Walk-through metal detectors at airports (Fig. 21-21) detect metal
objects using electromagnetic induction and eddy currents. Several coils are
situated in the walls of the walk-through at different heights, In a technique
called “pulse induction,” the coils are given repeated brief pulses of
current (on the order ol microseconds), hundreds or thousands of times a
second. Each pulse in a coil produces a magnetic field for a very briel period
of time. When a passenger passes through the walk-through, any metal object
being carried will have eddy currents induced in it. The eddy currents
persist briefly after each input pulse, and the small magnetic field produced
by the persisting eddy current (before the next external pulse) can be detected,
setting off an alert or alarm. Stores and libraries use similar systems to
prevent theft.

mTransformers and Transmission of Power

A transformer is a device for increasing or decreasing an ac voltage. Trans-
formers are found everywhere: in TV sets to give the high voltage needed
for the picture tube, in converters for plugging in a portable stereo, on
utility poles (Fig. 21-22) to reduce the high voltage from the electric
company to a usable voltage in houses (120 V or 240 V), and in many other
applications. A transformer consists of two coils of wire known as the
primary and secondary coils. The two coils can be interwoven (with insulated
wire): or they can be linked by an iron core which is laminated to
minimize eddy-current losses (Section 21-6), as shown in Fig. 21-23.
Transformers are designed so that (nearly) all the magnetic flux produced
by the current in the primary coil also passes through the secondary
coil, and we assume this is true in what follows. We also assume that
energy losses (in resistance and hysteresis) can be ignored—a good
approximation for real transformers, which are often better than 99%
efficient.

When an ac voltage is applied to the primary coil, the changing magnetic
field it produces will induce an ac voltage of the same frequency in the
secondary coil. However, the voltage will be different according to the number
of loops in each coil. From Faraday’s law, the voltage or emf induced in the
secondary coil is
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where N is the number of turns in the secondary coil, and Ad /At is the rate
at which the magnetic flux changes.

The input primary voltage, V., is related to the rate at which the flux
changes through it,
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where N is the number of turns in the primary coil. We divide these two equations,
assuming little or no flux is lost, to find
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This transformer equation tells how the secondary (output) voltage is related to
the primary (input) voltage; V5 and V; in Eq. 21-6 can be the rms values
(Section 18-7) for both, or peak values for both. DC voltages don’t work in a
transformer because there would be no changing magnetic flux.
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FIGURE 21-21 Airport metal
detector.

FIGURE 21-22 Repairing a step-
down transformer on a utility pole.

FIGURE 21-23 Step-up
transformer (Np = 4, Ng = 12).
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