Electrostatics

Dipole: An electric dipole consists of a pair of equal and opposite point
charges separated by a very small distance.

Example: H, 0

« Dipole Moment (p)

Dipole moment is the measure of the strength of electric dipole. It is vector

quantity. [ts magnitude is given by g = +y
L U3 o >— — 0
p=qx2a 5
2/0r, |p] = q x |24
The direction of p is from negative (-) to positive (+). Efy’;ig'j"js
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Electric field intensity at a point on axial line of electric dipole

Let us consider a dipole consisting of two point charges -q and +q separated
by a small distance 2a. ) X

A S _‘é P \
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We have to find out electric field at point P having distance r from O, on axial
line of dipole.

If E) is the electric intensity at P due to charge -q at A then,

— 1 q 1 q
| E1| = =
41Ey AP2 41ey (r+a)?

along PA

and, if £, at P due to charge +q at B then,

|E_2)|= L4 1 4 along BP

4mey BP?2  4mey (r- a)?
as E1 and Ez are collinear vectors acting in opposite direction

and |E5] > ||
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therefore, the resultant intensity E at P will be difference of two, acting along
BP.

|E| = |E2| - |E4|
. q 1 1 _q [r+a)?-(r-a)?
T ame, [(r—a)2 N (r+a)2] T 4me, [ (r2—a2)2
__4 4ar ]
41ey L(r2—a?)?
|—>| _ gXx2ax2Xr
41ey(r2—a?)?
|E| - 4n6|022‘>;2—ra2)2 ( q X 2a = |ﬁ|)

For short dipole i.e. 2a<<r

Then, a2 will be negligible

= H| X 21
50, |E| _ Il
4TTERT?
= 2 21
7| = 20
4TTEGT
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Electric field intensity at a point on equatorial line of electric dipole
Let us consider a dipole consisting of two S
point charges -q and +q separated by a
small distance 2a. We have to find out
electric field at point P having distance

r from O, on equatorial line of dipole

P " Y
If E; is the electric intensity at P due to charge -q at A then, 20.
=1 _ 1 q _ 1 q
|E1| - 4TtE AP? - 4TIE ( r+a 2 along PA

and, if E_z) at P due to charge +q at B then,

|E_2)|= HN P : along BP

4T€y BP? 4TE (mz
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Magnitude of E_1> and E_2> are equal.

but E;sinB and E,sin0O are in opposite direction, so they will cancel each
other.
o |E| = Eycos 8 + E,cos 6

1 qcosb 1 q cos®O
o 4mey (r2+a?)  4mey (r?2+a?)

_2q cosB

N 4TEy (r2+a?)

_ 2q (BO) _ 2% X | n -
41y (r? + a?) \BP 41, (2+ P L{2+a,z)2»

[
 4meg(r? + a?)3\2

But, 2gqXa=p

41eq(r? + a?)3\?
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For short dipole, 2a<<r, a2 may be neglected

L

|E] = 411ey(12)3/2
1B

Or,/|;'|— 41e,T3 k

- —p
In vectors, [Eequitorial = ———=
» [ Zequitorial 41'[607"3

Negative sign shows that E is antiparallel with 7.

Note: For short dipole the intensity of the electric field on an axial point is
double in magnitude by opposite in direction.

|j'axial = = ZEeg_uitoricD
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Torgue on a dipole in a uniform electric field

Let us consider an electric dipole is placed in a uniform external electric field

E at any angle 6 with the direction of | E. 2 .
at{ K7 P
,‘r—% > -'): -—cb
20'/({1 LA Sin G
/5 7 ~
el i E-EF
—G C. \ c1r
s ’ 0
Force on charge-qatR = ql_f , along the direction opposite to E
Force on charge +qatA = qE , along the direction E
These forces produce a couple which rotates the dipole in clockwise
)
direction,  torque)Tl= moment of the couple
= Force X arm of couple
= F X AC (perpendicular distance between the forces)
=q |E| X AB sin 6 DBK eClass
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=q |§| X2asinf
=(gX 2a)|§| sin 6
1| = |BI|E| Sin 6
InVectors, T =p X E

direction of Tis perpendicular top and E

Special Cases
i) When@= 0,and |7| = |p]|E|Sin6
sin0° =0
=10

i.e. when dipole is in the direction of field it is stable equilibrium.

But, for® = 180° i.e. dipole is in opposite direction of E
the torque 7 would turn the dipole through 180°,
and it will be in unstable equilibrium.

ii) When, 8 =90°,sin90° =1
T = pE (Maximum).
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