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FIGURE 21-42 Current in an
LRC circuit as a function of
frequency. showing resonance peak
at f=f,= (1/20)VI/LC.
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J Summary

m Resonance in AC Circuits

The rms current in an LRC series circuit is given by (see Egs. 21-14, 21-15,
21-11b, and 21-12b):

1“,l"l'l'li

"{R! + (z L- ;)
hY mrL 27fC,

Because the reactance of inductors and capacitors depends on the frequency f

of the source, the current in an LRC circuit depends on frequency. From

Eq. 2118 we see that the current will be maximum at a frequency that satisfies
1

zwa_FfC_U.

We solve this for f, and call the solution f:

1 i
~mVLC

(21-18)

2

fa (21-19)
When f = f,, the circuit is in resonance, and f;, is the resonant frequency of the
circuit. At this frequency, Xy = X, so the impedance is purely resistive. A graph
of I, versus f is shown in Fig. 21-42 for particular values of R, I, and C. For
smaller R compared to X, and X, the resonance peak will be higher and sharper.

When R is very small, we speak of an LC cirenit. The energy in an LC circuit
oscillates, at frequency f,, between the inductor and the capacitor, with some being
dissipated in R (some resistance is unavoidable). This is called an LC oscillation
or an electromagnetic oscillation. Not only does the charge oscillate back and
forth, but so does the energy, which oscillates between being stored in the
electric field of the capacitor and in the magnetic field of the inductor.

Electric resonance is used in many circuits. Radio and TV sets, for example,
use resonant circuits for tuning in a station. Many frequencies reach the circuit
from the antenna, but a significant current flows only for frequencies at or near
the resonant frequency. Either L or C is variable so that different stations can
be tuned in (more on this in Chapter 22).

The magnetic flux passing through a loop is equal to the
product of the area of the loop times the perpendicular
component of the magnetic field strength:
by =B A= BAcos#. (21-1)

If the magnetic flux through a coil of wire changes in
time, an emf is induced in the coil. The magnitude of the
induced emf equals the time rate of change of the magnetic
flux through the loop times the number N of loops in the coil:
8 ﬁ(l'”

At

This is Faraday's law of induction.

The induced emf can produce a current whose magnetic
field opposes the original change in flux (Lenz's law).

Faraday's law also tells us that a changing magnetic field
produces an electric field: and that a straight wire of length {
moving with speed » perpendicular to a magnetic field of
strength B has an emf induced between its ends equal o

€ = Blv. (21-3)

An electric generator changes mechanical energv into
electrical energy. Its operation is based on Faraday's law: a
coil of wire is made to rotate uniformly by mechanical means
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(21-2b)

e = —1
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in a magnetic field, and the changing flux through the coil
induces a sinusoidal current. which is the output of the generator.

[*A motor, which operates in the reverse of a generator,
acts like a generator in that a back emf, or counter emf, is
induced in its rotating coil. Because this back emf opposes
the input voltage, it can act to limit the current in a motor coil.
Similarly, a generator acts somewhat like a motor in that a
counter torgue acts on its rotating coil.

A transformer, which is a device to change the magni-
tude of an ac voltage, consists of a primary coil and a
secondary coil. The changing flux due to an ac voltage in the
primary coil induces an ac voltage in the secondary coil. In a
100% efficient transformer, the ratio of output to input volt-
ages (Vs/Vp) equals the ratio of the number of turns N in the
secondary to the number Np in the primary:

Vs _ N

Vi Np
The ratio of secondary to primary current is in the inverse
ratio of turns:

(21-6)

Is  No

A = N (21-7)

Electromagnetic Induction and Faraday’s Law



