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4.1.6 Quality factor (and its effect on bandwidth 
The Quality factor Q is the ratio of the reactive power in the inductor or 

to the true power in the resistance in series with the coil or capacitor. 
inductor or capacit 

The quality factor Q=2t x 

energy 

maximum 
dissipated 

energy 

per 

stored 
cycle 

In an inductor, the maximum energy stored is given by 

Energy dissipated per cycle |RxT 

P'RT 
2 

Quality factor of the coil Q= 21t x 
R 

21fL L 
R R 

In a capacitor, the maximum energy stored is given by = 
2 

The energy dissipated per cycle = RT 

Quality factor of the capacitor is 

1 

R oCR 

In a series circuit Quality factor oCR Q-R 
4.1.7 Magnification in resonance 

If in a series RLC circuit, the voltage applied is V, and the current at resona 
rance 

is , then the voltage across inductor L is VL= IXL =| p L 
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Similarly, 
the voltage across capacitor C 

4.17 

sim 
V 

V.-IK Ro,C 
1 

o,CR R 

where 
is the frequency at resonance. 

Therefore Vz = VQ 

Vc VQ 

The ratio of voltage across either L or C to the voltage applied at resonance is 

jefined as magnification. 

Magnification Q=or) V 

EXAMPLE 12: A series RLC circuit has R =20 2 

L= 0.005 H and C= 0.2 x 10° F. It is fed from a 100 V 

Dariable frequency source. Find (i) frequency at which 

current is maximum (i) impedance at this frequency and 

(il) voltage across 
inductor at this frequency. 

20 2 
W 

0.005 H 0.2X106F 

O000 
R 

100 V 

(AU/EEE - Dec 2005) 

HOTS 

Soution: 
) Maximum current 

maxR 20 5A 

Frequency at which current is maximum 

1 1 = 5033 Hz 

T2 VLC2 vo.005x 0.2x 10 

li) impedance at this frequency 

= 5033 Hz 

Z=R =20 
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ii) Voltage across induetor at this frequeney V-1X 

X = 2n fL = 2 xnx 6033 x 0.005 158.11 2 

V= 6 x 158.11 = 790.56 V 

V = 790.56 V 

EXAMPLE 13: A series RLC circuit consists of R = 100 S2 L= 0.02H and C=0.02 u 

Calculate the frequency of resonance. 

LOTS CAU/EEE Dec 2005) 

Solution: 
1 Resonant frequeney f, 2 VLC TO.02x 0.02 x 10 

1002 
W-

0.02 H 0.02 pF 

R L 
C 

f 7957.74 Hz 

EXAMPLE 14: A series RLC circuit has R=50 2 L =0.01 H andC =0.04 4F. Find 
resonant frequency, circuit impedance and current under resonance condition, voltage 

across inductor under resonance when system voltage is 100 V. 

LOTS (AU/ECE Dec 2005) 

Solution : 

1 Resonant frequency I 2r VLC 2 Vo.01x 0.04 x 10 
50 2 0.01 H 0.04 uF 

f= 7957.74 Hz R L 
C 

Current under resonance condition 100 V 

V 
maxR 50 

100 
=2A 

Voltage across inductor Vz = IXz 

X = 21f,L =21x 7957.74 x 0.01 

500 2 

VL=2x 500 = 1000 V 

V 1000 v 
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E 15: For the circuit shown in figure, determine the frequency at which the MPLE 15:Fo 
quency at which the 

nates? Als0, find the voltage across the inductor at resonance and the Q 
greuit resonates? 

10 0.1 H 50 F 
arcuuit 

gdor 
of 

the 
cireuit 

W 

(AU/EEE Dec 2007) 
100 V rms 

-
HOTS 

Solution: 

1 
Resonant frequency Tr2x VLC 2 O.1 x 50 x 10 

f71.18 Hz 

At resonance, the current I= 10 10 A 

Inductive reactance XL = 27 fL= 21 x 71.18 x 0.1 

= 44.72 2 

Voltage across 
inductor Vz =1Xz = 10 x 44.72 

V 447.2v 

0.1 

Qfactor =R 10 V 50 x 106 

Q 4.472 

24AMPLE 16: A series RLC circuit with R =52L= 40 mHandC = 1 pF. Calculate 

of the circuit, the separation 
between half power frequencies, the resonant frequency 

and the half power frequencies. 

HOTS 

(AU/EEE Dec 2007) 

8olution 
40 x 103 

V 1x 106 

40 mHAF 

O000 -
L 

W 

-factor 
R C 

40 
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The separation between half power frequencies 

fa-fh2L 40x 320 Hiz R 6 
2T x 40 x 103 

a-fi 20 Hz 
Resonant frequency 

f=2-fi)= 40 x 20 800 Hz 

f800 Hz 
Half power frequencies 

5 h R- 800 -
4Tx 40x 10 

800-9.95 790.05 Hz 
fi 790.05 Hz 

5 
f2f 800 + 809.95 

4TX 40 x 10-3 

a=809.95 Hz 

EXAMPLE 17: For the circuit shown in figure, determine the value of capacitive 
reactance and impedance at resonance. 

50Q +j25a c 
w 

(AU/ECE Dec 2006) 

ITS 

Solution: 
At resonance condition, inductive reactance is equal to capacitive reactance 1.e. 

X=26a 
Impedance at resonance 

Z R=50 
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TE 18 A 240 V, 100 Hz ac source supplies a series RLC circuit consisting of 
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TAMPLE 

tor and a co. If the coil has 65 m resistance and 7 mH inductance, calculate 

4.21 

or and a coil a apacitor ana 

ue of the capacitor at 100 Hz resonance frequency, the - factor and the half 
the 

er 
frequencies of the circuit 

7 e8onanoe 

and 7 mHi 

pouer 

IM)I'S, 

(AU/EEE Dec 2008) 

Solution: 

f= 100 Hz 

f27 VLC 
55 m 7 mH 

W-
R L C 

210 LC 240 V, 100 Hz 

1 

1 
100x 7x 10*x 

(223.6186x 
10F = 3.6186x 104F 

C 361.86 F 

- factor 10 1x10 361.86x 10 
7x 10 

55 x 10 

80 

Half power frequencies 

56x 103 

= 100 - 4Tx 7x 103 

h99.374 Hs 
100+66 55 103 

4Tx 7x 103 100+rx7x 10 
100.625 Hz 
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EXAMPLE 19: An inductive coil having a resistance of 20 2 and an inductance of 0 0o 
H is connected in series with 0.01 uF capacitor. Calculate: (a) Qof the coil (b) Resona 
frequency of the circuit. nt 

CAU/ECE May 2006) LOTS 

Solution: 

0.02 H 0.01 P 00 
20 0.02 (a) -factor Ww 

0.01 x 10-6 

Q 70.71 
b) Resonant frequency T,2n VLC 9t Vo.02 x 0.01 x 10 

=11254 Hz 
EXAMPLE 20: Determine the resonant frequency for the circuit. 

10 0.5 mH 10 uF 

Vs 

(AU/EEE May 2004) LOTS 

Solution: 
1 Resonant frequency Í,= 2n VLC 2t Vo.5 x 10x 10x 10 

f2250 Hz 
EXAMPLE 21: A series RLC circuit consists of 50 Q resistance, 0.2 H inductance and 
10 P capacitance with the applied voltage of 20 V. Determine the resonant frequency 
Find the factor of the circuit. Compute the lower and upper frequency limits and also 
find the bandwidth of the circuit. 

HOTS (AU, Coimbatore/EEE Dec. 2010) (AU/EEE May 2004 
C 

R L Solution: 
W-
502 Q-factor= N 0.2 2.82 0.2 H 10F 

10 x 106 

Q 2.82 
20 V 
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4.23 Resonant frequency f,=" 2n vLC 2n Yo 2x 10x 10 

2n vLC 
2n V0.2 x 10x 10 

f,-112.64 H 
Lower frequeney limit f1 =f,- =112.54 

R 
50 4T L 47Tx0.2 

f92.64 Hz 
Upper frequency limit f2=f,+T 112.54+- 50 

4nL 4Tx 0.2 

fa= 132.43 Hz 

Bandwidth BW=f2-f1 132.43 92.64 

BW 39.79 Hz 

EXAMPLE 22: A coil of inductance 0.75 H and a resistance 40 2is a part of a series 

msonant cireuit having a resonant freguency of 160 Ha. If the supply voltage is 230 V, 

50 Hz, find (i) current (ii) power factor (i) voltage across the coil 

AUECE Dec 2004) HOTS May 204 
Solution: 

L C 
R 

First find the capacitor value. 
40 2 0.75 H 

1 

2 VLCC 
230 V, 50 Hz 

1 1 
C 

(2t f)L (27x 160)x 0.75 

C= 1.32 uF 

XL = 2t flL = 2t x 50 x0.75 = 235.62 S2 

Xc 27 fC 2t x 50 x 1.32 x . 10 

Impedance 2Z = VR2+ (X, -X= V40 + (235.62-2411.43) 

1 
A 2411.430 

= 2176.17 2 (capacitive) 

an indadr 
the 
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i) Current 

V 230 
Iz 2176.17 

I 0.1056 A| 
(ii) Power factor 

40 
cos 7 2176.17 

cos = 0.0183 (leading)| 
ii) Impedance of the coil 

Zcoil VR+X = V40+ 235.622 = 239 

Voltage across the coil 

coil Zcoil= 0.1056 x 239 

Vcoil 25.23 V 

EXAMPLE 23: A series RLC circuit has Q=75 and a pass band (between half power 
frequencies)of 160 Hz. Calculate the resonant frequency and the upper and lower 
frequencies of the pass band. 

(AU/EEE May 2007) 
HOTS 

Solution: 
Q 75 

BW f-f 160 Hz . (i) 

f, 2-f=75 x 160 = 12000 Hz 

f= 12000 Hz 

We know that f/2=f= (12000) 

(ii) ft/2=VG2-f*+4f/2 =V(160+ 4 x (12000 24000 

From equations (i) and (ii) 

2-fi 160 

f2+f1 24000 

2f2 24160 
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24160 
2 2 = 12080 Hz 

fa 12080 Hz 
f2-f1 160 

f 12080 160= 11920 Hz 

fi 11920 Hz 
MPLE 24: In. 

reit when the capacitor is at 5pF with a fixed frequency and a voltage of 5V. 

Rmine the frequeney at which the circuit resonates, the bandwidth, the quality factor 

MPLE 24: In the circuit shouwn in figure, a maximum current of 0.1 A flows through 

and 
the value of resistance of resonance frequency. 

R 0.1 H 

HOTS O000 
L C 

5V (AU, Trichy/EEE - June 2009) 

Solution: 
At resonance condition, 2 =R 

R= V =50 
RIas 

1 
Resonant frequency Ir2t VLC 2 Vo.1x5x 10 

225.08Hz 
06 

225.08 Hz 

uality factor o-
,L 27tf, L 2T x 225.08 x 0.1 

_ 2.828 

Quality factor Q= R R 50 

2.828 

f226.08_79.62 Hz 
Bandwidth BW 2.828 

BW 79.59 Hz 
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