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SERIES RESONANCE IN AN R-L-C CTRCUIT

RICHARD L. KNUTH
8t. Procopius College, Lisle

In the electronics and electricity
textbooks which we use in college,
resonance curves may be found us-
ing high frequencies such as a mil-
lion and a half eycles per second. I
thought it would be interesting to
study resonance phenomena at au-
dio frequencies, in the neighborhood
of 5 to 10 kilocyeles per second. At
these frequencies it can be shown by
impressing it on the oscilloscope
that the input voltage has a pure
sinusoidal waveform. This eannot
be done at the very high frequen-
cies. :

An electronic oscillator driving a
power amplifier was used to produce
a constant signal input voltage with
variable frequency. This voltage
was then fed into the cireuit (fig. 1).

A suitable coil was wound and its
inductance found to be 1.15 milli-
henries. It was then placed in series
with a condenser, and the generator
voltage was applied and kept con-
stant. In such a cireuit, the current
is dependent on the frequency of
the generator. Thus begins the study
of series resonance (fig. 2). This is
a graph of the current in the cireuit
plotted against the frequency of the

generator. According to theory, re-

1
sonance oceurs at F'= —80——
27 vLC
Using the coil of 1.15 millihenries
and a condenser of 1/ microfarad,

the resonant .frequency is 10,250
cycles per second. Now if we change
capacitance, the resonance point will
shift either to the right or to the left
as we decrease or inerease the ca-
pacitance. ,

There are several things which
could be studied in detail in relation
to series resonance, for example,
sharpness of resonance, resonance
of voltage across the coil, or reso-
nance of voltage across the conden-
ser. In this case, the two points of
resonance vary from the point of
current resonance by about a hun-
dred cycles per second.

However, I thought that it would
be of particular interest to study the
variation of resistance in the coil as
the frequency is increased. We
know that the resistance of a wire
inereases with the frequency. This
is due to the ‘‘skin effect’’ (the eur-
rent flowing through the wire is con-
centrated in the outer layers). Since
the current at resonance is given by
I — B/R, where E is the effective
input voltage and I is the effective
current in the cireuit, R, the resist-
ance of the coil, can be found. By
changing condensers several times,
we get several points of resonance,
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and computing the resistance at
each point, we ean plot a graph of
resistance against frequency (ﬁg
3).

A very important quantity en-
countered in the study of resonance
phenomena is the figure of merit of

2 = FL

the coil. It is defined as , the

R

ratio of the reactance of the coil to
its resistance, and is symbolized by
. In theory it can be shown that
the voltage across the coil or con-
denser, at resonance, is ¢ times as
large as the input voltage. At the
resonant frequency given before, my

coil had a Q of 40. But the @ does
not remain constant. Since both the
numerator and denominator of @
inerease with frequency, the @ may
either increase or decrease. For my
particular coil and in the frequency
range of 2 to 10 kilocycles per sec-
ond, the Q is always inereasing.

Resonance phenomena in eoupled
cirenits and parallel circuits could
be similarly studied. The most in-
teresting is resonance in coupled
circunits. However, I chose to de-
scribe series resonance because it is
the simplest and yet illustrates how
experiments of this kind can be
done.




Resistance (2 )

Resonance i an RB-L-C Circuit

i 2 3 4 5 6 7
Frequency (k.c.p.s.)

Fre. 3.

193

40




