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Counter torque

FIGURE 21-20 Production of
eddy currents in a rotating wheel.
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CONCEPTUAL EXAMPLE 21-10 | Motor overload. When using an appli-
ance such as a blender, electric drill, or sewing machine, if the appliance is
overloaded or jammed so that the motor slows appreciably or stops while the
power is still connected, the device can burn out and be ruined. Explain why
this happens.

RESPONSE The motors are designed to run at a certain speed for a given
applied voltage, and the designer must take the expected back emf into account.
If the rotation speed is reduced, the back emf will not be as high as expected
(‘€ o w, Eq. 21-5), and the current will increase, and may become large enough
that the windings of the motor heat up to the point of ruining the motor,

* Counter Torque

In a generator, the situation is the reverse of that for a motor. As we saw, the
mechanical turning of the armature induces an emf in the loops, which is the
output. If the generator is not connected to an external circuit, the emf exists at
the terminals but there is no current, In this case, it takes little effort to turn the
armature. But if the generator is connected to a device that draws current, then
a current flows in the coils of the armature. Because this current-carrying coil is
in an external magnetic field, there will be a torque exerted on it (as in a
maotor), and this torque opposes the motion (use right-hand-rule-2 for the
force on a wire, in Fig. 2115 or 21-17). This is called a counter torque. The
greater the electrical load—that is. the more current that is drawn—the greater
will be the counter torque. Hence the external applied torque will have to be
greater Lo keep the generator turning. This makes sense from the conservation
of energy principle. More mechanical-energy input is needed to produce more
electrical-energy output.

Eddy Currents

Induced currents are not always confined to well-defined paths such as in wires.
Consider, for example, the rotating metal wheel in Fig. 21-20a. An external
magnetic field is applied to a limited area of the wheel as shown and points into
the paper. The section of wheel in the magnetic field has an emf induced in it
because the conductor is moving, carrying electrons with it. The flow of (conven-
tional) current in the wheel is upward in the region of the magnetic field
(Fig. 21-20b), and the current follows a downward return path outside that region.
Why? According to Lenz’s law, the induced currents oppose the change that causes
them. Consider the part of the wheel labeled ¢ in Fig. 21-20b, where the magnetic
field is zero but is just about to enter a region where B points into the page. To
oppose this inward increase in magnetic field, the induced current is counterclock-
wise to produce a field pointing out of the page (right-hand-rule-1). Similarly,
region d is about to move to e, where B is zero: hence the current is clockwise to
produce an inward field opposed to this decreasing flux inward. These currents are
referred to as eddy currents. They can be present in any conductor that is moving
across a magnetic field or through which the magnetic flux is changing.

In Fig. 21-20b, the magnetic field exerts a force F on the induced currents it
has created, and that force opposes the rotational motion. Eddy currents can be
used in this way as a smooth braking device on, say, a rapid-transit car. In order
to stop the car, an electromagnet can be turned on that applies its field either to
the wheels or to the maoving steel rail below. Eddy currents can also be used to
dampen (reduce) the oscillation of a vibrating system. Eddy currents, however,
can be a problem. For example, eddy currents induced in the armature of a
motor or generator produce heat (P = I'€) and waste energy. To reduce the
eddy currents, the armatures are laminated; that is, they are made of very thin
sheets of iron that are well insulated from one another. The total path length of
the eddy currents is confined to each slab, which increases the total resistance;
hence the current is less and there is less wasted energy.
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