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Chapter 2- ELECTROSTATIC POTENTIAL AND CAPACITANCE

3. Potential Due to Dipole

1. Potential due to a dipole:
Let r; and r, are the distances of A from negative and the positive charge respectively. Therefore the
Kq Kq

potential at A due to the negative and positive charge are V_ = Y and V, = P respectively.
1 2
Since I <<r, rp=r+lcosfand r, =r—lcosé .
. . . 1 1

Therefore net potential at the point Ais V =V_+V, =Kq - .
r—lcosé r+lcosé

= V= Kq{%]

r<—1<cos @

Pcos@

Neglecting 1 cosé in the denominator, V = K >

r

—_——

Since @is the angle between P and the unit position vector f of point A w.r.t. the center of the dipole
: ; : P-f
O; therefore, in vector form the relation can be givenasV = K —.

I,2

Graph for ideal and real dipoles are as follows:

Monopole (charge)

Dipole (6 const.)
forr>>1

v
2. Find the potential energy of an electric dipole in an electric field.

Supposed that a dipole having dipole moment vector P is placed in a uniform electric field E making
anangle 6 with E . Then torque on the dipole trying to bring P parallel to E will be 7 =PEsing.

If the dipole is rotated by a small angle dg, by applying a torque equal to that applied by electric field in
opposite direction, then the work done by the external torque will be: dW,,, = PESingdé .

FACES Campus, Kamta Singh Lane, East Boring Canal Road, Patna — 800001
Mob: 9570085004, 9471175744, 8986252371 Email: physicsfoundation@gmail.com
Website: www.faces.org.in/pf.ntml  YouTube: Physics Videos



http://www.faces.org.in/pf.html
http://www.youtube.com/playlist?list=PLvvOWFeD11Ot60n0rKWj9L7axHohyzGsh

/
,h.ul'('/u.‘. Jo by Arvind Kumar Pa ge |6
Chapter 2- ELECTROSTATIC POTENTIAL AND CAPACITANCE

Net work done in rotating the dipole from a position , assumed to be zero potential energy position, to
the final position 6, will be:

L
W, = [PEsin@dd=U. = U =PE[-cosd]’,,. Or U=-PEcosd.
wl2

In vector form, U =—p-E

- Q+q > - >
L S y”% L ¢
B | = /
1,_’/ NO E> / N6 X
qg _______ E \‘\‘Q
———d=LcosA- > >

The internal or self-potential energy of the dipole will be: U y; =— .
4regl

Supposed the poles with charges +q are located at points A and B, where potentials are V; and V,

respectively. Therefore, total potential energy of dipole in the electric field will be:
2
Us-pE-—3
4dregl
Since the potential energy is defined as the difference of energy, then constant term (of internal

potential energy) has no significance and the equation reduces to |U gipope = -P-E|
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