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11.6: Electric Dipole

Definition

We know well how to deal with single point charges and an infinite charged plan which generates a simple form of an electric field,
but of course physical systems rarely behave in such a simple way. What we are going to look at here is a model for two point
charges that are equal in magnitude and opposite in sign. The reason this is such an important package to develop is that it appears
so much in nature, in the form of neutrally-charged molecules.

Consider two equal point charges, one positive, and the other negative, that are held rigidly at a fixed separation distance (if you
like, you can imagine a tiny rigid rod holding them at fixed relative positions). We have already seen what the field of such a dipole
configuration looks like, in Figure 11.3.6. The figure below shows the field lines with equipotential lines included. Since the field
lines are now curved, the equipotential circles are also distorted such that they stay perpendicular to the field lines. The density of
both the field and the equipotentials is highest near and between the charges, where the additive effect fo the electric fields is
greatest with both fields pointing in the same direction.

Figure 11.6.1: Equipotential Surfaces of a Dipole

We could forever treat such a configuration as a combination of two point particles, but it is helpful to package them so that we can
treat them as a single entity and not have to go back and recalculate things. To that end, we define a vector quantity known as an
electric dipole moment, p, as shown in the figure below.

Figure 11.6.2: Electric Dipole Moment
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The magnitude of the dipole moment is defined as the product of the absolute value of one of the two charges, multiplied by the
distance separating the two charges:

(?‘ —qd (11.6.1)

The direction of the dipole moment is that it points from the negative charge to the positive charge.

Alert
Chemists typically define the dipole moment as pointing in the opposite direction. When creating a "package" for later use, how
you define it is up to you. We will see that there are compelling reasons (at least in physics applications) for defining it as above.
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Note that the dipole moment is not the same as the dipole electric field. It may seem funny to even mention this, as these two
quantities are not even close to being the same, but it does come up. One place where it gets confusing is that the dipole moment
points in the opposite direction as the electric field between the two charges. But as we are forming a package with these two
charges, what happens between them is of no consequence. When it comes to the direction of the dipole field, the dipole moment
direction makes perfect sense.

Figure 11.6.3: Field of a Dipole
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We consider now the effect that a uniform electric field has on a dipole. Note that while we will be assuming a uniform field, in
reality we mean that the amount that the external field changes across the length of the dipole is negligible. Also, as will generally
be the case going forward, when we draw a diagram of a uniform field, we will represent it with a set of parallel field lines.
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Figure 11.6.4: Dipole in a Uniform Field
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We begin by considering the force on the dipole. Certainly each individual charge feels a new force from the field, but the charges
are equal in magnitude, and the forces act in opposite directions, so the net force on it is zero.

Alert

If the field is not uniform, then the dipole can experience a net force! This might seem odd, given that the "package" of two

charges is neutrally-charged, but it is an important physical effect to be aware of (we will discuss it in more detail later).

With no net force, the center of mass of the dipole will not accelerate, but there will clearly be a torque exerted on this object with
will allow the dipole to rotate about its center of mass. If there is a net torque exerted, there should be a potential energy associated
with this interaction. Suppose we release the dipole in the diagram above from rest. Clearly it will begin to rotate, which means it
will gain kinetic energy thus some potential energy must be lost.

Figure 11.6.5: Potential Energy Change for a Rotating Dipole in a Uniform Field
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Let us consider the change in potential energy of rotating the dipole by some angle 8 as shown in the figure above. The horizontal
displacement due to this rotation is calculated as Al in the figure. We have calculated in the previous section that the potential
changes linearly in a constant electric field. For a positive charge in the dipole the change in potential energy is then:

APE, =qAV = —qEAr = —qE%cosO (11.6.2)

For the negative change, the horizontal displacement has the same magnitude but a negative sign since the charge is moved in the
direction of increasing potential:

APE, = —qAV =qEAr = —qucose (11.6.3)

Combing the two results above, we find that the total change in potential energy is:
APE, = —(qd)E cosf (11.6.4)

Note that the energy is a minimum when the dipole moment aligns with the external electric field.
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