Chapter - 3
Electric Potential

In previnos chapter we have studied electric field
dueto apoint charge or group ofcharges and described
itintermsofavector £ called intensity of electric field.
We have also studied continous charge distribution, force
between charges and to calculate £ using Coulomb's
law and Gauss's law. In this chapter we will see that the
electric field can also be decribed in terms of a scalar
quantity called "electrostatic potenmal” V. This is an
important concept. It 18 so because electric field vector
E and electrostatic potential V can be related to each
other. Since V i1s a scalar quantity and addition of scalars
is far easier than addition of vectors, inmany problems it
is much easier to find V first and then use it to find
E ratherthanobtaining £ from direct calculations. The
concept of potential 1s also important fromthe point of
view that potential is related to potential energy. Thus, by
using the law of conservation of energy we can solve
many problems in electrostatics without goining into the
details of forces involved like we did in study of
mechanics.

In this chapter first of all we will define electric
potential. After that we will learn to calculate electric
potential due to a point charge and system of charges.
Subsequently we will study the relation between electric
field and potential. After studying about electric potential
dueto some specific charge configurations, we will study
about electrocstatic potential energies of such systems.
Inthe end of this chapter we will learn about the work
doneinrotating an electric dipole in some external electric
field and calculate its potential energy.

3.1 Electrostatic Potential and Potential
Difference

From our understanding of conservative forces we
know that a potential energy is associated with a
conservative torce. From experiments it isknown that the
electric field (force) is conserative and thus has an
associated potential energy U called asthe electrostatic
potential energy. {Unless stated otherwise, in this chapter
and chapters to follow the term electric field refers to
electrostatic field. Inthe study related with phenomenon
of electro magnetism we shall see that a changing
magnetic tield also produced an electric tield which is not

conservative and potential energy can not be associated
with suchafield).

Consider a positive test charge g _being brought
from some point A to some point B in an electric field.
Here we are assuming that in the process the test charge
doesnot distrub source charge(s) which produce electric
field 1.e. all other charges present in the surrounding
remain at their respective places. Ifin this process the

potential energy changesby [/ —{/, thenthe potential
difference between points A and B is defined as
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The above equation defines the electrostatic
potential difference between two points for a given
electric field. To define absolute potential (which from
now onwe call simply electric potential) at a point we can
select a reference point at which we consider both
potential energy and potential as zero. Generally we take
this reference position to be at infinity. Thus if we
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considerthe point Atobeatinfinityse F, =V, =0 and
U7, =U_ =0 and thenfromequation(3.1)

V,=U,/q,

Since point B is arbitrary so in general the above
equation can be written as

V=U/q, ... (3.2)

Thus electric potential at a point is defined as
electric potential energy perunit charge. Clearly electric
potential 1s a scalar quantity and 1sindependent of test
charge. Itisa charactenstic ofelectric field only.

We know that energy and work are related with
each other so we can define potential difference and
potential in terms of work. If work done by conservative
electric field inmoving the system frominitial position to

final positionis denoted by ¥, then
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therefore the potential difference between points A
and Bis
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So, the potential difference between two points in

an electric fieldis equal to the negative of the work done

by the electric field in bringing a unit positive charge from

initial position {A) to final position (B). Dependingupen
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the signs and magnitudes of and ¢, potential

difference between two points can be positive, negative
or zero. Ifwe assume the potential at infinity (reference
point) to be zero then from equation 3.3 we can define
potential at a point by
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Where ¥, 15 the work done by electric field on

test charge ¢, inbringing it frominfinity (reference point)

to the point under consideration. Thus, the electric
potential at a point is equal to the negative of the work
done by electric field in bringing a unit positive charge
from infinity (reference position) to given point.

Suppose we move a particle of charge ¢, from

point Ato point B inan electric field with the help of some
external agent (force). If the motion ofthe particle does
not invelve any charge in its kinetic energy i.e

AK = Othen by the work-kinetic energy theorm
W, =W ...(3.5)

Where W refers to the work done by external
force during the move, then trom equations (3.3) and

(3.5)
W =W
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and as assumed earlier if we take point Atobeat
infinity (reference position) then potential at a point is

W,
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Where W, , refers to the work done by external

forcem bringing the charge ¢, from infinity to pomtunder

consideration. Accordingly the electric potential ata
pointis equal to the work done by the external agent
(without changing Kinetic energy) on a unit positive
charge inbringing it from infimty (reference position) to
the desired point.

From above discussion it is obvious that there are
many equivalent definitions forelectric potential. (In forth
coming subsection we will define electric potential asa
line integral of electric field). However , from each
defintion it isapparent that electric potential 1s a scalar
quantity.

The STunit of electric potential is volt with

1 Toule

| volt (V)= 1 Coulomb

The electric potential at a pointis 1 volt; ifinmoving
aunit charge from infinity to that point the work doneis 1
joule. Dimensions of electric potential are
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1t1s cbviousthat unit of potential differenceis also
volt. Thisunit of electric potential allowsusto adopta
more conventional unit V/m for the electric tield E
(which till now we have described in unit of N/C )i.e

IN/C=1/m

Weleave the verification of this expression as an
excerise for readers. After defining 'volt' we can now
define an energy unit called electron volt (e V) whichis
convenient for measuring atomic and nuclear energies.
Oneelectron volt (eV) is the energy equal to the work
needed to move asingle elementary charge e (electron or
proton) througha potential difference of exactly one volt.
Fromequation

W =q(AV)
leV =e(W)=(1.6x10" C)(J/C)

=1.6x107"J
3.1.1 Electric potential Derived From Electric Field

Consider an arbitrary electric field for which
electric tield lines are as shown inFig3.1. Let a positive

test charge ¢, moveinthis field along the curved path



shown from point A to B. At any point on this path an
electric force F =g, F acts on it for a differential
displacement o ¢ here I isthe electricfield intensity at

thelocation of differential element. So the work doneby

electric force during this displacement is given by
AW =F-di =q,FE-d7 ...(3.3)

Therefore thetotal work W doneby the electric
force as the particle moves from point Ato point B is

i i
W faf-di-q[Fdi g
A A
Fromequations(3.3)and (3.9)then
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Fig 3.1 : Maotion of a test charge from point
A to point B in a non uniform ficld

Theintegral present inright hand side of equation
3.101s called line integral (meaning the integral along a
particular path) of £ from Ato B. However, since the
electric field 1s consvertive all paths (between Aand B)
give the same result. Thus the potential difference
between any two points A and B in an electric field 13
equal to the negative ofthe lineintgral of £ from AtoB.

Tfelectric fieldisalong & ¢ thenintegral in equation
3.101s positive and potential difference negativei.e

I, < ¥, . Electricfield tends to move a positive charge

from high potential to low potential and tend to move a
negative charge from low potential to high potential.

Inequation 3.101f we consider A tobe at infinity
(reference position)and set F', = 0 then

)
V=-[E-di NGRIY

Equation 3.11 gives us the potential at any point
realtive to zero potential at infinity (reference point).

3.2 Potential Due toa Point Charge

Forapoit charge Q electric field at a distanceris
givenby

O
= il
E—‘;—%U,_; .(3.12)
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Fig 3.2 : Determinations potential due to a point
charge here a test charge ¢, 1s being moved from

point p to infinity

IfQispositive 7 is directed radially outward from

the charge. Now we will make use of equations 3. 10 for
obtaining expression of potential at some point in this
field. To do so let us imaginethat a test charge ¢ 1s being
moved from a point P to infinity on aradial line along the

direction of £ asshowninfig 3.2. For such a path

differntial displacement d # canbewrittenas o ¢ = d7

and aspk and are in same direction

E-df=Edf=Edr Usingequation3. 10 (along with

above mentioned charges) between the limits 7, to

20 we obtain

o

V, -V, = —jJZ df = —]:err
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as P canbe any arbitrary point s in general

O
dre,r

V=

. (3.13)

Therefore the potential due to a point charge 18
inversely proptional to the distance between point charge
and the observation point. It does not depend on the
direction of observation point relative to the point
charge. This variationis shown graphicallyin fig 3.3.
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r—p
#=distance of cbservation (r) from point charge

Fig 3.3 : Graphical variation of potential dueto
a point charge with distance

Ifthe source charge is negative
_ 1 (0
4 g,
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For an isolated positive charge (Q > O) electric
potential is positive while for anisolated negative charge
(Q <0)itisnegative. For a given charge and a given
distance potential in some medium is less then the
potential in free space and is given by
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3.3 Potential due to a Group of Point Charges

Electric potentialis a scalar quantity so we can find
the net potential at a point due to a group of point
charges by algebraic sum of potentials due to individual
charges at that point. Suppose we wishto determine the
potential at a point P due to a group of point charges. Let
distance of point P from charges, ¢,,¢,.¢....g, be
r Fy 1y, respectively (Fig3 4. Then asstated above the
net potential at Pis given by

Fig 3.4 : The potential at point P ductoa
svstem of point charges

V=V, 4V, +V,+. 4V,

V= ! 4, ! 6“'—3+,,,+ L 4
dzre,  dme, r 4re, r,
1 L 4,
Vo= IR AT I ]
47; E[J rl r% rn
e .
471?6 .(3.15)
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Example 3.1 : Theelectric potential at some point
i8-15 V and at some other pointis V(volt). If 150 ) of
work is needed to move a 6 coulomb charge from the
first point to the second then find the value of V.

Solution : Here| V, =—15 Volt, i, =1501
Vo=V, g¢,=6C
Ve—V,=—
4o
150



"=25-15=10volt

Example 3.2 The work done in displacing a 20 C
charge through O.2mfor moving it froma point Ato a point
B is21J. Find the potential ditference between the two
points.

Solution : Here g, =20C
W, =21

therefore, ¥, -V, = Wea % =01V

QCI

Example 3.3 Calculate the electric potential at a
distance 10 ¢m from a charge 1 1x10  (Tin air.

Solution : Here 0 =1.1x107(
r=10cm—0.1m

So electric potential
S 1 ©
dre, r

J',_9><109><],1><]O9
0.1

Example 3.4 The distance between two charges

4x107° (and =3x10 * (C'is 0.1 m. Where on the line

joining the two charges potential 1s zero?  Assume the
potential to be zero at intinity.

=99V

Solution : Refer figure shown, here ¢ and ¢.are
of opposite nature but | ¢, > ¢,|. Therefore there will
not be any point in the region left of ¢, where the poten-
tials due to ¢ and ¢, are canceling each other. Such
points can be in between ¢ and ¢, or to the right of

¢,on theline joiing. Such points are shown in Figby P
and P’

+q -4,
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It distance of P from ¢_is x then for potential at P
to be zero

Vo4V, =0
g B 1 q,
4re, x  Are, (0.1-x)

X (0.1-x)

4x10” _ —(-3x107)

3x=04—-4x

x= % =0.057m

If P'is at distance x’ from ¢, then for potential at
P'to be zero

4%107° 3Ix107™

X' (x'-0.1)

= 3x'=4x-04

= x'=04m
Example 3.5 Two charges + q and - q are ar-

ranged as shown, the potentials at points Aand B are

17, and 1 then Calculate }', —

& & & &
L o o »

A B

+—— —pr4—F ———p4+—  —»

Solution : Potential at A due to +q

1 q

= w®—
dre, «a
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potential at Adueto-q

1 (-9)

4z g, (a+r)

total potential at A

oo (4 4 ]
Y dze\a a+r)’

Potential at B dueto +q

| q

dre, a+r

Potential at B dueto-q

I N )
dre,\ a

total potential at B

, 1 [ q q]
Vi=—"— ——— |-
dre\a+r a

S
dre, | \a a+r a+r «
47 e, a a+r

o (a+r)-a
4z g, 2(1[ a(a+r) J

| 2qr
41 e, a(a+r)

Se

I-? _VH =

V,-V,=

3.4 Electric Potential Due to Electric Dipole

Fig 3.5 depicts an electric dipole AB. Charges at
A and B are -q and + q and separation between them is
2a. We wish to calculate potential at point P at a distnace
r from the centre O of the dipole. Line OP makes an
angle® with the axis of dipole. Potential at P due to

61

charge-qat A

)

dre, &

... (3.16)

and potential at P due to charge + q at B

R |
2 471'6(,‘}"2 ... (3.17)
P(r, 6)
g
ANg ©
R(e
< 2t »

Fig 3.5 : Potential due to dipole at point P (r, 8)

So the net electric potential at P

F,

r_ 'ff l_L _ q rl_ 2
dre,\r, r dre,| nh

-
2

=

} ... (3.18)

To determine # —# and rr, we draw perpen-
diculars AC and BD respectively on line OP from points
Aand B. Ifr>>a AP~ P(C and PB~=PD . From
Fig3.5

OP =0D+DP

F=acosd+r,
' DP~BP =¥,

(97D,
r,=r—acosf | cosf =—

¢}



AP =CP=0P+0C (0D =acosb)

r=r+acost

1T

cosf = 7 or OC =acosd

So K —r =2acosé
and pi =1 —a’cos 0 =" as
¥* >>a’ substituting thesein Egn. (3.18)

., g 2acosf

V= —_—
41 e, (r‘)
As 2ag=p
- 1 pcos@

So dre, 1 .. (3.19)

Thus the electric dipole potential falls off; at large

distance, as  *, not as » !, characteristic of the po-
tential due to a point charge.

Special Cases

@

(i)

For axial points where §=0"cos& =1 , from

equation (3.19)

LI 4

dre, r
For equatorial points where 8=90° cos€ =0,
from equation (3.19) 1 =9

Dipole potential can also be expressed as

p__\ pF__1 pi
dre, ¥ Adzre, F°
Thus it is clear that

For equatorial points the electric potential due to
a dipole is zero however field is not zero.

Under indential conditions the electric potential
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. . 2a ,
due to a dipoleis —cos & times of that dueto a
P

single charge.
For a small dipole (or at large disrances) electic

potential is inversely proportional to the square of
distance.

The potential due to a dipole depends not just on
r but also on the angle between the position vec-

tor ¥ and the dipole moment vector p.

Example 3.6 Two point charges 8x 107 (" and

—8x107"" ( are separated by a distance of 2x 107" m
For such a dipole find electric potential at a point at a

distance of 4x10 °m when the point is (a) on the

dipole axis (b) on equatorial line and (c) at an
orientation of 60° from dipolemoment.

(@)

(b)
(©)

Solution : Here ¢ =8x10 (7
2a=2x10"m
F=4x10%m
So dipole moment
p=¢2a=8x10""x2x10 '
P=16x10"C-m
For axial position
1 p_9x10°x16x10 *
o (ax109)

dre, r’

y=9%x10 % Volt

For equatorial positions V=0

When g = 60°
1 &
v P c?s
dr e re

i

Vo 9% 10" x16x10 * ¢cos 60"
(4x10%)

V =45x10" Volt



3.5 Equipotential Surface

In some electric field a surface having same
potential at all points is called an equipotential surtace.
As the potential difference between any two points on
an equipotential surtace is zero, no work is done in
moving a charge from one point to other on an
equipotential surface. As the work doneis zero when
electic force (electric field) 18 perpendicular to
displacement, so electric field must be normal to an
equipotential surface.

For illustration of equipotential surfaces
following examples can be considered.

1. For a uniform electric field & equipotential sur-

faces are flat and perpendicular to field lines. According
to tig 3.6, surtaces labelled as I, I, IIT are equipotentials.

—— >

> »

—> »

Y, v, v |
I I 111

Fig 3.6 : Equipotential surfaces for a uniform
clectric ficld

2. For an isolated point charge : For an iso-
lated point charge + ¢ potential at a distance r

| g
dre, r

V=

A

Fig 3.7 : Equipotential surfaces for a point charge
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Imagine a spherical surtace ot radius # the posi-
tion of point charge +q, is at its center it 1s cbvious that
the electric potential at all points on this surface is same.
Thus for a point charge equipotential surfaces are
spherical around point charge. For a positive point
charge with the increases in radius of spherical surface
the potential of surface decreases.

3.5.1 Properties of Equipotential Surfaces

1. Nonet work is done on a charge by an electric
tield as the charge moves between two points on
the same equipotential surface.

2. Electric field is always directed normal to
equipotential surface.

3. Two equipotential surfaces can never intersect
each other because otherwise the point of
interesection will have two potentials which is un-
acceptable.

4. Thesurface of a charged conductoris always equi-
potential. Infact the entire volume of a conductor

1s equipotential.
3.6 Relation Between Electric Field and Electric

Potential

We have already discussed that if we know elec-
tric tield in some region of space then potential ditter-
ence between two points can be found using equa-
tion (3.14) which is a relation between electric field and
electric potential. In this section our aim1is to determine
electric tield for a known potential function V.

In some arbitrary electric field 72 for a differential

displacement /¢ equation (3.10) can be written in dif-
ferential form as follows

dV =-F-di =—FEd¥cosb ... (3.20)

Where8is the angle between £ and d /

r

The quantity — Z gives rate ofloss (fall) of po-



tential with distance. From above equation it is clear
that if angle between £ and d/, @ = 0° thenthe space
rate of loss of potential will be maximum. Thus in gen-

dv
df

eral - is a scalar quantity but its maximum value

dv e :
7 _ occur for a specific direction (6 =0, ) i.e.

in direction of £ . Thus the maximum rate of loss of

potential with distance can be treated as a vector in

direction of £ . Inlanguage ot mathematics [—r:j

is called gradient of V and written as Grad V

[ dv
dt

Accordingly £

j =GradV ...{(3.22)

=—-Gradl’ - (323)

For an equipotential surface direction of Grad V
is along the normal to the surface. This can be explained

using Fig 3.8. Here two equipotential surface .5, and
S, are shown with potentials V and V —dV respec-
tively. In moving froma point A on surface S, to either

point B or C on surface S, for both the paths AB and

AC change in potential is same. However the rate of

o R | dv
change of  potential with distancei.e. 1B and e
diffe As AB<AC ar > r db
are difterent. As . S0 AR~ AC and because

AB is normal to the surtace the rate of loss of potential
18 maximum along normal.
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V-dV

Fig 3.8 : Gradient of potential

Equation (3.21) can be rewritten as

oV

Fcos@=F,

Here F, = Fcos@ |, is the compoment of E in

direction of d # . Note that here we have used partial

derivative which shows that above equation involves
only the variation of V along a specified axis (here called

| axis) and only the compoment of E along that axis. If
we take the | axis to be in turn, the x, y and z axes, we

find that the x, y and z compoments of E at any point

are
Er _ ok ? Er _ _i, Ez _ ol (3.24)
' o &y &z
In cartesian coordinates
E=Ei+Ej+Ek
. el NG | ]
so bt =— :‘8—+ ;‘C—+ki
& ooy &z
ar f— V)7 ...(3.25)

-
~ 0 ~ : ~

where  V=—17i—
ox



is called 'del operator: With the help of equation (3.25)
£ canbe determined if potential function V (x, v, z) is
known,

It the potential function is spherically symmetric
1.e. a function of radial distance r then electric field 1s
given by

(327

Example 3.7 For some electric field the electric
potential is given by the following expression

7 =3% on
¥

Determine electric field at position given by posi-

tion vector =37 + 2] — 6km

dv .
¥
dr

Solution ;: As £ = —

Here @ dr

-
2

dVd {343} 343
¥

=|r| =By + @) + -6y
Z\/E:hn

- —-343 13 .
SOE:_[ 2 j?’

SV S
i
5343
==
3;‘)2 (37+2-6k)

F=(37+2j-6k)Vim

Example 3.8 For someelectric field represented
by potential function

I’"(.’C, ¥, Z) =6x— Sxy _ 8} + 6}2

where V isin volt and x, y, z are in meters. Find

magnitude of electric field at point (1, 1, 1) m.

Solution :

PE)

3 5(6\' 8xy — 8y+6yz):(6 8y)
% é(Gx 8xy—8y+6yz)=(-8x—8+62)
ol

:—(fwc 8xy—8y+6yz)=6y
Oz

E=-[(6-8y)i +(-8x-8+62) ] +6yk]
at point (1, 1, 1)

or £ =—[ (6-8) +(-8-8+6) j+6 |

or £=(20 +10j -6k} V/m

|| = V(20" + (10)* + (-6) = V140 = 235 V/m

3.7 Calculation of Electric Potential

3.7.1 Electric Potential due to a charged spherical
shell

Consider a spherical shell ot radius R and charge
. We wish to calculate electric potential dueto such a
shell at an internal point, a point on its surface and a
point outside the shell. Let the distance of the point of
observation trom the centre of the shell be r.

(a) For points outside the charged sphere
(r>R)

From the definition of potential



Fig 3.10 : Potential at the surface of shell (r =R)

Fig 3.9 : Potential at outer point of shell (+ > K) (c) Potential at an internal point of the shell (r < R)
However, for points external to the shell For determining potential at an internal point of a
1 g charged shell we must note that in moving trom infinity
“= = F ; . oL
4z e, 1 to aninternal point, the dependence of £ is different

for parts ofthe path cutside and inside the charged shell.

Vo= —I ! (—{F.dr:
dre, ¥

o

but 7+ dF =dras Fand dF are in some direction

I’r = — q —i:|
dre, |

=+

g 11 Fig: 3.11 : Determination of potential of an
dre, | r = internal point (v < R)

Therefore for evaluation of

o g
g . ... (3.28 L
Are, r (3.28) L":—J‘E'df
We see that the potential due to uniformly charged -
shell is same as that due to a point charge q at the cen- the path ofintergration is to be considered to be
tre, for points external to shell. It is inversely proptional made of two parts :-
to of distance (r) and tends to zero as r tends to infinity. (i) From infinity to distance R from centre (i.e. up
(b) Potential at a point on the surface (r =R) to surface) and
. (11) From distance R (surface) to internal point r.
For this case " = —IE -dr Thus we can write

can be obtained by substituting r =R in equation (3.28)
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L”:—]%E‘df-‘—j;ﬁ-df
) H

First of these two integral has already been solved
and its value can be obtained from equation (3.29) and
as for internal points (r < R) electric field 1s zero for a
charged shell the second integral reduces to zero i.e.

po— ! ] 0-dr
dre, B R

1 a
dre, R

In ... (3.30)

From equation (3.30) 1t is clear that the potential
has a fixed value for all points with in the shell equal to
the value of potential at the surface. In fact it is the maxi-
mum value of potential due to a umiformly charged
spherical shell.

The variation of potential with distance from cen-
tre 18 shownin fig 3.12

Vi

potential ——p

F<R

-

> F
r=KR
Distance trom Centre

Fig 3.12 : The variation of potential for
a charged spherical shell

3.7.2 Electric Potential due to a Charged
Conducting Sphere

On charging a conductor as the charge resides on
its outer surface, the behaviour of the field intensity due
to a charged spherical conductor is same as that of a
charged spherical shell. Therefore electric potential due
to acharged conducting sphere is same as that dueto a
charged spherical shell. Thus results derived in - section
3.7.1 for spherical shell are applicable in this case.

3.7.3 Electric Potential due to a Uniformly Charged
Non Conducting Sphere

Consider a uniformly charged non conducting
sphere of radius R having a charge q. For such a sphere
expressions of the electric field at external point, point
at surface and internal points are as follows.

- 1 g .

External points £ = —"2!‘ (r>R)

dre, r
. = I g

At surface Ir= —F (r=R)
4z e, R*

internal pointsand £ =———2F  (r<R)

dr e, I

4

And the general realtion for calculating V from E
18

Now we will calculate the electric potential for
various positions of observation point.

(A) For points outside the charged sphere

(r>R)
V——[L-dF
— 1 g .
. Jo= L7
as for such points dre 1

Fig 3.13 : A uniformly charged non conducting sphere
point P is external to sphere



So, V=-f . Y
' * dre,
V=- ] J. .] dr ;
or pyp e (7-dr =dr)
)
dre, | F,
,_ g { 11 } 1
V= - —=0
dre,lr = %0
- q
I' - D
Are,r (3.31)
Thus for points external to charged sphere 17 o 1
p
(B) At the surface of Charged Sphere (r = R)

On substituting r =R in equation 3.3 1, we obtain

AL

ST ze R (3.32)
(C) Atapointinside the charged non conducting
sphere

As in moving trom infinity to a point inside the
sphere the variation of electric field with distance 18 non
uniform i.e it varies trom infinity to surface in
accordance with E 1/2while from surface upto an
internal point accodring to E r. Therefore we have to
evalute the integral by breaking it into two parts (1) from
infinity to R and (ii) fromR tor

Fig 3.14 : Inside non-conducting spharc r < R
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o 1 g 1 q;! P
dre, R Ld4rwe,r
| ,\
F= ——FF
[ dre, & J
L og 1 q(ry
or ¥ o i A
dre, R dme, KO\ 2 ),
. l g 1 g (r R
or V'~ e By A
dre, R 4dme, R\ 2 2
o] RS
or aze, \ R 2R 2R
— ] i 3_?‘_; — q 3R _3,r_
dre, 2R R dre,\ 2R

to obtain potential at the centre on putting r =0 1n equa-
tion (3.33) we obtain

ar

, 3 q
L,c:en.fre =4
247 e, R

-

or I'Tcemm = %I'S = l 5 I'S

. (334

Thus, potential at the centre of uniformly charged
solid non conducting sphere is 1.5 times the value of
potential at surface .

From above discussion we conclude that inside
such a charged sphere potential decreases from.

Centre to surface according to r * specific dependence

and  outside surface it decreases with 7~ depen-



dence to become zero a infinity. This variation is shown
graphically mFig 3.15
3q

Em= /.3 ¥y

-

b y=

q
T dmegR

Fs

potential = —

- |
Four @ T

O
. . I . - —
Distance from Centre !

Fig 3.15 : Graph between clectric potential versus the
distancc from centre of a uniformly charged
insulating sphere

Example 3.9 A solid insulating sphere ot radius

10 emisgivenachargeof 3.2x10 " C. Determine elec-
tric potential at following points from the centre (1) at 14
cm (i) at 10 cm (iii) at 4 cm.

Solution : Here R=10em=0.10m

g=32x107"(C
i) r=14em=014m
1.e. the observation point is outside the shpere
po_L g
dre, r
o 19
o V=0x10° 2220 s 0574100V
(i) »=10cm=0.10mr=R ie point is on the
surface of sphere
,_ 1 g 9x10"x3.2x10 "
4z e, R 0.10
or  }=288x10 " Volt
@iy »=4cm=0.04m je the point is inside the

sphere

P(5)
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1 g,
V= S L L
Are, 2R|” K

o Ix10"x3.2x107"
a 2%0.10

, (004 ]
(0.10)

V=144x10°] 3-8
100

J =144x10 *[2.84
[2.84]

J=4.09%10 *Volt

3.8 Potential Energy of a System of Charges

In the beginning of this chapter we have seen that
a potential energy 1s associated with a (conservative)
electrocstatic field. Now we will discuss about the po-
tential energy for a system of charges. Charges in such
system exerts electrostatic force on each other. If posi-
tions of one or more charges is changed i.e the contigu-
ration of the system is changed then work is done by
electrocstatic forces. If the system changes its configu-
ration from an initial state 1 to a ditferent final state f
electrostatic force does work W onthe particles, then
by definition the change in potential energy of the
systemis

AU =U, U, =W

[i4

i.e the change in potential energy as system
changes its configuration 1s equal to the negative of the
work done by the electrostatic force. We can also de-

fine Uinterms of, W the work done by external force.
If we assume that the kinetic energy of system in both

ntitial and final states are zero, then

AU =U,~U, =W,

!

For convenmence we normally take the reference
zero potential energy configuration of a system of
charged particles to be that in which the particle are
infinitely separated from one another. If this is so then

[/, =, = 0then final potential energy of the systemis



regarded as its potential energy; 1.¢.

U=-W

G

Where W is the work done by electric forces

on the particles during the move from infinity. If we wish
to define U in terms of work done by external forces a
change i kinetic energy, then

U=-W, =+W

e Exi

Where W _, is now work done by external force

in bringing the charges from infinity to the final
configuration.

Based on above definitions let us first determine
the potential energy of a two point charge system. Fig

3.16 depicts two point charges ¢, and ¢, of same na-

ture separated by a distance r. First we assume that
initially both the charges are infinity (for away) and at

rest. When we bring ¢, trom infinitely to its present

(final) position no work 15 done either by electrostatic
force or external force as no electric field was present.

However when we bring ¢, from infinity then worlk has
to be done by external agent because electrostatic force

acts on the charge ¢.by ¢, during the move.

The electire potential due to charge ¢ at the

location of charge ¢, 1s

oL a
dre, r

and from the detinition of potential
W, =-W, =gV
U=W, =gV

Onsubstituting g=g¢,

1 g4,
J=—="2 32
47;60 2 (.JJS)

Fig 3.16 : System of two point charges

If the charges have the same sign external agent
has to do positive work to push them together against
therr mutual repulsion. This work gets stored in the form
of potential energy of system which is positive in this
case. If the system 18 released then as the charges move
apart the potential energy of the system now changes
into the kinetic energies of the charges.

Ifthe charges ¢ and ¢. have opposite signs the

potential energy of system is negative. Note that de-
pending upon the nature of charges electrostatic po-
tential energy can either be positive or negative on the
contrary the gravitational potential energy for a pair of
particles is always negative.

3.8.1 Electrostatic Potential Energy of a System
of more than Two point Charges

The total potential energy of a system of charged
particles can be obtained by calculating potential
energy for every pair of charges and summing the terms
algebrically (with signs).

Fig 3.17 : A system of three point charges

Consider three point carges ¢,,¢, and g, fixed
at points 73, /% and 2 asshowninfig3.17, for sucha

system the potential energy can be determined as fol-
lows -

In bringing the charge ¢ from infinity to its

position £ (7 ) (while other charges are still at infinity)



no work is done as no other charge is present in the
regionie

W, =0
Then we bring charge ¢.in from infinity toits po-
sition P, (at a distance #, from P, ) then the work done

W, =(potential due toq) " ¢,

1 g4,
W, = 142
o ) 49{ ei] ’%’_’
Like wise the work done in moving charge g, from
infinity and placeit at P,
W, = (Potertticd due to g, cod ¢,) x g,
W, = ! 4 - : L X,
Ame,ny Are,n, ) o
woo_ L [ 4% %4
- dAre)\ K Fas
So the potential energy of this system of charges
is
U=W+W,+W,
=04+ 49 1 [ 499 99
e, By Are Ry Ry
=t (99 99 99
SZASNE s Py
[ = 1 (44 9% 44 (3.36)
4z e\ Ky s Ty ‘

The above equation represents the potential en-
ergy of a system of three point charges, note that this
expression contains three terms, The process can be
extended to a four charge system and expression for
potential energy can be determined by
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U=W,+W,+W,+W,

7= I (499 L4949 99 24 D4 4
dre,\

PR N O

12

.. (337)

Which contains six term corresponding to six pos-
sible pairs of charges. It there are N charges in a sys-
tem, the expression for potential energy will contain terms
and we can write

U=

S 144

e 1, ... (3.38)

1
2;1 k=1

In above equation the factor of 1/2 before the
summation sign ensures that although the pairs of charges
are appearing twice but their contribution to the sum is
effectively considered only once.

Example 3.10 Two protons are separated trom

each other by a distance of 6x10 " m . Find the elec-

trostatic potential energy of the system in electron volt
units,

Solution : Here F =6x107" m

g =4, =1 6x107°C

1 49

dge. F

As U=

4

3 0x10° x1.6x107"" x1.6x107"°

04 i
6x10 °

U/ =384x107"/

3.84x10

(f—ﬁe
1.6x10

[/ =024x10°eV=0.24MeV

Example 3.11 Three charges are arranged as
shown in Fig. Calculate the electrostatic potential en-
ergy of the system. Consider



¢=10x10"Canda=0.10m .
—4g

+q “ 2¢
Solution : Total potential energy

U=U,+U,+U,

~ (9.0410°) (rg)(-49) | (ra)(+2q) | (49)(+29)

=9.0x10"x(~10¢")/a

) 9.0x10° x10x(1x107)’

- =—90x107]
0.10

The negative potential energy means that an ex-
ternal agent would have to do 9 x10 *T of work to
disassemble this configuration completely ending with
three charges infinitely far apart.

Example 3.12 As shown in Fig four charges are
placed at the vertices of'a square of edge d. (a) calcu-
late the work done in assembling this system (b) If some

other charge ¢, is taken from infinity to the centre E of

the square and all the four remain fixed at their location,
how much additional work is to be done in the process.

tq -
A B
4,
L ]
E
D—q +qC

Solution : (a) The work done in assembling the
system 18 equal to the potential energy of the system.
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4% (4-1

Here there will be = 6 pairs of charges for

such a four charge system.

W=y -k IC0 1) | aq
AR AD | AC
J’_

(9)q , (-a)(=9) , 9(-4)
BC BD CD
AB=BC=CD=AD=d

AC=BD=d 2

dkg”

2kg’
L 2q

d d2

- Z—f [4 - \/EJ wherc k =

4r e,

(b) Potential at centre E of the square due to
charges at four corners

_+tKq  —Kq

y +Kg —Kg
" (4)

(BE) (CE) (DE)

__ K¢ K¢ Ky Ky

diN2 diz diN2 div2

Thus potential at point E is zero so no additional

work is needed to be done in moving charge ¢, from
infinity to E.

Example 3.13 Three point charges ¢, 2¢ and 8¢
are to be placed on a9 cm long straight line. Find the
position where the charge should be placed such that
the potential energy of this system is minimum?

Solution : To have minimum potential energy,
charges of greater value should be kept farthest thus
charges 2¢ and 8¢ should be farthest separated by 9
cim.

Let the charge q is placed at a distance of x cm
from 2¢ [Fig] then the potential energy of system



»B
® 8¢

A 9 cm

«—xcm—»+—— (9-x)cm —»

8gx ¢

U= 2929 :
(9-x)x107

1
CAre, {rxlo_z

U= : —q_q [er 8 +E}
4re, 107 |Lx 9-x ©

For U to be minimum ﬂ =0

N 2q><8(f
9x107"

dx

v _ 1 T2, 8 4l
dc  4re, 107 x7 (9-x)
2 8
< (9-x)

4
¥ (9-x)
(O—x)* =4x’
(9—x)==+2x
X =3cm
or x =—9¢m

here x =-9 cm1s not possible so charge ¢ should
be placed in between 2¢ and 8¢ at a distance ot 3 cm
from 2¢q .

3.9 Work Donein Rotating an Electric Dipole in

Electric Field

When a electric dipole 1s placed in an electric field
a torque acts on it. This torque has a tendency to align
the dipole along the field. So work has to be done to
rotate a dipole if it is in equilibrium under the field.

73

il

L J

/

»
Oy (04d0)
- +—» —— (E
g -
A
Fig 3.18 : Rotating a dipole in a uniform electric tield

Consider a dipole in a uniform electric field 7 as
shown in tig 3.13. Initially the dipole is in equilibrium in
position AB. Now the dipole 18 rotated to bring it into

position'AB' making angle 8, with direction of 72 .
At an angular position & the torque acting on the
dipoleis 7 = pFsin@

work done is rotating the dipole through a small
angle ¢/6 is then

dW = torque x angular displacement

dW = td6

dW = pFsin 8d6

So the work done in rotating the dipole from
angular position 8 =0 to € =6, is

0,
plisin @ do
A

[

W =

W = pFE[-coso]

W = pk(cos0 —cosf, )
W = pE(1-cos6,)

It & =0" then

W = pls(1-cosb) ... (3.39)

Alse note that



(i) Work done in rotating a dipole from angular

position &, to &, with respect to field

W = pl:(cos 8, —cosb,) ... (3.40a)

(i) T 6, = 0°and 6, = 90° thenJ¥’ = pE
... (3.40b)
(iii) If 6, = 0° and &, = 180° thenJ¥ = 2pFE.

... (3.40¢)

3.10 Potential Energy of an Electric Dipole in
Electric Field

The potential energy of a dipole in an electric field
is equal to the work done in bringing the dipole trom
infinity mto the field.

> K
g +ql
B

from intinity

.

L.
y o

Fig 3.19 : Dipole in external electric tield

In fig 3.19 an electric dipole is brought trom
infinity to its final position in a uniform electric field such

that during the move dipole moment p atways points in
direction of 7 . Dueto electric field force on charge q,

F =gk is in direction of £ and that on -q is

F = —4kF isoppositeto £ . Thusin bringing the dipole

infield £ external work is to be done on the charge +
while electric field does work on -q. In the move from
infinity to their respective final position in field,
charge -q covers a distance 2a more than charge +q.
Thus work dene by electric field is more and negative.
This work done i1s given by

W= Force on (—¢q) x additional distance cov-
ered by -q
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W =—ql.x2a=-2qal"

W =—-pk v p=2qga

So, the potential energy of dipole, aligned with
with £ is

U/, =-pk ...(3.41)

Now, the additional work done in rotating dipole

from this position to angular position &is
U, = pl:(1-cosd) ... (3.42)

Thus the potential energy of dipole placed at angle
Gwith respect to the field is

U=U,+1,

[/ =—pF+ pE(1-cos0)

{/=—plicost
which can be rewritten as
U=—pE . (3.43)

Equation (3.4 1) is the expression for the poten-
tial energy of electric dipole placed in uniform electric
field.

Special Cases

(a) Ifthedipoleis aligned with electric field

0 =0°

{/=—plicost

{/ =—pi cos(’

orl/ =—-pl .. (3.44)

In this position the electric dipole is in stable equi-
librium, as in this case potential energy is minimum.

(b) If'the dipole moment is perpendicular to electric
field
{/ =—plcos90”

=0 ... (3.45)



(c) Ifthe dipole moment makes angle & = 180"with

direction of & .

UV =—pFcosl80°

[ = pE. ... (3.46)

This position is called position of unstable equilib-
rium as in this situation potential energy of dipole is
maximum,

Example 3.14 An electric dipole consits of two
point charges +1.0x10™" and —1.0x10 © at a sepa-
ration of 2 cm. This dipoleis placed i auniform electric

field 1.0x10° V/m . Find

(a) maximumtorque onit due to electric field

(b) potential energy of dipole in position of stable
equilibrium

(c) potential energy of dipole in angular position of
180°with respect to the position of stable equilib-
rum.

(d) energy needed to rotate the dipole through 90°
with respect to the stable equilibrium position.

Solution : Here ¢ =1x107C

(a)

(b)

(©)

(d)

2a=2em=2x10"*m I =1x10° V/m
dipolemoment  p=g2a=1x10 °x2x10*
=2x10°C' —m

maximum torque 7 = pF =2x 107 x1x 10
=2x10° N —m

potential energy in stable equilibrium position
U=-pk

[/ =-2x10"x1x10° =-2x107.J

potential energy in rotated position (relative to
stable equilibrium)

[J=+pE=+2x107J

Work done in rotating dipole through angle 90°
relative to stable equilibrium position

W = pE(1-cos8)
=2x10 *x1x10° (1-cos90")

W =2x10"J

Important Points

1. Electric potential : The electric potential at a point in an electric field is equal to the work done against the
electric field in bringing a unit positive charge from  infinity to the point without changing the kinetic energy

ofthe charge. Its S.1. unit is volt

H
V:—jﬁ-df

2.  Potential difference : The potential difference between two points in an electric tield is equal to the
negative of the work done by electric field or work done by external agent (without change in kinetic
energy) in moving a unit positive charge from initial to final point. Its S.1. unit is volt

Wo?h’
C.{o

ViVy =

:f—ﬁ-dr
i

[F¥]

Potential due to a point charge



10.

I
dre,r

Potential due to a system of point charges
V=V +V,+V,. +F
Electric potential due to an electric dipole at position (r, 8) [r> > a]

1 pcost

= it a <<r°

dre, r

=
2

Electric potential at equatorial points of a dipole 1s zero.

Equipotential surface : An equipotential surface in an electic field is a surface at all points of which electric
potential is same.

The electric field £ is always directed perpendicular to corresponding equipotential surfaces.

E=—gradv=-VV

Electric potential due to a uniformly charged spherical shell or charged spherical conductor

1 ¢
(i) external points (r > R) V' = 4
dre, r
(i) surface (r = R) V" = ! 4
dre, R
(iii) internal point (r’ <R)V = ! ¢
P dre, R

Electric potential due to auniformly charged insulating solid sphere

1
(i) external point (r > R) V' = 9
dre, ¥

_pypo_ L 4

(ii) surtace (?' = R) V= iz, R

e ; 1 3R —
) internal point (r < &) }' =
) point ( ) Az e[[ 2R }

Electric potential energy of a system of two point charges
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o' 99

dre, ¥

13.  Potential energy of a system of N point charges

;A f=l 1 (fj-(f,g

1
=322
=k

g
14.  Work done in rotating an electric dipole in external field
(1) from & =0 to &
W = pE(1—cos8)
(ii) from & =8 to 6 =4,
W = pE(cos 6, —cosb,)

15. Potential energy of dipole in external electic field {/ = —plscosé

Questions For Practice

Multiple Choice Questions (a) 1. remains the samebut V is changed

1. At certain distance from a point charge electric

field and potential are 50 V/m and 300 V re- (b)both 7; and V are changed
spectively, this distance is .
(¢) both 2 and V are unchanged
(a) 9m {(b) 15m
(c)6m (d)3m (d) £ is changed but V remains the same
2. Fourchargesare placed on cornersofasquare 3. The electric potential at some point in an electric
as shownin fig. Let electric field and potential at field is 200 V. The work done in moving an elec-
its centre are £ and V. Ifthe charges at Aand B tron from infinity to that point is -
are interchanged with charges placed at C and D. () —3.2x1077 ] (b) 200 J
Then
(c)-2007] (d) 1007
A+q a +qB 4. Two charged conducting spheres of radii # and
F, are at some potential. The ratio of their sur-
0 face charge densities 1s
r f
D C (a) (b)
- - 1 2



a a
s 2

¥ I8
(c) = (d)

2
s

A charge of 10 uC is located at the origin of X -
Y coordinate system. The potential ditference be-

tween points (a, 0) and &? ij 18
pots 6.0 7.
(a) 9x10* (b) Zero

9x10* 9x10*
(c) (d)

a V2

The electric potential at the surface of'a charged
spherical hollow conductor of radius 2 m1s 500
V. The potential at a distance 1.5 m{rom centre is

()375V (b) 250V
(c) Zero (d) 500 V

An o particle 18 moved from rest from a point
where potential is 70 V to another point having
potential 50 V. The kinetic energy of o particle at
the second point is

(a)20eV (b) 40 eV
(c) 20 MeV (d) 40 MeV
In some region where electric field intensity E 1s

zero, the electric potential varies with distance ac-
cording to

1

-
Ll

@V x% O o

(c)V=Zero (d) V=Constant

Two conducting spheres of radii R and R,

respectively have the same surface charge den-
sity. Ifthe electric potentials at their surface are

V.and V, respectively then ¥, / V. isequal to

d 2
(@) 7 (b) 7
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10.

12.

14.

a a
2 2

,
(d)

2

/
it
" 5

(c)

The electric potential tunction for some electric

field is defined by ¥ = —5x+ 3y + 15z . The
intensity of electric field (in S.I1. units) at point
(x,y,2)is

(a) 342
(©) 542

Aunit charge1s moved in a circular path of radius
# having a point charge ¢ at the centre. The work
done in one complete rotation is

(b) 42
(d)7

1 ¢
(a) Zero (b Az e, 2
(c)2xr.] (d) 27rg./

For a system of two electrons on bringing one
elctron nearer to other, the electrostatic potential
energy of system

(a) increases (b) decreases

(c) remains the same (d) become zero

1000 tiny water droplets each of radius r and
charge q combine to form a big drop. The elec-
tric potential of the bigger drop as comparedto a
tiny droplet is increased by a factor of

(a) 1000 (b) 100
(c) 10 (d)1
For the arrangement ot charges as shown in ad-
joining diagram, the work done in movinga 1 C
charge tromP to Q (in joule) is

P




{(a) 10
(c) infinite

(b) 5
(d) zero

64 identical mercury drops (each having a poten-
tial 10 V) are combined to form a bigger drop.
The potential at the surface of this bigger drop
will be
()80 V
(c) 640 V

(b) 160 V
(d)320V

Very Short Answer Question

1.

|F¥]

11.

12.

Mention whether electric potential is a scalar or
vector quantity.

Give definition of electric potential.

Can two equipotential surfaces intersect each
other at some point?

What will be the electric potential due to a charge,
at infinity.

Can electric potential at some point in free space
be zero though electric field may not be zero at
that point? Give exapmle.

Can electric field at some point be zero though
electric potential 1s not zero? Give example.
What will be the work done in moving a 200 puC
charge in moving it form one peint to another pont
at a distance of 10 cm on the same equipotential
surface?

What is the shape of equipotential surface for the
tollowing

(a) due to a point charge

(b) for a uniform electric field

What is the potential energy ot 'an electric dipole
placed parallel to an electric field?

The electric potential at the surface of a charged
spherical conductor of radius 10 cmis 15 V. What
1s the electric potential at its centre.

The electric potential at the surface ot 'a uniformly
charged non conducting sphere of radiis 5 cm is
10 V. What is the electric field at its centre.

The electric potential at a point (x, vy, z) (all in
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17.

20.

meters) in free space is given by ¥ = 2x” volt .
Determine electric field intensity at point (1m,
2m, 3m).

Write the expression for potential energy of'a two
point charge system.

Write the expression for potential energy tor a
system of three point charges.

Write the S.1. unit for potential gradient.

How much work is to be done in moving an
electron between two points having a potential
difference of 20 V.

The electric potential due to a point charge at
some point in free space 1s 10V. If the entire sys-
tem 1s now placed in a dielectric medium of di-
electric constant 2. What will be the potential at
the same point?

Write the expression for work donein rotating an
electric dipole from 0° to 180° ina unitorm field.

Write the value of electric potential of earth as
has been assumed?

If potential function is V = 4x + 3y volt then
calculate magnitude of electric tield intensity at
peint (2, 1) meter.

Short Answer Question

l.

L

What is meant by electric potential? Write its for-
mula and S.1. unit.

Show that the potential inside the potential inside
a charged spherical shell is same as that on its
surface.

What is meant by equipotential surface. Draw
equipotential surfaces for a point charge.

Determine the expression for potential energy for
a system of three point charges.

The electric potential in complete volume of a
charged conductor 1s same as that on its surface,
why?

Derive relation between electric potential and field.

Derive expression for work done in rotating an



10.

12.

15.

16.

electric dipole in a unitorm electric tield.

Show that nowork is done in moving a test charge
from one point to other on an equipotential sur-
face.

What is meant by electrostatic potential energy?
Derive expression tor potential energy ot a sys-
tem of point charges.

Determine expression for potential energy of an
electric dipole in external electric field.

Write expression for electrostatic potential energy

for a system of two point charges ¢, and ¢.placed

at positions given by position vectors # and 7, in
auniform electric field.
Write two properties of equipotential surface.

Show that the electric potential due to a point
charge when surrounded by some dielectric me-

diumis 1/ €, times of the electric potential when
the charge 15 1n free space.

Show that the electric potential at the centre of a
uniformly charged insulating solid sphereis 1.5
times the value of potential at its surfaces.

Two charges 10 uC and 5 pC are 1 mapart. To
decreases the separation to 0.5 m how much work
has to be done.

Define electric potential difference. Distinguish be-
tween potential difterence and potential.

Essay type Questions

Derive an expression for electric potential at a point
due to a point charge.

Derive an expression for electric potential at a point
due to an electric dipele. Show that potential is
maximum for axial point while is zero for equato-
rial line.

Derive expression for electric potential dueto a
charged spherical shell at points (i) outside, (i1) at
the surface and (1) inside the shell. Draw the graph
showing variation of potential with distance.

Derive expressions for electric potential dueto a

uniformly charged spherical non conducting solid
sphere at points (1) outside (ii) at the surface and
(iii) inside the sphere. Draw the graph showing
variation of potential with distance.

Define electrostatic potential energy. Dervie
expression for an electric dipole in a unitform
electric field. For what positions; states of stable
and unstable equilibrium are obtained?

Answers (Multiple Choice Questions)

1.(c) 2.(d)
7.(6) 8.(d) 9. (a)

3.(a) 4.(a) 5.(b) 6.(d)
10.(d) 11. (a) 12.(a)

13.(b) 14.(d) 15. (b)
Very Short Answer Questions

1.
2.

|F¥]

10.

Scalar quantity

Tt is equal to the work done by external agent in
brining a unit positive charge from infinity to the
point under consideration without changing the
kinetic energy of the charge.

No, otherwise there would be two values of elec-
tric potential which is absured.

Zero

Yes, electric potential at points on equatorial line
of on electric dipole is zero but electric field is not
zero.

Yes, (a) the electric tield at the mid point on the
line joining two identical charges is zero but elec-
tric potential is not.

(b) electric field inside a charged spherical shell is
zero but electric potential is not.

As the potential difference between any two points
on a given equipotential surface AV =20

Work W=q AV =20

(a) Spherical surfaces centred at the point charge
(b) parallel planes oriented normal to the electric
tield

U =—pl

15V

15V



12.

15.

16.

17.

20.

k. :—ﬁz—i(zﬁ)_—zu
o ox
E=FE=0
[=—4x]

L;r — 1 a9
dre, F
/= ! {%‘1’2 +‘1’2‘1’?~.+9’3%}
AT €, | Ko i3 By
Vim

W=qV=16x10 "x20=32x10 “.J

L:B:Sv
' 2

v

v, =

nr

W = pE(cos0, —cosl. )= pE(cosO“’ —coslSO"')

W =2pk joule

Zero

Lo 50 l
Ox dy

E=—4i-3;

yﬁy:,/o—4f-+(—32 — 25 =5V /m

Numberical Problems

1.

6 I of work 1s needed to move a 3 C point charge
between two points. Find the potential difference
betweenthe two points. [Ans: 2 V]

It'the electric potentials at two points Aand B are
2 V and 4 V respectively then find the work need
to move a 8 uC charge fromAto B.

[Ans:(1.6x107.7)]
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Four charges, 100 uC ,-50 pC , 20 uC and -60
nC respectively are placed on four corners ofa

square of edge J/2 m. Find the electric potential
at the centre of square.

[Ans: (9x10°7)]

Two point charges, 3x107™ (" and -2x107"C
are 15 cmapart. At what point(s) on the line join-
ing the charges the electric potential is zero? As-
sume the electric potential to be zero at infinity.

[Ans : 9 cm away from positive charge, and 45
cm away from it towards negative charge]

Four charges, -2 uc, +3 pc, —4 uc and +5 ue
respectively are placed on corners of a square of
edge 0.9 m. Find the electric potential at the

centre of the square. Ans: (2.8 x10* V)

A chargeof 5 puC is placed on each of'the verti-
ces of a regular hexagon of side 10 cm. Find the
electric potential at the centre of hexagon.

Ans: (2.7x10°7)
Four charges each 2 uC is placed on four corners

of a square of side 2.2 m. Find the potential at

the centre of square. Ans (36 x107V )

Three charges 1 uC, 2 pC and 3 nC respectively
are placed on the vertices of an equilateral tri-
angle of 100m c¢m side. Calculate the electric po-
tential at the centre of the triangle. [Ans : 93.6 V]

Two charges—1 pCand +1 uC at a separation of

4x10 " m forms an electic dipole. Calculate
electric potential at an axial point located at a

distance 2x 10 ¢ m from centre.
Ans: (9x10° V)

(a) Calculate eletric potential duetoa 4x 107
point charge at a point at a distance 9 cm from it.



(b)

12.

now, Find the work done in bringing another
2x10 ?  charge from infinity to this point.
A30 uC charge 1s located at the originof X - Y

coordinate system. Find the potential ditference

[ 44 o J
V27 V2

Three charges -q, + q and + q are located in X -
Y plane at points (0, -a) (0,0) and (0, a). Show
that potential at point at a distance r on a line in-
chned at angle &to the axisis given by

pod [L 2@‘“?03);- .
41 e,

between points and (a, 0).

F F

How much work has to be done in putting charges
+¢, 2¢q and +4¢ respectively at the corners of an
equilateral triangle of side 'a’.

Ans: L l4g
dre, a

No external electric field is applied on a system

of two charges 7 uC and -2 uC located at (-9
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15.

16.

17.

cm, 0,0) and (+9 cm, 0, 0). Determine the elec-
trostatic potential energy of this system.

(b) how much work is needed to make the
charges separate by infinite distance.

[Ans:=0.71,0.7J]
For some electric tield, potential at a point (x,y) is
givenas J7 =6xy+y’ —x . Determine the elec-
tric field at this point.

Ans: ' =(2x-6y)i —(6x+2y) j
A hollow metallic sphere of radius 0.2 m is given
a charge of + 15uc . Find (1) electric potential at
its surface (ii) potential at its centre (iil) electric
potential at (iv) potential at 0.3 m from centre.

Ans: (i) 8.75x10° V; (i) 8.75x10° V

(iii) 8.75x10° V; (iv) 4.5x10° V

Three charges, +¢, +2¢g and xq respectively are
placed at the vertices of an equilateral triangle of
side r. Find the value of x for which the potential
energy of system becomes zero.

Ans: (x=-2/3)



