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UNIT 2
ANALYSIS OF SINGLE PHASE AC CIRCUIT

3.1 BASIC AC CIRCUIT
There are three basic AC circuit

3.1.1 Purely resistive circuit: This circuit only consist resistor as shown in fig. 3.1
The voltage applied to resistor is a \

v = V,sinwt ...(3.1) W

The current in resistor is given by R
. _ VvV _ Vpsinwt
i=o= =" ...(3.2)

This current is maximum when sin wt = 1. The ‘ )

maximum current is I

- ©
m R

Substitute the value of [, in eq. (3.2) V= Hm gn wt

i= [sinwt Fig. 3.1

By comparing the equation 3.1 a urrent we can say in purely resistive circuit

The wave f

3.2(b) \

Vi
LA I I,
0
n i v
: -
0= wt

Fig. 3.2 (a) Fig. 3.2 (b)
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Power in purely resistive circuit is given by equation
p=vXxi= Vy,sinwtX I, sinwt= VI;,sin?wt

The average value of power is

TC T .
Jopd® [ Vplpsin®ot dwt 1 — cos 2wt Vinlm sin 2wt
v = = dot=——-0
m m 2 0
Vinlm sin2m 0 V 'mIm (11) VmIm Vinl
= ™— -0+
21 2 21

VZ
R

3.1.2  Purely inductive circuit: This circuit only consist inductﬂn

The voltage applied to inductor is

v = Vpsinwt ....(3.4) ‘ L

The current in inductor is given by

_1 _1 i _—VmCO t AI ‘I,.-----._"|
i= Efvdt—EfVm51nwt dt = oL @

_ “Vmsin(90° - v= V, sinwt

Py = Vimslyms = VI = I’R =

Fig. 3.3

...(3.5)

Sub te the valde of I,;, in eq. (3.5),we get
i= Isin(wt—90°) ...(3.6)

mparing the equation 3.4 and 3.6 of voltage and current we can say in purely inductive circuit
current is lagging from voltage by an angle 90°(rt/2).

Phase angle for purely inductive circuit



Steady — State Analysis of Single Phase AC Circuits

@ = 90°(lagging)

The wave form diagram and phasor diagram for purely inductive circuit is shown in fig. 3.4 (a) and fig.

3.4 (b) respectively.
a

Fig. 3.4 (a)

Power in purely resistive circuit is given by equation
. ) ) =Vl sin 2wt
p=vXi= VsinwtX I, sin(wt—9 T E—

The average value of power is

cos Zwt)“ Vil (cos 21  cos 0)

2 Jo 2m \ 2 2

3.1.3
The volt I I
C
sin wt @
i =n;1—t= wCVy, cos wt v = Vi sinwt
- (1/wC)
_ Viysin(90° + wt)
B (1/wC)

_ Vi sin(wt +90°)
- (1/wC)
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Where mic = ﬁ = X is called capacitive reactance. It is the opposition offered by the capacitor to the

flow of current. The unit of the X is ohm (Q).so

(= Vi sin(wt+90°) ....(3.8)
Xc

This current is maximum when sin (wt + 90°) = 1. The maximum current is

I—Vm
m_XC

Substitute the value of I, in eq. (3.8),we get
i= Isin(wt +90°

..(3.9)

By comparing the equation of voltage and current we can sa apacitive circuit current is
leading from voltage by an angle 90°(rt/2).

Phase angle for purely capacitive circuit )

The wave form diagram and phasor diagramﬁely capaditive circuit is shown in fig. 1.6 (a) and (b)

@=30 PO

v Fig. 3.6 (a) Fig. 3.6 (b)

P in purely capa ircuit is given by equation

. . . , Vinlm sin 2wt
p i = Vpsinwt X I, sin(wt+ 90) = VI, sinwtcoswt = —
e ave value of power is
7 (Vi sin 2wt
b = f;p de _ Jo (—m i )dwt _ Vil (—cos 2wt>“
0

v T 21 2
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—Vinlm fcos2m cosO “Viln(1-1)
N (2 2% =0

2T 2T

P,y =0
3.2 SERIES AC CIRCUIT
In series AC circuit R, L or C are connected in series. Series AC circuit are of three types.

I Vi I :

B asaal v |

_ MMAL L |

=) [
w=m—*—ﬂ=mr— 5 |

I 2 g
& vV o— I Vr

Fig. 3.7 (a) “ Fig. 3.7 (b)

V = RMS value of supply voltage

Where

I = RMS value of supply cukrent

e relation between supply voltage, supply current and impedance is
V=IZ

From the phasor diagram shown in fig. 3.7 (b)
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Vi KX X
tan @ = V—; = I—RL = ?L
So the phase angle
X
@ =tan"! (fL)
From the phasor diagam shown in fig. 3.7 (b) we can say in series R-L circuit supply cu gin
from supply voltage by an angle @.
Phase angle for R-L circuit 0 < @ <90° (lagging)
3.2.2 Series R-C circuit: The circuit diagram and phasor diagram of segies R-C u n in fig. 3.8

(a) and fig. 3.8 (b) respectively.

o

Fig. 3.8 Fig 3.8 (b)
Where

V = RMS value of sup e

V= /V§+VC = (IR)? + (IXc)? =1 /RZ + Xc?

Where /RZ + XCZ = Z is called the impedance of the series R-C circuit. . It is the opposition offered by

the series R-C circuit to the flow of current. The unit of the Z is ohm (Q).

So the relation between supply voltage, supply current and impedance is
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V=IZ
From the phasor diagram shown in fig. 3.8 (b)
Ve Xe X
t = — = — —
b=y =T]R=TR
So the phase angle
Xc
-
@ = tan R

From the phasor diagam shown in fig. 3.8 (b) we can say in series R-C circ rent IS leading

from supply voltage by an angle @.

Phase angle for R-L circuit 0 <@ <90° (leag

Q ies R-L-C circuit is shown in fig.

3.2.3 Series R-L-C circuit: The circuit diagram and phasor diagra

3.9 (a) and fig. 3.9 (b) respectively. '

Vi 4
> »!
I Vi
Ve w
Fig. 3.9 (b)

From the phasor diagram shown in fig.
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V= \/Vﬁ + (V, = V)2 = J(IR)2 + (IX}, — IX0)? = I{RZ + (X}, — X()?

Where \/RZ + (Xi, — X¢)? = Z is called the impedance of the series R-L-C circuit. . It is the opposition
offered by the series R-L-C circuit to the flow of current. The unit of the Z is ohm (Q).

So the relation between supply voltage, supply current and impedance is
V=IZ

From the phasor diagram shown in fig. 3.9 (b)

Vi-Ve X —-IXe Xy —Xc
Vv IR R

So the phase angle
X, —X
0 = tan-t (LX)
The phase angle for series R-L-C circuitis 0 < @ < 90°

If X1, < X¢ then R-L-C circuit will be

tan® =

3.3 POWER IN AC CIRCUIT
There are three t

circuit.
wer/Total power): It is the product of the RMS value of
voltage, sine of the phase angle between voltage and current (@). It is denoted by

of power in

3.3.1 Active pow power/True

Q = VlIsin @ (VAR)
ower: It is the product of the RMS value of voltage, current. It is denoted by S and

S = VI (VA)
OWER FACTOR
Cosine of the angle between voltage and current is called the power factor.

f.= ¢ = _2
pf=cos@=7=c¢
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For pure resistive circuit phase angle @ = 0, power factor (cos®) = 1

For pure inductive circuit phase angle @ = 90(lagging) , power factor (cos®) = 0(lagging)
For pure capacitive circuit phase angle @ = 0(leading) , power factor (cos®) = 0(leading)
For series R-L circuit phase angle is 0 < @ < 90, power factor is 0 < @ < 1(lagging)

For series R-C circuit phase angle is 0 < @ < 90, power factor is 0 < @ < 1(leading)

3.5 IMPEDANCE TRIANGLE AND POWER TRIANGLE
The triangle between R, X;, X and Z is called the impedance triangle as shiwn in

The triangle between P, Q and S is called the power triangle as shown in fig.\3x10 (b)

Z X - X¢
A
I
=
.
=
=
E -
R P = Vlcos @
‘ Fig. 3.10 (b)
3.6 FORMULA USE FOR NUMERICAL OF Sl CIRCUIT

For any AC cir relatio

V=I1Z

Now the value of Z d on the type of the circuit
For purely R circuit Z=R
For purely L circuit 7 =X

For purely C circuit 7 =X

For series R-L circuit Z= |R?2+X.?

For series R-C circuit 7= /RZ + X2



Steady — State Analysis of Single Phase AC Circuits 10

For series R-L-C circuit ~ Z = \/R2 + (X, — X)?

Active power (Real power/True power/Total power) P = VIcos @ (Watt)

Reactive power Q = VlIsin @ (VAR)
Apparent power S = VI (VA)
Power Factor = cos@ = R = ’
Z S
Example 3.1 The voltage and current through a circuit are v = 50sin(500t 5sin(500t +

Solution: From the equation of voltage and current we get the following

Vi =50V,1,, =5 Amp.,

By drawing the phasor diagram shown in fig. 3.11, We ci say @ = o
|
™ .

5
= =3.53A

=3535Vandl = I _ >
2 N

V3535
7= 1= 353 =100Q
pu inductiye circuitZ = X, = wL =10
10 10
L= — 5 SOO—OOZHAns

Vicos® == 0 W Ans.

3.2 The voltage and current through a circuit are v = 100sin(400t) andi = 10sin(400t —
Identify the circuit element (2) Impedance (3) Active Power (4) Reactive Power (5) Apparent

V,, =100V, I, = 10 Amp., » = 400

By drawing the phasor diagram shown in fig. 3.12
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30

Fig. 3.12

(1) The circuit is series R-L circuit. Ans.
(2) The relation betweenV, land ZisV = 1Z

\Y Vm _ 100 70.71 Vand I :

= —== — = . an =

V22
V7071

1 7.07
(3) Active Power P = VIcos® = 70.71 x 7.07 X cos 3
(4) Reactive Power Q = VIsin® = 70.71 x 7.Q

Example 3.3 The voltage and curre
i = 5v2sin(314t + 60).Find (1) Identify

By drawing the phasordi m shown in fig.

Fig. 3.13
m the pRasor diagram we can say the current is leading from voltage by an angle @ = 60 so

(1) The circuit is series R-C circuit. Ans.
(2) The relation betweenV, land ZisV = 1Z

V  10v2 Im  5V2
V= —=——=10VandlI = —= — =5 Amp.
VZ 2 N P
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(3) Active Power P =VIcos® = 10 X5 X cos60 = 25 W Ans.

(4) Reactive Power P = VIsin® = 10 X 5 X sin60 = 43.3 VAR Ans.
(5) Apparent PowerP =VI=10Xx5 =50 VA Ans.

(6) Power factor = cos @ = cos 60 = 0.5 (leading) Ans.

Voltage across the coil

Solution: The non inductive resistance is pure resistance and inductiv

complete circuit is shown in fig. 3.14 =

MNon inductive
resistance inductive Coil

24X2=220= /122+xL2=>xL= 16 O

XL 16
=21nfL > L= —

(2) er Fac

R 2 ]
cosQ = 7= 20" 0.6 (lagging)Ans.
3) Voltage across the non inductive resistance(Pure resistance)

VR =IR=10x 10 =100V Ans.

(4) Voltage across the coil

Veoil = 1Zeoip = 1 X /Rgoil +X?..iq = 10 X /22 + 162 = 161.24 V Ans.
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Example 3.5 A 100 V, 200 W lamp is to be operated on 220 V, 50 Hz supply. In order that lamp should
operate on correct voltage. Calculate the value of (1) Non inductive resistance (2) Pure inductance (3)
Pure capacitance

Solution: The Lamp, bulb and press this type of

Lam
apparatus is considered purely resistive circuit —_— %p —

as shown in fig. 3.15 100 W, 200 W
Fig. 3.

The current in the lamp

The resistance of the lamp

The supply voltage is 220 V but the voltage rating of t i VLo operate the lamp on correct
voltage we have to connect an element(R, L, C) in series

(1) The non inductive resistance (purefresistance): InSghis case the circuit is purely resistive as
shown in fig. 3.16

Mon inductive

R

lamp resistance
AN AN

50 02 R

50 Hz
Fig. 3.16
vV 220
IZ =7= T= T=110.Q
y resistive soZ = Rjgmp + R 110 =50+ R = R =600 Ans
2) P tance: In this case the circuit is series R-L as shown in fig. 3.17
Rizmp inductor
A B
— AW X

50 O

220V o———
S0 Hz

Fig. 3.17
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The relation between V,  and Z is

\'
V=IZ =>Z=T

= 220—1109
===

Now the circuit is series R-L so

Z= / famp T Xf = 110 = /502+Xf = X = 100

We know
X =2mfl s L=oto_— 199 318 318 mH
L=em 2nf 2xmx50 B R
(3) Pure capacitance: In this case the circuit is series R-C as shown in fig. 3.18
Rlamp Capacitor
AV I
500 C

"
=

4

The relation between V, | and Z is
V=
Now the circuit is series R-L so

502 + X2 = Xc = 100

1
2XmX50x100

=31.8 x 107% = 31.8 yF Ans.

Example 3.6 A when connected to a 15 V DC supply and takes 5 A from 65 V, 50 Hz
AC supply, i d inductance of the coil (2) Power factor (3) Power drawn by the
coil

Solution: T en to a coil DC and AC as shown in fig. 3.19 (a) and 3.19 (b) respectively.

—"WWh— L —"VWh— L
R R
3 5{ S5A
L 15V e e D ISR
(DC) 50 Hz [AC)
Fig. 3.19 (a) Fig 3.19 (b)

In the case of DC the circuit is behave like purely resistive circuit, because for DC frequency f =0 so
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X, =2mufL=2xXxmtXx0XxL=0
So inductor will behave like short circuit.

(1) Resistance and inductance of the coil:
From DC circuit

R—V— 15—SQA
=1=3 " ns.

From AC circuit

Z= v_5_ 13Q
=1=% =
For series R-L circuit
Z= |RZ+X}=>13= /52+XE
We know
Xy = 2mfl > L= L
= —1 = — =
L T 2mf
(2) Power factor
R
cosP=—-=
(3) Power drawn by the coil
P=VIc = 384 = 124.8 W Ans.
Example 3.7 A coil of resistance 10 induct are connected in series with a condenser of

capacitance 120 puF across 230V, 5 etermine (1) Impedance (2) Current (3) Power factor

(4) Voltage across coil (5) Moltage acros

Solution: The complgte cifeuit is shown in 3.20
Coil
|_ __________ =|
| 1
T T
£ 230V O
S50 Hz
Fig. 3.20
X, =2mfL=2XxmXx50x%x0.15=47.12 Q
1 1
X, = 26.53 Q

T 2mfC 2 xmx 50 x 120 x 10-6
(1) Impedance: For series R-L-C circuit the impedance is given by

Z =R2+ (X;, — X¢)2 = /102 + (47.12 — 26.53)%2 = 22.9 Q Ans.
(2) Current: We know
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230
= —— = 10.04 Amp. Ans.

I_V
T 70229

(3) Power Factor: We know

Q)_R— 10 = 04367 A
cosP =7 =75=0. ns.

(4) Voltage across coil: We know

Veoil = 1Zeon = 1 X /Rﬁoil + X2 = 10.04 x /102 + 47.122 = 483!

(5) Voltage across condenser: We know
V., =IX. = 10.04 X 26.53 = 266.36 V Ans.

Example 3.8 A resistance (R) and inductance L = 0.05 H and a capacitance C a
When a voltage v = 40sin(5000t — 15) is applies to series combinati
i = 5sin(5000t — 70).Find (1) Resistance (2) Capacitance

Solution: The circuit is shown in fig. 3.21

(YL |
/l\ W L=0.05H [
R C
i= 5sin(5000t- 70)
| O )

v = 40sin(5000t - 15)

g Fig. 3.1
Form the eq. of voltage and current w A V, I,=5A4 o = 5000, @ = 55°(lag)
So
40

om0 gg28v 1= m_® 354
2 V2o V2 V2
X}, = wL = 5000 x 0.05 = 250 Q

sV _2828

1 354

esistahce (R): know
R R
cos@ = E=> cos 55° = §=> R = 4.59 O Ans.

apacitance (C): We know for series R-L-C circuit

Z=R2+ (X, —Xc)2 = 8 =/4.592 + (250 — X)? = X¢ = 243.45Q

Xe = ! =>C= L !
¢ wC ~ wX. 5000 x 243.45

= 8.2x 1077 = 0.82 F Ans.
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3.7 PARALLEL AC CIRCUIT

In parallel AC circuit R, L or C are connected in parallel. For solving parallel RLC circuit we will use the
complex form of the impedance.

If R-L-C is connected in series then complex form of the impedance is

For purely R circuit Z=R

For purely L circuit Z=jX.

For purely C circuit Z = —jX¢

For series R-L circuit Z=R+jX, %

For series R-C circuit Z=R—-jX¢
For series R-L-C circuit Z=R+jX,—Xc

3.8 COMPLEX NUMEBER

For solving parallel RLC circuit we required khewled olviRg.complex number. There are two form
of complex number

3.8.1 Rectangular form: It is repr

3.8.2
rz0

versi ectangular form to polar form(a + jb — rz0):
4P
r = +a%+Db? 0 = tan 5
ersion from rectangular form to polar form(r20 — a + jb):
a=rcosb b =rsind

Example 3.9 Convert 4+j3 in polar form
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Solution: 4 +j3 — rz0

b
r=+42+32=5 0= tan‘15=tam‘1 =

4+j3 - 540 Ans.

Sl w

Example 3.10 Convert 10460 in rectangular form

Solution: 10260 — a + jb

a=10cos60 =5 b =10sin60 = 8.66
10460 - 5 +j8.66

Example 3.11 Perform the addition, subtraction, multiplication and divisi
Solution: Addition (5 +j4) + (3 +j8) =8 +j12

Subtraction (5 +j4) — (3+j8) =2 —j4

Multiplication (5 +j4) X (3 +j8) = 15 +j 17 +j52

Division

5+ij4 5+ij4 3—ij8 47 —j28

( ].)=( ]_)X( ]_)= =—]=0.64—j0.383
3+j8) (B+ij8) ((3—-j8) 73

dm ce is the reciprocal of the impedance. It is denoted by Y ant unit is mho U.

1
Z

Y =

Example 3.13 For the circuit shown in fig. 3.22 Find (1) Total Impedance (2) Total Current (3) Current in
each branch (4) Total Admittance (5) Admittance of each branch (6) Power factor (7) Active power (8)
Reactive power (9) Apparent power (10) Draw the phasor diagram
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120 uF

L & 220V,50Hz O— |

Fig. 3.22

Solution:

X, =2nfL=2XxmXx50x50x 1073 =15.7Q

1 1

Xe = JnfC ~ Zx x50 X 120 6.5

The first branch is the series R-L circuit so the impedance of the fi

(26532 —90°)  493.722 — 32.5°

¥j157 —j2653  10-10.83
2, —32.5°

T 14747 — 47.28°

= 33.52£14.78° () Ans.

Vo 220 sy, 1478°AA
77 33521478° ' ns.

\' 220

- = ST _11822-57.5°AAns.
7, 186125750 11824 = 57.5"Adns

\' 220

— = =8.29,90° .
7, 26532—90° 24007 A Ans

IZ=

4) Total Admittance(Y):

1 1
Y= z = m = 0.034 —14.78° U Ans.

(5) Admittance of each branch:
Admittance of first branch (Y;)
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Y, = = 0.0542 — 57.5°U Ans.

7, 18.61257.5°

Admittance of second branch (Y)

Y2=_

- —0.0377490°0 Ans.
7, 26532 —90° 003774907V Ans

(6) Power factor (cos @):

cos @ = cos 14.78° = 0.967 Ans.
(7) Active Power (P):
P =VIcos® =220 X 6.57 X 0.967 = 1397.7
(8) Reactive Power (Q):
Q = VIsin® = 220 x 6.57 x 0.255 = 368.
(9) Apparent Power (S):
S=VI=220x%6.57 = 14

Example 3.15 For the circuit shown in fig. 3.24 Find (1) Tetallm ) Total Current (3) Current in
each branch (4) Total Admittance (5) Admittance_of eachib g er factor (7) Active power (8)
Reactive power (9) Apparent power (10) Draﬁhasor di
A
AW M Ea)!
100
Yy [
50 I j10 ©

Th

L& 20V,50Hz &——
A/
Fig. 3.24

series R-L circuit so the impedance of the first branch is

Z, = R+jX, = 10 +j5 = 11.18226.56°

d bramch is the’series R-C circuit so the impedance of second branch
Z, =R—jXc=5—-j10 =11.182 — 63.43°

(1) al Impedance(Z): The first branch and second branch are connected in parallel so
7 - .2, (11.184£26.56°)(11.184 — 63.43°) _ 1252 —36.87°
I +Z, 10 +j5+5—i10 ~ 15-j5
1254 — 36.87°
15812 — 18.43°

= 7.94£ — 18.44° Q Ans.

(2) Total current (I): We know
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Y 220

7 =70, 1848 = 27.85218.44° A Ans.

(3) Current in each branch:

Current in first branch (I,)
\% 220

7,  11.18226.56°

Current in second branch (I,)
% 220

l = — =
277, 11.182—63.43°

I, = = 19.682 — 26.56° A Ans.

= 19.68463.43°

(4) Total Admittance(Y):
1 1

Y=2

7779218440 2126418

(5) Admittance of each branch:

Admittance of first branch (Y;)
1 1

T 7, 11.1822656°
Admittance of second branch (Y;)

Yy

(6) Power factor (cos @):

(7) Active Power (P):

P =Vic
(8) Reactive Power (Q):
Q = VIsin
(9) Apparent Power (§):
220 % 27.85 =6127 VA = 6.12 kVA Ans.
is shown is fig. 3.25

(2) Parallel Resonance

3. SERIES RESONANCE

When resonance is create in series RLC circuit then it is called series resonance. A series RLC circuit and
it phasor diagram under resonance condition is shown in fig. 3.26 (a) and 3.26 (b) respectively.
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22
VL &
P A
R C 1 vR:V
e w e w o %
O v = Vl: v
Fig. 3.26 (a) ig. 3.2

Conditions of series resonance are

(1) Xy =X¢

(2) VL =V¢

(3) Impedance Z =R (Minimum)
(4) Phase Angle® =0

(5) Power Factorcos® =1

(6) Current 1=(V/R) (Maximum)

Resonant Frequency: Frequency which crea
denoted by f.. We have

1
o f=—
(2m)%LC 2mV/LC

Resonant frequency

1
f =
r 2mV/LC

is shown in fig. 3.27 (a).

circuit is called resonant frequency. It is

ation of series resonance: Here we plot the graph between R, X;,Xc,Z and I by

between R and f: Resistance will not depend on the frequency, so the graph between

) Graph between X and f: We know X}, = 2nfL. = X, « f, So X; is linearly increasing with

he frequency. The graph between X;, and fis shown in fig. 3.27 (b).
(3) Graph betweenXcand f: We knowXc =1/2nfC =X x 1/f, so X¢ is
proportional to the frequency. The graph between X¢and fis shown in fig. 3.27 (c).

inversely
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Fig. 3.27 (a) Fig. 3.27 (b)

(4) Graph between Z and f: We know Z = \/R? + (X, — X()?,
X}, # Xc,then Z > R. The graph between Z and f is shown

(5) Graph betweenI and f: We know [ = V/Z, so the is i roportional to the
impedance. The graph between I and fis shown i fig. (
4, 7 4 Z Z
yA X, :
R
|
: X 1 I
£, i £
- Fig. 3.28 (b)
Bandwidth: Bandwidth is@efined as ar of frequency over which current is equal to or greater than

the 70.7% of maximum cufrent. From the\gkaph shown in fig. 3.29.
Band Wldth = f2 - f1
Where

ut off frequency
er cut off frequency
o called half power frequency
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Im

70.7% of [

Expression of Bandwidth: For the series RLC circuit the relatio ply voltage, supply current

and Impedance is

Vv v
Z R+ (X, —X)?

1
At f; or f, the current is T“%, so

At f,
2nf; L ! =
™ 21'[f1C B
....(3.10)
2
XL - XC = R
2nf,L — =
R 21'[f2C

..(3.11)
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Add equation (3.10) with (3.11)

1 /1 1
21'[L(f1 + fz) — R (E + g) =

1 /f;+f
= ZT[L(fl +f2) =T< L 2)

= fif, = (21T)—2LC
We know
f. = ! =f2 = !
2mVLC (2m)%LC
So

Subtract eq. (3.10) from (3.11)

Substitute the value of f;f,

= (f, — f,)[2nL + 2nL] = 2R
=>BW.=({f,—-f)= R
W= (=)= 5

he lo ut off frequency
f, =1 R
L7 4qL
The upper cut off frequency
£, =f. + R
27T T 4L
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Quality Factor (Q.F.): It is defined as the ratio of voltage across the inductor to the supply voltage.

_ Voltage across the inductor vy, IXy, X; 2nfL
B Supply voltage Vo 1Z 71 1Z

At resonance f = f.,andZ = R, so

_21Ter_21'[LX 1 L
R R 2m/LC RVLC

3.13 PARALLEL RESONANCE

When resonance is create in parallel

and its phasor diagram is\own in fig. 330°(a) and 3.30 (b) respectively.

it is called parallel resonance. A parallel RLC circuit

: 2= R+
L
(YL
A L fc ¢
R
. Ic ||Xc I= ]tcnsﬂL .
| | @ v
C
I
¥ I
= I T & I, sin@,
Fig. 3.30 (a) Fig. 3.30 (b)

Conditions for parallel resonance are

(1) IC = IL sin ®L
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(2) Impedance is Maximum
(3) Phase Angle® =0

(4) Power Factorcos® =1
(5) Current is Minimum

Resonant Frequency: We have
IC = IL sin ®L
From the circuit diagram shown in fig. 3.30 (a)

S A Xy,
C_XC L_ZL

_ L
C
1 L
- |——R2
A " 2mL | C R
\ 1 [1 R2
f - _ =

So resonant frequency
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1 |1

fr =50 |Tc

The resonant frequency in series and parallel RLC circuit are same if

(R)Z <<t
L LC

Dynamic impedance: Total impedance of the RLC parallel circuit in the condition
the dynamic impedance. It is denoted by Zp.

We know
[ =1 cos@y,
From the circuit diagram shown in fig. 3.30 (a)

\' \'

1= — -
Zp Zy,

SO

Substitute the value of Z

3.14 N BETWEEN SERIES AND PARALLEL RESONANCE

T mpari betw ries and parallel resonance is in table 3.1
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Table 3.1
PARAMETER SERIES RESONANCE PARALLEL RESONANCE
Circuit [
——AW— — AN AR
A L 4HC7 R
] V u
o 6 ‘
Resonant (= 1
frequency " 2m/IC
Power factor cos@P =1
Impedance Z = R(minimum)
Current I = V/R(maximum)
Bandwidth R/2mL
Quality factor 1 1L
R R,|C
Magnify Vol Current
Application FM Filter

Example 3.16 A series RLC circuit ha
frequency (2) Band width (3) Quality F

1
_ﬁ\/30 X102 X 20 x 106 — 205.468 Hz Ans.
R 20
= 106.1 Hz Ans.

T 2nl T 2xmx30x10-3

ualityFactor: know
F—1 L_ 1 30x10‘3_194A
QF =R [T 20 /20x 106~ 194 Ans.
(3) power frequency (f; f,): We know

f; =f R = 205.468 20 = 205.468 — 53.05 = 152.418 Hz A
1= T T A Axmx30x103 > YT DL ALGHZANS.
f, =f + R = 205.468 + 20 = 205.468 + 53.05 = 258.518 Hz A

2 = Ty T AT Axmx30x10-3 <> U9 T £980 e Hz ANS.
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3.15 POWER FACTOR IMPROVEMENT

The power factor for lightning load ranges from 0.95 to unity but for single phase motor may be as low
as 0.4.

Disadvantages of low power factor: for constant power P and voltage V the current | will depen the
power factor.
= P
~ Vcos @

The current is inversely proportional to the power factor (cos @)
If power factor is low current is high and

If power factor is high current is low.

The higher current due to low power factor affects the system g disadvantages.

(i) More copper material is requires in wire, cable to hand
(i) Copper losses will be increase, so efficienc
(iii) Rating of the generators and transformers w
(iv) The cross sectional area of the bus is increase

Causes of low power factor:

(i) All ac motors operate at low pow
(i) Arc lamps operate at o
(iii) Industrial heating furnace w power factor.

factor is around unity, for same amount of power the
f current has the following advantage

induction motor with phase advancers
ynchronous condensers like shunt capacitors connected across the supply.



