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IMPORTANT AC CONCEPTS

o
R
Y — c Y; —e A L L _C
T 8 S L
O

( Fig. 10.27 Approximate equivalent circuits.

which is the expression for a parallel RLC circuit, where R = L/R,C. Hence, for a
high-Q coil, the two admittances shown in Fig, 10.27 are approximately equal.

.
i
»
‘D’O W he practical tank circuit shown in Fig. 10.28 is to be in resonance at 1 MHz, that
M is, , = 27 x 10° rad/s. Assuming a high-Q coil, w, ~ 1/\/LC. from which
—_— Lad o ..__'___v.__.._,.=507 H
W}C T (@n? x 10%)(500 x 10-12) ~ 2 H
The quality factor of the series reactance at the resonance frequency is
X, wlL 318
1010 "0 -8
which is much greater than 1, as was assumed. Since
. 10,132 = 10,000
RI‘C s Y N L)
e
1082 Oo— b d ) 4
== 500 pF
=AY ! 10kQ 50.7uH == 500 pF
o

o— k- +
Fig. 10.28 Practical tank circuit\ Fig. 10.29 Equivalent of practical tank
circuit.

then the tank circuit given in Fig. 10.28 can be approximated by the parallel RLC
circuit shown in Fig. 10.29. The quality factor of this parallel RLC circuit is

Q = w,RC = (27 x 10°)(10 x 10*)(500 x 10~ ') = 31.4
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10.3 RESONANCE

Scaling

In the last example discussed, the element values given were practical in nature. This,
however, has not been the trend previously, nor for the most part will it be in the
remainder of this text. The reason for this is the simplification of computations. How-
ever, by a process known as “scaling,” results obtained for circuits having simplified,
nonrealistic element values can be extended easily to practical situations.

There are two ways to scale a circuit—magnitude or impedance scaling and
frequency scaling. To magnitude-scale by the factor K,,, just multiply the imped-
ance of cach clement by the real, positive number K. A resistor of R ohms is scaled
to a resistor of R" = K,,R ohms, An L-henry inductor of impedance jwl ohms is
scaled to an impedance of jwK,, L. ohms—that is, an L' = K, L-henry inductor. A C-
farad capacitor of impedance 1/jwC ohms is scaled to an impedance of K,/joC =
{/jwlC/K,,) ohms—that 18, a C' = C/K,-farad capacitor. In summary, to scale an

] impedance by the factor K,,, scale R, L, and C as follows:
Magnited s

%R—-»K,,,R L—K,L C'*lf,,, —-——BSM

EXA E106
The parallel RLC circuit shown in Fig. 10.30 has the admittance
11 | 1 1 jo
Y ol ad semmpr— 1 _— s et
Z R +ij +JoC 2 +jw * 25

and the resonance frequency

[~ .

Fig. 10.30 Parallel RLC impedance.

‘Scaling this circuit by K, = 5000, we get R = 2K,, = I0kQ, L' = 1K, =5kH. (' =
1/25K,, = (1/125,000) F = 8 uF and an admittance Y’ given by
I [ ij:' 1 1 Ja

Y o= i R B e
KoR Tjok,L T K, T 10000 T jwsooo T 125,000
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IMPORTANT AC CONCEPTS

and the resulting resonance frequency is

] 1
Tom e et B = 5 rad/s
'\fiKmL'(C/Km) \‘(L’C
That is, the resonance frequency is not affected by magnitude scaling. In actuality,
the shape and the frequency axis of the amplitude response of an impedance are not
affected by magnitude scaling, but values on the vertical axis are multiplied by K,,.

.q

To frequency-scale by the factor K, since the impedance of a resistor is not
frequency dependent, a resistor of R ohms is left as is. However, for an L-henry in-
ductor of impedance jwL, at frequency o = wj, the impedance is jw, L. What inductor
L” will have such an impedance at the scaled frequency K n,? Since

L

JawoL = j(K jg)L" = L ==
K r

o,

to frequency-scale an inductor L by K, divide L by K.

Fora C-farad capacitor of impedance 1/jwxC, at frequency w = g the impedance
is 1/jwoC. The capacitor C” that has such an impedance at the scaled frequency K,
is determined from

1 1 C

e = =

ju)oc j(KJrO)Q)C Kf
That is, to frequency-scale a capacitor C by K, divide C by K,. In summary, to
frequency-scale by the factor K, scale R, L, and C as follows:

Ll ¢ f_&f@l{x\%.

4 EXAMPLE 107‘

“To frequency-scale, by K, = 10° the previously magnitude-scaled parallel RLC
circuit given in the preceding example, we get R" =R’ =10kQ, L" = L'/K, =
5000/100,000 = 50 mH, C” = C/K, = 1/(125,000)(100,000) = 80 pF and admittance
Y" given by

i 1
=100 T jwso(10)
and a resonance frequency
" !
(U' UOE vt s o3 3 00 s o
JI50)(1073)(80)(10™ 1)

Y’ + jw80(10™1%)

= 5(10%) rad/s = 10%w, = K o,
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