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4.1.6 Quality factor (@ and its effect on bandw.l o in the inducte
The Quality factor Q is the ratio of the "9"30“":‘ poc:il or capacitor ror Qpadn»
to the true power in the resistance in series with the :

red

_ maximum energy stored
The quality factor @ = 2n x energy dissipated per cycle

. ‘s o b
In an inductor, the maximum energy stored is given Dy

I
Energy dissipated per cycle = ( 3

1
In a capacitor, the maximum energy stored is given by = 3 cv?
I 2
The energy dissipated per cycle Z[E] RT

Quality factor of the capacitor is

2
1 1
2 = _
nXZC(u)C}_ :
P, 1 o
2 VX
- In a series circuit Quality factor| Q =% = mCLR

4.1.7 Magnification in resonance

If in a series RLC circuit, the voltage applied is V, and the current at resonai®

is I, then the voltage across inductor L is V,=IX; = [% Jw L
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RE
the voltage across capacitor C

_ v
Ve=IX.= o

1 oL
@ oCR R

chere , 18 the frequency at resonance.

) VL = VQ
VC= VQ

ratio of voltage across either L or C to the volta

Therefo

ge applied at resonance is

The
jefined 88 magnification.

_c

s VL
Mag'm.ﬁcatlon Q = —‘—,— (or) v

EXAMPLE 12: A series RLC circuit has R=20 Q 6
P oo 000sH 02X10F
1=0.005H and C=0.2x10"°F. It is fed from a 100 \%4 ——JVWV‘—‘JWL —
R C

wariable frequency source. Find (i) frequency at which
current is MaAxiLmMum (ii) impedance at this frequency and 100V

(iii) voltage across inductor at this frequency.

Solution :

() Maximum current

(AU/EEE - Dec 2005) |

pa—
=

— ——

Frequency at which current is maximum

‘= 1 1 __—=5033Hz
r=2nNLC 97 ~/0.005x 0.2% 10"

(i)
Impedance at this frequency
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(iii) Voltage across inductor at this frequency Vj, = IX;,

Xp =2nfL =2 xnx 5033 x0.006 = 168. 11Q

V,, = 5x 16811 = 790.56 V
(V)= 79055 V |

EXAMPLE 18: A series RLC circuit consists of R =100, L=0.02H and C=0,9y , P
Calculate the frequency of resonance.

(AU/EEE - Dec 2005, 5' |

Solution :

1 1 1000 0.02H 902puF
Reso t . =
nant frequency fr = o VLG 21 1/0.02x 0.02 x 10~ ° R L

C

f,=1957.74 Hz

EXAMPLE 14: A series RLC circuit has R=50 Q L=0.01 HandC=0.04 uF. Fing
resonant frequency, circuit impedance and current under resonance condition, voltage ’f
across inductor under resonance when system voltage is 100 V. '

‘ (AU/ECE - Dec 2003)

Solution :

1 1
2nVLC  97~/0.01x0.04 x 10~ 8

Resonant frequency f, =

f,="7957.74 Hz R L C
Current under resonance condition 1?0\ \"
vV 100 4
I .= R=50 - 2A

Voltage across inductor V; = IX;
X, =2nf,L=2nx7957.74 x 0.01

=500 Q
V,, =2 x 500 = 1000 V

V., =1000 V
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M’
MI‘E 15: For the circuit shown in figy

, .

: resonates? Also, find. the voltage pnr e; h(eiet.er"imme the frequency at which the

inductor at resonance and the Q -

UV )
o reuit.
- of the @ 100 01H 30pF

4.19

(AU/EEE - Dec 2007) |

100 V rms
(~)-

A/
1 1

wonant frequency f,= o A=
2n VL
C 9n+0.1x50x107°

f.=71.18 Hz

At resonance,

ctive reactance X;=2n fL=2nxT118 X 0.1
=44.72Q

1X; =10x44.72

| v =412V |

Indu

Voltage across inductor V=

ndC=1pF. Calculate

¢t with R=5.(),L=40mHa
quency

IXAMPLE 16: A series RLC circui
between half power frequencies, the resonant fre

the Q of the circuit, the separation
wd the half power frequencies.
01| (AU/EEE - Dec 2007)

[~————
Sltion
50 wmH W
x 10”
Q‘factorzl1/—z =—1— ﬂ-—’j’ R L ¢
R NC 5 1x10
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The separation between half power frequencies
R b
2nL 2nx40x 10°?

fa-fi =20 Hz

fo-fi= =20 Hz ‘

Resonant frequency
f,=Q (fy-f1) = 40 x 20 = 800 Hz

f, =800 Hz

Half power frequencies

5
4m x 40 x 10~ 3

fl fr _800-

=800 - 9.95 =790.05 Hz

f, = 790.05 Hz

R 5
fo=f,+—-=800+ =809.95
2=l * 40 L 4nx40%x10°3

fz = 809.95 HZ

(AU/ECE - Dec 2006)

(~)-
&

Solution :

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

XL =XC=250

Xo=26Q

Impedance at resonance

Z=R=80Q
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WLE 18: A 240 V, 100 Hz ac source sy
i20

r and a coil. If the coil has 55 m Q ms’:l’tlies a series RLC circuit consisting of
8tance and 7 mH inductance, calculate

0" the capacitor at 100

palue of Hz reson
w»er frequencies of the circuit. ance frequency, the @ - factor and the half
pol

m (AU/EEE - Dec 2006)
f.=100 Hz

1 55mQ  7mH ”'__
f’=21t\/LC R L ¢
1 (<)
/f= 2 ~
(2m)“ LC 240V, 100 Hz
C=/2 1 5
*L (2m)
1 4
= ————=3.6186x10°°F
100% x 7 x 10™° x (2m)
Cc=36186 1 F
1 [T 1 7x10°°
- fi == —_— = q
Q- factor =3 QC 55><1o‘3\/;61.86x10'6
Q=80
Half power frequencies
55%107°

R
=f ——= 00"—"‘—__—__:—
h=fr—4L 100- X 7x107

fl = 99.374 Hz

y R 100+ML
2—f'+_4——_—- 41:><7><10'3
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EXAMPLE 19: An inductive coil having a resistance of 20 £ and an inductanee of 0,0
H is connected in series with 0.01 uF capacitor. Calculate: (@) ® of the coil (b) Resongy,,
frequency of the circuit.

[ AR ey o
' T
Solution :
200 0.02H 0
1 1 0.02 WF
(a) Q—factor:—-\/-l—‘—.z— —_— MW _
R NC 20 \ 0.01x10°® ™
Q =10.71 e ]
' 1 1
(b) Resonant frequency f. = =
" 20VLC 97002 x0.01x10°°
f.=11254 Hz
EXAMPLE 20: Determine the resonant frequency for the circuit.
10Q  05mH 1°I“"
o\
Y |
LOTS (AU/EEE - May 2004) |

Solution :

; 1
Resonant frequency f, = —-—= 21 V0.5 x 103 x 10 x 10~ ©

f, = 2250 Hz

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

HO'TS (AU, Coimbatore/EEE - Dec. 2010) (AU/EEE - May 2004)
C
Solution : R L
ution AW Jm——o{ﬂ
1 /Z 1 0.2 500 02H 1
Q- factor = =4 [|=% = — — =2.82
R NC 50 \ 10x10°8 20V
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Resonant frequency p . 1
2nNLe T l
2nN0.2 v 10, 1o @

r=1 12.54 Hz

wer frequency limit £, - 0 1

An x 0.9

[fi:;biﬁti Hz J

e _ R
Upper frequency limit fo=f.+ wi- 112.54 4 D0

4nx0‘2

Bandwidth BW =/, - f, =132.43 - 92 64

BW =39.79 Hz

EXAMPLE 22: A coil of inductance 0.75 H and a resistance 40 Q is a part of a series
resonant circuit having a resonant frequency of 160 Hz. If the supply voltage is 230 V,
50 Hz, find (i) current (ii) power factor (iii) voltage across the coil

Y HOTS (AU/ECE - Dec 2004)
T |
Solution :
First find the capacitor value. ——W\lv——-/m——{ —
0.75H \
= \
fr 2nVLC (=) —
1 230V, 50 Hz
1 _

S S S
Tenf)lL (2nx160)°x0.75

C =132 }LF_‘

X, = 2n fL = 21 x 50 x 0.75 = 935.62 Q

1 1 - =2411430Q

XC:anC' 2nx50><132)<10

H { 1 )-‘
Impedance Z \/k + ()K ‘YC \/

=2176.17 Q (capacitive)
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T
(1) Current
_V_ 230
Z  2176.17
1-0.1066 A |
(1) Power factor
Cos ¢ = {3 ...,
Z 2176.17

cos ¢ = 0.0183 (leading)

(iii) Impedance of the coil
Zoot = VR% + X2 =202 + 235.622 = 239 Q

Voltage across the coil

Vcoil =] Zcoil =0.1056 x 239

Voil = 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. AUIEEE —May 3007
- OTS
Solution :
Q=175
BW=f2 _fl = 160HZ
f, =@ (fo—f1) =75 x 160 = 12000 Hz

w DF

f, = 12000 Hz

We know that f,f, = f2 = (12000)2

ol
fi+fy= \/(fz "f1)2 +4fify = V(160)%+ 4 x (12000)% = 24000 .

From equations (i) and (ii)
fo—f1=160
fo + f1 = 24000
2 f, = 24160
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V J— 4.25

£, — 24160
2= "9 = 12080 Hy

o= 12080 Wy |

fo-f1=160

- f1 = 12080 - 160 = 11920 Hz,

fi1=11920 Hz

LE 24: In the circuit shown in figure, a maximum current of 0.1 A flows through
ircuit when the capacitor is at 5 uF with a fixed frequency and a voltage of 5V.

Wt;-mine the frequency at which the circuit resonates, the bandwidth, the quality factor
ge and the value of resistance of resonance frequency.
R 0.1H
E—V\V.V)\ \ N
0TS LU )
L c
A
N\ )
5V (AU, Trichy/EEE - June 2009) |
N
‘Solution :

At resonance condition, Z=R

\%4 5
_—-——=""‘=5OQ
R= 01

Ima.x
1 /,_1._——————
——= — 6
Resonant frequency f, =9 TC on\0.1x5x 10

f.= 225.08 Hz

=225.08Hz

o L 2nf L omx 2250801 gog
Quality factor @ = —E" =" R 50

f. 225.08 _ -9 g2 Hz
Bandwidth BW == 5 828 _ 796
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