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Quality Factor (Q)

Ty iont=

 The “sharpness” of the resonance In a resonant circuit Is measured quantitatively by the
quality factor Q.

 The quality factor relates the maximum or peak energy stored to the energy dissipated In
the circuit per cycle of oscillation:

Peak energy stored in the circuit )

Q=2

T Energy dissipated by the circuit in one period at resonance ' )

* |tisalso regarded as a measure of the energy storage property of a circuit in relation to Its
energy dissipation property.
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Quality Factor (Q) W T

* |Inthe series RLC circuit, the quality factor (Q) Is,
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Quality Factor (Q) ‘ <

* The O factor 1s also defined as the ratio of the reactive power, of either

the capacitor or the mductor to the average power of the resistor at
fesonance. | ( Reactive pnwer} I
Q= AVEeTage pOWeT Ve
k ,) aV R ‘
 Forinductive reactance X; at resonance:
o v,
O- [ Reactive power | I°X . oL . oL x
| k Average power I'R R -
* For capacitive reactance JX; at resonance: T '“"*"

O~ Reactive power |  I°X ]
- | Average power I'R ®,CR
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Voltages in A Series RLC Circuit ‘ O S

V. A VA v, A
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(a) f<f, (b)f=f,
Capacitive, Resistive, ©f=>f
| leads V Vand |l in Inductive,
phase | lags V
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%;!‘i% Voltages Across RLC Elements at Resonance AW

The voltage across resistor at £, 1s, I
Ve
VR:IRHR:IWHR:%HR:}VR:V e ’ I
The voltage across mnductor at £, 1s, EI ;
‘VL‘:XLHIL :{.'JLHI m :mLHV_:(q-L] :QV “ I
R R
= V. |=0V :ﬁ]"’ﬂ
The voltage across capacitor at 7, 1s,
| — 7 1
Vol=Xexle =—x] = —X—= V=0V = WV.=0V
Ve % o " oC R oCR O = e|=0
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Voltages Across RLC Elements at Resonance T

« O 15 termed as Q@ factor or voltage Vi=QV
magnification, because V- or V; equals O Voltage magnification

I]]ultlphed by the source vﬂl‘[age I O 1in series resonant circuit

 In aseries RLC circuit, values of I; and I v 1

can actually be very large at resonance and
can lead to component damage 1f not
recognized and subject to careful design.

Y R
R oCR R

C
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Voltages Across RLC Elements at Resonance | s
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Bandwidth and Half Power Frequencies e

In a sertes RLC circuit, at resonance, maximuin power 1s drawn. 1.e.,

P =] *xR;:wherel = I/_ at resonance

max ﬂ:lEl}LR

Bandwidth represents the range of frequencies for which the powei levei
1n the signal 1s at least half of the maximum power.

2 z 1
i — Imaﬂ X R — (Iﬂiﬂ ] X R

2 2

The bandwidth of a circuit 1s also defined as
the frequency range between the half-power

points when /= I, /2.
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gg% Bandwidth and Half Power Frequencies a8

* Thus, the condition for half-power 1s given when

fj=tm L
J2  R{2 -

* The vertical lines either side of |/ | indicate
that only the magnitude of the current 1s

under consideration — but the phase angle
will not be neglected.

a -
an éh, e Frequency

* The mpedance corresponding to half (rad/s)
pﬂwer-pﬂj_ﬂtg Hlﬂllld]_'[lg phﬂse EIIlglE 18 The resonance peak bandwidth

and half-power frequencies
Z@p)=R 2/+45°
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Bandwidth and Half Power Frequencies

The impedance m the complex form
Z(©y) = R(1+ j1)

Thus for half power,

=— 1 and |Z=R(1£,1)

At the half-power pomts, the phase angle of the current 1s 45°. Below th
resonant frequency, at w;, the circuit 1s capacitive and Z(w,) = R(1 —j1).

Above the resonant frequency, at -, the circuit 1s mnductive and

Z(ew,) = R(1 +il).
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* Now, the circuit impedance 1s given by,

Z:R——j[mﬂ— (;ij—ﬂ(l--j[mi_ QSR iD .

Vy
« Athalf power points, |Z = R(IJ_r jl) El ‘s,m ‘

L .

* By comparison of above two equations, resulting in L1
oL 1 " ‘
o =+1
R  oCR
« Aswe know,
_oL_ 1
¢ R oCR
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* Now, by multiplymng and dividing with e, :

aa_ 1 o _+1::>EJ Q +1= [ m"zil
R o oCRO Q =120 o)
']
* Forw-;: g v,
‘\ & R ‘
Qﬁ% Q)
mr }1)

. Forw,: ] jm,[”
Q(q Q\ |

o, o 5|
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ggé Bandwidth and Half Power Frequencies a8

* The half-power frequencies w-and w; are obtained as,

[J—q—+{3 1+L ﬂl__QQ +@ \/1+L

20 T\ 407 2 I \
+ The bandwidth is obtained as: / B

||||||||

BW =0 0= Q . [Bandwidth = Resonant frequency i .
O O factor N ] [ |

* Resonant frequency m terms of w->and w;, 1s expressed as: [ v

) = o) Loy
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The bandwidth 1s also expressed as:

_Q

O

h—h=

(or)
R

R
=00 — rad/s

2l

L

For Q== 1,

M-

(D0 X
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