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EXAMPLE

14.1

Electrocardiology is the study of the electric signals
produced by the heart. These signals maintain the
heart’s rhythmic beat, and they are measured by
an instrument called an electrocardiograph. This
instrument must be capable of detecting periodic
signals whose frequency is about 1 Hz (the normal
heart rate is 72 beats per minute). The instrument
must operate in the presence of sinusoidal noise
consisting of signals from the surrounding electri-
cal environment, whose fundamental frequency is
60 Hz—the frequency at which electric power is
supplied. |

Choose values for R and L in the circuit of
Fig. 14.4(a) such that the resulting circuit could be
used in an electrocardiograph to filter out any noise
above 10 Hz and pass the electric signals from the
heart at or near 1 Hz. Then compute the magni-
tude of V, at 1 Hz, 10 Hz, and 60 Hz to see how
well the filter performs.

SOLUTION

The problem is to select values for R and L that
yield a low-pass filter with a cutoff frequency of 10
Hz. From Eq. 14.12, we see that R and L cannot be
specified Mmdenﬂy to generate a value for w,.
Therefore, let’s choose a commonly available value
of L, 100 mH. Before we use Eq. 14.12 to compute
the value of R needed to obtain the desired cutoff
frequency, we need to convert the cutoff frequency
from hertz to radians per second:

w, = 27 (10) = 207 rad/s.
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2 €134
For the series RC circuit in Fig. 14.7- T \/\T
a) Find the transfer function between the source O l

voltage and the Output voltage. -
b) Determine an equat; \
| quation for the cutoff fre.
quency in the series RC circuit e

c) Choose values for g
low-pass filter with 4

—
-r

and C that will yield a
utoff frequency of 3 kHz.
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'.__Bécause R and C cannot be com- W — _1
puted independently, let’s choose C = 1 uF. < —
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Show that the serie

, w L
S RL circuit i Fig. 14.13 also \H( IW) \ “" L RS
acts like a high-pass filter: (Uu L) t
2) Derive ap EXpression for the circuit’s transfer | _ Vx L -~ O
function, g 4 w = o \H Wo) } -
b) Use the resyjt from (a) to determine an equa- | |
tion for the cutoff frequency in the series R,
CIrcuit,
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A graphic equalizer is an audio amplifier that al-
lows you to select different levels of amplification
within different frequency regions. Using the se-
ries RLC circuit in Fig. 14.19(a), choose values for
R. L, and C that yield a bandpass circuit able to
~ select inputs within the 1-10 kHz frequency band.
" Such a circuit might be used in a graphic equalizer
to select this frequency band from the larger audio
band (generally 0-20 kHz) prior to amplification.
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a) Show that the RLC circuit in Fig. 14.22 1s also
a bandpass filter by deriving an expression for
the transfer function H(s).

b) Compute the center frequency, w,.
c) Calculate the cutoff frequencies, w1 and w2,

the bandwidth, 8, and the quality factor, Q. i

d) Compute values for R and L to yield a band-
pass filter with a center frequency of SkHz and
2 bandwidth of 200 Hz, using a 5 uF capacitor.

c=5YF
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