in non-uniform external electric field.
(i) Electric field increases form left to right

sf" Concept Reminder

\\» ¢ When dipole is parallel to

external uniform electric field

—q/ﬂ/, then potential is minimum and
dipole is in stable equilibrium.

In this case F, > F,

Foe %20
But, Tt =0 2
+
(ii) Electric field increasing from left to right. 3 F,
Pmakes an angle 6 with E
F, #F, 6
In this case F, #0 P
Tnet * o =1 _q
. F2 /
T,.. =PESING

Ex. There is a certain region in which electric field is along the z direction
through-out. The magnitude of electric field is not constant but increases
uniformly along the positive z-direction, at the rate of 10° N C' per metre.
Find out the force and torque experienced by a system having a total dipole
moment equal to 107 Cm in the negative z-direction?
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Sol. Dipole moment of the system is p = q x dl = =107 Cm.
The rate of increase of electric field per unit length,
dE

— =10""NC™".
dl
Force (F) experienced by this system is given by the equation, F = qE
F= qﬁ xdl =px dE
dl dl

So, F = -10"" x 10° = =102 N

The force acting on dipole is 102 N in the —ve z-direction i.e., opposite
to the direction of electric field. therefore, the angle between electric
field and dipole moment is 180°.

Torque (t) acting on dipole is given by

T = pE sin180° = 0

Hence, the torque experienced by the system is 0.

Work Done in Rotating the Dipole
The work done in rotating dipole by small angle s(" _ Concept Reminder
do is dW = td6 t

. + Work d b t L
Work done in rotating form angle 0, to 0, is . ork done by ex el.'na agen.cy
0, ! is equal to change in potential

W = Idw = .[pE sin6do energy.
o, ¢ For small angle sin6 =0

or W = pE [cos,—-cos6,]

If dipole is rotated from field direction
Then 6, =0°,0,=0
So, W = pE[1-cos6]

Angular SHM of a dipole in an Uniform Electric Field:

If a dipole is slightly displaced from its stable equilibrium position in a
uniform electric field, it executes angular SHM having some period of
oscillation. If | = moment of inertia of dipole about the axis passing through

it’s centre and perpendicular to it’s length.
t=la=-pE sind
when 0 is very small sin6 =6
d’e
= |— =-pEb
az = P

For electric dipole: T =2n /L
pE
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Ex.

Sol.

An electric dipole having dipole moment 4 x
10-° Cm makes an angle 30° with the direction
of a uniform electric field of magnitude 5
x 10* NC-. Calculate the magnitude of the
torque acting on the dipole. Also find out
work required to rotate the dipole to make
angle 90° with the direction of the electric
field.

Rack your Brain “

An electric dipole is placed at
an angle of 30° with an electric
field intensity 2 x 10° N C7. It
experiences a torque equal to 4 N
m. Find the charge on the dipole,

t1=PEsin30° =10* N m, W, =AU = J3x10*y. if the dipole length is 2 cm.

Dipole Interaction:

(a)

Ex.

Sol.

(b)

Dipole-point charge interaction:
If a point charge is placed in dipole field at a distance r from the mid-
point of dipole then force experienced by point charge varies according

to the relation F o 13
r

A point charge placed at any point on the axis of an electric dipole at
some large distance experiences a force F. Find the force acting on the
point charge when it’s distance from the dipole is doubled.

. . L . . 1
Force acting on a point charge in dipole field varies as F oc — where r
r

is the distance of point charge from the centre of dipole. Hence if r

makes double so new force F'= g

Dipole-dipole Interaction:
When two dipoles placed closed to each other, they experiences a
force due to each other. If suppose two dipoles (1) and (2) are placed
then both the dipoles are placed in the field of one another hence
potential energy dipole (2) is

1 2p,
4ng, r?

U, = —p,E,cos0 = —p,E, = —p, x

then by using F = d—U,
dr

du,

Force on dipole (2) is F, =

~F-4 1 2ep | 1 G
dr |4ne, r 4ne, T
Similarly force experienced by dipole (1)
Fo__1 80P,
! 4me r

0
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

1 6pp,

SO, F=——+=
' 4mg,  r
Negative sign indicates that force is attractive.
1 6 1
| F, |=—.% and F, oc—.
4neg, r r

An electric dipole of moment p is placed normal to the lines of force

of electric intensity , then find out the work done in deflecting it

through an angle of 180°.

270
Work done = .[90 PEsin0d0 =[-pEcos0]2° =0

The distance between the two charges +q and —-qg of a dipole is .
On the axial line at a distance d from the centre of dipole, find the

intensity.
Field along the axis of the dipole,
__ 1 21 2axn
4ng, d® 4ne, o
qr

Electric charges of value q, q, —2q are placed
at the corners of an equilateral triangle ABC
of side L. Find the magnitude of electric
dipole moment of the system.

Prec =\P” +P° +2ppcos60° =/3p =3 ql

A molecule having a dipole moment p is placed in an electric field of
magnitude E. In starting the dipole is aligned parallel to the field. Now,
if the dipole is to be rotated to be anti-parallel to the field, find out

the work immediate to be done by an external agency.

W = PE(1 - cos 0),

here 6 =180°
PE = (1 — cos180°) = 2PE.

ELECTRIC POTENTIAL:
In electrostatic field the electric potential (because of some source charges)
at any point P is described as the work done by external agent in taking a
point unit +ve charge from a reference point (which is generally taken at
infinity) to that point P without any change in its kinetic energy.
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Ex.

Sol.

Ex.

Mathematical Representation:
If(W__ )., is the work needed in moving a point charge g from infinity
to any point P, the electric potential of the point P is

V. = WooaP )ext:| — _Welc )oo~>P
P
q AK=0 q
Note that:

@i (W_ _ .),, is also known as the work required to be done by some
external agent against an electric force on a unit +ve charge
because of the source charge.

(ii) Always write both W and g with proper sign.

Properties:
(i) Potential is a scalar quantity, it may be positive, negative or zero.
q Y. y P g
(ii) Its S.I. Unit of potential is volt = & and its dimensional
columb

formula is [M'L?T2 A™"].

(iii) An electric potential at a point is also equal to the —ve of the work
needed to be done by the electric field in taking a point charge
from reference point (i.e. infinity) to that particular point.

(iv) Electric potential due to a positive charge is always +ve and due to
—ve charge is always negative. Only exception is at infinity. (taking
V_=0).

(v) Value of potential decreases along the direction of electric field.

(V)V=V, +V, +V, + ...

Use of potential:

If we know the value of potential at some fixed point (in terms of
numerical value or formula) then we can find out the work done by
electric force when charge moves from point ‘P’ to « by the formula W)

P—w = qVP

A point charge of magnitude 2uC is moved from infinity to a point in
an electric field, without change in its velocity. If given that work done
against electrostatic forces is —40ud, then find out the potential at

that point.
V= % - ﬂ =20V
q 2ucC

When charge of magnitude 10 uC is shifted from infinity to a point in an
electric field, then it was found that work done by electrostatic forces
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Sol.

Ex.

Sol.

is =10 d. If this charge is doubled and moved again from infinity to the

same point without changing its velocity, then find out the work done

by electric field and against this electric field.

Given

Wext)oca P _Wel)

Since, AKE =0
Wei)wop _ 10pd

W), =10u

©— P

V, = = v
q 10uC
Therefore, if the charge is doubled and taken from infinity then
— Wext)ooaP
20ucC
= W), =201
= Wel)oc Lp =720 1

A charge 3uC is released at rest from a point P. At this point electric
potential is 20 V then its kinetic energy when it reaches to infinite is:
W, =AK=K -0

Wel) P—>w = qVP = 60 MJ

so, K, = 60 pJ

Potential due to a point charge:
The electrostatic potential at a point in an
electric field due to the point charge equal s(" _ Concept Reminder
to the amount of work done per unit +ve L
test charge in moving it from infinity to that
point (without acceleration) against the
electrostatic force due to the electric field
of point charge. It is a scalar quantity.
Consider a point charge +q placed at point O. Suppose thatV, is electric
potential at point A, whose distance from the source charge +q isr,.
If W_, is work done in moving a vanishingly small positive test charge
q, from infinity to point A, then

W

_ oA
V, =—=

%

¢ Potential due to a point charge is
not defined at its own location.

Derivation:

(M
(if)

Consider a positive point charge Q at the origin. We wish to calculate
the potential at any point A with position vector r from the origin.
Work done in bringing a unit positive test charge from infinity to the
point A. The work done against the repulsive force on this test charge
is +ve.
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(iii) Since work done does not depend on the path, we must choose a
possible path - along the radial direction from infinity to the point A.
(iv) At some intermediate point A’ on the path, the electrostatic force on a
unit positive charge is F. = 2 Q ~f where T is the unit vector along
gl

OP’. Work done by electric field on test charge for small displacement
(dr) as shown in figure.

dw =F_,.dr
dw = (-F.).(dF)
dw = F.(-dr)

(VHere r is decreasing so we will take dr negative)

N N Q
W, =—-|dw=- dr
A l £4n80r2
=V,-V, = Q > (V,, = 0) (reference point is taken at infinity)
4me,r
V, = Q
4meg,r,
In case, the distance of point A is from the charge +Q is denoted by r
V = Q
Ane,r

Electric potential due to a system of charges:

Let us now find electrostatic potential at a point P due to a group of point
charges q,, q,, q, ... q, lying at distances r,, r, r, ... r_ from point P (fig.). The
electrostatic potential at point P due to these charges is found by calculating
electrostatic potential P due to each individual charge, considering the other
charges to be absent and then adding up these electrostatic potentials
algebraically. The electrostatic potential at point P due to charge q,, when
other charges are considered absent,
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V= %
dne, T,

Similarly, electrostatic potentials at point P due to the individual charges

q,, 9,.--.9, (When other charges are absent) are given by
1 q2 . V 1 .q_3 .

V, = T = )
2 4me, T, : 4me, I,
1
....... V=
4me, T,
Hence, electrostatic potential at point P due to the group of n point charges,
V=V, +V,+V, + ... +V
-1 .&4‘ ! .&+ ! & ! .q”
Ane, r, 4me, 1, 4dmg, I, Ane, T,
1
SO s P .
g, \ 1, N r
1T &g
= V= 9
Ane, ‘T,

Ex. If infinite charges are placed at 1m, 2m, 4m, 8m...

. and so on and the

alternative charges are unlike, then find the potential at origin?

Sol. Then, (ﬂ_ﬂ+ﬂ_ﬂ+ ----- w]
4me,\1 2 4 8
= 1 (ﬂ+ﬂ+i+ ..... oo)—[ﬂ+ﬂ+----°0)
4ne, [\1 4 16 2 8
I O | O O
4n g, 1_1 2 1_1 4ne, 3
4 4

Potential Difference:
Work required to be done in moving a unit charge
from one point to the other in an electric field is
known as the potential difference between these
two points.
Thus, if W be work done in moving a charge q, form
B to A then the potential difference is given by-

V, -V, = w

%

(i) Its Sl units is volt.
(ii) This is a scalar quantity

S"‘ _ Concept Reminder

* It is not the actual value of
potential but the potential
difference that is physically
significant.
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(iii) Potential difference does not depend upon
Co-ordinate system

(iv) Potential difference does not depend upon
the path followed. This is, because electric
field is a conservative force field and work
done is conservative force field does not
depend upon path followed.

Ex. Infollowing figure, along which path the work
done will have maximum value in moving a
charge from A to B in the presence of other
charges.

I B

| MV

A
Sol. Work done will be same for all the paths.

[Since, the work done doesn’t depend upon

the path]

Ex. A charge 20mC is situated at the origin of
X-Y plane. What will be potential difference

between points (5a, 0) and (-3a, 4a)
Sol. Distance between (0, 0) & (5a, 0)

r,= 252’ +0 = 5a
v, = Xa
ba
Distance between (0, 0) & (-3a, 4a)

r,= v9a’+16a’ = 5a

kg
V2= a

Potential due to an Electric dipole:

Consider AB be an electric dipole of length 2a
and P’ be any point (OP’ = r) where we have to

find potential due to dipole.

Rack your Brain ﬂ

Four point charges -Q, —-q, 29
and 2Q are placed, one at each
corner of the square. Find the
relation between Q and q for
which the potential at the centre
of the square is zero.

Key Points \

+ Potential
+ Potentialdifference
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Potential at P’ will be V = [k_q _k_qj ..(1)
BP' AP’
Find : AP’ and BP’
Given AB = 2a
OP’ =r
AO =0B =a
Draw perpendicular from A and B on OP’ line.
AC L CP' & BD L OP'
OC =0D = acos®9
if r>>a
OP’ + OC = AP’
AP’ =r+acos6
Also OP’ — OD = BP’ = r—acos®0
Putting values in equation (1)
_ kg  kq
" (r—acos) (r+acos0)
1 ( 2aqcosO )
r’ —a’cos’0

= V=
4ne,

1 Pcos®
= V = 2 2 2
4ne, \r° —a“cos” 0

P = 2aq = dipole moment
pcos6
Amgyr?

for short dipole V=

Note : The electric dipole potential falls off as 12[
r

s"‘ _ Concept Reminder

\

¢ The electric dipole potential
falls off, at large distance, as 1/
r2, not as 1/r.

1
not as —j
r

68.



Relationship between electric potential and intensity of electric field:

AL S
(i v, =-|E.dr,
g ?.[ Sr‘ ~ Concept Reminder

+ If electric field equals zero at a
given point then potential V at
that point may or may not be
zero and vice-versa.

V, is an electric potential at any point A.

(i) Value of potential difference between two
points in an electric field is given by -ve
value of line integral of electric field intensity
ie.

(i) E=-VV

A (R R
ox oy~ ox
AR A .
ox % 0z Rack your Brain ﬂ
(iv) If Vis a function of position r only, then E = - L)
dr |n a region, the potential is
(v) For a uniform electric field, E = _AY andits representedbyV(x,y, 2)=6x - 8xy-
Ar 8y + 6yz, where V is in volts and
direction is along the decrease in the value X, ¥, z are in metres. The electric
of . force experienced by a charge

of 2 coulomb situated at point

Ex. Electric potential for a point (x, y, z)m is A.1,1)

given by V = 4x? volt. Electric field at point (1,

0, 2)m is
Sol. E = —d—V: — 8X
dx

at (1,0 ,2) E=-8V/m
.. Magnitude of E = 8V/m direction along-x axis.

Ex. Electric field is given by E = 1020 potential
X
difference between x =10 and x = 20 m.
Sol. E = —d—V = dV = -Edx
dx
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Potential difference = 5 volt.

1000 1500 500
+ +

Ex. The potential at a point (x, 0, 0) is given as V = ( 5
X X

Find out the electric field intensity at x =1 m?
20V 20V ~0V

Sol. .. E =— §V= —i——-j—-k—
OX oy 0z

or iE +jJE + KE =_?6_V_38_V_126_V

* Y ‘ ox "oy 0z

AN -
ox | oy oz

Comparing both sides

oV 0 | 1000 1500 5000
x T Al T T Ao + > T 3
OX OX| X X X
_ 1000 2x1500 3x5000
- X2 - NE - x*

For x =1, (E) = 5500 V/m

Ex. In the following fig, what will be the electric field intensity at r = 3.

For2<r< 4,V =5volts

E:_d_V:o
dr
D
—~ 4_
g 3+ | |
2 2f | |
= 1 I I
N N T N N O I
01 2 345678910
r(meter) ——
Note:
In the above problem, find out value of E at
r=6°?
at r,=7m V, =2 volt
at r,=5m V, =4 volt
E=— Vo= Vi =—[H]=1volt/metre
r,—r 7-5

X

3

)
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Ex.

Sol.

An oil drop ‘B’ has charge 1.6 x 107"°C and mass 1.6 x 107 kg. If the drop
is in equilibrium position, then what will be the potential diff. between
the plates. [The distance between the plates is 10mm]

For equilibrium, electric force = weight of drop
= gqE =mg
= q.X =mg
d

mgd 1.6x10™x9.8x10x107°

q 1.6x10™
V =1 x10* volt
[Formula gE = mg is often used when a
charged particle is in equilibrium in electric
field].

V =

Potential due to a uniformly charged shell:

Consider a uniformly charged shell. The radius

of shell is R and its total charge is g, which is Rack your Brain
uniformly distributed over the surface. The

electric field for such arrangement has already
been calculated in previous chapter.

(i)
(if)

For any point inside the shell, E=0

@

There is a uniformly charged non-
conducting solid sphere made of
material of dielectric constant

For any point outside the shell, E = 9 > one. If electric potential at infinity

Ameor be zero, then the potential at its
where ‘r’ is the distance of concerned point surface is V. If we take electric
from the centre of the shell. The electric potential at its surface to be
field is similar to that of a point charge. To zero, then find the potential at
calculate potential, we use the relation the centre.

between field and potential, dV = —E.dr

1.
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Potential at B

Put (—E.?r)
v q q r Y . q A
dr=- rdr ~E, =0E, = r
;[ 411:80I"2 4n80r2;[ { A B 471:80r'2
= Vs = d , For a point on surface, take r = R, so, Vaurface = —_
Amer Amer

Potential at A
using —E.dr, we have
dV =0 = V = Constant.

So, the potential at any point inside a uniformly charged shell is same
q .
Ame,r

everywhere. This will be equal to potential at surface. So, V, =

The above variation of electric field and potential can be represented
graphically as shown.

1 I — 0 [ (F—
dres’ \ 4mer \

Potential due to a group of concentric shells:

To calculate the potential due to a group of concentric shells, we can use
superposition principle. For any point, we can simply add the potentials due
to individual shells. Consider a pair of two uniformly charged concentric shells
having radii ‘a’ and ‘b’ and carrying charges q, and q, respectively let a < b.

(o
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We will calculate potential at three different points A, B and C. A lies inside
the inner shell B lies in the space between the two shells and C lies outside
the outer shell.

Potential at point C
OC =r, wherer > b.
As the point C, lies outside the outer shell potential at C due to outer shell

is V, = %
Amer
Similarly potential at C due to inner shell is V, = %
Ame,r

.

So, potential at C is V, = %t
Amer

Potential at point B
Let OB =r,wherea<r<b.
As the point B, lies inside the outer shell,

Potential at B due to outer shellis V, =

The point B lies outside the inner shell, the potential at B,

due to inner shellis V, = G
Amer
So, potential at Bis V; = % +L

4ne,r  4neb

Potential at point A
Let OA =r, such that r < a.
The point A lies inside the outer shell,
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d,

e

So, potential at A, due to outer shellis V, = 9%
4ne b
Similarly, potential at A, due to inner shellis V, = %
4neya
So, potential at Ais V, = % +L.

4neg,a  4neb

Potential due to uniformly charged non conducting sphere:

1. For point outside sphere (r > R)

E= Q 3
Amer

V= Q
Ame,r

2. For surface point (r = R)

__0Q
4me R?

__Q
°  4neR

3. For inside point (r <R)

__Qr
4mg R®
2 2
vo_2_ 3R_3r
4me,| 2R
Vcentre = g Q 2 = g VS
2{ 4neR 2 Vv

-------- °
Parabola
"""""" ; Hyperbola
E >r
R



3. Equipotential Surface

(i) These are the imaginary surface (drawn in an
electric field) where the potential at any point
on the surface has the same value.

(ii) No two equipotential surfaces ever intersect.

(iii) Equipotential surfaces are perpendicular to
the electric field lines

(iv) Work done in moving a charge from a one
point to the other on an equipotential surface
is zero irrespective of the path followed and
hence there is no change in kinetic energy of
the charge.

(v) Component of electric field parallel to
equipotential surface is zero.

(iv) Nearer the equipotential surfaces, stronger
the electric field intensity

Equipotential Surfaces for Some cases:
1. Point charge

2. Dipole

Rack your Brain ﬂ

Charge q, is at the centre of a
circular path with radius r. Find
out work done in carrying charge
g,, once around this equipotential
path.

Sr‘ _ Concept Reminder

« -

¢ Equatorial plane of a dipole is
also a equipotential surface at

which potential is zero.
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3. Two Equal Charges Separated by some distance

4. Uniform Electric Field

5. Uniformly charged infinitely long wire

+
+
+
B N
PEER N
4 - - -
5 - ~ .
e, .7 + -~ .
S . u 1
.~ ~ ~ PR Y
b E9S B A )
..---'F---’
+
+
+
+
+
+
J P i
L= - ==~ _|"~
| . eml==~s v
k4 i4 ~
72 X + o
kY .
e ~~__+_—’ .
D R T .-
..-------'
+
+
+
+

mi
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Ex.

Some equipotential surfaces are shown in figure. Find the correct
order of electric field intensity?

Sol. E,>E_>E,

Potential energy of charged particle in an electric field

(i)
(i)
(iif)

(iv)

Note: A
Circumference of the circle in above example Self potential energy for-
can be considered as equipotential surface (i) Uniformly charged conducting
and hence work done will be zero. sphere )
Q
POTENTIAL ENERGY OF SYSTEM 8me R
(i) The electric potential energy of a system of (ii) Uniformly charged
charges is the work that has been done in conducting sphere
bringing those charges from infinity to near 3[ Q2 ]
each other to form the system. =5 4mg R

Work done in moving a point charge from infinity to any point against
the electric field is defined as the potential energy of that point charge.
Potential energy of a charge of a point is equal to the product of
magnitude of charge and electric potential at that point i.e. P.E = qV.
Work done in moving a charge from one point to other in an electric
field is equal to change in it’s potential energy i.e. work done in moving
Q from
AtoB=qV, -qV,.
=U, - U,
V,
A

Work done in moving a unit charge from one point to other is equal to
potential difference between two points.

y
we<<

Sr‘ _ Concept Reminder
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(ii) If a system is given negative of its potential energy, then all charges will
move to infinity. This negative value of total energy is called the binding

energy.
(iii) (a) Energy of a system of two charges
e~ _1_ag,
4ne, d

& d 9.

(b) Potential Energy of a system of three charges

1 /9% , %% , %9
47580 r12 r23 r‘31

PE =

(c) Potential Energy of a system of n charges.

1 1 2 5 g
PE = —. ) —
2 4ng, ;q' ;ﬁj
i#]
g,
Mo s
a.” M3 ° 9
Note :

Method to find energy of a system of n charges.

(a) Find the PE of each charge relative to all other charges.

(b) Add these all

(c) Divide the addition by 2 and resultant will be the potential energy

of the system.

Work Done in an Electric Field:
(i) If electric potential at a point is V then Rack your Brain
potential energy (PE) of a charge placed at

@

that point will be qv. Four equal charges (q) are placed

(ii) Work done in moving a charge from A to B

at corners of a square of side

is equal to change is PE of that charge W, = L Find out potential energy of

work done from A to B
=PE, - PE,=q (V, - V,)

(iii) Work done in moving a charge along a closed
surface in an electric field is zero.

system.
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(iv) Total energy remains constant in an electric field i.e. KE, + PE, = KE_ +
PE,
KE = Kinetic energy
PE = potential energy

(v) A free charge moves from higher PE to lower PE state in an electric

field. Hence
(a) a positive charge will move from higher potential to lower potential

while,
(b) a negative charge will move from lower potential to higher potential
(c) Work done for displacement through r for a charge experiencing a
force F
W= F.F

Ex. What will be change in potential energy of q,, in moving it along CD for
the following fig.

O
Qs T
&
80cm
y q1 q'2 “"=A
Al—60cm—i B
f—80cm———

Sol. Potential energy of g, at C
[where g, = 2 x 107°C,
q,= 0.4 x10* C, g, = 0.2 x 108 C]

U =k {ﬂ+ﬂ
¢ 0.8 1

[ BC = 4/80% +60° cm = /10" cm
=102 cm = 1m]
Potential energy of g, at D,
u, =k 49 | 9%
0.8 0.2
1

1
U, = U = ka,q, [E_;}

=9 x10°x 4 x10°%x0.2x10"%x 4
= 2.88 x 10" Joule
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Ex. In the following fig, where the charge ‘q” must be kept, so that the

potential energy of the system will be minimum.?
«— 9cm ——>

q
[ _ O O
2q 8q
X < (9-x) >

Sol. Suppose the charge q is placed at distance x from 2q. Potential energy
of the system
U=k QOICI_2+ 899 _2+20|><8_<231
X x 10 (9-x) x 10 9 x10

For U to be minimum Z—)L(J = 0 which gives X = 3cm.

Ex. The charges of 10mc each are kept at three corners of an equilateral

triangle of 10cm side. What is the potential energy of the system?
2

2

sol. PEof1=uU ==+ 9, 1 @&
Ane, r  Ame, r

2 2

PEof2=u,= 2, 1 &
Ane, r  4dme, r

2 2

PEof3=u,=— 3, 1 &
4Ane, r  4mg, r

PE of system = % (U, +U,+U,)

.3 a
47t80' r
~ 3x9x10°x(10x107°)*
10x1072
Ex. A point charge +q is placed fixed at the

centre of a circle. What will be the amount
of work done in carrying a charge q’ from B

27 J.

to C in the fi .
o Cin the Tigure sf" _ Concept Reminder

C

v

¢ Work done in moving a charged
particle on equipotential surface
is zero.
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Sol. Zero, because circular path is a equipotential surface
Hence V, - V. =0
LSW=q (V,-V)=0

Ex. An electron (mass m, charge e) is accelerated through a potential difference of V volt.
Find the final velocity of electron.

sol. KE, = 0
PE, = eV,
KE, = 1/2 mv?
PE, = eV,

KE, + PE, = KE, + PE,

1
= O+eV1=5mv2+eV2

[When an electron is accelerated through potential difference ‘V’ the following formula

is generally used % mv? = eV]

Ex. Figures (a)and (b) show the field lines of a positive and negative point charge respectively.

°
Q

oA

eB

[a1 [b]
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Sol.

(a) Give the signs of the potential difference
V, = Vg Vg =V,

(b) Give the sign of the potential energy difference of a small negative
charge between the points Q and P; A and B.

(c) Give the sign of the work done by the field in moving a small positive
charge from Q to P.

(d) Give the sign of the work done by the external agency in moving a
small negative charge from B to A.

(e) Does the kinetic energy of a small negative charge increase or
decrease in going from B to A?

1 . . . .
(a) As V « = V, > V.. Thus, (V, - V) is positive. Also V, is less negative

than V,. Thus, V>V, or (V, - V,) is positive.

(b) A small negative charge will be attracted towards positive charge.
The negative charge moves from higher potential energy to lower
potential energy. Therefore the sign of potential energy difference
of a small negative charge between Q and P is positive. Similarly,
(P.E.), > (P.E), and hence sign of potential energy differences is
positive.

(c) In moving a small positive charge from Q to P, work has to be done
by an external agency against the electric field. Therefore, work
done by the field is negative.

(d) In moving a small negative charge from B to A work has to be done
by the external agency. It is positive.

(e) Due to force of repulsion on the negative charge, velocity decreases
and hence the kinetic energy decreases in going from B to A.
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EXAMPLES

Which of the following value of charge is not possible-
(1) 3.2x10C (2) 1.6 x10-2°C (3) 14.4%x10C (4) None of these

1.6 x 107?° C is not possible, because this is 1/10 of electronic charge and hence
not an integral multiple.

A Cu sphere of mass 2.0 g contains almost 2 x 1022 atoms. Given that value of

charge on the nucleus or each atom is 29e.

(a) How many electrons must be removed from this sphere to give it a charge
of +2C?

(b) Determine the fraction of electrons removed.

(c) Is there any change in mass of sphere when it is given positive charge?

(@) Number of electrons to be removed

(b) Total number of electrons in the sphere = 29 x 2 x 10?2= 5.8 x 102
Fraction of electrons removed.
Thus 216 x 10~° % of electrons are to be removed to give the sphere a
charge of 2C.

(c) Yes, mass decreases, when body is given a positive charge. decrease of
mass m = 9 x 107¥ x 1.25 x 10® =1125 x 107" kg

A polythene piece when rubbed with wool can it was found to have a negative
charge of value 3 x 107 C.

(a) Find the number of electrons get transferred (from which to which?).

(b) Can we say that there a transfer of mass from wool to polythene?

When polythene piece is rubbed against wool, a number of electrons is trans-
ferred from wool to polythene. Therefore, wool becomes +vely charged and
polythene becomes -vely charged.
Value of charge on the polythene piece,q= -3 x107C
Value of charge on an electron, e = -1.6 x 10™ C
No. of electrons that get transferred from wool to polythene = n
we can calculate ‘n’ using the relation, q = ne
=1.87 x 10™
So, the no. of electrons get transferred from wool to polythene =1.87 x 10™.
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(b) Yes. Mass will be also get transferred. This is because an e~ has mass,
me = 9.1 x 1073 kg

Total mass transferred to polythene from wool,

m =me x n =91x10"% x 1.87 x 10" = 1.702 x 1078 kg

Hence, a negligible amount of mass is transferred from wool to polythene.

Point out important differences between charge and mass?

(i) The force between two masses is always attractive whereas that between
two charges may be attractive or repulsive.

(ii) Charge on a body always remains constant and does not change with
speed of the body. But the mass of a body changes with speed according
to the following equation :

We know that mass changes with speed of body. Does motion of a body
changes the charge over it? What will happen to specific charge of than
particle as its speed increases?

No, motion of a body does not increase amount of charge over it. But specific

e
charge — reduces.
m

A soap bubble is given negative charge. What happens to its radius?

Due to repulsive force radius increases.

The electrostatic force of repulsion between two equal positively charged
ions is 3.7 x 10-°N, when they separation of 5 A between them. How many
electrons are missing from each ion?
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Given, F = 3.7 x 10° N; r=5A=5x%x10""m
Let number of electrons removed to form each positive ion = n.
So, charge on each positive ion g, =q,=n x1.6 x 107 C

1 9x10° 1.6 x107)?
1 9% o 37x10-g= 2X10°x(Nx16x107)
4ne, r (5x107°)

Now, F =
so,n=2
Force F is acting between two charges when they are in air. If we place a

sheet of glass (e = 6) between these two charges completely fill space be-
tween them. What will be the force?

Two-point charges q, and q, (both of same sign) and mass m are placed such
that gravitation attraction between them balances the electrostatic repul-
sion. What type of equilibrium is present in this case?

Ka, g, _ Gm’
2

r r’

In given Illustration: =

As per the condition given, we can see that irrespective of distance between
them charges will remain in equilibrium. If now distance is increased or de-
creased, then there is no effect in their equilibrium. Therefore, it is a neutral
equilibrium.

Two-point charges 1 unit and 5 unit are separated by a certain distance.
What will be ratio of forces acting on these two.

Both the charges will experience same force so ratiois1:1as F,, = F_,
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Two small charged metallic spheres carrying charges of 40 pC and —20 pC and
are placed at some distance apart. They are touched and kept at the same
distance. Find the ratio of the initial to the final force between them.

Since only magnitude of charges are changes that’s why
F_ 99, _40x20_ 8
F, 94,9, 10x10 1

Foeaqq, =

Three equal charges each +Q, placed at the corners of on equilateral triangle
of side a what will be the force on any charge.

Suppose net force is to be calculated on the charge which is kept at A. Two
charges kept at B and C are applying force on that particular charge, with
direction as shown in the figure.

Fe Fe
60°
A& +Q
“60° *
Qg 2 C
B C
Q2
Since F, =F, =F=k=-
a
SO, Fret = \/ng +F2 + 2F,F. cos60
Fre =V3F (Vertically upward direction)
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Four equal charges Q are placed at the four corners A, B, C, D of a square of
length a. Find the magnitude of the force on the charge at B.

Fe
A FD
+ + F
A?(% """""""" 9‘; ——F.
(DY A — e C
+Q

Resultant force on charge at B is-

Fo=Fc+F = JFj +F2 +F,

kQ> . kQ?
F,.=F. = Since and F, =
A c a2 D (a\/a)z

F

net

:JE;QQ L kQ? =ij(\/§+1)= Q2 (1+2J§j

2a> a 2) 4nga’ 2

ABC is a right-angle triangle in which AB =3 cm, BC =4 cm and ZABC = g

The three charges +15, +12 and - 20 e.s.u. are placed respectively on A, B and
C. Find the force acting on B.

Net force on B F,, = +F. +FZ

A .\+15 esu
3cm |
F " C
B R —— ® _90 esu
+12 esu 4 cm
Fnet FA +FC
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15 x12
* Ty

12 %20
©T @y
F... =25 dyne

=20dyne

=15dyne

How should we divide a charge ‘Q’ into two parts to get maximum force of
repulsion between them?

Let g and Q — q be the two parts F = Lq(Q—;q)
rme, r
For maximum F, ﬁ=Oor LQ_—f‘*:O or q:9
dq 4ne, r

Hence Q must be divided in two equal parts.

Force F is acting between two charges. If a sheet of glass
(&, =9) is placed between the two charges, what will be the force.

1 1 F_F
q1§12 or F'=—@:_=—
Anese I e 9

r

F=
Ane, 1

Calculate the electric field at origin in (a) & (b), due to infinite number of
charges as shown in figures below.

0 : g
1 & 1
1 1 ka.1 4kq
E,=kq|-+—+—+—-———— =
@ E q[1 16 } (1-1/4) 3
[As, Sw=i ,a=1andr=l]
-r 4
1T 1 1 kg.1 4kq
b E =k -_——t - — — = =
() E qL 4 16 } (1-(=1/4) 5
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A charged particle is in equilibrium between the plates of Millikan oil drop
experiment in the electric field. If the direction of the electric field between
the plates is reversed, then find acceleration of the charged particle.

Let mass of the particle is m,

Charge on particle is q

Intensity of electric field in between plates is E,

Initially mg is equal to qE

When direction of field is reversed then ma = mg + gE = ma = 2mg
Hence, Acceleration of particle is 2g

Find the value of electric field intensity E that would be just sufficient to bal-
ance the weight of an e-. Consider that this electric field is due to a second
e~ located below the first one then find the distance between them?

[Given that: charge of e- = —1.6 x 107"° C, mass of e~ = 9.1 x 10> kg and g = 9.8
m/s?]

Since, force on a charge e~ in an electric field E

F. | eE
A® —e l E
W
mg
(A)
F.=eE
So according to given problem,
F,=W = eE=mg
-31
= g=ME_921x10 x98 _5g7,90m Y
e 1.6x10 m
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Since, this intensity E is due to another electron B, located at a distance r

below A.
A@ -e

r

B -e
(B)
9 -19
E_ 1 %:) e So, r = 9x10 ><1.6>:30 _5m
4meg, r 4me,E 5.57x10

A solid metallic sphere is placed in a uniform electric field. Then which of the
lines A, B, C and D shows the correct path and why?

Path (A) is incorrect as lines of force do not start or end normally on the
surface of a conductor. Path (B) and (C) are incorrect as lines of force does
not exist inside a conductor. Also lines of force are not perpendicular to
the surface of conductor. Here, path (D) represents the correct situation as
lines of force are normal to surface and does not exist inside the conductor.

_E.
— A
— B
C

—M_’_D

The electric field in a region is given by E = %EOT + gon with E, = 2.0 x 10°

N/C. Determine the electric flux of this field through a rectangular surface of
area 0.2 m? parallel to the Y-Z plane.

2

3 N—-m

= = > 4_= 2
Flux=E-§ = [€E0| +EEOJ) (0217) = 240
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Suppose a point charge q is placed at the centre of a cube. Find the flux
linked (a) with the cube? (b) with each face of the cube?

(@) According to Gauss’s law electric flux linked with any closed body is (1/e)
times the total charge enclosed and here the closed body cube is enclosing
a charge q so,

total flux ¢, 1 q
80
(b) Since, cube is a symmetrical body with six faces and a point charge is
placed at its centre, so flux linked with each face will be ¢ = %((bT) = 61
80
Note:
(i) In this case, flux linked with cube or one of its faces is not dependent on
the side of cube.
(ii) If charge is not placed at the exact centre of cube (but anywhere inside it),
total electric flux will not change, but the flux linked with different faces
will be different.

If a point charge q is placed at one corner of a cube, what is the flux linked
with the cube?

Here, after placing three cubes at three sides of cube and four such cubes
above, the charge will come in the centre. Therefore, the flux linked with each

cube will be one-eight of the flux a.

€9

.. Flux associated with given cube =4

€o

If charges % and 2q are placed at the centre of face and at the corner, of a

cube. Then find the total flux through cube.

Flux through cube, when 9is placed at the centre face, is ¢, = 9/2 _ 4
2 2e, 4e,
Flux through cube, when 2q is placed at the corner of cube, is ¢, = 29 _ 4
8¢, 4g,
Total flux =¢, + ¢, = Q.49 _19

4e, 4g, _55
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A square of side 20 cm is enclosed by a surface of sphere of 80 cm radius.
Square and sphere have the same centre. Four charges + 2 x 10 C, — 5 x 10~°
C,—-3x10-°C, +6 x 10-° C are placed at the 4 corners of a square, then out
going total flux from spherical surface in N-m?/C will be

Since, ¢y, =(2x10°-5x10°-3%x10°+6x10°)=0

enc.

So, Charge, enclosed is zero.

Consider an isolated infinite sheet contains charge Q, on its one surface and
charge Q, on other surface then prove that electric field intensity at a point in
front of sheet will be , where Q = Q, + Q,

Electric field at point P :

Q|
P Q. Q.
2Ag, 2Ag,
E=E, +E, = —2 A + —2 5
! * 2Ag, 2Ag,
_Q+Q. _ Q o
2Ag, 2Ag,

An infinite line charge produces a field of 9 x 10* N/C at a distance of 2 cm.
Calculate the linear charge density.

Electric field due to the infinite line charges at a distance d having linear

charge density lis E = ;A=2n¢g, dE

2n g,

where value of d is 2 cm or 0.02 m;
value of electric field is 9 x 10* N/C
€, = permittivity of free space
1 0.02x 9x10*

= 9x10°Nm2C-2; A=

s— =10uC/m.
4n g, 2x9x10
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A point charge placed at any point on the axis of an electric dipole at some
large distance experiences a force F. Find the force acting on the point
charge when it’s distance from the dipole is doubled.

Force acting on a point charge in dipole field varies as F oc — where r is the
r

distance of point charge from the centre of dipole. Hence if r makes double

F
so, new force F' o g

In certain region of space, electric field is directed along the z direction in
whole space. The magnitude of electric field is not constant but increases
uniformly along the positive z-direction, at the rate of 10° N C-' per metre. Find
the force and torque experienced by a system having a total dipole moment
equal to 1077 Cm in the negative z-direction?

The dipole moment of the system is, p = q x dl = =107 C m.

The rate of increase of electric field per unit length, i—lf =10"NC™.

Then, force (F) experienced by this system is

F=qE
dE dE
F=q2E . gl=px2E
R TR aT]

So, F=-10"7x10"°=-102N

The force is 1072 N in —ve z-direction i.e., opposite to electric field direction. There-
fore,

the angle between electric field and dipole moment is 180°.

Torque (1) is © = pE sin180° =0

Hence, the torque experienced by the system is zero.

An electric dipole with dipole moment 4x10-° C m makes an angle 30° with the
direction of a uniform electric field having magnitude 5 x 10* NC-'. Determine
the magnitude of the torque acting on the dipole. Also find out work required
to rotate the dipole to make angle 902 with the direction of the electric field.

107N m, W, = AU = V3 x10-4.
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An electric dipole of moment p is placed normal to the lines of force of

electric intensity E , then find the work done in deflecting it through an
angle of 180°.

270
Work done = IQO PEsin® d6 =[-pEcos 0]’ =0

The distance between the two charges +q and -q of a dipole is r. On the axial
line at a distance d from the centre of dipole, find the intensity. (d>>r)

Field along the axis of the dipole,
_ 1 .2_p: 1 .2(qxr);EOC£
4ne, d®  4ng, d’

An electron and a proton are at a distance of 1 A. Find the moment of this
dipole (cm).

p=qgx(2l)=16x10" x 107 =1.6 x 1072 C-m

A molecule having a dipole moment p is placed in an electric field of strength E.
At start the dipole is aligned parallel with the field. If the dipole has to be rotated

to be in anti-parallel with the field, bodies the work has to be done by an external

agency?

W =PE(1-cos0) here, 0 =180°
PE = (1-cos180°) = 2PE.
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