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ELECTRIC CHARGE

Charge is something associated with matter due to which it
produces and experiences electric and magnetic effects.

There are two types of charges :

(i) Positive charge and (ii) Negative charge

Positive and negative charges : Positive charge means the
deficiency of electons while negative charge means excess of
electrons. In any neutral body the net charge is equal to zero
i.e., the sum of positive charges is equal to the sum of negative
charges.
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Charge is a scalar quantity and its SI unit is coulomb (C).
CONDUCTORS AND INSULATORS

The materials which allow electric charge (or electricity) to

flowfreely through them are called conductors. Metals are very
good conductors of electricity. Silver, copper and aluminium are
some of the best conductors of electricity. Our skin is also a
conductor of electricity. Graphite is the only non-metal which is a
conductor of electricity.

All metals, alloys and graphite have 'free electrons', which can
move freely throughout the conductor. These free electrons make
metals, alloys and graphite good conductor of electricity.

Aqueous solutions of electrolytes are also conductors.

The materials which do not allow electric charge to flow through
them are called nonconductors or insulators.

For example, most plastics, rubber, non-metals (except graphite),
dry wood, wax, mica, porcelain, dry air etc., are insulators.

Insulators can be charged but do not conduct electric charge.
Insulators do not have 'free electrons' that is why insulators do
not conduct electricity.
Induced charge can be lesser or equal to inducing charge (but
never greater) and its max. value is given by
Q'=-Q (1 — 1/k), where 'Q" is inducing charge and 'K' is the
dielectric const. of the material of the uncharged body.

For metalsk=00 = Q'=-Q.

Electric Charges
and Fields

METHODS OF CHARGING

(i) By friction : Byrubbing two suitable bodies, given in box
one is charged by +ve and another by —ve charge in equal

amount.
tve —ve
Glass rod Silk
Fur Ebonite rod
Dry hair Comb
Wool Amber
Note i Note : Electric charges remain confined only to the

rubbed portion of a non-conductor but in case of a conductor,
they spread up throughout the conductor.

(ii) By conduction : Charging a neutral body by touching it
with a charged body is called charging by conduction.

e Itisimportant to note that when the bodies are charged
by conduction, a charged and an uncharged bodies
are brought into contact and then seperated, the two
bodies may or may not have equal charges.

e Ifthe two bodies are identical the charges on the two
will be equal.

o Ifthe twobodies are not identical, the charges will be
different.

e The potential of the two bodies will always be the same.

(ili) By induction : Charging a body without bringing it in
contact with a charged body is called charging by

induction.
A +++  _ - B+
1+ - B i
++t = H v
% e
~
L

First rearrangement of charge takes place in metal rod B.
When the rod B is connected to earth, electrons flow from
earth to the rod B thus making it -vely charged
The magnitude of elementary positive or negative charge
(electron) is same and is equal to 1.6 x 1019 C.



Properties of Electric Charge
(1  Similar charges repel and dissimilar charges attract each

other.
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In rare situation you may find similar charged bodies
attracting each other. Suppose a big positive charged body
is placed near a small positively charged body then because
of induction, opposite charge produced on the small body
makes it to attract the other body.

(i) A charged body attracts light uncharged bodies, due to
polarisation of uncharged body.
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+
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Fig : When a positively charged balloon is placed in
contact with the wall, an opposite charge is induced with
the wall, the balloon stick to the wall due to electrostatic
attraction

(@ii)) Charge is conserved i.e., the charge can neither be created
nor be destroyed but it may simply be transferred from one
body to the other.
Thus we may say that the total charge in the universe is
constant or we may say that charges can be created or
destroyed in equal and opposite pair. For example
y(Energy >1.02MeV) —— ¢+ e

Electron Positron
(Pair-production process)
e  Positron is an antiparticle of electron. It has same mass
as that of electron but equal negative charge.

e~ +e" ——y (Pair-annihilation process)

(iv) Charge is unaffected by motion. This is also called charge
invariance with motion
Mathematically, (q)at rest (q)in motion

(v)  Quantisation of charge. A charge is an aggregate of small
unit of charges, each unit being known as fundamental or
elementary charge which is equal toe = 1.6 x 1019 C. This
principle states that charge on any body exists as integral
mutliple of electronic charge.
i.e. ¢ = ne where n is an integer.
According to the concept of quantisation of charges, the
charge g cannot go below e. On macroscopic scale, this is
as good as taking limit q, — 0.

Quantisation of electric charge is a basic (unexplained) law
of nature. It is important to note that there is no analogous
law of quantisation of mass.

Recent studies on high energy physics have indicated the
presence of graphs with charge 2e/3, e/3. But since these
cannot be isolated and are present in groups with total charge,
therefore the concept of elementary charge is still valid.

COULOMB’'S LAW

The force of attraction or repulsion between two point charges
(q; and q,) at finite separation (r) is directly proportional to
the product of charges and inversely proportional to the square
of distance between the charges and is directed along the line
Jjoining the two charges.
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where ¢ is the permittivity of medium between the charges.

If g is the permittivity of free space, then relative permittivity of
medium or dielectric constant (K), is given by
g, (or K)= £
€o
The permittivity of free space
£ =8.86x10712 C*N"'m™

1 1

and = >=9x10°Nm*C 2,
4meg  4x3.14x8.86x10”
Also =1 in CGS system of unit.
g
Coulomb’s law may also be expressed as
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Therefore we can conclude that the force between two

charges becomes 1/K times when placed in a medium of
dielectric constant K.
The value of K for different media

Medium Dielectric Constant (K)
Air 1.006
Vacuum 1.00
W ater 1.00026
Mica 3to 6
Metals 0




Dielectric : A dielectric is an insulator. It is of two types -
(1)  Polar dielectric and
(i)  Non-polar dielectric.

Significance of Permittivity Constant or Dielectric Constant :
Permittivity constant is a measure of the inverse degree of
permission of the medium for the charges to interact.

Dielectric strength : The maximum value of electric field that can
be applied to the dielectric without its electric breakdown is called
its dielectric strength.

Difference between electrostatic force and gravitational force :

Electrostatic force Gravitational force
1. Much stronger 1. Much weaker as compared
to electrostatic force
2. Can be attractive 2. Only attractive
or repulsive

3. Depends on the nature of | 3.
medium between charges

Does not depend on the
nature of medium
between masses

Note . Both electric and gravitational forces follow inverse

square law.

Vector Form of Coulomb’s Law :

Flo= I q9—_ 1 Cllclzf
2= 3 12_47[801( 2 12

SUPERPOSITION PRINCIPLE FOR DISCRETE CHARGE
DISTRIBUTION FORCE BETWEEN MULTIPLE
CHARGES

-
---. I

Discrete charge ~ - - - *
distribution Tyq

The electric force E on ¢, due to a number of charges placed in
air or vacuum is given by

p_ a1 9%, 49,
| = I, = f, + T3 + o
4me, izl 12 4me 2 2
0=l 1 oL 'z 13

Noten. Coulomb's law is valid if r>107'> m and if charges
are point charges

FORCE FOR CONTINUOUS CHARGE DISTRIBUTION

A small element having charge dq is considered on the body. The
force on the charge q is calculated as follows :

= 1 d
dF1 = N9
47[ EO rz
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Now the total force Fy is calculated by integrating dF; under
proper limits.

i, Fi = [dFi = lojqﬁqf— G [99;

4m € _47[60 r

wheref is a variable unit vector which points from each dq,
towards the location of charge q; (where dq is a small charge
element)

Types of Charge Distribution

(i) Volume charge distribution : Ifa charge, Q is uniformly
distributed through a volume V, the charge per unit volume
p (volume charge density) is defined by

p= % ; p has unit coulomb/m3.

dQ=pdV (1~ :
1 dq « —— Total charge is
: \6 .. uniformly distributed
RV in a cube

(ii) Surface charge distribution : If a charge Q is uniformly
distributed on a surface of area A, the surface charge density
o, is defined by the following equation

o= g, o has unit coulomb / m?

A
Total charge Q, which
is uniformly
dQ=0cdA distributed over disc

iy

(iii) Linear charge distribution : If a charge q is uniformly
distributed along a line of length A, the linear charge density
A, is defined by

A= % , A has unit coloumb/m.

dl
Total charge Q uniformly
Q  distributed in a tube

e  Ifthe charge is non uniformly distributed over a volume,
surface, or line we would have to express the charge
densities as

_do _do , _do
dv dA dl
where dQ is the amount of charge in a small volume, surface
or length element.
e In general, when there is a distribution of direct and
continuous charge bodies,we should follow the following
steps to find force on a charge q due to all the charges :



(1) Fix the origin of the coordinate system on charge q.

(2) Draw the forces on q due to the surrounding charges
considering one charge at a time.

(3) Resolve the force in x and y-axis respectively and

find *F, and 2F,

(4) Theresultant force is F =, [(ZFX)2 +(XF), )2 and the

Fx

direction is given by tan0 =
y
Calculation of electric force in some situations :
(a) Force on one charge due to two other charges :
Resultant force on q due to q, and g, are obtained by
vector addition of individual forces

qr

Flﬂ\ E

+q >

[F|=IEP+IB P
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The direction of F is given by tan 0 = | - |

2

(b) Force due to linear charge distribution :
Let AB is a long (length /) thin rod with uniform
distribution of total charge Q.

dx
| m |<B_a_>-q
AT dQ

I\ X 7

We calculate force of these charges i.e. Q on g which
is situated at a distance a from the edge of rod AB.

Let, dQ is a small charge element in rod AB at a distance
x fromq.

The force on q due to this element will be

gro_9 dQ _q pdx
47580 X2 47[80 X2

where p is linear charge densityi.e., u=Q/ /.

l+a l+a

so, F= { dF = { e x

q n
.—de

l+a

= 4qu —de newton
T & a X

Keep in Memory

1. When the distance between the two charges placed in
vacuum or a medium is increased K-times then the force
between them decreases K2-times. i.e., if F, and F be the
initial and final forces between them, then

F

— o
KZ

2. When the distance between the two charges placed in
vacuum or a medium is decreased K-times then the force
between them increases K2-times. i.e., if F, and F be the
initial and final forces then

F=K’F,

3. When a medium of dielectric constant K is placed between
the two charges then the force between them decreases by
K-times. i.e., if F and F be the forces in vacuum and the
medium respectively, then

F

Fol
K

4. When a medium of dielectric constant K between the
charges is replaced by another medium of dielectric constant
K' then the force decreases or increases by (K/K') times
according as K' is greater than K or K' is less than K.

Example 1.
Ifwe supply a charge to a soap bubble then it will expand.
Why?

Solution :
Since we know like charges repel and try to get away from
each other which is at outer surface of the conductor. So a
soap bubble expand.

Example 2.

Calculate the net charge on a substance consisting of

(@) 5 x 10'* electrons (b) a combination of 7 x 1013

protons and 4 x 1013 electrons.

Solution :

(a) The charge of one electron is —1.6x1071°C. So net
charge on a substance consisting of 5 x 10! electrons
is
5% 1014 x (~1.6 x 10719C) = -8 x1073C = —80puC.

(b) Similarly the net charge on a substance consisting ofa
combination of 7 x 1013 protons and 4 x 1013 electron
is
[7x108 x(1.6x107° C)]+[4x10"3 (-1.6x107" —C]
=+4.8puC.

(- the charge on one proton is + 1.6 x 101°C)
Example 3.

Two protons in a molecule is separated by a distance

3 x 10719 m. Find the electrostatic force exerted by one

proton on the other.

Solution :

—>3x107"m <«—
0 0

~19 -19
1.6x10 C 1.6 x10 C




According to coulomb’s law, the electrostatic force F
between two charges q,; and q,, which are seperated by
distancer is

b1 99,
47'580 r2

Here,q;=q,=1.6 x1071°C,r=3x10"""m

o (1.6x1071%)2
9x1072°

s0, F=9x1 =2.56x107C (Repulsive)

Example 4.
When a piece of polythene is rubbed with wool, a charge
of 2 x 1077 C is developed on polythene. What is the
amount of mass, which is transferred to polythene?
Solution :

No. of electrons transferred, n = 4
e

Mass transferred = m, xn =m, x [gj
e
=7
=9.1x107" x Lolg
1.6x10~

=11.38x107" kg

Example 5.
Two negative charges of unit magnitude each and a
positive charge q are placed along a straight line. At what
position and for what value of q will the system be in
equilibrium? Check whether it is stable, unstable or
neutral equilibrium?

Solution :
Let the charge + g be held at a distance x, from unitnegative
charge at A, and at a distance x, from unit negative charge

atB.
-1 +q -1
A ) B
K X, Pt X, »
-1 -1
For equilibrium of q, b a( )2

47taox12 4neyXxy
.. X| =X, i.e. ¢ must be equidistant from A and B.

For equilibrium of unit negative charge at B.

Force on B due to charge at A + force on B duetoq=0

(=D (D at=b__,
4ne,(xg +x2)2 47[80)(%
= 1 _ —(—CI) ( X| = XZ)

4me,(2x,)°  4me x’
1. 1 . . .
q= 1 ie. Zth of the magnitude of either unit charge.

Stability : 1f q is displaced slightly towards A, force of
attraction due to A exceeds the force of attraction due to B.
Therefore, q will get displaced further towards A. Hence
the equilibrium of q is unstable.

However, if q is displaced in a direction L to A, net force
would bring q back to its normal position. Therefore, the
equilibrium will be stable.

Example 6.
Four identical point charges each of magnitude q are
placed at the corners of a square of side a. Find the net
electrostatic force on any of the charge.

Solution :
Let the concerned charge be at C then charge at C will
experience the force due to charges at A, B and D. Let these

forces respectively be FA , FB and FD thus forces are given as

A B
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Example 7.
Electric force between two point charges q and Q at rest is
F. Now if a charge — q is placed next to g what will be the
(a) force on Q due to q (b) total force on Q ?
Solution :
(a) As electric force between two body interaction, i.e., force
between two particles, is independent of presence or
absence of other particles, the force between Q and q
will remain unchanged, i.e., F.
(b) An electric force is proportional to the magnitude of
charges, total force on Q will be given by

F' Qg q _0
—:—:—:—:O " — +(— :0
F Q4 4q q [asq'=q+(~q)=0]

i.e., the resultant or total force on Q will be zero.

ELECTRIC FIELD

The space around an electric charge, where it exerts a force on
another charge is an electric field.

Electric force, like the gravitational force acts between the bodies
that are not in contact with each other. To understand these
forces, we involve the concept of force field. When a mass is
present somewhere, the properties of space in vicinity can be
considered to be so altered in such a way that another mass



brought to this region will experience a force there. The space
where alteration is caused by a mass is called its Gravitational
field and any other mass is thought of as interacting with the
field and not directly with the mass responsible for it.

Similarly an electric charge produces an electric field around it
so that it interacts with any other charges present there. One
reason it is preferable not to think of two charges as exerting
forces upon each other directly is that if one of them is
changed in magnitude or position, the consequent change in
the forces each experiences does not occur immediately but
takes a definite time to be established. This delay cannot be
understood on the basis of coulomb law but can be explained
by assuming (using field concept) that changes in field travel
with a finite speed. (= 3 x 10% m / sec).

Electric field can be represented by field lines or line of force.
The direction of the field at any point is taken as the direction of
the force on a positive charge at the point.

Electric field intensity due to a charge q at any position

—_
(1) from that charge is defined as F
E = F o
9o r

E(r)= Limit—= 1 9¢

q—0 q, 4me 2 q

(0]
where F is the force experienced by a small positive test charge

qg due to charge q. Its SI unit is NC!. It is a vector quantity.
Ifthere are more charges responsible for the field, then

F-F+B+Eto.

where E{, E, g, ........ are the electric field intensities due to
charges q;, gy, q3 - respectively.
ELECTRIC LINES OF FORCE

These are the imaginary lines of force and the tangent at any
point on the lines of force gives the direction of the electric field
at that point.

Properties of Electric Lines of Froce

(1)  The lines of force diverge out from a positive charge and
converge at a negative charge. i.e. the lines of force are
always directed from higher to lower potential.

/

| e—r

(i) The electric lines of force contract length wise indicating
unlike charges attract each other and expand laterally
indicating like charges repel each other.

(@iii) The number of lines that originate from or terminate on a
charge is proportional to the magnitude of charge.
o lal - N
e, =
lg21  Nj
(iv) Two electric lines of force never intersect each other.
(v) Theybegin from positive charge and end on negative charge
i.e., they do not make closed loop (while magnetic field
lines form closed loop).

(vi) Where the electric lines of force are
(a) close together, the field is strong (see fig.1)
(b) farapart, the field is weak (see fig.2)

Electric field lines

> < Strong field

S
S.

Fig. 1

S

<+— Weak field
Fig. 2

Y VY

(vii) Electric lines of force generate or terminate at charges
/surfaces at right angles.

Fixed point charge
near infinite metal plate

Electric Field for Continuous Charge Distribution :

If the charge distribution is continuous, then the electric field
strength at any point may be calculated by dividing the charge
into infinitesimal elements. If dg is the small element of charge
within the charge distribution, then the electric field dE at point
P at a distance r from charge element dq is

JE =L 4}

4ne 2



Non conducting sphere (dq is small charge element)

. Continuous’
»charge
distribution

dg = Adl (line charge density)
= o ds (surface charge density)

= pdv (volume charge density)
The net field strength due to entire charge distribution is given

by

S
4ne 7 2
where the integration extends over the entire charge distribution.

Note . Electric field intensity due to a point charge g, at a
distance (r, +r,) where r, is the thickness of medium of dielectric
constant K, andr, is the thickness of medium of dielectric constant
K, as shown in fig. is given by

q.l
Ky Ky
E-_1 g

S (5 Ky K )

CALCULATION OF ELECTRIC FIELD INTENSITY FOR
A DISTRIBUTION OF DIRECT AND CONTINOUS
CHARGE

1. Fix origin of the coordinate system where electric field
intenstiy is to be found.

2. Draw the direction of electric field intensity due to the
surrounding charges considering one charge at a time.

3. Resolve the electric field intensity in x and y-axis
respectively and find ZE, and ZEy

4 The resultant intensity isE=,/(ZE,)*+(ZE,)’

ZEy

X

andtan6 = where 6 is the angle between E and

X-axis.

5 Tofindthe force acting on the charge placed at the origin,
the formula F = gE is used.

Energy density : Energy in unit volume of electric field is called

energy density and is given by u :%SOEZ,

where E = electric field and €= permitivity of vacuum

Electric Field due to Various Charge Distribution :
() Electric Field due to an isolated point charge

— X —
E:ki [ g
X2 +q P

vmj

(i)  Acircular ring of radius R with uniformly distributed charge

ek AR
(R + X ) + R “‘+ —_—
+ +—e

When x>>R, E = k> A T
X S

[The charge on ring behaves o

as point charge]

E is max when x—+i Also E -9
—\/E ) max 6\/§1I80R2

(iii) A circular disc of radius R with uniformly distributed
charge with surface charge density o

+

+ -,

T E
T N

+ = p

+,

g 2kQp, x|\ o x
R x@+R?] 28| x24R2
(iv) An infinite sheet of uniformly distributed charges with
surface charge density o

+  + 4+
+ o+ + _?
+ o+ o+ p
c
E=—
280

(v) Afinite length of charge with linear charge density 2,

+ 4+ + 4+ + + + + +
<
“Q K
g
‘\
+|
o

E, :k—k[sinoc+sin[3] and E, :%[COSG—COSB]
X



(vi)

(vii)

Special case :
) T
For Infinite length of charge, oo =3 = 5

2kA
Ex :T and Ey :0

Due to a spherical shell of uniformly distributed charges
with surface charge density o

Q t4¢
+ + g
@A E NG
+ + 5 s
" <R~> >X
E,=0(x<R)
L2 _° (-
Esurface_ F_g (x=R)
0
Eout:k_2
X

Due to a solid non conducting sphere of uniformly
distributed charges with charge density p

E

E,

centre —

0

E 2

surface =
R 2

(viii) Due to a solid non-conducting 1

cylinder with linear charge denisty

20X
Eaxiszo’ Ei, =k R2 >
2\ 2A
Esu.rface =k— ) Eout =k—
R X
1
1
In above cases, k =
4 g

Keep in Memory

Ifthe electric lines of force are parallel and equally spaced,
the field is uniform.
IfE and E be the electric field intensity at a point due toa
point charge or a charge distribution in vacuum and in a
medium of dielectric constant K then

E=KE,
IfE and E' be the electric field intensity at a point in the two
media having dielectric constant K and K' then

E' K'

E K
The electric field intensity at a point due to a ring with
uniform charge distribution doesn't depend upon the radius
of'the ring if the distance between the point and the centre
of the ring is much greater than the radius of the ring. The
ring simply behaves as a point charge.
The electric field intensity inside a hollow sphere is zero

but has a finite value at the surface [: K—?) and outside it
K R

(= —S ; X being the distance of the point from the centre of
X

the sphere).

The electric field intensity at a point outside a hollow sphere
(or spherical shell) does not depend upon the radius of the
sphere. It just behaves as a point charge.

The electric field intensity at the centre of a non-conducting
solid sphere with uniform charge distribution is zero. At
other points inside it, the electric field varies directly with
the distance from the centre (i.e. E oc x; x being the distance
of the point from the centre). On the surface, it is constant
but varies inversely with the square of the distance from

1
the centre (i.e. E oc - ). Note that the field doesn't depend

on the radius of the )éphere for a point outside it. It simply
behaves as a point charge.

The electric field intensity at a point on the axis of non-
conducting solid cylinder is zero. It varies directly with the
distance from the axis inside it (i.e. E oc x). On the surface, it
is constant and varies inversely with the distance from the

. . e 1
axis for a point outside it (i.e. E oc —).
X

MOTION OF A CHARGED PARTICLE IN AN ELECTRIC
FIELD
Let a charged particle of mass m and charge q be placed in an

uniform electric field E , then electric force on the charge particle

1S

Rl

qE

.. acceleration, a =-— (constant)
m

@)

(b)

©

The velocity of the charged particle at time t is,

v=u-tat=at= =y (Particle initially at rest)
m

orv= ﬂt
m
. . 1 o, 1gE 5
Distance travelled by particleis S = 5 at” = E_t
m

1 q2E%t?
Kinetic energy gained by particle, K = 5 my? =

2m



If a charged particle is entering the electric field in perpendicular
direction.

YA
E4
P(x,y)
O —_— \X
IR

Let E = E} and the particle enters the field with speed u along
X-axis.

. . E
Acceleration along Y-axis, a,, = =
m
The initial component of velocity along y-axis is zero. Hence the
deflection of the particle along y-axis after time t is

1 qE 2 1 2
=u,t+—. —t"=0+—at";
A ™ 27
1 qE » .

=—.—t .

Y 2 m ®
Distance covered by particle in x-axis,
x=ut .. (i) (- acceleration a, = 0)
Eliminating t from equation (1) & (ii),

2
_9E x 2
y= 2m 2 1.e. yocx”.

This shows that the path of charged particle in perpendicular

field is parabola.

If the width of the region in which the electric field exists be ¢

then

(1) theparticle will leave the field at
a distance from its original path
in the direction of field, given by

_qE 02
o2

- 2m . u
@) The particle will leave the region in the direction of the
tangent drawn to the parabola at the point of escape.
(@ii)) The velocity of the particle at the point of escape is given
by

V=4,V§ +v2, where vy =u and

_ _ 0. 9E
vy —uy+ayt—0+;t
S ()
m mu ' u

2
Lv=,fut 9EL
mu

(iv) The direction of the particle in which it leaves the field is
given by
v E E
tang=—" =4 4 = q—i
Vx mu.u mu

= 0=tan"! (ﬂij
mu

Example 8.
Point charge q moves from point P to point S along the
path PORS (as shown in fig.) in a uniform electric field
E pointing co-parallel to the positive direction of X-axis.
The coordinates of the points P, O, R and S are (a, b, 0),
(2a, 0,0) (a, =b, 0) and (0, 0, 0) respectively.

Yy
P .
> »E
S —— —=>>Q R

The workdone by the field in the above case is given by
the expression

(@qEA (b)-qEA
©) gEA 2 ) qEN[2a) +b7]
Solution : (b)

W=F.S=qEi.S
Now Wy ,o=qEi -(ai +bj)=qEa
WQ_)R:qu ‘(—~ai tbj)=-qEa
(workdone against field is taken as negative)
Wp_,s=qEi -(-ai +bj)=—qEa
W=Wp o+ Woir + Wross
=qEa-qEa-qEa=—-qEa

Example 9.

Calculate the electric field strength required to just
support a water drop of mass 1077 kg and having charge
1.6 x 10779 C.

Solution :
Here,m=10"kg,q=1.6x10"1°C
Step 1 : Let E be the electric field strength required to
support the water drop.
Force acting on the water drop due to electric field E is
F=qE=1.6x10"1°E
Weight of drop acting downward,
W=mg= 10" x 9.8 newton.
Step 2 : Drop will be supported if F and W are equal and
opposite.
ie, 1.6x101YE=9.8x10"

9.8x1077
or E: —719
1.6x10
=6.125x1012N CL.
Example 10.

Can a metal sphere of radius Icm hold a charge of
1 coulomb.



Solution :
Electric field at the surface of the sphere.
9

_KQ 0wkl gV
R (1x1072)? m
This field is much greater than the dielectric strength of air
(3 x 10 v/m), the air near the sphere will get ionised and
charge will leak out. Thus a sphere of radius 1 cm cannot
hold a charge of 1 coulomb in air.

ELECTRIC DIPOLE

Two equal and opposite charges separated by a finite distance
constitute an electric dipole. If—q and +q are charges at distance
2/ apart, then dipole moment, ) 2

<
<
P

2 4

p=qx20 +q
Its ST unit is coulomb metre.

Its direction is from —q to +q. It is a vector quantity.
The torque t on a dipole in uniform electric field as shown in
figure is given by, t=¢gEx2/sin0 =;XE

So tis maximum, when dipole is L to field & minimum (=0) when
dipole is parallel or antiparallel to field.

Ifl_; =pxi+py3+pzf< and E = Exi+Eyj+EZf<

2 A " f}cl_>qE
B i ik 27 >
Thent =| p, py, p, va S
E. E, E are—dA
X y z - >5

The work done in rotating the dipole from equilibrium through
an angle dO is given by

dW =1d0 = pEsin6d0
and from 0, — 0,

8, 8,
W= _[dw - jpEsinede
9l e]
If 0, = 01i.e., equilibrium position, then

)
W= | pEsin0d® = pE(1-cos0,)
0

Workdone in rotating an electric dipole in uniform electric field
from 0, to 0, is W= pE (cosO, — cos0,)

Potential energy of an electric dipole in an electric field is,
U= 75E i.e. U=—pE cosH

where 0 is the angle between E and p .

We can also write

z

U=p,E,+p,Ey+p,E

Electric Field due to an Electric Dipole
(@) Along the axial line (or end-on position)
— 2] —»
4 e> T
P e— X —
P andE are parallel

1 2 px
ax = - 0 ’ (xz _52)2

when x >> [

(b) Along equatorial line (or broad-side on position)
E <P
X

{ +q

- p
Eey = an 5 ‘(xz +€2)3/2 when x >>/
When p and E areanti parallel then,
Ex=2E,
(c) At any point (from the dipole)

1 1
E= i 3cos2@+1;tanB=—tan®

4r <o x3 2
Electric field intensity due to a point charge varies inversely as
cube of the distance and in case of quadrupole it varies inversely
as the fourth power of distance from the quadrupole.
Electric Force between Two Dipoles
The electrostatic force between two dipoles of dipole moments
p, and p, lying at a seperation r is

1 6
— PP pen dipoles are placed co-axially

:4neo r4

1 3
Fo—— 2PIP2 o, dipoles are placed perpendicular to

- 47 g A
each other.

Keep in Memory

1. The dipole moment of a dipole has a direction from the
negative charge to the positive charge.

2. If the separation between the charges of the dipole is
increased (or decreased) K-times, the dipole moment
increases (or decreases) by K-times.

3. The torque experienced by a dipole placed in a uniform
electric field has value always lying between zero and pE,
where p is the dipole moment and E, the uniform electric
field. It varies directly with the separation between the
charges of the dipole.



4. The work done in rotating a dipole in a uniform electric field
varies from zero (minimum) to 2pE (maximum). Also, it varies
directly with the separation between the charges of the
dipole.

5. Thepotential energy of the dipole in a uniform electric field
always lies between +pE and —pE.

6.  Theelectric field intensityat a point due to an electric dipole
varies inversely with the cube of the distance of the point
from its centre ifthe distance is much greater than the length
of'the dipole.

7. Theelectric field at a point due to a small dipole in end-on
position is double of its value in broad side-on position,

Le. EEnd-on =2 EBroad side-on

&  Forasmall dipole, the electric field tends from infinity at a
point very close to the axis of the dipole to zero at a point at
infinity.

9. The force between two dipoles increases (or decreases) by
K*-times as the distance between them decreases (or
increases) by K-times.

10.  Time period of a dipole in uniform electric field is

T=2m L
pE

where I = moment of inertia of the dipole about the axis of
rotation.

Example 11.
Calculate the electric field intensity due to a dipole of
length 10 cm and having a charge of 500 u C at a point on
the axis distant 20 cm from one of the charges in air.
Solution :
Given : q =500 x 10°C,a=10cmora/2=5x 102 m,
r=(0+5)em=25%102m,
p=qxa=(500x100)x (10x102)=5% 10 C-m
The electric intensity on the axial line of the dipole is given

by
1 2rp
Eaxial = 4 X b
€, 2
2
0. 2x(25x1072)x(5x107)
Eaxial :(9X10 )X 3 5 PR}
107°[(25)" = (5)]
=3.25x10'NC™!
Example 12.

Consider two objects of masses M and 3M seperated by a

distance /. Charge q and —q are placed on them

respectively and they are lying in an electric field E.

Find the angular frequency of oscillation (S.H.M.)
Solution :

_3Ma+0 3

X
em 4M 4

qE

(" Xy 18 the position of centre of mass of system)

Since net force is zero, the centre of mass will not move but
the dipole will rotate about the centre of mass due to torque

t=qE(a/4)sin6+qE(Ba/4)sin0

t=qEasm®6 .. D
d%o
Also, t=1_ o =~Iem w© e )
For small oscillations sin 0=0
d%e .
= Iy dt_2 =—qEasin6 =_qEa0;

Fromeq. (1) & (2),

d’e (an\
—=-|>10
dt Lem

a 2 3a 2
(2 n(2)
4 4

_3Ma’+9Ma’ 12Ma’ 3

=~ Ma?
16 16 4
> qEa  4qE o= 4qE
EMaz 3Ma \ 3Ma
4

ELECTRIC FLUX

Electric flux is a measure of the number of electric field lines
passing through the surface. If surface is not open & encloses
some net charge, then net number of lines that go through the
surface is proportional to net charge within the surface.

For uniform electric field when the angle between area vector

(K) and electric field (E) has the same value throughout the

area, ¢:EZ = ¢ =EAcosO
/
7
AP T

For uniform electric field when the angle between the area vector
and electric field is not constant throughout the area

N\

dp=E -dA= ¢=[E -dd = ¢= Eddcosd = E[ dAcosd

Keep in Memory

1. Theelectric flux is a scalar although it is a product of two

vectors E and A (because it is a scalar product of the two).



2. The electric flux has values lying between —EA and +EA,
where E and A are the electric field and the area of cross- A
section of the surface.

GAUSS'S LAW

It states that, the net electric flux through a closed surface in

vacuum is equal to 1/¢, times the net charge enclosed within ) - = Qi
the surface. ie, o= §E.dS = 0 because Q;,=-q+q=0
o
ie.p= @Eﬂ _ <J‘>EﬁdA _9On Applications of Gauss’s Law :
p &, (i) To determine electric field due to a point charge :

where Q, represents the net charge inside the gaussian surface S.

- Gaussian
E f;
surface

The point charge Q is at the centre of spherical surface

Gaussian

shown in figure. Gaussian surface and E is parallel to dA
surface

(direction normal to Gaussian surface ) at every point on

Closed surface of irregular shape which enclosed total charge Q,, the Gaussian surface.
In principle, Gauss's law can always be used to calculate the s0, ¢, = q}E_dK = <j.>EdA = Q
. . . . . ’ c
electric field of a system of charges or a continuous distribution €o
of charge . But in practice it is useful only in a limited number of Q s
situation, where there is a high degree of symmetry such as =E= dre 2 ( A=4nr )
o

spherical, cylindrical etc.

(1)  The net electric flux through any closed surface depends (ify  Todetermine electric field due toa cylindrically symmetric
only on the charge inside that surface. In the figures, the charge distribution :
net flux through S is q, /¢, the net flux through S’ is (q, +q; We calculate the electric
)&, and the net flux, through S" is zero. field at a distance r from a m Gaussian
uniform positive line e +- surface
charge of infinite length + H > S
whose charge per unit ¢ + e
length is A = constant. The l : + :
' + : -
g flux through the pla}ne g L =TS
S S surfaces of the Gaussian +
@ (b) (© ST =
(i) A point charge Q is located outside a closed surface S. In cylinder is zero, since E' is da

this case note that the number of lines entering the surface
equals to the number of lines leaving the surface. In other ~
words the net flux through a closed surface is zero, if there dA ). The total charge inside the Gaussian suface is A /,

is no charge inside. where A is linear charge density and / is the length of cylinder.

parallel to the plane of end surface ( £ is perpendicular to

Now applying Gauss’s law and noting E is parallel to dA
everywhere on cylindrical surface, we find that

d)c = @E-dA = (ﬂux)both ends + (ﬂux)cylindrical surface

Gaussian
surface
=0+E.2A
S
. Qin _ A A
(iii) The net flux across surface A is zero 2E.nrl=—"—=—"or E=

80 80 ZTESOI'



Keep in Memory

1. Theclosed imaginary surfaces drawn around a charge are
called Gaussian surfaces.

2. Iftheflux emerging out of a Gaussian surface is zero then it
is not necessary that the intensity of electric field is zero.

3.  Inthe Gauss's law,
$E.ax -
1)
E is the resultant electric field due to all charges lying
inside or outside the Gaussian surface, but Q.  is the charge
lying only inside the surface.

4. The net flux of the electric field through a closed surface
due to all the charges lying inside or outside the surface is
equal to the flux due to the charges only enclosed by the
surface.

5. The electric flux through any closed surface does not
depend on the dimensions of the surface but it depends
only on the net charge enclosed by the surface.

Example 13.

A charge q is enclosed in a cube. What is the electric flux
associated with one of the faces of cube?

Solution :
According to Gauss’s theorem,

1
Total electric flux ¢= P x total enclosed charge

:—Xq'

o

Since cube has six faces, hence electric flux linked with
each face = (1/6¢) = q/6¢,,.
Example 14.

The following figure shows a surface S which is enclosing
—2q charge. The charge +q is kept outside the surface S.
Calculate the net outward/ inward flux from the surface
S.

q

Solution :
According to Gauss’s law, the net flux is

1 _
¢ =— x net charge enclosed by closed surface = 2q
€ €,

(Because +q is outside the surface S, so net flux due to +q

is zero)
Example 15.

In which of the following figures, the electric flux is

maximum?

q
A B C

Solution :

According to Gauss’s law, the electric flux linked with a
closed surface depends only on net charge enclosed by
that surface. It does not depend on the shape and size of
that closed surface. Hence electric flux linked in above three
figures are same i.e., ¢, = dg = 0.
Example 16.
A point charge +q is placed at mid point of a cube of side
‘L’. What is the electric flux emerging from the cube ?
Solution :
According to Gauss’s law,

q

¢net closed surface €
o

_ Net charge enclosed by closed surface

€
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EXERCISE - 1

Conceptual Questions

The electric field strength at a distance r from a charge q is
E. What will be electric field strength ifthe distance of the
observation point is increased to 2 r?
(@ E2 (b) EA4
(c) E6 (d) None of these
The surface density on the copper sphere is . The electric
field strength on the surface of the sphere is
@ o (b) o2
(© Q/2, (d Q/e,
What is the angle between the electric dipole moment and
the electric field due to it on the axial line?
@ (b) 9O°
(c) 180° (d) None of these
In a region of space having a uniform electric field E, a
hemispherical bowl of radius r is placed. The electric flux ¢
through the bowl is
(a) 2nRE (b) 4nRZE
(c) 2mRZE (d) mR2E
A cylinder of radius R and length 7 is placed in a uniform
electric field E parallel to the axis of the cylinder. The total
flux over the curved surface of the cylinder is
(@) zero (b) nR%E
() 2nRZE (d) E/nR2
An electric dipole when placed in a uniform electric field E
will have minimum potential energy if the dipole moment
makes the following angle with E.
(@ =« (b)y w2
(¢) zero (d) 37n/2
At the centre of a cubical box + Q charge is placed. The
value of total flux that is coming out a wall is
@ Q/e, (b) Q/3e,
(© Q/4eg, (d Q/é6g,
Ifa charge is moved against the coulomb force of an electric
field, then
(@) work is done by the electric field
(b) energy is used from some outside source
(c) the strength of the field is decreased
(d) the energy of the system is decreased
The charge given to any conductor resides on its outer
surface, because
(a) the free charge tends to be in its minimum potential
energy state
(b) the free charge tends to be in its minimum kinetic energy
state
(c) the free charge tends to be in its maximum potential
energy state.
(d) the free charge tends to be in its maximum kinetic energy
state

10.

11.

12.

13.

14.

15.

Identify the wrong statement in the following. Coulomb's

law correctly describes the electric force that

(a) binds the electrons of an atom to its nucleus

(b) binds the protons and neutrons in the nucleus of an
atom

(c) binds atoms together to form molecules

(d) binds atoms and molecules together to form solids

An infinite parallel plane sheet of a metal is charged to

charge density o coulomb per square metre in a medium of

dielectric constant K. Intensity of electric field near the

metallic surface will be

@ E=-2 b) E=-2
€5 2g,
c Ko

C E = d E =
© B- 2 @ EB-p

In a medium of dielectric constant K, the electric field is E.
If €, is permittivity of the free space, the electric
displacement vector is

KE E
@ — (b)
€p K €9
E .
(c) e‘;{ (d KeyE
Two conducting spheres of radii r; and r, are charged to

the same surface charge density. The ratio of electric fields
near their surface is

) 15/t
@ 1:1

(a) r12 / r22

(C) I / I

A charge q is placed at the centre of the open end of a
cylindrical vessel. The flux ofthe electric field through the
surface of the vessel is

(@) zero (®) q/e,

(© q/2¢, (d) 2q/g,

Two thin infinite parallel sheets have uniform surface
densities of charge + o and — c. Electric field in the space
between the two sheets is
(@) olg,

(©) 2o/,

(b) ol
(d) zero



16.

17.

18.

19.

20.

The E-r curve for an infinite linear charge distribution will
be

4 4
@ E b E
r—» r—»
*
© E (d) E
r—» r—

Ifa dipole of dipole moment p is placed in a uniform electric

field E, then torque acting on it is given by

(@ T=pE (b) 7T=pxE

(© t=p+E (d) T=p-E

A charge Q is enclosed by a Gaussian spherical surface of
radius R. If the radius is doubled, then the outward electric
flux will

(@) increase four times (b) be reduced to half

() remain the same (d) be doubled

What is the value of E in the space outside the sheets?
(@ ol (b) of2e,

(c) E=0 (d) 20/,

Two charges are at a distance d apart. If a copper plate of

thickness % is kept between them, the effective force will

be
(@ F2

(c) 2F

(b) zero

@ +2F

21.

22.

23.

24.

25.

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

(@) decreases K-times (b) increases K-times

(¢) remainsunchanged (d) becomes% times
Apoint Q lies on the perpendicular bisector of an electrical
dipole of dipole moment p. If the distance of Q from the
dipole is r (much larger than the size of the dipole), then
the electric field at Q is proportional to

(@ plandr? (b) pandr?

(¢) p?andr3 (d) pandr3

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

@ qEY? (b) aE?y

© qEy (d) o*Ey

Intensity of an electric field (E) depends on distance r, due
toadipole, is related as

1 1
@ Ee— 0 E=
1 1
(© Eocr—3 (d) Eocr—4

The formation of a dipole is due to two equal and dissimilar
point charges placed at a

(@) short distance (b) long distance
(c) above each other (d) none of these

EXERCISE - 2

Applied Questions

The electric field intensity just sufficient to balance the
earth’s gravitational attraction on an electron will be: (given
mass and charge of an electron respectively are

9.1x107%kg and 1.6x107°C )

(@) -5.6x101IN/C (b) -4.8x101°N/C
(c) -1.6x10°N/C (d) -32x10°N/C
Theinsulation property of air breaks down when the electric

field is 3 x 10% Vm=1. The maximum charge that can be
given to a sphere of diameter 5 m is approximately

(d 2x1072C (b) 2x103C
() 2x107%cC (d) 2x10°C
There is an electric field E in X-direction. If work done in
moving a charge 0.2 C through a distance of 2malong a line

making an angle of 60 degree with X-axis is 4.0 joule, what
is the value of E?

@) /3 newton per coulomb

(b) 4 netwon per coulomb

(c) 5 newton per coulomb

(d) None of these

From a point charge, there is a fixed point A. At A, there is
an electric field of 500 VV/m and potential difference of 3000
V. Distance between point charge and A will be

(@ 6m (o) 12m

(c) 16m (d) 24m

Ifelectric field in a region is radially outward with magnitude

E =Ar, the charge contained in a sphere of radius r centred
atthe origin is

1
dme

@) Ard

(b) 4nsoAr3

0

4ne A
3

A
© dme, r_3 @ r



10.

11.

12.

13.

A hollow insulated conduction sphere is given a positive
charge of 10 uC. What will be the electric field at the centre
of the sphere if its radius is 2 metres?

(@) Zero (b) 5uCm=2

(c) 20puCm (d) 8uCm=2

An electric dipole has the magnitude of its charge as g and
its dipole moment is p. Itis placed in uniform electric field E.
If its dipole moment is along the direction of the field, the
force on it and its potential energy are respectively.

(@ g.Eandmax. (b) 2q.Eandmin.

(¢) g.Eandmin (d) zeroand min.

If the dipole of moment 2.57 x 10~17 cm is placed into an
electric field of magnitude 3.0 x 104 N/C such that the fields
lines are aligned at 30° with the line joining P to the dipole,
what torque acts on the dipole?

(8 7.7x10713Nm (b) 3.855x 10713 Nm

(c) 3.855x10°1°Nm (d) 7.7x1075Nm

An electric dipole is placed at an angle of 30° with an electric
field of intensity 2 x 105 NC~1, It experiences a torque of
4 Nm. Calculate the charge on the dipole if the dipole length
is2cm.

(@ 8mC (b) 4mC

(c) 8uC (d) 2mC

Charge Q is distributed to two different metallic spheres
having radii R and 2R such that both spheres have equal
surface charge density, then charge on large sphere is

4Q Q
@ ® 3

3Q 5Q
© = @ -

Two point charges g, =4uC and g, = 9 uC are placed 20 cm
apart. Theelectric field due to them will be zero on the line
joining them at a distance of
(@ 8cmfromq, (b) 8cmformq,

80 80

—cm from —cm from
© 3 N O 2
Three charge g, Q and 4q are placed in a straight line of
length I at points distant 0, % and I respectively from one

end. In order to make the net froce on q zero, the charge Q
must be equal to

@ -0 ) -2
© 5 @ q

Among two discs Aand B, first have radius 10 cm and charge
1076 uC and second have radius 30 cm and charge 10~°uC.
When they are touched, charge on both q, and gg
respectively will, be

@ Gn=2.75uC, q5=3.15uC
(b) d,=1.09uC, qg=1.53uC

(©) 9p=0g=5.5uC
(d) None of these

14. Two particle of equal mass m and charge q are placed at a

15.

16.

17.

18.

distance of 16 cm. They do not experience any force. The

valueofﬂis
m
@
@ | ® |5
() e (d) /4neyG

The spatial distribution of electric field due to charges
(A, B) is shown in figure. Which one of the following
statements is correct ?

A B

(@ Ais+veandB-ve,|A|>|B|

(b) Ais—veandB +ve, |A|=|B|

(c) Bothare+vebutA>B

(d) Bothare —ve butA>B

A drop of oil of density p and radius r carries a charge q
when placed in an electric field E, it moves upwards with a
velocity v. If py is the density of air, n be the viscosity of
the air, then which of the following force is directed
upwards?

(@ dqE

© Sar (r-po)g

ABC is an equilateral triangle. Charges +q are placed at
each corner as shown as fig. The electric intensity at centre
Owill be

(o) 6mnmrv
(d) None of these

tq A

1 g g
@ ey 1 (®) Ane, r?
1 3¢
© 4Tt€0r_2 (d) zero

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 n/3 with the x-axis. Ifthe electric field at
P makes an angle 6 with the x-axis, the value of 6 would be

n i 1| V3
@) 3 (b) §+tan [7}
2n 1| V3
(c) 3 (d) tan [TJ



19. Asimple pendulum has a length ¢, mass of bob m. The bob
is given a charge q. The pendulum is suspended between
the vertical plates of the charged parallel plate capacitor. If
E is the field strength between the plates, then time period
T equal to

F-FFFF AT FTF

20. Two identical thin rings, each of radius a meter, are coaxially
placed at a distance R meter apart. If Q coulomb and Q,
coulomb are respectively the charges uniformly spread on
the two rings, the work done in moving a charge q coulomb
from the centre of one ring to that of the other is

q(Q; — Q)2 -1

b
(@) Zero (b) J \/Engoa
© D2QQ) AN+
4nepa 4\/5758021

21. A metallic sphereis placed in a uniform electric field. The
line of force follow the path (s) shown in the figure as

s N

1> > |
ZMQ
3 »3
4 4

.
»

N

@ 1 (b)) 2
(¢ 3 @ 4

22. A soap bubble is given negative charge, its radius will
(a) increase (b) decrease
(c) remain unchanged (d) fluctuate

23. Aand B are two identically spherical charged bodies which
repel each other with force F, kept at a finite distance. A
third uncharged sphere of the same size is brought in contact
with sphere B and removed. It is then kept at mid point of A
and B. Find the magnitude of force on C.

F F
(@) 5 (b) Y
(c F (d) Zero

24,

25.

26.

An electric dipole of moment P is placed in a uniform

electric field E such that P points along E .Ifthe dipole
is slightly rotated about an axis perpendicular to the plane

containing E and P and passing through the centre of
the dipole, the dipole executes simple harmonic motion.
Consider I to be the moment of inertia of the dipole about
the axis of rotation. What is the time period of such

oscillation?
@ /(pE/]) (b) 2my/(I/pE)
(d) None of these

(© 2m/(1/2pE)
There exists a non-uniform electric field along x-axis as
shown in the figure below. The field increases at a uniform
rate along +ve x-axis. A dipole is placed inside the field as
shown. Which one of the following is correct for the dipole?

v VY

A
+qg”

>
>
-axi1s

\AN

(a) Dipole moves along positive x-axis and undergoes a
clockwise rotation

(b) Dipole moves along negative x-axis and undergoes a
clockwise rotation

(c) Dipole moves along positive x-axis and undergoes a
anticlockwise rotation

(d) Dipole moves along negative x-axis and undergoes a
anticlockwise rotation

The electric dipole is situated is an electric field as shown

in fig 1. The dipole and electric field are both in the plane of

the paper. The dipole is rotated about an axis perpendicular

to plane of paper passing through A in anticlockwise

direction. If the angle of rotation (0) is measured with respect

to the direction of electric field, then the torque (1)

experienced by the dipole for different values of the angle

of rotation O will be represented in fig. 2, by

/+q

Ao
/

Q/

Fig. 1

A 4 L \4
™

Tm e 6 @

DN PN

o /. .

Fig. -2‘
(b) curve(2)
(d) curve(4)

(@) curve(l)
(c) curve(3)



27.

28.

29.

30.

31.

Force between two identical charges placed at a distance
of r in vacuum is F. Now a slab of dielectric of dielectric
contrant 4 is inserted between these two charges. If the
thickness of the slab is r/2, then the force between the
charges will become

@ F by <F

N v w

4
© oF @

A charge +q is at a distance L/2 above a square of side L.
Then what is the flux linked with the surface?

q 2q
@ %, ® 3,
q 6q
(© Q (d) g

Positive and negative point charges of equal magnitude

a _
are kept at (O, O’Ej and (0, 0, Taj respectively. The work

done by the electric field when another positive point charge

ismoved from (—a, 0, 0) to (0, a, 0) is

(@) positive

(b) negative

(c) zero

(d) depends on the path connecting the initial and final
positions

A short electric dipole of dipole moment f) is placed at a

distance r from the centre of a solid metallic sphere of radius
a(<<r) as shown in the figure. The electric field intensity at
the centre of sphere C due to induced charge on the sphere
is

\g

(@) zero (b) L2 along CO
4TCSO r3

© 2P 4longOC  (d) P along cO
4meg 3 ey 1>

The electrostatic potential (¢,) of a spherical symmetric
system kept at origin, is shown in the figure, and given as

q
¢r = (I" 2 RO)
4neyr
q
(1) = (I”S Ro)
' 4T':SORO I —

Which of the following option(s) is/are incorrect

32.

33.

34.

3s.

(a) For spherical region r < R, total electrostatic energy

stored is zero
(b) Within r = 2R, total chargeisq.

(c) There will be no charge anywhere except at » = R,

(d) None of these

A solid sphereical conductor of radius R has a spherical
cavity of radius a (a < R) at its centre. A charge + Q is kept
at the centre. The cahrge at the inner surface, outer and ata
positionr (a <r <R) are respectively

(a) +Q,*Q,O (b) 7Q9+Q90
(C) 0,—Q,0 (d) +Qa030
A glass rod rubbed with silk is used to charge a gold leaf

electroscope and the leaves are observed to diverge. The
electroscope thus charged is exposed to X-rays for a short
period. Then

(a) the divergence of leaves will not be affected

(b) the leaves will diverge further

(c) theleaves will collapse

(d) theleaves will melt

A solid conducting sphere of radius a has a net positive
charge 2Q. A conducting spherical shell of inner radius b
and outer radius c is concentric with the solid sphere and

has a net charge — Q. The surface charge density on the
inner and outer surfaces of the spherical shell will be

20 09
@ 4nb?’ 4nc?
) --2..0 6
®) 4nb?’ Anc? ’
Y
0,——
© 41t02

(d) None of these

An uncharged sphere of metal is placed in between charged
plates as shown. The lines of force look like

(d D



36.

37.

38.

39.

40.

41.

If a charge q is placed at the centre of the line joining two
equal charges Q such that the system is in equilibrium then
the value of g is

@ Q2 () —Qf2

(€ QA @) Q4

The electric intensity due to a dipole of length 10 cm and
having a charge of 500 uC, at a point on the axis at a distance
20 cm from one of the charges in air, is

(a) 6.25% 10" N/C (b) 9.28x 107 N/C

(c) 13.1x101N/C (d) 20.5x107N/C

Two positive ions, each carrying a charge q, are separated
by a distance d. If F is the force of repulsion between the
ions, the number of electrons missing from each ion will be
(e being the charge of an electron)

4meg Fd? 4meg Fe?
@) T2 (b) T4z

" 4ngy Fd? @
o ikl Ve
e? q2

A square surface of side L meter in the plane of the paper is
placed in a uniform electric field E (volt/m) acting along the
same plane at an angle @ with the horizontal side of the
square as shown in Figure. The electric flux linked to the
surface, in units of volt. m, is

L 7

E
150
/’

/

(d) EL2 (b) ELZcos@

(c) ELZsing (d) zero

The electric potential V at any point (X, y, z), all in meters in
space is given by V = 4x2 volt. The electric field at the point
(1,0, 2) in volt/meter is

(@ 8along positive X-axis (b) 16along negative X-axis
() 16along positive X-axis (d) 8along negative X-axis
Three charges, each +q, are placed at the corners of an
isosceles triangle ABC of sides BC and AC, 2a. Dand E are
the mid points of BC and CA. The work done in taking a
chargeQ fromDto Eis

A

39Q

@ 8nega £
qQ

®) 4nega

(c) zero B D C
30Q

@ Zneya

42,

43.

44,

Two metallic spheres of radii 1 cm and 3 cm are given
charges of —-1x10~2 C and 5x1072 C, respectively. If these
are connected by a conducting wire, the final charge on the
bigger sphere is

(@ 2x1072C (b) 3x102C

() 4x1072C (d) 1x1072C

An electric dipole of moment "p” is placed in an electric
field of intensity "E”. The dipole acquires a position such
that the axis of the dipole makes an angle 6 with thedirection
of the field. Assuming that the potential energy of the dipole
to be zero when = 90°, the torque and the potential energy
of the dipole will respectively be

(@ pEsind,—-pEcos® (b) pEsin®,-2pEcos6
() pEsin®,2pEcos6 (d) pEcos®,—pEcos8
Figure shows two charges of equal magnitude separated by
a distance 2a. As we move away from the charge situated at
x = 0tothe charge situated at x = 2a, which of the following
graphs shows the correct behaviour of electric field ?

q q
_____ .._______.l.______.._____
Xx=0 X=a X = 2a
@ v () Y| i
N = !
E E |
|
I
|
o) X
"N 12 © T
I
|
|
(N
\
© Y @
e \ E i
|
|
O bt bl b4 rd
a 2a X © a 2a X
1

I
DIRECTIONS (for Qs. 45 to 50) : Each question contains
STATEMENT-1and STATEMENT-2. Choose the correct answer
(ONLY ONE option is correct ) from the following-

@
®)
©

©)
45,

Statement-1 is true, Statement-2 is true; Statement -2 is a
correct explanation for Statement-1

Statement-1 is true, Statement-2 is true; Statement -2 is
NOT a correct explanation for Statement-1

Statement-1 istrue, Statement-2 is false

Statement-1 is false, Statement-2 is true

Statement-1 : Consider two identical charges placed
distance 2d apart, along x-axis.

The equilibrium of a positive test charge placed at the
point O midway between them is stable for displacements
along the x-axis.

Statement-2: Force on test charge is zero.



46.

47.

Statement-1 : Adeuteron and an a-particle are placed in an
electric field. If F, and F, be the forces acting on them and
a, and a, be their accelerations respectively then, a; = a,.
Statement-2 : Forces will be same in electric field.
Statement-1 : Four point charges q,, d,, d; and g, are as
shown in figure. The flux over the shown Gaussian surface
depends only on charges g, and qj,.

oq,

Gaussian
surface

.q3

Statement-2 : Electricfield at all points on Gaussian surface
depends only on charges g, and d,.

48.

49..

Statement-1 : The positive charge particle is placed in front
of a spherical uncharged conductor. The number of lines of
forces terminating on the sphere will be more than those
emerging from it.
Statement-2 : The surface charge density at a point on the
sphere nearest to the point charge will be negative and
maximum in magnitude compared to other points on the
sphere.
Statement-1 : Auniformly charged disc has a pin hole at its
centre. The electric field at the centre of the disc is zero.

Statement-2 : Disc can be supposed to be made up of many
rings. Also electric field at the centre of uniformly charged
ring is zero.

Statement-1 : When a conductor is placed in an external
electrostatic field, the net electric field inside the conductor
becomes zero after a small instant of time.

Statement-2 : It is not possible to set up an electric field
inside a conductor.

EXERCISE - 3

1.

Exemplar & Past Yeans NEET/AIPMT Questions

In figure two positive charges g, and g, fixed along the y-
axis, exerta netelectric force in the + x-direction on acharge
q, fixed along the x-axis. If a positive charge Q is added at
(x, 0), the forceon q;

Yy

(@) shall increase along the positive x-axis
(b) shall decrease along the positive x-axis
(c) shall point along the negative x-axis

(d) shall increase but the direction changes because of
the intersection of Q with g, and g,

A point positive charge is brought near an isolated conducting
sphere (figure). The electric field is best given by

/-

Fd Fd

Gy (b) © (d

3.

The electric flux through the surface

' ‘
0

(ii)
(iii) (iv)
(@ inFig. (iv) is the largest
(b) inFig. (iii) isthe least
(c) inFig. (ii) is same as Fig. (iii) but is smaller than Fig. (iv)

(d) isthe same for all the figures

Five charges g, 4,, 03,04, and g are fixed at their positions
as shown in Figure, S isa Gaussian surface. The Gauss’ law

is given by j EdS= E. Which of the following statements
€
is correct? ° ’
. q1
*Qs °d,




(@ E on the LHS of the above equation will have a
contribution from q,, g5 and q;, q5 and q; while q on
the RHS will have a contribution from q, and q, only

(b) E on the LHS of the above equation will have a
contribution from all charges while q on the RHS will
have a contribution from q, and g, only

(c) E on the LHS of the above equation will have a
contribution from all charges while q on the RHS will
have a contribution from q;, q; and q.

(d) Both E on the LHS and q on the RHS will have
contributions from q, and g, only

Figure shows electric field lines in which an electric dipole
P is placed as shown. Which of the following statements is
correct?

[
-
Pl —erp

_

(@) Thedipole will not experience any force

(b) Thedipole will experience a force towards right
(c) Thedipole will experience a force towards left
(d) The dipole will experience a force upwards

A point charge + q is placed at a distance d from an isolated
conducting plane. The field at a point P on the other side of
the plane is

(@) directed perpendicular to the plane and away from
the plane

(b) directed perpendicular to the plane but towards the
plane

(c) directed radially away from the point charge
(d) directed radially towards the point charge.

Ahemisphere is uniformely charged positively. The electric
field at a point on a diameter away from the centre is directed

(@) perpendicular to the diameter
(b) parallel to the diameter
(c) atan angle tilted towards the diameter

(d) atan angle tilted away from the diameter

NEET/AIPMT (2013-2017) Questions

8.

Two pith balls carrying equal charges are suspended from
a common point by strings of equal length. The equilibrium
separation between them is r. Now the strings are rigidly
clamped at half the height. The equilibrium separation
between the balls now become [2013]

10.

11.

12.

13.

y/2

olg  olF

© (27) @ [3)2

A charge ‘g’ is placed at the centre of the line joining two
equal charges ‘Q’. The system of the three charges will be

in equilibrium if ‘g’ is equal to [NEET Kar. 2013]
@ 02 (b) -0/
(© 04 d -0972

An electric dipole of dipole moment p is aligned parallel to
auniform electric field £. The energy required to rotate the

dipole by 90° is [NEET Kar. 2013]
@ PpE? ) p’E
(0 pE (d) infinity

The electric field in a certain region is acting radially outward
and is given by E = Aa. A charge contained in a sphere of
radius 'a' centred at the origin of the field, will be given by
@@ Agya’ (b) 4meyAa’ [2015]
(© gy Aa’ (d) 4neyAa’

Two identical charged spheres suspended from a common
point by two massless strings of lengths 1, are initially at a
distance d (d <<1) 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 v. Then v varies as a function of the distance

x between the spheres, as : [2016]
1

(@ vox2 (b) voex
1

© verx 2 d vex

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

mass of hydrogen m, = 1.67 x 10727 kg] [2017]
(@ 10723C (b)) 10737C
(¢ 10%7C (d 1020C



L

10.

11.

12.

13.

(b)

(d

(@)

(©
(@)

©

(d

(b)

(@)
(b)

(©

(d)

(d)

Hints & Solutions

As new distance = 2 r and electric field due to single

charge, E o 12 ,
r

therefore, new intensity = E/4.
According to Gauss's theorem,

B q/47:R2

. E [ q/4TtR2 =0]

or E=c/¢g,

Electric field E is along the dipole axis.
6=0°
& =E(ds) cosd = E(2nr?)cos0°=2nr’E.
For the curved surface, 6 = 90°
¢ =E ds cos90°=0.
U,=-p*E=pE cos6

(Upminimum = —PE, when 6=0°
According to Gauss’ Law

§E. ds = Qenclosed by closed surface - flux
€o

so total flux = Q/g

Since cube has six face, so flux coming out through
one wall or one face is Q/6¢,.

To overcome electrostatic repulsion forces, work will
have to be done by external agency.

Nuclear force binds the protons and neutrons in the
nucleus of an atom.

Electric field intensity due to thin infinite plane sheet
of charge,

(&} (&

2¢ h 2g9K

g
[Where dielectric constant, K = a_]
0

Electric displacement vector, D =¢E

—

As, e=¢goK ~ D= SOKE

As o1 =0,

14.

15.

16.

17.

18.

19.

20.

21.

22.

@)

(@)

©

(b)

©

©

(b)

@)

(d

Q _ Q Q Q,

2 2 or =
4nr”  4nr 4Tcaor12 4naor22

E1:E2 or EI/E2 :1:>E1:E2 =1:1

The flux is zero according to Gauss’ Law because it is
a open surface which enclosed a charge q.

c -G
E=E| -E, = - =c/e
b 2¢g, [ZSOJ °

The field intensity in between sheets having equal
and opposite uniform surface densities of charge
becomes constant. ie, an uniform electric field is
produced and it is independent of the distance between
the sheets.

The field due to infinite linear charge distribution

IJ'd_q 1

E= = F ¢ —
4neg?d r r

So hyperbola.

Given : Dipole moment of the dipole= p and uniform

electric field = E .Torque (t) = Either force x
perpendicular distance between the two forces =

qaEsin@or t=pE sin® or T = pxE (vector form)

By Gauss’s theorem, ¢= %

Thus, the net flux depends only on the charge
enclosed by the surface. Hence, there will be no effect
on the net flux if the radius of the surface is doubled.
Inside a charged conducting surface E = 0, but on or
outside the surface E # 0.

.. Electric intensity is discontinuous across a charged
conducting surface.

The dielectric constant for metal is infinity, the force
between the two charges would be reduced to zero.

. I 99
Inair, F,, = ————~
A Amg, 42

1
In medium, F = 9%
" Amg, Kr?

F
.'.—’”:L:F =

F, K "

air .
1% (decreases K-times)
air

E=—L—
4meg.r

1 -3
Apparently, E o p and E Ocr_3 oy



23. (¢

2. (o)

2. (a)

EXERCISE -2

. (2
2. (b
3. @
4 (@
5 (b
6 (@)
7. ()

K.E. acquired = work done
= force x distance=qE xy=qEy

Intensity of electric field due to a Dipole

p 1

E= 4megr V3cos?0+1 = Eocr_S

Dipole is formed when two equal and unlike charges
are placed at a short distance.

—eE=mg
=31
Fo_21x107 <10 1X10=—5.6><10_”N/C
1.6x1071°
kQ Exr?  3x10°x(2.5)2
E=—=Q= = 5
r k 9x10
=2x107C

Work done, W=F s cosO =(q E) scos 6
Given : Electric field (E) = 500 V/m

and potential difference (V) =3000 V.

‘We know that electric field

E—SOO—K d—M—6m

(E)=300= 5 or @ =550 ~

[where d = Distance between point charge and A]

E=—1 o= Ar=—1 — =q=4me Ar’
4ne,r dner

Charge resides on the outer surface of a conducting
hollow sphere of radius R. We consider a spherical
surface of radius r <R.

By Gauss theorem

g L

+
T

Iﬁ.as = i>< charge enclosed or E x 4mr? = 1 x 0
S €( €o
=E=0

i.e electric field inside a hollow sphere is zero.

When the dipole is in the direction of field then net

forceis qgE+ (—qE)=0

> E
-q a q
0, O

and its potential energy is minimum =-p.E.
=-—qakE

10.

11.

12.

13.

) t= (2.57 x 10_17Cm) [3.0 «10% g) (l)

2

=3.855x10" > Nm.

(d) Torque, T=px E= pEsin®

(@

(@)

(@)

©

4=px2x103xsin 30°

4 _
oLp=T_ 5 . . =4x107Cm
2x107 xsin30°
Dipole moment, p=q x /
-5
q:B:—4X10 =2X10_3C=2mc
/ 0.02

Let g and q' be the charges on spheres of radii R and
2R respectively.

Givenq+q'=Q ...0)
Surface charge densities are

4R 0 4n(2R)?
Giveno=0¢'
1o g o q=4q

" 4nR% 47(2R)>
Fromeq. (i),q' =Q—q or, 49=Q—q

or, Q=5q ...(i)
i _o_Q_4Q
q=Q-q=0Q 5= 5 -
Ep=0
4 9 20-x 3
= —5 = =7
x> (20-x)* x 2
=40-2x=3x = x=8cm
(Fnet)q:O
2
- k Qq2+1<4i2_0
G
2
b,
q Q 4q
where k =
47'580

= 4Qq+4q%2=0 = Q=—q

The charge on disc A is 10°® pC. The charge on
disc Bis 10 x 107 uC. The total charge on both =
11 pC. When touched, this charge will be distributed
equally i.e. 5.5 nC on each disc.



14.

15.

16.
17.

18.

19.
22.

(d) They will not experience any force if | ﬁG = F, |

m? 1 q2 q ——
= (16x1072)>  4mey (16x107%)2 = VA
(a) Since lines of force starts from A and ends at B, so A is
+ve and B is —ve. Lines of forces are more crowded
near A, so A>B.

(@) Force due to electric field (F = q E) acts upwards.

(d) Unit positive charge at O will be repelled equally by
three charges at the three corners of triangle.

By symmetry, resultant E at O would be zero.

(b) From figure, 6 = §+ o, where

drey ) 1
T[e()r ngtane

psin6

E )
) 47560 JLchosO

tano = —= =L
E;

( n] 1 T 3
tan| 0 ——|=—tan—=—
3 2

2 3

(B

TC_ 1 NI

or G—E—tan LQJ

or a:tan_l(ﬁ]
2

or 9:£+tan_1 ﬁ
3 2

_q=

(d 20. (b) 21. (d)
(@) For asoap bubble (electrified)
4T
excess pressure =P =P; —Py =—
r
T = surface tension, r =radius.

Force due to excess pressure balances surface tension.
When bubble is charged

4T
Pexcess = Felectrostatic T T
P o G2 . 1 q2
electrostatic 280 280 ) 611:2r4
4 q2
P =—|T-——| ... A
excess r{ 128n280r3} ( )

23.

24.

25.

©

(b)

(d

Surface tension decreases after electrification of
1
bubble and therefore pressure decreases. | P OC;

means radius increases. In equation (A),qis not

affected by positive or negative charge hence, whether
it is given a positive or a negative charge it always
expands in radius.
Initial force between the two spheres carrying charge
(say q) is

1 q2
— (ris the distance between them)

F=
471380 rz

Further when an uncharged sphere is kept in touch
with the sphere of charge q, the net charge on both

+0
become q2 :%. Force on the 3rd charge, when

placed at center of the 1st two

r/2 r/2

& S
rd

a q/2 q/2

2-1]=
47'[80 rZ[ ] 4TCSO T

The dipole experiences a torque pE sin 0 tending to
bring itself back in the direction of field.

Therefore, on being released (i.e. rotated) the dipole
oscillates about an axis through its centre of mass and
perpendicular to the field. IfT is the moment of inertia
of the dipole about the axis of rotation, then the

equation of motionis  1.d%0/dt> = —pEsin0
For small amplitude sin 6 = 6

Thus d%0/dt* =—(pE/1).0 = —»°0

where © = ,/(pE/]) .

This is a S.H.M., whose period of oscillation is

T=2n/w=2n,/pE) .

The dipole is placed in a non-uniform field, therefore a
force as well as a couple acts on it. The force on the
negative charge is more (F oc E) and is directed along
negative x-axis. Thus the dipole moves along negative
x-axis and rotates in an anticlockwise direction.



2. (b)
27. (o)
2. (c)
2. (c)

i

+q Eyq
T =pEsin0, this is given by the second curve.

2
4 .0

In vacuum, F=
47[80 r2

Suppose, froce between the chrages is same when

charges are r' distance apart in dielectric.
1 q2

Fr= a
4ney kr?

.. (i)

From (i) and (ii), kr'2 =12 or, r=~/kr'
In the given situation, force between the charges
would be

The given square of side L may be considered as one
of'the faces of a cube with edge L. Then given charge
q will be considered to be placed at the centre of the
cube. Then according to Gauss's theorem, the
magnitude of the electric flux through the faces (six)
of the cube is given by
d=aq/g,
Hence, electric flux through one face of the cube for
the given square will be

Lo a4
b=go= 6¢
The charges make an electric dipole. A and B points
lie on the equitorial plane of the dipole. There fore
potential at A = potential at B=0
W=Q(V,—Vp)=qx0=0

Y
B (05 a, O);' ’
~9.#(0,0,-a/2)

—Z

(0,0, 2/2)

30. (b)

Electric field at C due to electric dipole

= 2p along OC
471380 r3

Electric field at C due to induced charge must be equal
and opposite to electric field due to dipole as net field

at C is zero.

31. (a,b,c,d)

The potential shown is for charged spherical
conductor.

32.  (b) The charge at the inner surface, outer surface and
inside the conductor at P = (- Q, + Q, 0) as shown in
the figure

33.  (b) Charge on glass rod is positive, so charge on gold
leaves will also be positive. Due to X-rays, more
electrons from leaves will be emitted, so leaves
becomes more positive and diverge further.

34 (a) Surface charge density (o) = — &8

. (@) Surface charge density (¢ Surface arca
So Oinner = W
(5
N/
and OOuter = m

35. (c¢) Electric lines of force never intersect the conductor.
They are perpendicular and slightly curved near the
surface of conductor.

36. (d) Letqchargeis situated at the mid position of the line

AB. The distance between AB is x. A and B be the
positions of charges Q and Q respectively.

A C B
Qg
~ X Cd
X X
Let AC=—,BC==
et 5 2



o @ E- {—H_ﬂ_
dx

The force on A due to charge q at C,

- 1 .
Foa = Qq

= . along AC
4mey (x/2)°

The force on A due to charge Q at B

- Q2 -
FaAB = .— along BA
47[80 X2

The system is in equilibrium, then two oppositely
directed force must be equal, i.e., total force on A is
equal to zero.

- - - -
FcaA+FaAB=0 = Fca =—FaB

1 4Qq -1 Q° Q

. = . =0=-—
dngy x?  4dmgy x2 1=

Given : Length of the dipole (2/) = 10cm = 0.1m or
[=0.05m

Charge on the dipole (q) = 500 uC = 500 x 10°% C and
distance of the point on the axis from the mid-point of
the dipole (r) =20+5=25cm=0.25m.

We know that the electric field intensity due to dipole
on the given point (E)
1 2(q.2D)r
= X
dreg (12 —1%)?

2(500x107° x0.1)x0.25

=9x10% x
[(0.25)> - (0.05)21?
3
:”Lw3=6.25x107 N/C (k=1 forair)
3.6x10"

Let n be the number of electrons missing.

2
L
= ® — 2
r dney 42 = q=+l4neyd°F =ne

4n80Fd2
n:«/—2
e

Electric flux, ¢ =FEA cos 9, where 9

= angle between £ and normal to the surface.

T
Here 0=~
€re 2

dv: dv: dv k| = —8xi volt/meter
dy dz

41.

42.

43.

45.

47.

49.

50.

AC=BC qA
Vp=Vg

We have, E
W:Q(VE_VD) q
=>W=0 B D C

At equilibrium potential of both sphere becomes same
if charge of sp here one x and other sphere
O —x then

where 0=4x102C

ViThn
e KQ-%)
lem  3cm

Ix=0-x = 4x=0

-2
L_ 0 4x10

4
0=Q-x=3x10"2C
The torque on the dipole is given as
t=PEsin®
The potential energy of the dipole in the electric field
is given as
U=—- PEcosH
For the distances close to the charge at x = 0 the field
is very high and is in positive direction of x-axis. As
we move towards the other charge the net electric
field becomes zero at x = a thereafter the influence of
charge at x = 2a dominates and net field increases in
negative direction of x-axis and grows unboundedly
as we come closer and closer to the charge at x = 2a.
If +ve charge is displaced along x-axis, then net force
will always act in a direction opposite to that of
displacement and the test charge will always come
back to its original position.
qq=e, my= 2mp:2m
q,=2e, ma:4mp:4m
F,=F,=¢E,F,=F =2eE#F,

C=1x1072

F ¢E
Further, a, = —=—
UIHEn & 2m  2m

E 2¢E  ¢E
and a2:—2:—:—:a1

Electric field at any point depends on presence of all
charges.

No. of lines entering the surface = No. of lines leaving
the surface.

The electric field due to disc is superposition of electric
field due to its constituent ring as given in statement-
2. Statement-1 is true, statement-2 is true, statement-2
is a correct explanation for statement-1.

Statement-1 is correct. The induced field cancels the
external field. Statement-2 is false. When a current is
set up in a conductor, there exists an electric field inside
it.



EXERCISE -3

L.

(@)

(@)

The force on q; depend on the force acting between
q; and q, and q, and g5 so that the net force acting
on q, by g, and q; by q; is along the + x-direction, so
the force acting between q, g, and q;, q5 is attractive
force as shown in figure :

N
*Q,

+

: < / > X
AN

The attractive force between these charges states that
q; is a negative charge (since, q, and q; are positive).
Then the force acting between q; and charge Q
(positive) is also know as attractive force and then the
net force on q; by q,, q; and Q are along the same
direction as shown in the figure.

The figure shows that the force on q; shall increase
along the positive x-axis due to the positive charge Q.

If a positive point charge is brought near an isolated
conducting sphere without touching the sphere, then
the free electrons in the sphere are attracted towards
the positive Charge and electric field passes through
a charged body. This leaves an excess of positive
charge on the (right) surface of sphere due to the
induction process.

Both type of charges are bound in the (isolated
conducting) sphere and cannot escape. They,
therefore, reside on the surface.

Thus, the left surface of sphere has an excess of
negative charge and the right surface of sphere has
an excess of positive charge as shown in figure.

attracted negative

An electric field lines start from positive charge and
ends at negative charge.

Also, electric field line emerges from a positive charge,
in case of single charge and ends at infinity shown in
figure (a).

3.

d

(b)

©

@)

(@)

By Gauss’s law : The total of the electric flux out of a
closed surface is equal to the charge enclosed devided

bythe permittivity i.e., o= sg

0
Thus, electric flux through a surface doesn’t depend
on the shape, size or area of a surface but it depends
on the number of charges enclosed by the surface. So
all the given figures have same electric flux as all of
them also has same single positive charge.

Gauss's law states that total electric flux ofan enclosed

surface is given by, <ﬁ EdS = i, includes the sum of
s S0

all charges enclosed by the surface.

The charges may be located anywhere inside the
surface, and out side the surface. Then, the electric
field on the left side of equation is due to all the charges,
both inside and outside S.

So, E on LHS of the above equation will have a
contribution from all charges while q on the RHS will
have a contribution from q, and q, only.

The electric field lines, are directed away from
positively charged source and directed toward
negatively charged source. In electric field force are
directly proportional to the electric field strength hence,
higher the electric field strength greater the force and
vice-versa.

The space between the electric field lines is increasing,
from left to right so strength of electric field decreases
with the increase in the space between electric field
lines. Then the force on charges also decreases from
left to right.

Thus, the force on charge —q is greater than force on
charge +q in turn dipole will experience a force towards
left.

When a positive point charge +q is placed near an
isolated conducting plane, some negative charge
developes on the surface of the plane towards the
charge and an equal positive charge developes on
opposite side of the plane. This is called induction
process and the electric field on a isolated conducting
plane at point is directly projected in a plane
perpendicular to the field and away from the plane.

Consider a point on diameter away from the centre of
hemisphere uniformly positively charged, then the
electric field is perpendicular to the diameter and the
component of electric intensity parallel to the diameter
cancel out.
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10.

(@)

(b)

©

LLLLLLLLI11Y
Ey/2
r
k 2
F,or/2
From figure, tan6="—_ "= "_ = _1__
mg
mg

qu
[+ F=— from coulomb’slaw]
r

y _ r
Y= T LB

=> oy =1

T
=>r'= \/E
The system of three charges will be in equilibrium.
4 g B
é —7r —»0e¢—7r —>é

For this, force between charge at 4 and B + force
between charge at point O and either at 4 or B is zero.

KQ* . KQq
— 7 7"
r (r/2)
By solving we get,
__9
9=
When electric dipole is aligned parallel
0 = 0° and the dipole is rotated by 90° i.e.,
0=90°.
Energy required to rotate the dipole
W= Uf— U; = (—pE cos 90°) — (—pE cos 0°)
=pE.

ie.,

11.

12.

13.

(b)

©

(b)

Net flux emmited from a spherical surface of radius a
according to Gauss’s theorem

Opet = T

0 9in
o, (Aa)(4ma?)= .
So, q, =4ng,Aa’ 0

F

=—=0
From figure tan 6 mg
kq? _ X
mg 2/

o xXcq ..(1)
or xewcq ..Q2)
Differentiating eq. (1) w.r.t. time

dx dq dq .
3x23 o 27, but -~ is constant

s0 x2(v) oc q Replace q from eq. (2)
(V) cx? or veex 1?2
According to question, the net electrostatic force (Fy)

= gravitational force (F,)

F=Fg
1 Aez_sz
4ngy §2 d?
=opeem |G [ =k=9x10°
K 4T580

67X 10 l6.67x107"!
' 9x10°

Ae~1.436x1037C



