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Sheet (4)... Parallel Resonance

1. Consider the circuit shown in Figure 1.
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a. Determine the resonant frequencies, wp(rad/s) and fp(Hz) of the
tank circuit.

b. Find the Q of the circuit at resonance.

c. Calculate the voltage across the circuit at resonance.

d. Solve for currents through the inductor and the resistor at
resonance.

e. Determine the bandwidth of the circuit in both radians per second
and hertz.

f. Sketch the voltage response of the circuit, showing the voltage at
the half-power frequencies.

g. Sketch the selectivity curve of the circuit showing P(watts) versus
o(rad/s).

Good Luck
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a. Wwp =L o= = = 12. s
P77 VLC ~ V(16 mH) (0.4 uF)
o _ @ _ 12.5 krad/s = 1989 Hz
27 2x
R 500 02 500 2
b. Op = — = = =25

wl (125 krad/s) (16 mH) 2000
. At resonance, Ve = Vi = Vg, and so

V = IR = (3.6 mAZ0°) (500 2£0°) = 1.8V £0°

_ Vi _ 18 V£0°

I; =——=00mA—90°
Z;, 200 2290°
I =1= 36 mAL0°
BW (tad/s) = wp _ 12.5 krad/s S
(rad/s) = o 25 = ad/s
BW(Hz) = S0 ads) _ S knds _ 5958 He
2x 2
The half-power frequencies are calculated from Equations 2148 and 21-49
since the 2 of the circuit is less than 10.
—_—
w = — : + !, 5 + L
2RC VA4RTC LC
- 1 4 .{ 1 ) I
0.0004 V1.6x1077 64 x107°
= —2500 + 12 748
= 10 248 rad/s

Good Luck
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0.0004  V16x107 " 64 x10
2500 + 12 748

15 248 rad/s

The resulting voltage response curve is illustrated in Figure 21-32.
2. The power dissipated by the circuit at resonance 1s
_¥_asvy

R 500 Q
The selectivity curve is now easily sketched as shown in Figure 21-33.
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FIGURE 21-32 FIGURE 21-33
2. Consider the circuit of Figure 2.
Qu!]]
Rcui] =100
20 mA£0° R, gzs L )
<) c TinF Flg' 2
L =1mH

a. Calculate the resonant frequency, wp, of the tank circuit.
b. Find the Q of the coil at resonance.

c. Sketch the equivalent parallel circuit.

d. Determine the Q of the entire circuit at resonance.

e. Solve for the voltage across the capacitor at resonance.

Good Luck
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a. Since the ratio L/C = 1000 = 100R;. we use the approximation:

1 1

w, = — =—————= | Mrad/s
P VL V(1 mH) (1 nF)
wl (1 Mrad/s) (1 mH)
b. ol = ——— = = 100
Q : Rrui] lOﬂ
c. Rp = QiR = (100)%(10 ) = 100 k)

X;p = X; = wl = (1 Mrad/s) (1 mH) = 1 kQ

The circuit of Figure 21-35 shows the circuit with the parallel equivalent
of the inductor.

20 mAéﬂ”C) R;$25 kﬂ\‘; = 10 § 1 k(2 RPglm ke
C

]
2
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HGURE 21-35

We see that the previous circuit may be further simplified by combining the
parallel resistances:
_ (25 K)(100 kL)

R.. = R,|Rp = = 20kQ
o = Rk = S0 + 100k

The simplified equivalent circuit is shown in Figure 21-36.
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FIGURE 21-36

Req  20kQ2
d. Op=—="""=

=20
X, 1kQ

€. Al resonance,

Ve = IR, = (20 mA£0°) (20 k(1) = 400 V.£0°

Good Luck
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Determine the values of Rland C for the resonant tank circuit of

Figure 3 so that the given conditions are met.
L=10 mH, Rcoil=30Q, fP=58 kHz, BW =1 kHz
Solve for the current, IL, through the inductor.

coil = 300
10 pAL°
L= 10mH

_ fe _ S8kHz
" BW(Hz) 1kHz

wp = 27fp = (27)(58 kHz) = 364.4 krad/s

= 58

Op

| 1

C=—p-= 5 = 753 pF
wpl (364.4 krad/s) (10 mH)
= MPL
Qt'ull Ru.‘ri]
_ (364.4 krad/s)( 10 mH) Fig
30 0] .3
_36HKkD _

30 Q
Rp = Q2 aR.cn = (121.5)%(30 Q) = 443 kQ)
Xip=X; = 3644 ()

10 pALO°

Rp §44

11 kf}

Xe
3 k)

l

3644 1)
Xip

Good Luck
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The guality factor Qp 1s used to determine the total resistance of the ci

R = OpXc = (58)(3.644 k) = 211 k)

But
1_1 .1
R R Re
R B 1 1
S == — = 247 uS
R, R Ry 211KQ 443kQ K
And so

R, = 405 k()
The voltage across the circuit is determined to be
V =1R = (10 pAZ0%)(211 k2) = 2.11 V.L0°
and the current through the inductor is

v

Reon + jXi

_211VA° 211V
T304 3644 0 3644 0./89.95°

[L=

=579 pAL—89.9

4. Let V= 20 cos(at) V in the circuit of Fig. 4. Find w,, Q, and B, as seen
by the capacitor.

12 kQ

’—"u’v‘u’\
Fig. 4

vi} 45 kQ :IgF%ﬁOmH

.\lrll..\"f\\-'lr

Good Luck
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We convert the voltage source to a current source as shown below.

. (T) 12k g 45k % —L | uF

éﬂﬂ'm

£

2
I, = I—i}cosmr, R = 12//45= 12x45/57 =9.4737 kQ)

L

1

1
@, = =
NLC  A60x10° 07

=4.082 krad/s

1 1

B=—= +—— = 105.55 rad/s
RC ™ 94737x0° 10~ — oo
2
Q=2 _2082 35674 -38.67
B 10555

5. Design a parallel resonant RLC circuit with wo= 10rad/s and Q = 20.

Calculate the bandwidth of the circuit. Let R= 10(2.

Select R =10Q.

[__ R __10
@pQ  (10)(20)

e 1 1 5

T olL T (100)(0.05) T

=0.05H =50mH

Therefore, if R =10 then
L=50mH C=0.2F, B=05rad/s

Good Luck
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6. It is expected that a parallel RLC resonant circuit has a mid-band
admittance of 25 x103S, quality factor of 80, and a resonant
frequency of 200 krad/s. Calculate the values of R, L, and C. Find the
bandwidth and the half-power frequencies.

At resonance,

S
Q=aRC — :m?R:qumjgﬂ}(mJ:H
| l !
%= T LEacT Gxiovyioxios) - 22
Q0 200x107 ) o vadrs
Q80

) =y —%z.?{}l}- 1.25 =198.75 krad/s

0y =y +% =200+1.25=201.25 krad/s

7. For the “tank" circuit in Fig. 5, find the resonant frequency.

I, cos wt |\+/| f —— 1 uF Fig. 5

Good Luck
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R + joL R +m L"

At resonance, Im(Y)=0,ie.
w,L

C-——"—-—=0
P R* +@gL?

2 2 pd L
R- -‘]-UJIEL‘ = E

1 R? 1
D= NTe T 2 T 3 %
LC - (40% 1077 )(1x10™)

w, = 4841 rad/s

( J
4Dx 10-

Good Luck



