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Syllabus

1. Electric dipole moment, electric potential and field due to an electric dipole, force

and torque on a dipole.

2. Electric fields inside matter, Electric polarization, bound charges, displacement

density vector, relation between E , P and D. Gauss’s theorem in dielectrics, linear

dielectric medium, electric susceptibility and permittivity, electrostatic boundary

conditions for E and D.

Today’s topic: Electric field due to dipole at any general point,
dipole in a uniform electric field (torque on dipole)
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Electric field due to dipole at any general point

Electric field due to dipole at any general point: Equatorial
« We know that for far away point, Ew‘tal C plane
field at point on equatorial plane of the dipole is r B

Edipole - = 47;0:23 - O ‘ +Q

1_9) >

« and field at point on axis of the dipole is 1_9’

Edipole = Fleo i—f é a , 4 3 _Ewi

-q O +q C
- r —
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Electric field due to dipole at any general point

Now, for any general point which is neither on axis nor on equatorial plane we can

derive the expression of the field using the above two expressions of field. _

: : : : Etotal

Let C is a point at distance r from the centre of the dipole 1

making an angle 8 with the axis of the dipole. C

Let dipole length is 2a such thatr >> ai.e, Cis a far /r

away point. .

yP A . B

To calculate the electric field at C we shall (= —-A—V—é )

-( O p

decompose the dipole moment p into two
components such that the point C becomes axial
point for one component and equatorial point for the other component.

From the above figure, the components pcos 8 and psin 6 are along and perpendicular
to the line OC. So, we may imagine that the point C is on the axis of a dipole p, having

dipole moment of magnitude equal to pcos 6.
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Electric field due to dipole at any general point

Similarly, we can imagine that the point C is on the equatorial plane of a dipole p,
having dipole moment of magnitude equal to psin 8. So the electric field E, at C due to

dipole p, will be the same as for any axial point. Similarly, the electric field E, at C due

to dipole p, will be the same as any equatorial point. Eiotal
So, for the far away point C the field due to dipole p, is I/,%
1
E, =—~ 2L \vhere B, = pcos @ fi; , p is the magnitude C
1 7 4nme, 73 P1 1 r
of dipole moment of original dipole. A Oz 1 B
y 'q .0’0 Oq2 [, +q
= 1 ﬁz - . A -
E, =— == where p, = psin 8 1, o N 5
o T P =p1+ D2
Thus total electric field at the far away point C is given by vector sum as,
= _ 2,72 _ 1 2pcosb . 1 Psiné .
Erota= E1t Ex = L Ry B L
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Electric field due to dipole at any general point

« The magnitude of Etotal can be derived as Etotal
o,
= _ 2 2\ _ 1 2PcosB 2 1 Ppsiné 2 El
|Etotal| B (El +E ) B (47‘[60 r3 ) t (47‘[60 r3 ) C
I
= ( : E)Z {(2 cos0)? + (sin 0)?} A © B
4T€EY T3 & : O
'q o (@) I_)) +q
(. 1 D 2 °
—(MEO r3) \/{3(COS 0)% + 1} o “ .
o , _ P =p1+ D2
« Direction of E;,;4; can be derived as
_@_lsine_l = ,_ 1 2pcosé@ =2 ,_ 1 Psiné
tana = |E{| 2cos@ 2 tan d [lEll " 4mey 13 and |E2| " 4me, 13 ]

Where « is the angle of Etotal with the line OC.
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Electric field due to dipole at any general point

So, for any general far away (r>>a) point C the magnitude of field due to dipole is

Brotall = =(-=5) VB(cos )% + 1}

41EY T3

and its direction makes angle a with the position vector (7) of the point C from the

centre of the dipole where

1
tan a =Etan8

0 being the angle the position vector 7 makes with the axis of the dipole at the centre.
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Electric dipole at a uniform electric field

Electric dipole at uniform electric field

In the previous classes we have studied the field at any point due to an electric dipole
I.e, if a dipole is kept in any place how much field will be generated by the dipole at
any point in space.

Now, we will study if the dipole is placed in an external electric field what will be the

effect of the field on the dipole.
First, let the dipole is kept in a uniform electric field E.
Uniform electric field E: Field has same magnitude and same direction at each point.

So, represented by equispaced parallel lines of forces pointed towards the same

direction.
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Electric dipole at a uniform electric field

v

In the uniform field E the force acting on the

+qﬁ tqE charge +q of the dipole is qE in the direction

JV v v

— F /9\ Dasin 0 of the field and the force on charge -q is -qE

- in a direction opposite to the field.

'CIE‘—I,_\@.'q """""""""" _Since the field is uniform, these two equal

v

and opposite forces acting on the dipole will
cancel out each other and hence net force acting on the dipole is zero.

But these two equal and opposite forces acting on two different points will form a
couple and the dipole will experience a torque.

This torque will try to rotate the dipole to align it along the electric field.

The total torque acting on the dipole about the centre of the dipole O is

7=0Ax (—qE) + 0B x (qE) [torque 2 =7 X F]
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Electric dipole at a uniform electric field

« The torque is perpendicular to the screen/page and is directed inward.

« The magnitude of the torque is

|1 Z|=| 04| |(—q§)| sin 6+ | OB | |(q§)| sind =agE sinf +aqE sin @

Or, |T|=9gE.2asinf = pE sin 6

* Where 2ag= p, the dipole moment of the dipole and 0 is the angle dipole moment p

makes with the direction of field E.

* The torque can be expressed as

7= BxE

« The magnitude of torque is,| | 7 | = pE sin 8

So the torque is maximum when 0 is 90° and the torque is zero when 0 is 0° .
» S0 the torque tends to align the dipole along the field such that the angle 6 becomes

0° and hence the total torque acting on the dipole becomes zero.
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Summary

Electric field due to electric dipole at any general point
Electric dipole at a uniform electric field (torque on dipole).

Next topic: dipole in non-uniform field, dipole-dipole interaction
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