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Applications: Galvanometers,
Motors, Loudspeakers

Galvanometer

The basic component of analog meters (those with pointer and dial), including
analog ammelters, voltmeters, and ohmmelters, is a galvanometer, We have already
seen how these meters are designed (Section 19-8), and now we can examine how
the crucial element, a galvanometer, works. As shown in Fig. 20-33, a galvanometer
consists of a coil of wire (with attached pointer) suspended in the magnetic field of
a permanent magnet. When current flows through the loop of wire, the magnetic
field exerts a torque on the loop, as given by Eq. 20-10,

7 = NIABsinf.
This torque is opposed by a spring which exerts a torque 7, approximately propor-
tional to the angle ¢ through which it is turned (Hooke’s law). That is,

T = ke,
where k is the stiffness constant of the spring. The coil and attached pointer
rotate to the angle where the torques balance. When the needle is in equilibrium
at rest, the torques are equal: k¢p = NIABsin#, or

3§ - }WAi sinf
The deflection of the pointer, ¢. is directly proportional to the current / flowing in
the coil, but also depends on the angle 6 the coil makes with B, For a useful meter
we need ¢ to depend only on the current [, independent of 8. To solve this problem,
magnets with curved pole pieces are used and the galvanometer coil is wrapped
around a cylindrical iron core as shown in Fig, 20-34, The iron tends to concentrate
the magnetic field lines so that B always points parallel to the face of the coil at the
wire outside the core. The force is then always perpendicular to the face of the coil,
and the torque will not vary with angle. Thus ¢ will be proportional to [, as required.

Electric Motors

An electric motor changes electric energy into (rotational) mechanical energy. A
motor works on the same principle as a galvanometer, except that there is no spring
s0 the coil can rotate continuously in one direction. The coil is larger and is mounted
on a large cylinder called the rotor or armature, Fig. 20-35. Actually, there are
several coils, although only one is indicated in the Figure. The armature is mounted
on a shaft or axle. When the armature is in the position shown in Fig. 20-35, the
magnetic field exerts forces on the current in the loop as shown. However, when the
coil, which is rotating clockwise in Fig, 20335, passes beyond the vertical position,
the forces would then act to return the coil back to vertical if the current remained
the same. But if the current could somehow be reversed at that critical moment, the
forces would reverse, and the coil would continue rotating in the same direction.
Thus, alternation of the current is necessary if a motor is to turn continuously in one
direction. This can be achieved in a de motor with the use of commutators and
brushes: as shown in Fig. 20-36, the brushes are stationary contacts that rub against
the conducting commutators mounted on the motor shaft. At every half revolution,
each commutator changes ils connection over to the other brush. Thus the current
in the coil reverses every half revolution as required for continuous rotation.
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FIGURE 20-33 Galvanomeler.

FIGURE 20-34 Galvanometer coil
wrapped on an iron core.
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FIGURE 20-35 Diagram of a
simple dc motor,
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FIGURE 20-36 The commutator-brush
arrangement in a de motor ensures alternation of
the current in the armature to keep rotation
continuous. The commutators are attached to the
motor shaft and turn with it, whereas the brushes
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