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MODULE-4
RESONANCE CIRCUITS

Introduction:

Resonance is a condition in an RLC circuit in which the capacitive and inductive
Reactance’s are equal in magnitude, there by resulting in purely resistive impedance. If a
sinusoidal signal is applied to the network, the current is out of phase with the applied
voltage. Under special condition, impedance offered by the network is purely resistive and
frequency at which the net reactance of the circuit is zero is called resonant frequency. It is
denoted by fo. At resonance, the power factor is unity and energy released by one reactive
element is equal to the energy released by the other reactive element in the circuit and the
total power in the circuit is the average power dissipated by the resistive element.

At resonance, the impedance Z offered by the circuit is equal to resistance of the circuit. Net
reactance is equal to zero.

There are two types of resonance:
. Series resonance
. Parallel resonance

Resonance Parameters:
1. Z=R

1

2. wL— —=0=>X,—X =0
Vv

3' l{i“ll"I.EJt':E

4. Power factor=1
g L

Quality factor @ = — =

Series Resonance

R L C
—AA, YTV oy
VAC

A series resonance circuit consists of an inductance L, resistance R and capacitance C,
the RLC circuit is supplied with a sinusoidal voltage from an AC source. The resonance
condition in AC circuits can be achieved by varying frequency of the Source. The current
flowing through circuit is I, impedance is Z.
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Z=R+j(X,—X)
Z=RAJ(OL =) oo (1)
The current flowing through the circuitis I = g ..................................... 2

The circuit is said to be at resonance when the net reactance of the circuit is zero or
inductive reactance is equal to capacitive reactance. By varying frequency of source, X, is
made equal to Xc. From (1), reactance part will become zero and Z=R.

I 1= ¥
H
A I e |
=
&z
=
O
8
=
0 ) -
(Fr) Frequency.

Series Resonance

To Derive Expression for Resonant Frequency:
At Resonance, X, = X¢, f =1y, ® = o9

1
wol = @, C
1
2rufl = InfiC
22 1
A~ fy = E
, 1
o = e
1
fo= ETE\..“E
Current at Resonance
v
'{I} = '{mrz:r = E

Power factor = 1 at resonance

Expressions for f_and fc.
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Frequencies at which voltage across inductor and capacitor are maximum are f_ and
fc.
z=r+s(o1- ) :
= jlw Y] R (1)
[ Vo v 2)
- E— I 1 Erm EEE EEE EEE EEE EEE
R+j(wl— ==)
Voltage across the capacitor (V) is:
I
Ve = 1K = —— e et e e e e e e (3
e == — (3)
Substituting I from equation 2,
Vo= 1 V @)
C_ . EEE EEE EEE EEE EEE
jwC (o — L
R+j(wl— =)
vl = — i 5
cl=—|— Y I )

The voltage across the capacitance (V) is maximum at frequency (fc). We calculate
the frequency by taking the derivative of equation 5. We take square of the equation to make
the computation easier.

dlv.I*

dew

1 |1 R?

_'EEJEE__ZLE

1 | R

fe= —
° amyICy 2L

R:C

_ |
fo=fo (1= —— e e (6)
“Q 2L

fe

Voltage across the capacitor (V) is:
V, = IX; = I(JWL) v cee e e e e e e (7))

V, =jwl T | e e e e (8)
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V]
. (9)

V.| = jelL

I ¥
[ o 1 \*
N|R + (EUL - RJ
f_ can be computed by equating the derivative of equation 9. We take square of the
equation to make the computation easier.
dlv, >
tlew

£ = fo

 =—20
,_ RC
N 2L

At resonance, V| =Vc in magnitude, but are out of phase. If R is extremely small,
frequencies f_ and fc are = f;. The below figure shows voltage variation with frequency:

!
et v
T %
: ; :
: : “
: z
S
f ; 1 ' of—————> V= [,R
] [
5 |
1 i A 4‘
0 e fo f f Vc#
Problem:

Q: A series RLC circuit has R = 25Q, L = 0.04H, C=0.01pF. If 1V sine signal of same
frequency as the resonance frequency is to be applied to the circuit, calculate
frequency at which voltage across inductor and capacitor are maximum. Also
calculate voltage across L and C, at resonant frequency.

Ans: Resonant frequency of RLC series circuit is,

= 7.95775kH=z

—_—

° 2myLC
The frequency at which voltage across inductor is maximum is,

__f fo

fi =  RrRic 0.999
173z

=7.965kHz
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The frequency at which voltage across capacitor is maximum is,
| R2C
f.=f [1— = f, *0.999 = 7.949kHz
! 2L
N
At resonance, Z = R=25Q.
L’ 1
I, =—=—=10.044
R 25
V, = IywyL = 0.04 X 2m X 7.95775 X 10% X 0.04
vV, =80V
yoo b _ 0.04
€ w,C 2mx7.95775x 103X 0.01X 10°®
V. = 80V
0= wol 80
= o=

Quiality Factor of an Inductor:

max. energy stored in inductor

Q = 2n]

energy dissipated by resistor

Let V, be the peak voltage of applied signal, I, be the peak current through the circuit.

The maximum energy stored in Lis E = ZLI2 wovs ces cee ceeene (1)

=

W

The RMS power dissipated in R is P = I3, .R = ("rl_) Ruen(2)

The energy dissipated in resistor per cycle is power x time period of one cycle.

E=P.Thutr =2

Therefore, energy dissipated in R is (‘i_) R.

Va2

-(3)

-

Substitute (1) and (3) in Q,

L
Q= Eﬂf.ﬁ
_ wl
"R
Quiality Factor of Capacitor:
1
0= wre

Quiality Factor at Resonance Q,

The quality factor of a series resonance circuit is quality factor of an inductor or
quality factor of capacitor at resonant frequency.
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Voltage Magnification Factor:

At resonance, the magnitude of voltage across the inductor and capacitor will be same and
magnitude will get amplified by the quality factor (Q)

1 vV o1
Ve = LXe=l.— == .——=Q,V

(=]

Where V is applied voltage.
V, = Iy XX, = Iy X wgl = = gL = QL

Hence, voltage across capacitor and inductor gets amplified by quality factor.

Cut-Off Frequencies:

0.70710 frsserssmussforsnins

o

> f

T T

1

. 1 . .
In series resonance, the current falls to — times the maximum current l,. The
W
corresponding frequencies are called cut-off frequencies f; and f; .

Vv . . . . .
Atresonance, Z=R, I, = — which is the maximum current and maximum power is

5 1 .. . . I
P, .. = I;H when current falls to — times maximum value, there are 2 frequencies at-%.
W& W&
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At lower cut-off frequency, power is half the maximum power
_I’R P

I, 1?
e =[] R =5 =5
Va2
At upper cut-off frequency too, power is half the maximum power

Prnas —L——w R="==

s =

Cut-off frequencies are also called Half Power Frequencies.

Bandwidth:

The frequency range between the cut-off frequencies f; and f, is called bandwidth.
BW=Ff—-f
BW =2.Af Hy

Where . Af=f,—fy or fo—f;

Selectivity:

At resonance frequency, impedance is minimum, current is maximum. Impedance
varies with frequency. Thus, a series RLC circuit possesses selectivity.

Selectivity of the circuit is defined as the ability of the circuit to distinguish between desired
and undesired frequency. It is ratio of resonant frequency to the bandwidth.

Selectivity = fo =f—ﬂ
fz_ﬂ EW
= fﬁ
R
XETIL
2of L
Selectivity = Je
R
w, L

Selectivity = R =Q,

If Qo is very high, frequency response becomes sharper or narrower and BW reduces.
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Q) Derive Expression for cut-off Frequencies of a Series RLC Circuit

> f

The current flowing through circuitis I = g

V

V
V
1= — e (1)

Y 1.,
"qu + (0l — —=)

At resonance, Z =R

.,1
Il
ml=

At cut-off points,

UR_v_
\,."E B R\.,."E

Substitute in (1)
V v

R\2 [ 1 .,
“qIR + (wl——=)

I
I ===
V2

Squaring on both sides,

. 142 .
R* + (wL ——) = 2R*
wl

142 3
(o-L) =
wl

1
L——=FR e (2
@ wl (2)

The equation shows that at half power or cut-off frequencies, the reactive part = resistive part.
This equation is quadratic in "’ which gives 2 values of w, and w,.
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At upper cut-off frequency, f = f;, w = w,.
1

twy L — =R .

g O

At lower cut-off frequency, f =f; @ = w;.

1
twyl — =—R.
g O
From (3),
1
e - :R
N ., O
. 1
wyl —— =, R
- C -~
. 1 o, R
L[wi-— -2 =
° LC L
. o R 1
Wy — —-——=
- L LC
e
R [fRYS 4
. _Ei*q'(fj +(ze)
? 2
R || R\ 1
o=t |(z) +(@)
N
et [+ (Y
* " 2m|2L 4 \2L Lc/|
From (4),
1
oy O

. 1  wR
L ml—E L :ﬂ
, 1 —wyR
wy ——+—— =
LC L
.  wqh 1
m‘ _ =
YL Le
T E—
R [rRY~ 4
—1x(7) +(ze)
ml— 5

-(3)

(%)

(5)
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R 'l(R)er(l) e (6)

Czm| 2074 \2L) T \Lc

Q) Show that the resonance frequency f, of a series resonance circuit is equal to
geometric mean (GM) of the two cut-off frequencies.

I =—= (D)

v
I, =—
R
At cut-off frequencies,
! v
I =—==—.. (2)
v2  Ry2
v _ 14
R+ [ . 1 .,
[R°+ (wL — .:L:Cj‘

WL ——=1R e e e 00 (3)

e, L — + w L — =0
N g 1 twy O

1
o + wy )L =
( 1) <t ac

10



N

Learning

(cwy + )
. p=—2% "
(10 + 1) (w0, C)

Wy, =——

1
2 N 2 = —
nfy. 2nf, IC
1
(2m)*LC
Taking square root on both sides,

1
_
[ fifa = —
A W

L=

1

2.‘?1,'?.

W .k.t, resonant frequency f; =

fnz*v'lfifz

Therefore,

.. (6)

This shows that f, is the GM of the cut-off frequencies.

Establish the relation between Quality Factor and Bandwidth in a Series Resonance

Circuit and Thereby Prove That @, = :—;,
v v
Il =—=—
2L e 4 (L — Ly
*ql (wl - ij

v
At resonance, |I | = = because Z =R

At cut-off frequencies,

1l I, %
V2 R2
Vo v
Rv |2 1.,
‘NIIR -I-[.:L:L—mcj
R+ (wL ——)* = 2R?
(WL ——)*=
L 1 2 _ RZ
(wl——)* =
1
wL——=+R
wl
At upper cut-off frequency f = f,, w = w,
1
CL?HL_ :R BEr ErE mUn wEn
- w, C

At lower cut-off frequency, f=f;, @ = @,

(1)

11
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Lot g "
“ w, C S )
(1) - (2) gives
L — — oL — n
Wyl ————wl + e
( )L+ [ t 1 ] = 2R
Wy — @y clo "ol™
(o, —w,)
: L+—= 2R
(e, — wy )L + (wy,C)
(w; — @)
Lle - = 2R
(e, —ewy) + (o o)L
1
“1%2 T lce
(w0, — wy) + (w, —wy) ==
2R
Hewn — @) = =
(; —wy) L
(w; —wy) = 7

R
B.W = (w; — @) =E

R
B.W = (fz_fl:] _ﬁ
L _ 1 .
R w,—w, T (3)
Substitute (3) in @, = m;l-’
1
Q, = w,
(e — Uy
__T
fz _fi
_ Tt
Qﬂ- - HW

12
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Problems:

1. A series RLC circuit with R=100), L=10mH, C=1pF has an applied voltage of 200V
at resonance frequency f,. Calculate f,, V, Vg, V¢ at resonance and also find Q and
BW.

R1 L1

C1

10mH 1u
V1
20Vac
~0
Solution:
1 1
fi=——xo=—o =1.591kHz
2myLC  2mV10x 1078 x 107°
_w,L  2mf,l 2mx1.591x10%x 10 x107®
° R R 10
Q, = 10
= fo
wkt@, = e
f, 1591k
BW =—= = 159.1Hz
Q, 10
At resonance, Z = R. Current (1) is maximum.
V200
[=—=——=204
R 10
At resonance, |V, | = |V¢| = QoV
Voltage across L and C is , [V |=|V¢|=2000V
VRZZOOV [XL:X(:]
200V ﬁ
I
/
||
'l
[
[\
Lo\
. i ] N

100KHz

13
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2. A series RLC circuit has R=10Q, L=0.01H, C=0.01pF and is connected across 10mV
supply. Calculate f,, Qo, BW, fy, T2, 1o,

Solution: At resonance,

vV
Io == E
10 x 1073
= = 1md
10
1 1

=15.91kH=z

f = '_: -
° 2mLC 2mV0.01x0.01x 10°¢
w,L 2mf,l 2mx15.91 X 10°X 0.01

= =100
Qs R R 0
f, 1591k
BW =—= = 159.1Hz
Q, 100
For high quality factor [Q,> 5]
BW = 2AF
fo =1 +Af
BW 159.1
L=f* T = 1591kH= +T = 15.99kH=z

BW 159.1
h=FfL—-AF=f, - = 15.91kHz — — = 15.83kHz

3. Inaseries RLC network at resonance, V=400V, impedance Z=100Q, BW=75Hz
with an applied voltage of 70.7V. Find R, L, C.

R L C
e e R R Il
+ 400V
V.F_
07 -0
Solution:
At resonance, Z = R = 100Q
Vr=70.7V
At resonance, [V¢| = QoV
Q, = Vel _ 200 _ 5.658
e 1% 70.7

14
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R
BW = 75Hz = ——
2L
R 100
L= = =0.21H
2T X 75 2w X 75
1
% = LR
1
O =
@, @R

To calculatew,
f,=Q,.BW =5658 X 75 = 424.35Hz
1

C = = 663.35nF
5658 ¥ 2w X 42435 x 100
400V f\
[
A
200V / \
/ \\
lo— \\
ov P

10Hz 30Hz 100Hz 300Hz 1.0KHz 3.0KHz 10KHz 30KHz

Frequency

4. A series RLC circuit has R=4Q, L=1mH, C=10pF. Find Q, BW, f,, f;, f,.

R L1 C1
4 1mH 10uF
Vv
-
R '7'0
Solution:
1 1
== = 1.591kHz
2myLC 2mV1x 1073 x 10X 1078
_w,L  2mf L 5 g
Q=% ="®r —%
R 4
BW = = 636.62H=z

27l 2w X1 X 1073

15

100KHz
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Since Q<5

Rz
fo=am| 2t (@) * )| ©

1
=—[—2000+ 10.198 x 107]
27

f, =1303.49H:=
BW = f,- fy => f,=f1+BW=1940.11Hz
As Qo<5,

h—f#f—-h

600V

400V

\\;

ov
10Hz 30Hz 100Hz 300Hz
o V(L1:2)

1.0KHz

Frequency

3.0KHz 10KHz

30KHz

100KHz

5. A 220V, 100Hz AC source supplies a series RLC circuit with a capacitor and a coil.

If the coil has 50m{2 and 5SmH inductance, find at f,=100Hz, the value of capacitor.

Also calculate Qq, f1, f2.

R1 L1 C1
50m 5mH

V1

() .

&/ —

220Vac

16
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Solution:

fo=

= —
L

Q=

EW

1

2mLC

cw L

o

R
fo

o

Since Q,>5
BW = 2AF

= 506.6uF

— = 1.59H=z

R1 L1 C1
A AR NN J' F
50m 5mH 506.6uF
V1
() -
N/ — 0
220Vac

=62.83

BW 1.59
L=Ff+Af=F, +T: 100 +T =100.795Hz

BW 1.59
hL=Ff—-Af=1, - =100+——= 99.205Hz

15KV

10KV

5KV

ov

l

Il

1

/A

S SN

10Hz

6 V(L1:2)

308z 1008z

Frequency

300Hz

17

1.0KHz
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6. Itisrequired that a series RLC circuit should resonate a 1Mhz. Determine the

values of R, L, C if BW=5kHz, Z=50Q at resonance.f,=1MHz, BW=5kHz

40KV

30KV

20KV

10KV

N

. I
100KHz 300KHz 1.0MHz 3.0MHz 10MHZ
o V(L1:2)
Frequency
Solution:
. = fo _ 200
BEW
At resonance, Z = R = 50Q
w, L
Q, = R
Q. R 200 x 50
L= = =1.59mH
w, 2wxX1xX10%
B 1
% = CR
1
C= = 15.91pF
Q,w
R1 L1 C1
—AAN YTYTY T |
50 1.59mH 15.93pF
() .
&/ =0
Vac

18
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7. An RLC circuit has R=1k, L=100mH, C=10uF. If a voltage of 100V is applied
across the circuit, find f,, Q factor, half power frequencies.

Solution:

1 1
" 2mVIC 2mV100x 102 X 10 X 10°%
_ w,Ll  2mX159.15X 100X 1073

=159.15H=z

o

=0.1
Qs R 103
ForQ<5
fi = ! R + |(R)2+( 1) =1519.9H
tUoam| 2T\ e/l S
1|R  [fRV 1
fi=—|=% |(—) +(—) =2395.26Hz
° 2w | 2L < L LC
8. A series RLC circuit has R=10Q, L=0.01H, C=0.01pF and it is connected across
10mV supply. Calculate f,, Qo, BW, fy, T2, lo.
Solution:

1 1
f,= — = , =15915.49Hz=
2myLC 2V 0.01 X 0.01 x 10°°
w,L 2w x 1591549 % 0.01
Q= = = 100
R 10
_5_
BW =-—=159.15Hz
¢
Since Qp>5
BW = 2ZAF

BW 159
5 =fﬁ,+af=fo+?= 15915+T: 15994 5Hz

BW 159
HL=Ff—-Af=f, - = 15915 — - = 15835.425H=

Current at resonance,
V10X 1073

[ =—=————=10mA
R 10

19
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Parallel Resonance (Anti-Resonance)

Loss-Less Capacitor:

Q 1) Derive the expression for Resonance frequency of a circuit with loss less capacitor
in parallel with a coil of Inductance ‘L’ and Resistance ‘R’.

A Parallel Resonant or Anti resonant circuit consists of an inductance ‘L’ in parallel
with a capacitor ‘C’. A small Resistance ‘R’ is associated with ‘L’.

‘C’ is assumed to be loss less. The tuned circuit is driven by a voltage source. 1 is the
current flowing through the circuit. Ic & I are the currents through the Capacitor and
Inductor branch respectively.

|

11

o
A

\isinmt @ IL T

a) b)

a) Parallel resonance circuit with lossless capacitor b) phase diagram
Admittance of (inductance) branch containing R & L is given by (On rationalization)

1 R—jwlL
Y — = — ey
R+ jwl R+ wL
The admittance of branch containing capacitor ‘C’ is
Total admittance of the circuit is
vo=v,+ v, =2 L iec
= = 3 > > m
TR T e T Ry 22 ]
Y, R JOob 4 jec
= — — — — ()
TR+ wll? RE+awPl )
e j(we o)
= - B - iy - B L
T TR PR R? 4+ w?L?
=G +j(B;, — B;)

At Anti Resonance, the circuit must have unity power factor i.e. at resonance f = fy
and the imaginary part of the admittance or the susceptance will be zero (Inductive
Susceptance = Capacitive Susceptance at anti resonance).

20
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At resonance f = f;; or o=wy,,
L
C- % (4)
ar R; _I_ mﬂr.¢ L;

cu
Y]

On simplifying we get,
C(R*+ w,, 2 L*) =1

- 2 2 L
(R*+ w2 1) =2

|1 R

Wop = |__ 7
NLC L

Or Anti resonant frequency or parallel resonance frequency is

1 (1 R?

E. le_ L: EEE EEE BRSO EEE EEE EEE EEE

far = - (5)

z

. . . . 1 R . . . .
This parallel resonance is possible iff — > — otherwise “f5” will be imaginary. It
can be expressed by:

. 1 | CR*® 6)
" T omvicy L ’

far can be expressed in another form (In terms of @)
For series resonance,

P 1
¢ ETI\."E
CLJG = = Zﬁfﬂ
VLIC
Quality factor at resonance is
w, L 1
Qg = ;{ =
w,CR
, w,L 1 L
= Q= v e eer e e (7)

~ From equation (6)

1

1
far =——=—=X 1= — e e (8
o 2m/LC wl Q.2 (8)

1

H 3 ’ —
In term of series resonant frequency ‘f,” where f, = p—

21
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1
far =% |1 g e (9)

“ul °

1
For Qo}lo;férifo as ||1 Qzﬁl-
N

o

The equation shows the anti-resonant frequency differs from that of series resonant

circuit with the same circuit elements by the factor |' 1— o .This factor shows that if @,<1
N

o

then, the frequency of parallel resonance because imaginary.

Admittance of anti-resonance circuit at Anti-resonance ‘f,,’:

Admittance of parallel resonance circuit is
R L
R ARl G mrers) B
To get the admittance at anti resonance the susceptance part is considered as zero and
consider only real part at anti resonance B =Bc or B — B¢ =0.

-~ At anti-resonance,

vy - = _ 1
ar RR+w?l? Z,,
i:g =Rz-|—a:-z L2
Y. ar R
We have,

L
R+ w®L?=—
C

L
EE?,.= E= gy T e e e wee v (2:]

At resonance fy, this is called dynamic resistance of the parallel resonant circuit at
resonance.

R

Z, terms of Q:
At anti-resonance ® = w,,
We have,
2 252 L
R+ w L= c
, w? L* L
R-11 + RZ l = E

o a L
R+ Q] = ¢

. L
R[1+QE] =E=zm‘= err

22
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" L
~Z =R _=RI(1 ) =— e (3
ar ar ( + Ql}j BC ( :]

This is the impedance at anti-resonance and is also called dynamic resistance. For
high ‘Q’, Rar= RQ," . When the coil resistance is small, Z, becomes high with the current
will be minima at resonance frequency .Parallel tuned circuit is a rejecter circuit. Current at
Anti resonance is:

v

oY Zar

From equation (3), R, = % , the impedance at anti resonance is a pure resistance;
which indicates that Ry is a function of the % ratio and R, can be large if inductors of low

resistance are employed. In terms of ‘Q’ and Resonance frequency e,,..

L
R,.= E,FDI‘Q = 10.
Multiply and divide by ..,
w, L 1 u]
R, =—X -9 e ven ere we e (4)
R w,.C w,.C
Similarly,
1
R, = w,LX =w_,. XLXQy....[(5
ar ar CL?E?,..RE ar Ql} ( j
R, = C = w,,.L@, at resonance

Quality Factor:
In a parallel - tuned circuit, the quality factor at resonance

_wa L 1
R w,,.R.C
Bandwidth:
BW=f,-f
BAN
oC
2l AN .
0 >
-1/L
0 o > Dar

(Variation of reactance with frequency)
SELECTIVITY AND BANDWIDTH:

23
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PAFE
o

> f

f:j_ fa r f-z

The half power frequency points f;& f, for a parallel resonant circuit are obtained
when the impedance ‘Z’ of the circuit becomes equal to 0.707 times the value of maximum
impedance “Z,,” at resonance.

At anti resonance

R _=Z__= L 1
E?"_ E?"_CR"""""""'( j
In terms of ‘Q,’:
R,=Z_,=QiR ... (2)
Impedance of parallel resonance circuit in terms of ‘Qq’:
I
L= ——— e e (3)
1+ij28Q

Fractional frequency deviation, § = =—=ar

ar

The condition for half power frequencies is given as |Z| = 0.7071Z ,,.

1zl _ =
Hence, iz V2
. £ _ 1
From equations (1) & (3) R 171250

|14j28Ql =14 j]=V2
Comparing imaginary terms we get,

26Q=+1
At upper half power frequency f =1, (f >, & & =%)
1
§=—
2¢
o for _ 1
§=——=—......(4
7 20 (4)

24
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Similarly, at lower half power frequency f =f; , (f<f; & &=— %)

fﬂ?" - fl 1
b=———=—. i i e (B
o 20 (5)
Adding equations (4) and (5),
fﬂ?"‘

BW=f—-f~= 0

BW = far e en een we en e e (6

Q

The higher the value of ‘Q’, the more selective will the circuit be and lesser will be
the BW. At resonance, quality factor:

_w, L 1 1 ||E -
Q=" ~ w,,.RC R ¢ (@)
N
Selectivity:
Resonant frequency
Selectivity = freq — = far =Q,,
EW fa—f

25
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EFFECT OF GENERATOR RESISTANCE ON B.W AND SELECTIVITY:

@v

At resonance Impedance Z =Ry, with generator resistance ‘Ry’.At anti resonance then total

impedance is Ry Il Rg

QE?"
R

o Q'(with R)) =

EQ'

Q factor is decreased by a factor 1 + % :

1_|__E.?’_'

(1)

g

. Rar
BW' = BW(l + R_)

(2)

For matched condition and to get maximum power transfer condition Ry is selected as R .
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CURRENT AMPLIFICATION FACTOR:

At anti resonance current through capacitor is Ic = Qo*1
Vv

at resonance. Similarly, the current through inductor is I = Q*I

ar

=~ Since Q,>1 the current through inductor and capacitor is Q times the total current at
resonance.

GENERAL CASE — RESISTANCE PRESENT IN BOTH BRANCHES:

Q1) Derive the expression for the resonance frequency in parallel resonant circuit
containing resistance in both branches.

RL L L
PN Y N |
RC G
lc %
[
| 0 31
v
G
-0 V sinet I

Admittance of the Inductive branch is
1 1
}1 = . = .
R, +jwl R, +jX;
By rationalizing

_ R, —jX; (1:]
ORI+ x,F
The admittance of capacitance branch is
1 1 R. +jX
Y, = = = B ! e (2)
R, — ﬁ c—JAc R+ X

Total admittance Y = Y +Y¢
_ R, —jX; R-+ jX.
R*+ X% R+ x/7

RL- RI‘_' . XI‘_' XL-
Y= - . = |+ = - — — = e (3)
R+ X~ R-“+ X.° R-“+ X:° R+ X, °

At resonance the Susceptance (imaginary part of Y) becomes zero
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C\R24+ X2 RE+ x,P
X _ XL
R-*+ X.* R+ X,°
Substituting for X and X ; X. = - ! - and X, = jw,,.L we get:
ar
;1 LXC — Rl-:]
Wor” =710 o 2
L[t/ — R
Anti-resonant frequency is
1L ‘!‘fc;ﬁ] o
2m [LC L){C — R.Z
™
n

Q2) Prove that the circuit will resonate at all frequencies if R_.= R¢ :ﬁ."E

RL IL L
AR £, R e
RC C
Ic i
I
v
G,
-0 V. sinot

When net Susceptance of the circuit is zero with

-

R R |L
‘\IC

In this case, the circuit acts as a pure resistive circuit irrespective of frequency i.e. the
circuit resonates at all frequencies. The admittance of the circuit is

Y = — —+ — e (1)
RL:. _I_ XL.L RE:. _l_ Xt_.r.
||I . . . L
If Ry=Rc = | then = (R)?= (R.)*= (R)Z= - =XuXc
A

_[Ru(Bc®+ X.°) + Re(R + X,7)
(Re*+ x.7)(R + X,7)
With R, =R, =R,
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v R*+ X2+ R*+ X,°
R*+R*(X,*+ X.2)+X,°%,.?
Substitute R* for X, X2 in denominator
2R* 4+ X7 4 X7
R*+ RY(X,*+ X.%)+R*

=R

=R

2R+ X7+ x,°
2R*+ R (X2 + X./?)
Take R* common from denominator and simplifying, we get:
1 1
Y=—;Z=—=R
R ¥

-

|L
W.k.t R= |E
N

—
Therefore, Impedance of the circuit at resonance isZ=R = Nl'ic' . So, circuit is purely resistive,

hence circuit resonates at all frequencies.

29



@\/
Learning

PROBLEMS:

1. Determine R_ and R¢ for which the circuit shown resonates at all frequencies.

RL L

RC Cc
|
I

Solution:
L
\

On substituting we get,
R, =R.=31.26

2. For the network shown find the resonant frequency and the current ‘I’ as indicated

in the figure.
RL L
SN
60 1mH
RC C
Il
| 4Q0) 20pF
\'
- )
b R
200V
SOLUTION:
| )
PN %;R]
ZT'EJLC Lf/c_ R’

On substituting the values, we get

far=722.93 Hz
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RL— RI‘_'
[ = VY, = 200(— =+ — :
RL + XL Rl‘_' + Xl‘_'

R, R,
=200(—5——— + ————
R+ w?l?  R.2+ w?C?
I=27.034

3. In the circuit shown, an inductance of 0.1 H having a Q of 5 is in parallel with a
capacitor. Determine the value of capacitance & coil resistance at resonant
frequency of 500 rad/sec.

ol @
L
Solution:
__t L1
“ szﬁwl Q,°
Or
Wop = ! 1 — !
v VI, e’

. C=3.84x10° = 38.4 uF

- L - L .
We have = “2= , therefore R = ”‘EL = 5““:“
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4. Determine the RLC parallel circuit parameters whose response curve is shown.
What are the new values of w,, & bw if ‘C’ is increased 4 times.

|z] 4
2100 SR .

,,,,,,,,,,,,,,,,,,,, i\ 2Aw=0.4rad
o E @ i\ wo=10rad

)
0 2
Solution:
From the resonance curve, we have
za_% =10Q
BW = 0.4 rad/sec
W, = 10 rad/sec
Q factor = “;% = E =25 (1)
We have,
— . . —  Ear
2, =R1+0.7), R
_ 1o _
R= o 0.01597 @ 2
We have
Zar =
% = Z,.x R=10x0.01597= 0.1597
Or
L=(0.1597)xCc L (3)
By definition,
=1y _ 1
ar VI *ql 502
Squaring on both sides and rearranging the eqn
__1 R 2 -3
LC = ma,z*(l QD,,}_ 9.984x10° ... (4)

Substituting eq (3) in (4)
(0.1597C)C=9.984 x 107
~C=025F
From eq (3) L = (0.25) (0.1597) = 0.0399 H
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Therefore, to achieve resonance at 10 rad/sec & to have BW of 0.4 rad/sec the RLC
parameters are

R=0.01597 Q
L =0.0399H
C=025F

If °C’ is increased 4 times i.e. C'=4C =4x0.25=1F
Then the new Anti-resonant frequency is

f 1 1
Wy = T 1-———=5 rad/s
VLC 1JI Q,
0. = 1 ||I 1 |l:l.l]399
i -

“RJC 0. |
RJC' 001597 1

Sar' _ 5

BW =155
Po 12.5

BW = 0.4 rad/sed

5. A two branch anti-resonant circuit contains L= 0.4 H, C= 40 uF, resonance is to
achieved by variation of R & Rc . Calculate the resonant frequency f,, for the
following cases :

i) RL=120 Q, Rc=80 Qii) RL = Rc=100 Q

Solution:
Case 1:
L 0.4 L 1 1
= =10%—= =250
C 40x10 VLC +0.4x40x10°%
1 [ RS || 1202 — 10*
w, = |— = 250 ||—7——=| == (Imaginary)
|LC Lfc_ R’ wl 802 — 10
\

Hence resonance is not possible.
Case 2:

ar

|
w. = 250 ||——
wl 1002 — 10%

100% — 10°
= (Indeterminate)

Hence resonance is possible at all frequencies.
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6. For the circuit shown. Find the resonant frequency ®,, Q and band-width, if R=
25Q; L= 0.5H, C=5 pF.

Solution:

1 R | 1 (25)°

@ - == — -
ar = JLC L7 J0:5x5x107¢  (0.5)7

lwar = 630.49 rad/y
_wg, L 630.47x0.5

¢ R 25
Q =12.61 rad/s
w_, 63047
EW = =
Q 12.61

7. For the parallel resonant circuit, Find I¢,I_ lo fo & dynamic resistance.

R 2100 e
| e
-0 . T 100pF
100V
L ¢ 10uH
)|
SOLUTION:
1 1 R*

fo= — [~ — £ . On substituting we get

2w Le 12

fo=5.03 x 10° Hz.
|
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At resonance dynamic resistance

Zo=—=10000 Q

RC

lo=—=0.01 A

£p

Q= wor L _ Zfgy L

L

ILl=10*Q=31.6x0.01=0.316 A

lc=10*Q =31.6x0.01=0.316 A

8. Find the value of R for which the circuit is resonant.

10

SOLUTION:

-j15

RC
10

1Vac®

O\[l

The admittance of the ckt at resonance is the real part of Y.

1 1
= . + .
R, +;10 10— j15
_ R —j10  10+j15

=— ~- 4 Rationalizin
R,Z+ 107 100+ 225 ( 5

(R, 10), (15
RZ+ 102 325) 7\325 R+ 100

At resonance, the imaginary part of Y’ is zero.

15 10 .
325 R, + 100

10.8| Q)

) (Separating real and imaginary terms)
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