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Electric Dipole

An electric dipole consists of two charges

of equal magnitude and opposite signs.

The charges are separated by 2a.
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The electric dipole moment g is
directed along the line joining the

charges from -q to +q.

The electric dipole moment has a

magnitude of:
p = 2aq

SI units: C.m
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Electric Dipole,

e Assume the dipole is placed in a

uniform external field, E.

e Assume the dipole makes an angle 6

with the field

eEach charge has a force of (F = qF)

acting on it.
*The net force on the dipole is zero.

*The forces produce a net torque on the

dipole.
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Electric Dipole,

*The dipole is a rigid object under a net
torque.

*The magnitude of the torque is:

T = rFsinf = 2aFsinf
T = 2aqEsinf

*The torque can also be expressed as the
cross product of the moment and the
field:
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Electric Dipole,

*The change in the potential energy can be expressed as a function of the

orientation of the dipole with the field:

Ur — U; = —pE(cosb; — cosb;)

*Choose U; = 0 at §; = 90° as reference point for measuring U, then:

U = —pEcosb
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The water (H,0) molecule has an electric dipole moment of 6.3 X 1073° C.m. A
sample contains 10?! water molecules, with the dipole moments all oriented in the

direction of an electric field of magnitude 2.5 x 10°> N/C. How much work is required

to rotate the dipoles from this orientation (8 = 0°2) to one in which all the moments

are perpendicular to the field (8 = 90°)? Tha narher AEthe paiteelcharsh
digtribution iz at the point X

SOLUTION

When all the dipoles are aligned with the electric field, the dipoles—electric field system has the minimum potential
energy. This energy has a negative value given by the product of the right side of (U = —pE cos 8), evaluated at 0°, and
the number N of dipoles. Work must be done to rotate all the dipoles of the system by 90° because the system’s

potential energy is raised to a higher value of zero.
Write the appropriate reduction of the conservation of energy equation for this situation:

(VAU =W

Use (U = —pE cos 0) to evaluate the initial and final potential energies of the system and Equation (1) to calculate the

work required to rotate the dipoles:
W = Ugge — Uge = (—NpE c059 0°) — (=NpE cos 0°)
= NpE = (10%21)(6.3 x 1073°C - m) (2.5 x 10°N /()
=1.6x1073]

Notice that the work done on the system is positive because the potential energy of the system has been raised from a

negative value to a value of zero.
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An electric dipole

<STI

Wednesday, 14 April, 2021 14:11
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The figure shows an electric dipole in a uniform electric field of magnitude 5 x 10° N/C

that is directed parallel to the plane of the figure. The charges are ¥1.6 x 1071 C; both

by

lie in the plane and are separated by 0.125 nm. Find: 35°

o

the net force exerted by the field on the dipole; e

o

the magnitude and direction of the electric dipole moment; +q

o

the magnitude and direction of the torque;

o

the potential energy of the system in the position shown.

The field is uniform, so the forces on the two charges are equal and opposite. Hence the total force on the dipole is zero.

Zﬁ:o

The magnitude p of the electric dipole moment is:

p=2ag=0-125x10""x1.6x10712=2%x1072°C - m
The direction of p is from the negative to the positive charge, 145° clockwise from the electric-field direction.
The magnitude of the torque is:

T=pEsinf =2x10"2°x5x 10° Xsin145°=5-7 x 107N - m

From the right-hand rule for vector products, the direction of the torque 7 = p X E is out of the page. This corresponds to a

counterclockwise torque that tends to align p with E.
The potential energy is:
U=—-pEcosf =—-2x1072%x5x 10° X cos 145° = 8.2 x 1072%]

The charge magnitude, the distance between the charges, the dipole moment, and the potential energy are all very small,

but are all typical of molecules.

Or, using unit vectors, write E in unit vector notation:
E=5x10%N/C
Calculate the magnitude of the electric dipole moment p:

p=2aqg=0-125x10""x1.6x10"2=2x%x1072°C -m
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Write the electric dipole moment in unit vector notation p, noting that 8 = 215°, when measured counter clockwise

from the +ve x-axis:
p=2x%x10"%cos215°7 + 2 x 1072%sin 215°}
p=(~1.64 x 1072 — 1.15 x 102°)C.m

The torque is:

BxE = (—1.64 x 107291 — 1.15 x 1072%) x (5 x 1057)

(a1
Il

7= (574 x 10"%*k)N.m
The potential energy is:

U=—p-E = (-1.64x 107291 — 1.15 x 1072%)) - (5 x 105{) = 8.2 X 1072%J
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