
ELECTRIC CIRCUIT ANALYSIS 4.26 

EXAMPLE 25: A coil of resistance 40 2 and inductance 0.75 H forma part of a nerieg 

circuit for which the resonant frequency is 55 Hz. If the supply voltage is 250 V, 50 H 

find, (i) the line current (i) power factor (iil) voltage across the coLL. 

(AU, Coimbatore/EEE June 2009) 
HOTS 

R 
ww-
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L 
G060 
0.75 H 

Solution:| 
First find the capacitor value 

1 f27 LC 250 V, 50 Hz 

1 1 C 
(27 fL (2t x 55)x 0.75 

C=11.16 F 

X=2n fL = 2t x 50 x 0.75 235.62 2 

1 = 285.222 

AC2 21t fC 27T x 50x 11.16 x 10 

Impedance Z = VR}+ X -X = V40+ (235.62-285.22) = 63.71Q 

(i) Current () 

250 3.92 A 63.713.92 A 

I3.92 A 

(ii) Power factor (cos o) 

400.627 cos Z 63.71 .b2 

cos = 0.627 (leading) 

(ii) Voltage across the coil (V coil) 

Impedance of the coil Zcoil = VR* + X = V40 + 235.62 = 239 a 

Vcoil= I 2coil = 3.92 x 239 = 936.88 V 

Vcoil 936.88 V 



Ange NCE AND COUPLED CIRCUITSs 
RESONANCE 

series RLC circuit has R 10 a IL -0.54 F 
toge is 100 V. Find () resonant frvquency (i) quality fartor ftii) npper 
half pouer frequencies (v) banduidth (vi) rurrent at resonnre 

427 KAMPLE 26: 

H and C - 40 F The 
r) lower 

Aal 

lf-pouer points (vii) voltage acroes inductance nt resonanre 
nre (uii) eurront 

AU, Chennai/EEE May 2009) 
Solution: 

f r2n VLC 2n Vo.54 x 40 x 10 

Reeonant frequency ) 
10 0 54 H 

f-34.24 Hz 100 V 

Quality factor (Q) 

0.54 
40 x 106 

-11.62 
Upper half power frequency 

10 
f2 1,+T34.24+ 4Tx 0.54 

fa 35.71 Hz 

W) Lower half power frequency G) 
10 R 

ff4TL 34.24 4Tx 0.54 

f 32.76 Hz 

)Bandwidth (BW) 
BW=f2-f= 35.71-32.76 

BW 2.95 Hz 

vi) Current at resonance () 
100 10 A V 

IR 10 
I= 10 A 



4.28 
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S (vii) Current at half-power points 
I =0.707 1 = 0.707 x 10 7.07A 

(vii) Voltage across inductance at resonance (VD 
Inductive reactance X, = 2n f, L = 2n x 34.24x 0.54 = 116.172 
VL =XL = 10 x 116.17 1161.7 V 

| VL= 1161.7 V 
EXAMPLE 27: For the given circuit of figure, find the impedance i) At resonant frequency 
ii) 20 Hz above resonant frequency and 20 Hz below resonant frequency iii) Quality factor of the coil 

R L C 

102 0.1 H 10 F 

| (AU, TirunelveliEEE - May 2009) 

HOTS 

Solutiona 

1 1 
Resonant frequency I 2t VLC 2 Vo.1x 10x 10 

159.15 Hz 

Impedance at resonance = R = 10 2 

At 20 Hz below f, = 159.15 - 20 = 139.15 Hz 

At 20 Hz above f, 159.15 +20 179.15 Hz 

Capacitive reactance at 139.15 Hz is 

1 1 
AC 21f1C 2x 139.15x 10x 10 

Inductive reactance at 139.15 Hz, X = 2nf L =27 x 139.15x 0.1 = 87.43 2 

Impedance at 139.15 Hz, Z = Vr + (X -Xc = V10+ (87.43-114.37) 

Z1 = 28.736 



NCE AND COUPLED CIRCUITS 

pacitive reactance at 179.16 Hz, X 

AESONANd 4.29 

A2nf2 C 2x 179.16 x 10x 10 

1 
88,83 

Induct tive reactance at 179.16 Hz, X, 

X= 2t f2L 2n x 179.15 x 0.1- 112.56 

at 179.15 H, Zg = VR*+ x,-Xe - V1o+ (112.56-88.83/ 

Za-26.75 a 

sAMPLE 28: A series RLC circuit with R = 102 L=0.2 mH and a variable capacttor 

has to 
resona 

at 200 kH2. Find the value of C at resonance. 

1OTS 

CAU, Trichy/ECE -Dec 2008) 

Solution: 

Inductive reactance X; = 27 f, L 

2t x 200x 10 x 0.2 x 10 = 251.32 2 

At resonance condition, capacitance reactance is equal to inductive reactance i.e. 

Xc=X =251.32 
1 

Xc 2f,C 
1 

251.32 
2T x 200 x 10 x C 

C 0.0031 F 

AAMPLE 29: A voltage v (t) = 50 sin wt is applied to a series RLC circuit. At the 

Oant frequency, the maximum voltage across the capacitor is found to be 400 V. If 

bandwidth offered by the circuit is 500 radls and the impedance at resonance is 

find (i) the resonant frequeney (ii) half power frequencies (iüi) quality factor at 

Oance (iv) the component values. 

HOVTS CAU, Chennai/EEE May 2011), (AU, Trichy/ECE - Dec 2008) 

Solution: 
Bandwidth = 500 rad/second 

npedance at resonance, R = 100 S2 
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Vm 50 Supply voltage V= 36.35 V 
2 

Maximum current corresponds to resonant condition 

Imax 1000.3535 A 
V 35.350,3535 A 

R L 

-400V BW f2-fi 27 L 
100 

50021tL 50 sinøt 

L 31.83 mH 

At resonance condition, voltage across the capacitor Vc= 400 V 

400 
AL703585 1131.54 n 

X2n f,L 
1131.54 

2T L 2t x 31.83 x 103 

f 5657.87 Hz 
Half power frequencies 

R 100 h 5657.87--4T L 4T x 31.88x 103 

h-5407.86 Hz 
100 fa f+= 5657.87+ 

4t x 31.83 x 10"3 

fa 5907.87 Hz 
Q-factor = 5657.87 = 11.31 

BW 500 

=11.31 
Components values 

R= 100 Q 

L=31.8 mH 



RESONANCE NANCE AND COUPLED CIRCcu 

Capacitive 
reactance Xc X1 - 1131.64 0 

X f, C 

4.31 

1131.54= 
2x5657.87 x C 

C-0.0248 u F 

EXAM 

ANPLE 30: A series circuit with R = 10 2 L = 0.1 H and C 60 u F has an applied 

atage 
eV=50 20° with a variable frequency. Find the resonant frequency, the value of 

frquency at wh. enCy at which maximum voltage occurs across the inductor and the value of 

feguency at whi eenCy at which maximum voltage occurs across the capacitor. Explain what do you 

infer from the results. 

HOTS 

(AU, Trichy/EEE June 2009) 

Solution: 
The frequency at which maximum voltage occurs across the inductor is 

1 1 

fL2t VLC 1 1-C 

2L 

1 
1 

V, 10 x 50 x 106 

2t V0.1x 50 x 10 2x0.1 

f = 72.08 Hz 

ne trequency at which 
maximum voltage 

occurs 
across the capacitoris 

1R 
2L 

10 
1 

0.1 x 50x 106 
2x 0.1 2x0.1 

f71.08 Hz 
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Resonant frequency f, 2t VLC 
1 

71.18 Hz 
2T V0.1 x 50 x 106 

f= 71.18 Hz 

From the above results, it is clear that the maximum voltage across the capacitor occurs below the resonant frequency and the maximum inductor voltage occurs above the resonant frequency. 

4.2 RESONANCE IN PARALLEL A.C. CIRCUITS 

Learning Objective (LO 2) 
Students will be able to analyze the resonance in parullel AC circuits with resonant frequeney, bandwidth, Q factor and half pouwer frequencies invovled in it. 

Let us consider a parallel circuit consisting of two branches as shown in the figure 4.8. 
The impedance of branch 1 = RL +jXz 

L 

wW-TI00-The impedance of branch 2 = R¢-jxc 
The admittance of the circuit is 

ives 

Fig. 4.8 

1 1 
YR+ Re-c 
Y 

+jX RL-jX) (Rc+jX) R¢-jK) 
RL-jXL Rc+ jXc 

RL-iX R+jc Y 
R+XiR+X 

R Y=- RC 
R+R+xR+X +x 
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