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16.4: The Electric Dipole
Electric dipoles are a specific combination of a positive charge  held at a fixed distance, , from an equal and opposite charge, 

, as illustrated in Figure .

Figure : An electric dipole and its corresponding dipole vector, .

Dipoles can be represented by their “electric dipole vector” (or “electric dipole moment”), , defined to point in the direction from
the negative charge to the positive charge, with magnitude:

Dipoles arise often in nature, for example, a water molecule can be modeled as a dipole, because the two hydrogen atoms are not
symmetrically arranged around the oxygen atom. The electrons in a water molecule tend to stay closer to the oxygen atom, which
acquires an excess of 2 electrons, while each proton has a deficit of 1 electron, resulting in a separation of charge (polarization),
which can be modeled as a an electric dipole, as in Figure .

Figure : A water molecule can be modeled as an electric dipole.

When a dipole is immersed in a uniform electric field, as illustrated in Figure , the net force on the dipole is zero because the
force on the positive charge will always be equal and in the opposite direction from the force on the negative charge.

Figure : An electric dipole in a uniform electric field.

Although the net force on the dipole is zero, there is still a net torque about its center that will cause the dipole to rotate (unless the
dipole vector is already parallel to the electric field vector). If the dipole vector makes an angle, , with the electric field vector (as
in Figure ), the magnitude of the net torque on the dipole about an axis perpendicular to the page and through the center of
the dipole is given by:

In Figure , the torque vector is into the page (the forces will make it rotate clockwise), which is the same direction as the
cross product, . Note that the magnitude of the torque is also equal to the magnitude of the cross product. Thus, in general,
the torque vector on a dipole, , from an electric field, , is given by:

 

In particular, note that the torque is zero when the dipole and electric field vectors are parallel. Thus, a dipole will always
experience a torque that tends to align it with the electric field vector. The dipole is thus in a stable equilibrium when it is parallel to
the electric field.
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When an electric dipole is such that its dipole vector is anti-parallel to the electric field vector, the dipole is

A. not in equilibrium.
B. in a stable equilibrium.
C. in an unstable equilibrium.

Answer

C.

We can also model the behavior of the dipole using energy. If a dipole is rotated away from its equilibrium orientation and then
released, it will gain (rotational) kinetic energy as it tries to return to equilibrium, and will oscillate about the equilibrium position.
When the dipole is held out of equilibrium, we can think of it has having potential energy. To determine the functional form of that
potential energy function, we consider the work done in rotating the dipole from an angle  to an angle  (where the angle is
between the dipole and the electric field vectors):

where the negative sign in the torque is to indicate that the torque is in the opposite direction from increasing  (in Figure ,
the torque is clockwise whereas the angle  increases counter-clockwise). The net work done in going from position  to  is the
negative of the change in potential energy in going from  to . Thus, we define the potential energy of an electric dipole, , in
an electric field, , as:

 

which has a negative sign, and we also recognize that this is equivalent to the scalar product between  and . Note that the
negative sign makes sense because systems experience a force/torque that will decrease their potential energy. When the angle is
zero, , is maximal. Since we need the position with  to have the lowest potential energy, the minus sign guarantees
that all values of  other than zero will give a potential energy that is higher (greater than . Remember that only changes in
potential energy are relevant, so the minus sign should not bother you, although you should think about whether it makes sense.
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