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3. ELECTRIC POTENTIAL

Synopsis;
1. Electricpotential (V):
i) Electric potential at apoint in afield is the amount of work done in bringing a unit +ve charge
from infinity to the point.
ii) Itisequal to the Electric potential energy of unit + ve charge at that point.
iii)ltisascaar
iv)S.I unitisvolt

1 9
4ne, d

v) Potential at adistance’d’ due to apoint charge g inair or vacuumisV =
Vi)V = — jé.ax
i E __d_V =
vil) E= » (or) V=Ed
viii) A positive charge in a field moves from high potential to low potential where as electron

moves from low potential to high potential when left free.
iX) Work done in moving a charge q through a potential differenceV isW =qV joule

X) Gain in the Kinetic energy; %mvz =qV

xi) Gain in the velocity v = %

2. Equipotential surface
1) A surface on which all points are at the same potential
ii) Electricfield is perpendicular to equipotential surface
Ii)Work done in moving a charge on equipotential surfaceis zero.

3. Inthecaseof ahollow charged sphere.

1) Intensity at any point inside the sphereis zero.

E
i) Intensity at any point on the surface is same and it is maximum
E- L 9
4ne, r?
1 o r d

iii) Outside the sphere E = 2 .dizd = distance from the centre
T

)

Iv) It behaves asif the whole chargeis at its centre.

1 9Gorg- -1 94

v) Electric field Intensity in vector form E =
4ne, d° 4ne, d?

vi) The resultant electric field intensity obey’ s the principle of superposition.
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In the case of hollow charged sphere
i) The potential at any point inside the sphere is same as that at any point E
on its surface

V = iﬂ
Amey T 0

i) It isan equipotential surface.

iii)Outside the sphere, the potential varies inversely as the distance of the point from the centre.
-1 g
V=

4me, d

Note: Inside a non conducting charged sphere electric field is present.

Electric intensity inside the sphere
E=-1 24

47580 E

Here d is the distance from the centre of sphere.
E~d

Electron volt:

1) Thisisthe unit of energy in particle physics and is represented aseV.

i) 1eV = 1.602x10™"° J.

Charged particlein electric field:

i) When apositive test charge isfired in the direction of an electric field,

i) it accelerates,
i) its kinetic energy increases and hence
iii)its potential energy decreases.

ii) A charged particle of mass m carrying a charge q and falling through a potential V acquires a
speed of \/2vg/m .

Electric dipole:

i) Two equal and opposite charges separated by a constant distance is called electric dipole.
P=q.2l.

ii) Dipole moment (P) is the product of one of the charges and distance between the charges. It is
a vector directed from negative charge towards the positive charge along the line joining the
two charges.

iii) The torgue acting on an electric dipole placed in a uniform electric field is given by the
relationi =P xE ie., 1=PEsing, Where oisthe angle betweenP andE .

iv) The electric intensity (E) on the axial line at a distance’d’” from the centre of an electric dipole

. 1 2Pd . . - . 1 P
ISE=— ——— and on equatoria line, the electric intensity (E) = : :
4mey (d? -1 . y (&) 4mey (d? +1%)%/2
v) For ashort dipolei.e, if I?<< d? then the electric intensity on axial lineis given by E
1 2P
_-4nso.z;;'
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vi) For a short dipole i.e, if 12 << d?, then the electric intensity on equatorial line is given by

=1 P
dne, o3
vii) The potential dueto an electric dipole on the axia lineisV :—41 -—(dzplz)
e -

and at any point on the equatorial lineit is zero.
viii) Two unlike equal charges +Q and —Q are separated by distance

1) The net electric potential is zero on the perpendicular bisector of the line joining the
charges.
2) The bisector is equipoptential and zeropotential line.
3) Work done in moving acharge on thislineis zero.
4) Electric intensity at any point on the bisector is perpendicular to the bisector.
5) Electric intensity at any point on the bisector parallel to the bisector is zero.
Electric potential energy:
i) A charge placed in an electric field possesses potential energy and is measured by the work
done in moving the charge from infinity to that point against the electric field.

i) If two charges g, and g, are separated by a distance d, the P.E. of the system is U= #%
0

ii)If two like charges (two protons or two electrons) are brought towards each other, the P.E of
the system increases.

iv) If two unlike charges (a proton and an electron) are brought towards each other, the P.E. of the
System decreases.

v) If three charges q;, 0z and g3 are Situated at the vertices of atriangle (as shownin 9
the figure), the P.E. of the system is di/ \ds
U=Up+Uxg+Us @ d, @&
- 1 [ma, " 9243 N 039
4ney | dy d, ds

vi)If four charges qu, 02, s and g, are situated at the corners of a square as shown in
the figure, P.E of the system

d
1 (@9 , 9203  GsUs , Ua0;  Gp0s | Gi0s d
X + + + + + q
4ne, { d d d d  J2d J2d * '

vii) Inthefield of acharge Q, if acharge g is moved against the electric field from a distance ‘&
to adistance ‘b’ from Q, the work done W is given by

W=(v, —V,)qe—_1 Qa1 Qd :&F_i}_ﬁ{a_—b}

4ne, b 4me, a 4me,|b a] 4me,| ab

92 qs3

Combined field due to two point charges
a) Duetotwo similar charges:
i) If charges q; and g, are separated by a distance ‘r’, null point ( where resulting field
intensity is zero) isformed on the line joining those two charges.

if) null point isformed with in the charges.
iii)null point islocated nearer to weak charge.
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iv)If x isdistance of null point from qa,

(weak charge) then 9 __ 9
x?  (r-x)?

1

q 2
{

1

[

-q
@
|
I

r

—— Hereq; and g; are like charges
Va2 /9, +1

= X =

b) Duetotwo dissimilar charges:

1) 1f g1 and gz are unlike charges then null point is formed on the line joining two charges.
d1 92
° . o
f—x—— —~ —

|
i1) Null point isformed out side the charges.

iii)Null point isform nearer weak charge.

iv)x isthe distance of null point from g, (weak charge) then 91 - 92

x?  (r+x)?
r
S X=—
Va2 /9, -1

In the above formulae q, /g, isnumerical ratio of charges

C) Zero potential point dueto two char ges:

i) If two unlike charges g; and g, are separated by a distance ‘r’, the net potential is zero at
two points on the line joining them.

i) One in between them and the other outside the charges.

iii) Both the points are nearer to weak charge (qy).

Y- _% (For point 1, with in the charges)
X (r=x)

1 Py -2
L ] °

]

|

|

[

—e 5

r |

A (For point 2, out side the charges)
y (r+y)

Here g, is numerical value of strong charge

r

r
= X

92 _4
a Q1

q—2+1

d) Dueto two similar charges zero potential point isnot formed
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10. Equipotential surface:

i) The surface which is the locus of al points which are at the same potential is known as
equipotential surface

i) Nowork isrequired to move a charge from one point to another on the equipotential surface.

iii) No two equipotential surfaces intersect

iv) The direction of electric lines of force or direction of electric field is aways normal to the
equipotential surface.

V) Inside a hollow charged spherical conductor the potential is constant. This can be treated as

equipotential volume. No work is required to move a charge from the centre to the surface.

vi) For an isolated point charge, the equipotental surface is a sphere. I.e. concentric spheres

around the point charge are different equipotential surfaces.
vii) Inauniform electric field any plane normal to the field direction is an equipotential surface.

viii) The spacing between equipotential surfaces enables us to identify regions of strong and

weak field.
E = _d_V = E « i
dr dr
> %
Ep< EQ( Er
s, 30V 20v 10V
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