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In the course of trying to find a somewhat fresh demon-
stration of induced EMF for an algebra-based physics
class, it occurred to us that a simple battery-powered radio
could be a good candidate. The hope was that the radio is
a much more familiar object to the students than are the
various coils and meters that are usually used to demon-
strate the effect. The plan was to hold the radio—tuned to
a local station in the AM (amplitude modulation) broad-
cast band (550 to 1600 kHz)—in front of the class and
then to rotate the radio and demonstrate that there was an
orientation at which the signal was maximum and another
orientation at which the signal was minimum (perhaps
even zero!). It was known that the electric field of the AM
transmissions is vertically polarized so that the magnetic
field would be horizontally polarized. Hence, the built-in
antenna (a solenoid!) could play the role of the detector
coil in an induced EMF demonstration.

Inspection of several abandoned radios revealed that
they all had “automatic volume control” (AVC) circuits
that adjust the overall gain of the radio to maintain a fairly
constant audio output (for a given setting of the volume
control). This feature was perceived as a major obstacle for
the proposed demonstration because the difference in
sound level between maximum and minimum induced
EMF orientations would not be all that dramatic, espe-
cially if a local station were being used as the source of the
oscillating magnetic field. Manufacturers, unfortunately,
do not foresee the possibility that a user might wish to
disable the AVC—in other words, there was no switch
with which the AVC could be disabled.

Since the radios were old and abandoned, it was decided
to disable the AVC by appropriate modifications to the
circuit. Hence, a radio (Radio Shack No. 12-108) that was
accompanied by a circuit diagram—here the manufacturer
deserves plaudits—was inspected, and it was readily found
that cutting one wire and soldering it to another point in
the circuit would implement the required modification.
Figure 1 shows a partial schematic diagram of the relevant
section of the radio. On the basis of our experience, this
version of an AVC circuit is probably the most common
form. A cut is made at point “X,” and the free end of R6
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is then soldered to ground. This converts the radio into a
fixed gain receiver—for our purposes, equivalent to a
highly sensitive voltmeter connected to a solenoid (the an-
tenna coil). As part of the demonstration, the back of the
case is removed, and the class is shown the coil.

Some words of caution. First, some radios have very
complicated AVC circuits and are not worth the trouble
needed to disable the AVC. Second, note that the FM band
is not suitable because of the way that FM works as well as
the possible presence of an AGC (automatic gain control).
Moreover, the FM wave is much more prone to depolar-
ization effects. Third, it is true that communications radios
usually have a switch to control the AVC, but they usually
do not have a loop antenna—and it is the loop antenna that
is the “heart” of this demonstration.

At the cost of a few minutes of time, the instructor is
equipped with a relatively dramatic piece of apparatus with
which to demonstrate induced EMF. The audience hears
its favorite music changing drastically in intensity as it
watches a familiar device being rotated in front of their
eyes.
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Fig. 1. Partial circuit diagram of a radio equipped with automic volume
control (AVC). In normal usage, the negative voltage appearing at *“X”
depends on signal strength at the antenna and controls the bias—and thus
the gain—of transistor Q2. Disconnecting R6 at X" and connecting it to
ground removes AVC action.
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