CHAPTER 4
Resonance and Coupled Circuits

u RESONANCE IN SERIES AC CIRCUITS
m Objective (LO 1)

« Studenis will be able to analyze the resonance in series AC circuits with
resonant frequency, bandwidth Q-factor and half power frequencies
involved in it.

Figure 4.1 shows the series RLC circuit. An AC circuit is said to be in resonance

71t behaves in effect like a purely resistive circuit. The total current drawn by the
aeuit is in phase with the applied voltage and the power factor will then be unity.

The applied voltage V= Vg + VL + V¢

V=IR+ JHL - Jm c . .
. . —AWWW O }|
V=I(R+]XL—jXC) *-VR VL jv(c_’
74 14 |
'I'=R+j X -Xc) C//\fv |
Z=R+jX,-X0) Fig. 4.1
: . 1
Total impedance Z=R + “oC
1 \ l, Z P
In a series RLC circuit, the current lags behind or : s X,
s the applied voltage depending upon the va.lues of -
7‘L tad Xc. X| causes the total current to 1ag behind the N A
lied voltage, while X causes the total current to lead | S
e “pplied voltage. When X > Xco the circuit 18 | Xe
i:‘cduminantly inductive, and when Xc¢ > XL, the cxrcun:‘ (
. . ) o
. PredOminantly capacitive. The vanatlox;s ]
LdndXC with respect to ® is shown in figure 4. 9. 4.2



= the circuit

At a certain frequency, Xz, = Xc- When X, ).(C’ e L
is said to be in resonance. At resonant condltlon,.the.t (v)V ”
impedance Z is minimum and is equal to R. The circul N
be a purely resistive circuit. Vi

Vv
Current I = R | ve
VL=IXL;VC=I‘XC V:
Since X; =X, the two voltages are equal in magnitude Fig. 43

and opposite in phase. Hence, they cancel out each other. The

phasor diagram is shown in figure 4.3.

4.1.1 Resonant Frequency (f)
The frequency at which resonance occurs is called resonant frequency.

When XL =XC ’
1
ol = o, C
W’LC=1
o=

f.= 1
r~ on\VLC

In a series RLC circuit, resonance may
be produced by varying the frequency, v
keeping L and C constant; resonance may max~ R |7"""""TT"T2

alsq be produced by varying either L or C XL <X
for a fixed frequency as given in figure 4.4. Leading p.f

When f<f,X, will be greater than
X; ; p.f is leading.

%en f>f, X, will be greater than
Xc;pfis lagging.

e it e

Fig. 4.4
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ONANCE AND COUPLED GIRCUITS

RES 4.3

LE 1: A resistor of 50 Q an inductor of 0.02 H and a capacitor of 5 uF are

) ries. Fir X
! nected in se wd the resonant frequency and power factor at resonance.

R=5QL=002H,C=5pF=5x10"%F

1
ant frequenc = - 1
Resonant Bequeney Ir= an VLC 97 \0.02x 5 x 10-°

f,- = 503.292 Hz

Under resonance condition, power factor

cosp=1

EXAMPLE 2: A coil of resistance 2 Q and inductance 0.01 H is connected in series with
a capacitor C. If maximum current occurs at 25 Hz, find C.

| 1Solution:
When the current is maximum the circuit is at resonance. Therefore, the given

frequency is resonant frequency.

l
| 1
?

fr= 2nVLC
| 2__ 1
;i Ir @en)? LC
| c 1 1
T enixfxL  4n®x(25)%x0.01
=4052x10°¢F
C=4052 1 F

EXAMPLE 3: A sories RLC circuit has R=30 2 L=80 mH and C =80 uF. Find the
"Sonant frequency. Obtain the current, power, the voltage drops across the various
tlements if the applied voltage equals 150 volts.

R=3007 - =80uF, V=150V
\QL 80 mH, C vl

% - Higher Order Thinking Skills XN - Lower Order Thinking Skills
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ELECTRIC CIRCUIT ANAL
Y
44 \&S

! 300 80mH 80p

Resonant frequency f, = - o r——’VWv-——’Um\|

2n
|

- ——
21 V80 x 10™ ) x 80 x 10

150
f, = 68 Hz v
V 160
At resonance, Current [ = =30 " 6A
I=8A

Power P=I°R =(5)%x 30="750 W
Voltage across the resistor Vr=IR=5x30=160 V

Ve=150V

. 2 A s o g TS
PO R R PP T W i * ", oW o g? |18 L/

Voltage across the inductor V = IX; =I (2rfL)
V. =5x2nx63x80x 10”3 = 158 volts

VL = 158 V

1
Voltage across the capacitor Vo= IXo=1 (% ]
1

Va=6x
¢ 2 x 63 x 80 x 10~ 6

VC= 158V

EXAMPLE 4: A series RLC circuit is connected to a 220 V, 50 Hz supply, when L is

varied, the maximum current obtained is 0.4 ampere and the voltage across the capacitor
then is 330 volts. Find the circuit constants.

1.LOTS

Solution :

Supply voltage = 220 V

Frequency =50 Hz

Maximum current =0.4 A

Voltage across capacitor V,=830V

Maximum current corresponds to resonant condition



C 330
capacitive TeRCLENEe Xe=7 =04 =80
.
Xc*® 2n fC
1 1

- i —————

anfXe 2rx B0 x 825
C=3858x10°F

L__(_".za'mllr‘_]

At resonance X; =X¢
- X, =8260Q

XL=2fo

L=2626 H

R =55600Q

(12 Voltage and current in a .
Figure 4.5 shows the variation of impedance and current with frequency-

Teactance X - X; w0 decrease. As 8 res
“tal impedance of the circuit .
“irrent increases. As the current 1€ |
ViV, and V( also increase- When t.,he freQUf’llt;
% iu mwt valu f"’ me ]mWiall(/e.

*ual to R, and hence, the current reaches its Fig. 4.5
Raximum value and Vg i8 8t 18 maximum value:

reases,

_,n‘r
-
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4.1.4 HNHaif Power frequencies

L) HIC Cl

%

Th
fn‘q“(m? l‘mpor and lower cut-off frequencies are sometimes called tp, I 4
o Gles. At these froquencies, the power from the source ig half of ¢ f Powe, =
elivered at the resonant frequency, he Powey
At resonant frequency, the power is P, - J? R
I 2
At frequency /1, the power is P, = ( {?—;l J R
2
p. _ TnaeR
1= 2
I 2
At frequency f2, the power is P, = [% J R
IR

415 Selectivity

The ratio of bandwidth to the resonant frequency is defined as the selectivity.

Selectivity = Ban(:vi;idth Note
sonant frequency oL
= "R
Selectivity = f2-h 1 L
R’ “VIC R
- R 1
Selectivity = = =— _1
R A A =z LC
where @ is the quality of the circuit.

EXAMPLE 5: A series RLC circuit with R=10ohm

applied voltage of 200 V at resonant frequency.
current in the circuit and voltages across the eleme
factor and bandwidth.

(AU, Coimbatore/EEE - May 2011), (AU, ChennaV/EEE - June 2010 |

| uF
Solution : 10Q 10mH

— AW —— 00—
R=10Q, L=10mH, C=1pF

Supply voltage = 200V 200V

§L=10mH and C =1 uF has an
Calculate the resonant frequency, tﬁe
nts at resonance. Find also the quality




|

v

\* AN
Resonant frequency £, = —1 —_—
20T ‘
27 V10 x 10 N 1x10 8

Ay

t resonance, current /. V _ 200
A mos =R =2 20 A

Voltage across resistor Ve =1, . R =20x 10 = 200 Volts
Vg =200V
\.Oltage across inductor VL = Imar XL = I' (27(,1-)
nax

VL =20 %21 x 1591.5494 x 10 x 10" 3
V. = 2000 Volts

Voltage across capacitor V= Lo Xc= Iax (ﬁ ]

1

VC=2OX

V= 2000 volts

Quality factor @ = %

o x 1591.5494 x 10 x 10~ 8
= 10

Q=10

) Resonant frequency
Bandwidth = Quality factor

1591.5494

f,
BW = 159.15 Hz

g u{AMPLE 6: What is the resonant frequency and bandwidt
o that R = 50 I, =40 mH, C=1HF

| R=sq [ -4omH, C=14F

o1 x 1591.5494x 1 x 1078

h of a series RLC circut



ELECTRIC CIRCUIT ANAL
%

4.12

1
Resonant frequency f, = 2 5 \/I, 21t \/ 40 % 10~ 3 1 % 10

[ 1,98, 174 4tz |

h

o,
Quality factor @ =,

onf.l.  9n x 795.774 x 40 x 10~
Q=40

fr  795.774

Bandwidth BW = —Q- =740

BW =19.8943 Hz

EXAMPLE 7: For the circuit shown in figure, determine 0q  O1H SOuF
the frequency at wkhich the circuit resonates. Also find the ——'VW\'—"m‘—H-—
voltage across the inductor at resonance and the Q factor of

the circuit. 100V

(=)

@
Solution :

e 1
Resonant frequency /v = 5r VIC ~ 9201 x 50 x 10-°

f,=171.176 Hz

I=10A
The voltage drop across the inductor V; =IX]

Vi =Ix2nfL=10x2rnx71.176x 0.1

V,, =447.21 Volts

ol

Quality factor @ = R

2nf,L 2nx71.176x0.1
Q=g - 10
Q = 4.4721

=4.4721




soNAN"': = O UPLED CIRcuITg

EXAMPLE 8: Dete"'mnet\ 4.13

e Qual;

L=0.1H, C= " fact

- 10 10 or of a cojl for the series circyit consisti f
Q isting o

‘ MJ, ChEhna,/FFE - Dec. 2010) \

golution : I
R=10Q, L=0.1H ’CleMF

Quality factor @ _—_\/E_i 0.1
10 x 10~6

0TS :
(AU, Madurai/EEE - May 2011)

;aution:
R=lOQ,L=0.04H,C=1uF

Quality factor @ = \/% 10 1 0;);1_
\J X

Q=20
: R 10
Bandwidth = f, - f; = ol = Ik 008" 39.78 Hz
BW =39.78 Hz
1

1 _
Resonant frequency f, = 2nVLC 97 \0.04 x 107 ¢

39.78
_E, = 796.17 - =5

S
fi= 775.88 Hz

Half power frequency f1 = =fr -



ELECTRIC CIRCUIT AN |
414 ALYS|e
\Sls ;

R 39.78

Half power frequency f, =f, + il 795.77+

f2 = 815.6 Hz

EXAMPLE 10: For the circuit shown in figure, determine 500 O05SH 204

the frequency at which the circuit resonates. Also, find the M

voltage across the capacitor at resonance and the @ factor of
the circuit.

Solution :
V=20V, R=50Q, L=05H, C=20puF

20V

Circuit current I = R- 50 =04 A

Resonant frequency f, = onVLC 21 V0.5 x 20 x 107

f.=50.33 Hz

Voltage across the capacitor V,=IX,
1
Ve= o,C
V = I 0.4
¢ 2n£,C 2rx50.33x20x10™ 6

V. =63.244 Volts

oL
Quality factor @ = R

o 2nf,L 21 x50.33% 0.5
=R * 50

Q =3.1622

EXAMPLE 11: For the circuit shown in figure, determine 10 uF

the impedance at resonant frequency, 10 Hz above resonant 100 o'ml H I
frequency, and 10 Hz below resonant frequency.

\'

Solution :
Resonant frequency f, = ERIW




cE AND COUPLED CIRCUITS

e ——————

aESONAN
' 1

= _
T oo VO x10x 10 " 159 1549 Hy

‘,\( 10 'HV hf‘]ﬂ“' /; = ‘592 10 =149 2 ”7
At 10 Hz above f,=169.2+10= 169 2 Hz

hnppdanco at resonance is equal to R

Z =100

Capﬁ“m"" reactance at 149.2 Hz is

1 1

.,.,_.__...___

X
“oC 2HC

1
X1=/=10667
¢ 2u><149.2x10><10~6 8724

Capacitive reactance at 169.2 Hz is

11
o= — =5
2 (020 2ﬂf2C
X = 1 _ 94.06 Q
£ 21:><169.2><10><10'6

Inductive reactance at 149.2 Hz is

XLl = wlL =
9 Hz is

Inductive reactance at 169
9.2 X 0.1= 106.31 €2

Lzzsz:_-gnsz:anlG .
Impedance at 149.2 Hz i8

z,=\R? T Ko 7 _ 10y} + (93745 - 1106.6)

[gﬂ—wzsan]
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