ELECTRIC POTENTIAL DUE TO
A DIPOLE

ELECTRIC POTENTIAL DUE TO A DIPOLE, SPECIAL CASES




In the previous module we
have seen about the potential
due to a point charge as

1 q

4TtE0 T
Here let us see for a dipole.

AB is a dipole. P is a point
which is at a distance r; and r,
from +gq and —q respectively.

It is at a distance r from the
centre of the axis.
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T
potential at P due to +q V= Aree0 rql

1 q

Potential at P due to—q V,= Ae0 72

Total potential at P is V=V, + V,= Tree0 Q(Tl ,,2

From the diagram, consider the AOBP, and
Apply cosine law,

ri2 =r?+a%-2racosf A
a2
r L r2 +r2_2_2r2 _COSH ............... Q
r r 1
< d
r;2 =r2 (1+—-2 —cos@)

| Fionre 1.26 Patential due to electric dinnle




2
Assume the point P is far from the dipole r>>a. so neglect i—z

r,2=r2(1-2 %cos@), take square root on both sides,

ry=r(1-2 %cosé?)l/2 , take reciprocal on both sides,

%:% (1-2 %cos@)-l/2 , apply binomial
1
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% (1-2x-1/2 Zcosb), [(14+x)" =1+nx]

- (1+ =cos6)
r r




Similarly consider A OAP,
r,2 =r?+a?-2racos(180-6)
cos(180-68)=-cosb

r,2 =r?+a?+2racos6, repeat the same
steps as we did before A
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Assume the point P is far from the dipole r>a. so neglect >,

ry2=r?(1+2 %cos@), take square root on both sides,

r,=r(1+2 %cos@)l/2 , take reciprocal on both sides,

—== (1+2 —cosH) 172 apply binomial

)

== (1+2x-1/2 —cosH) [(1+x)-" =1-nx]

=— (1- ;cos@)




Substltutmg — and » inV

2

=0 q[ (1+ —cosH) —— (1— —cos@) ]

= —4q: [(1+ —cosf) - (1- —cos@) ]

q%[(zgcose)]

_-4n£0

q- [ (2 cos@) ]

4n80

1 2ga
= d cosf
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P=2qa, so V becomes

1
V= pz coso
410 1T
Write p cosO=-.7
p
B 1 ;.r
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Special cases:

Case(i): if the point P lies on the axial line and at the side of +q as in the

figure.

)

6 = 0,cos0 = 1,|V
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Case(ii): if the point P lies on the axial line and at the side of -q as in the
figure.

OF (o)

6 = 180,c0s180 = —1 =

Case(iii): if the point P lies on the equatorial line of the dipole, then
6 =90,cos6 =0, =0




