SINGLE PHASE AC CIRCUITS

Definition of Alternating Quantity

v

An alternating quantity changes continuously in magnitude and alternates in direction at regular

intervals of time. Important terms associated with an alternating quantity are defined below.

1. Amplitude

It is the maximum value attained by an alternating quantity. Also called as maximum or peak

value

2. Time Period (T)

It is the Time Taken in seconds to complete one cycle of an alternating quantity

3. Instantaneous Value

It is the value of the quantity at any instant

4. Frequency (f)
It is the number of cycles that occur in one second. The unit for frequency is Hz or cycles/sec.
The relationship between frequency and time period can be derived as follows.

Time taken to complete f cycles = 1 second

Time taken to complete 1 cycle = 1/f second

T=1/f



Advantages of AC system over DC system

1. AC voltages can be efficiently stepped up/down using transformer
2. AC motors are cheaper and simpler in construction than DC motors

3. Switchgear for AC system is simpler than DC system

Generation of sinusoidal AC voltage

Consider a rectangular coil of N turns placed in a uniform magnetic field as shown in the figure. The

coil is rotating in the anticlockwise direction at an uniform angular velocity of ® rad/sec.
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When the coil is in the vertical position, the flux linking the coil is zero because the plane of the coil
is parallel to the direction of the magnetic field. Hence at this position, the emf induced in the coil is
zero. When the coil moves by some angle in the anticlockwise direction, there is a rate of change of
flux linking the coil and hence an emf is induced in the coil. When the coil reaches the horizontal
position, the flux linking the coil is maximum, and hence the emf induced is also maximum. When
the coil further moves in the anticlockwise direction, the emf induced in the coil reduces. Next when
the coil comes to the vertical position, the emf induced becomes zero. After that the same cycle
repeats and the emf is induced in the opposite direction. When the coil completes one complete

revolution, one cycle of AC voltage is generated.



The generation of sinusoidal AC voltage can also be explained using mathematical equations.
Consider a rectangular coil of N turns placed in a uniform magnetic field in the position shown in the
figure. The maximum flux linking the coil is in the downward direction as shown in the figure. This
flux can be divided into two components, one component acting along the plane of the coil ®y,Sinwt

and another component acting perpendicular to the plane of the coil ®p,ccosot.
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The component of flux acting along the plane of the coil does not induce any flux in the coil. Only

the component acting perpendicular to the plane of the coil ie ®,xcosmt induces an emf in the coil.

=P  coswt

e=—Nd£
dt

e= —NicbmX COS (X
dt

e=N®D_ . wsinax
e=FE sinax

Hence the emf induced in the coil is a sinusoidal emf. This will induce a sinusoidal current in the

circuit given by

i =1 sinawt



Angular Frequency (o)

Angular frequency is defined as the number of radians covered in one second(ie the angle covered by

the rotating coil). The unit of angular frequency is rad/sec.

Problem 1

An alternating current i is given by
i=141.4sin 314t
Find i) The maximum value
ii) Frequency
iii) Time Period

iv) The instantaneous value when t=3ms
i=141.4sin 314t

i=1sinawt
1) Maximum value Im=141.4 V
ii) = 314 rad/sec
f=w/2r =50 Hz
iii) T=1/f = 0.02 sec
iv) i=141.4 sin(314x0.003) = 114.35A

Average Value

The arithmetic average of all the values of an alternating quantity over one cycle is called its average

value

Average value = Area under one cycle
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For Symmetrical waveforms, the average value calculated over one cycle becomes equal to zero
because the positive area cancels the negative area. Hence for symmetrical waveforms, the average

value is calculated for half cycle.

Average value = Area under one half cycle

Base

p
=;£vd(wr)

Average value of a sinusoidal current

=1, sin wt
. A 1 VA
| .
ol [, =—|id(ar)
a
1%
0 R 1, =—|1,sin ord(ar)
Zani wf ay ﬂ"() m
21
Im [, ==""=06371,
Average value of a full wave rectifier output )
=1 sin wt
i a 1 71.'
+lm ]av = — id(a)[)
)
0 > 15
m 2Tt [, =—|1 sinaxd(ar)
T
-Im 21
} I, ==m=0.6371,
T



Average value of a half wave rectifier output
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RMS or Effective Value

The effective or RMS value of an alternating quantity is that steady current (dc) which when flowing
through a given resistance for a given time produces the same amount of heat produced by the

alternating current flowing through the same resistance for the same time.
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RMS value of a sinusoidal current
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Form Factor

The ratio of RMS value to the average value of an alternating quantity is known as Form Factor

o RMSValue

- AverageValue

Peak Factor or Crest Factor

The ratio of maximum value to the RMS value of an alternating quantity is known as the peak factor

_ MaximumValue
RMSValue

For a sinusoidal waveform
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For a Half Wave Rectifier Output
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/4
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Phasor Representation
An alternating quantity can be represented using
(i) Waveform
(ii))  Equations
(iii))  Phasor
A sinusoidal alternating quantity can be represented by a rotating line called a Phasor. A phasor is a
line of definite length rotating in anticlockwise direction at a constant angular velocity
The waveform and equation representation of an alternating current is as shown. This sinusoidal

quantity can also be represented using phasors.
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Draw a line OP of length equal to I;,,. This line OP rotates in the anticlockwise direction with a

uniform angular velocity o rad/sec and follows the circular trajectory shown in figure. At any

instant, the projection of OP on the y-axis is given by OM=0Psinf = [;,;sinwt. Hence the line OP is

the phasor representation of the sinusoidal current

o)

-Em

Phase is defined as the fractional part of time period or cycle through which the quantity has

advanced from the selected zero position of reference

Phase of +E,, is n/2 rad or T/4 sec
Phase of -E,, is 3n/2 rad or 3T/4 sec



Phase Difference
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When two alternating quantities of the same frequency have different zero points, they are said to

have a phase difference. The angle between the zero points is the angle of phase difference.

In Phase

Two waveforms are said to be in phase, when the phase difference between them is zero. That is the

zero points of both the waveforms are same. The waveform, phasor and equation representation of

two sinusoidal quantities which are in phase is as shown. The figure shows that the voltage and

current are in phase.
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v=F_sinwl

i=1_sinwt



Lagging

In the figure shown, the zero point of the current waveform is after the zero point of the voltage

waveform. Hence the current is lagging behind the voltage. The waveform, phasor and equation

representation is as shown.
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Leading

In the figure shown, the zero point of the current waveform is before the zero point of the voltage

waveform. Hence the current is leading the voltage. The waveform, phasor and equation

representation is as shown.

v=V_sm wf

i=1_sin(wt+OD)



AC circuit with a pure resistance
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Consider an AC circuit with a pure resistance R as shown in the figure. The alternating voltage v is

v=V_sinwt

given by

The current flowing in the circuit is i. The voltage across the resistor is given as Vg which is the
same as V.

Using ohms law, we can write the following relations

v V_sinat
l=—=—
R R
i=1_ sina¥ e )
Where I :V—m
" R

From equation (1) and (2) we conclude that in a pure resistive circuit, the voltage and current are in

phase. Hence the voltage and current waveforms and phasors can be drawn as below.

Vi -




Instantaneous power

The instantaneous power in the above circuit can be derived as follows

p=vi
p=V _sinax)(l, sinax)
p=V I sin’ ax
V I
p= %(1—0052((1)

p= - cos2ax
2 2

The instantaneous power consists of two terms. The first term is called as the constant power term

and the second term is called as the fluctuating power term.
Average power

From the instantaneous power we can find the average power over one cycle as follows

27| 7]
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As seen above the average power is the product of the rms voltage and the rms current.

The voltage, current and power waveforms of a purely resistive circuit is as shown in the figure.
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As seen from the waveform, the instantaneous power is always positive meaning that the power

always flows from the source to the load.

Phasor Algebra for a pure resistive circuit

V=VZ0° =V + jO
YEO gy jo=1c0

~ |
> <

Problem 2

An ac circuit consists of a pure resistance of 10Q and is connected to an ac supply of 230 V, 50 Hz.

Calculate the (i) current (ii) power consumed and (iii) equations for voltage and current.

V20 34

(D =—=="
(ii)P = VI = 230%23 = 5260W
i)V, =2V =325.27V

I =+21=32.524

=27 =314rad /sec

v =2325.25sin 314t
[ =32.52sin314¢



AC circuit with a pure inductance

Consider an AC circuit with a pure inductance L as shown in the figure. The alternating voltage v is

v=V_sinwt

given by

The current flowing in the circuit is i. The voltage across the inductor is given as Vi which is the

same as v.

We can find the current through the inductor as follows

V= Lﬂ
dt
V. sinat = Lﬂ
dt

%4
di = 2 sin wrdt
L
\%
[ = —m'[sin wtdt
L
\%
[ = —m(— COSs a)t)
WL

Vv
[ =—=sin(ax —x/2)
L

i=1_sin(ax—rm/2) -~ )
Vv

m
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From equation (1) and (2) we observe that in a pure inductive circuit, the current lags behind the

voltage by 90°. Hence the voltage and current waveforms and phasors can be drawn as below.
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Inductive reactance

The inductive reactance Xy, is given as

X, =aL=2nL
Ve
XL

It is equivalent to resistance in a resistive circuit. The unit is ohms (€2)

Instantaneous power

The instantaneous power in the above circuit can be derived as follows

p =i
p=V sinax)(I sin(ax—7mw/2))
p=-V I sin@xcosax

lem <
p= —Tsm 20t

As seen from the above equation, the instantaneous power is fluctuating in nature.



Average power

From the instantaneous power we can find the average power over one cycle as follows

1 viI .
Pz—j—v’”—’”sm2a)tda)t

0

P=0

The average power in a pure inductive circuit is zero. Or in other words, the power consumed by a
pure inductance is zero.

The voltage, current and power waveforms of a purely inductive circuit is as shown in the figure.

As seen from the power waveform, the instantaneous power is alternately positive and negative.
When the power is positive, the power flows from the source to the inductor and when the power in
negative, the power flows from the inductor to the source. The positive power is equal to the
negative power and hence the average power in the circuit is equal to zero. The power just flows

between the source and the inductor, but the inductor does not consume any power.

Phasor algebra for a pure inductive circuit
V=vZ0 =V+j0
I=1/-90°"=0—jI
v_ v
I 1£-90

= X, 290°



Problem 3

A pure inductive coil allows a current of 10A to flow from a 230V, 50 Hz supply. Find (i) inductance

of the coil (ii) power absorbed and (iii) equations for voltage and current.

0)X, =¥:@=23Q

10
X, =21L

L=2
2

=0.073H

(i)P=0

i)V, =~J2V =325.27V
I =+21=14.14A
=27 =314rad /sec

v =325.25s1n314¢
i =14.14sin(314t -7 /2)

AC circuit with a pure capacitance
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Consider an AC circuit with a pure capacitance C as shown in the figure. The alternating voltage v is

v=V_sinwt

given by



The current flowing in the circuit is i. The voltage across the capacitor is given as V¢ which is the

same as v.

We can find the current through the capacitor as follows

q=Cv

qg=CV_ sinax

. d

'

1 =CV _wcosax

i =wCV_sin(ax+7/2)

i=1 sin(ax+7x/2) 2)

Where I m - (UCVm

From equation (1) and (2) we observe that in a pure capacitive circuit, the current leads the voltage

by 90°. Hence the voltage and current waveforms and phasors can be drawn as below.
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Capacitive reactance

The capacitive reactance Xc is given as

L
wC  27fC
A
XC

It is equivalent to resistance in a resistive circuit. The unit is ohms (€2)

Instantaneous power

The instantaneous power in the above circuit can be derived as follows
p=vi

p=V_sinax)(I, sin(ax+7/?2))

p=V I sinxcosax

VI .
p= Tsm 20t

As seen from the above equation, the instantaneous power is fluctuating in nature.

Average power

From the instantaneous power we can find the average power over one cycle as follows

1 27 I .
= 5 IVm ™ sin 2wtd wr
T

P=0

0

The average power in a pure capacitive circuit is zero. Or in other words, the power consumed by a
pure capacitance is zero.

The voltage, current and power waveforms of a purely capacitive circuit is as shown in the figure.
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As seen from the power waveform, the instantaneous power is alternately positive and negative.
When the power is positive, the power flows from the source to the capacitor and when the power in
negative, the power flows from the capacitor to the source. The positive power is equal to the
negative power and hence the average power in the circuit is equal to zero. The power just flows

between the source and the capacitor, but the capacitor does not consume any power.

Phasor algebra in a pure capacitive circuit

V=VL0 =V + ;O
[=1/90°" =0+ jI

Problem 4

A 318uF capacitor is connected across a 230V, 50 Hz system. Find (i) the capacitive reactance (ii)

rms value of current and (iii) equations for voltage and current.



X, = 1 00
27fC

14
ii)] =——=23A
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C
i)V, =~2V =325.27V
I, =+21=3253A
=27 =314rad/sec
vy =325.25sin314¢
i =32.53sin(314t + 7/2)

R-L Series circuit

\/

Consider an AC circuit with a resistance R and an inductance L connected in series as shown in the

figure. The alternating voltage v is given by

v=V_sinwt

The current flowing in the circuit is i. The voltage across the resistor is Vg and that across the

inductor is Vi.

Vr=IR is in phase with I
V=IXy leads current by 90 degrees

With the above information, the phasor diagram can be drawn as shown.
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The current I is taken as the reference phasor. The voltage Vg is in phase with I and the voltage Vi,

P
Ll

leads the current by 90°. The resultant voltage V can be drawn as shown in the figure. From the
phasor diagram we observe that the voltage leads the current by an angle ® or in other words the
current lags behind the voltage by an angle ©.

The waveform and equations for an RL series circuit can be drawn as below.

V =V sinwt
[=1_sin(ax—P)

From the phasor diagram, the expressions for the resultant voltage V and the angle @ can be derived

as follows.
V=yVi+V;
V,=IR

vV, =IX,

V =(IR)* +(IX )’
V=IJR*+X;
V=1IZ

Where impedance , _ [p2 x?2
L

The impedance in an AC circuit is similar to a resistance in a DC circuit. The unit for impedance is

ohms (Q).



Phase angle

d=tan™’ ﬁJ
VR

d=tan™’ X,
IR

®=tan™ ﬁ}
R

L

d=tan™’ a)_}

R

Instantaneous power

The instantaneous power in an RL series circuit can be derived as follows

p=vi
p=V _sinax)l, sin(ax—P)

p= Vzl cosP — V’"zl’" cos(2ax —P)

The instantaneous power consists of two terms. The first term is called as the constant power term

and the second term is called as the fluctuating power term.

Average power

From the instantaneous power we can find the average power over one cycle as follows

1 v I I
J Yl cosCID—V’” cosQax —P) |[dax
27 5, 2

p=-2" Vil cosP
2

P ———cosCD

V242

P=VIcos®d



The voltage, current and power waveforms of a RL series circuit is as shown in the figure.

As seen from the power waveform, the instantaneous power is alternately positive and negative.
When the power is positive, the power flows from the source to the load and when the power in
negative, the power flows from the load to the source. The positive power is not equal to the negative
power and hence the average power in the circuit is not equal to zero.

From the phasor diagram,

cosCID:V—R:B:5
Vv 1Z Z
P=VIcos®d

R

P=(Z2)xIx—
V4

P=1I°R

Hence the power in an RL series circuit is consumed only in the resistance. The inductance does not

consume any power.
Power Factor
The power factor in an AC circuit is defined as the cosine of the angle between voltage and current ie

cosd

P=VIcos®

The power in an AC circuit is equal to the product of voltage, current and power factor.

Impedance Triangle

We can derive a triangle called the impedance triangle from the phasor diagram of an RL series

circuit as shown



V_=|X|_ X|_

Ve 3 Ve=IR R
The impedance triangle is right angled triangle with R and Xi as two sides and impedance as the

hypotenuse. The angle between the base and hypotenuse is ®. The impedance triangle enables us to

calculate the following things.

1. Impedance Z=\R+X;

2. Power Factor cos® =

NIES

.
3. Phaseangle P =tan 1(#)

4. Whether current leads or lags behind the voltage

Power

In an AC circuit, the various powers can be classified as
1. Real or Active power
2. Reactive power

3. Apparent power

Real or active power in an AC circuit is the power that does useful work in the cicuit. Reactive

power flows in an AC circuit but does not do any useful work. Apparent power is the total power in

an AC circuit.

ICos®

v

|SIn®



From the phasor diagram of an RL series circuit, the current can be divided into two components.
One component along the voltage Icos®, that is called as the active component of current and
another component perpendicular to the voltage Isin® that is called as the reactive component of
current.

Real Power

The power due to the active component of current is called as the active power or real power. It is
denoted by P.

P =V x ICos® = 'R

Real power is the power that does useful power. It is the power that is consumed by the resistance.
The unit for real power in Watt(W).

Reactive Power

The power due to the reactive component of current is called as the reactive power. It is denoted by
Q.

Q =V x ISin® = I’X;.

Reactive power does not do any useful work. It is the circulating power in th L and C components.
The unit for reactive power is Volt Amperes Reactive (VAR).

Apparent Power

The apparent power is the total power in the circuit. It is denoted by S.

S=VxI=IZ
S=yP*+Q°

The unit for apparent power is Volt Amperes (VA).

Power Triangle

From the impedance triangle, another triangle called the power triangle can be derived as shown.

2
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The power triangle is right angled triangle with P and Q as two sides and S as the hypotenuse. The
angle between the base and hypotenuse is ®. The power triangle enables us to calculate the following

things.

1. Apparentpower S = ./P? + Q2

P RealPower
2. Power Factor Cos® =— =

S ApparentPower

The power Factor in an AC circuit can be calculated by any one of the following

methods
% Cosine of angle between V and 1
¢ Resistance/Impedance R/Z

% Real Power/Apparent Power P/S

Phasor algebra in a RL series circuit
V=V+j0=VL)
Z=R+ jX, =ZL®

Problem 5

A coil having a resistance of 72 and an inductance of 31.8mH is connected to 230V, 50Hz supply.

Calculate (i) the circuit current (ii) phase angle (iii) power factor (iv) power consumed



X, = 24fL = 2x3.14x50x31.8x107° =109
Z =R+ X2 =7*+10° =12.2Q
V230

@)1 ——=18.854A
Z 122

X 10
.. =t -1 2L —t -1 =Y — 5501
(ii)¢ = tan ( R j an (7 j ag

(iii) PF = cos® =cos(55°) =0.573lag
(iv)P =VI cos ® =230x18.85x0.573 = 2484.24W

Problem 6

A 200 V, 50 Hz, inductive circuit takes a current of 10A, lagging 30 degree. Find (i) the resistance

(i1) reactance (iii) inductance of the coil

z=2_-29_50
10

({\)R=Zcos¢=20xcos30" =17.32Q
(i) X, =Zsin @ =20xsin30° =10Q
10

(@)L= X, = =0.0318H
27 2x3.14x50

R-C Series circuit
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Consider an AC circuit with a resistance R and a capacitance C connected in series as shown in the

figure. The alternating voltage v is given by

v=V_sinwt

The current flowing in the circuit is i. The voltage across the resistor is Vg and that across the

capacitor is V.

Vr=IR is in phase with I
Vc=IXc lags behind the current by 90 degrees

With the above information, the phasor diagram can be drawn as shown.

J D | i

Vv Ve

r

The current I is taken as the reference phasor. The voltage Vr is in phase with I and the voltage V¢
lags behind the current by 90°. The resultant voltage V can be drawn as shown in the figure. From
the phasor diagram we observe that the voltage lags behind the current by an angle © or in other
words the current leads the voltage by an angle ©.

The waveform and equations for an RC series circuit can be drawn as below.

P V =V sinat

TN [=1_ sin(ar+®)

From the phasor diagram, the expressions for the resultant voltage V and the angle @ can be derived

as follows.



V=yVZ+V?
V.=IR
V. =IX,

V =y(R)? +(IX.)*

V=IJR*+X]

V=IZ
Where impedance  , _ [p2, ¥ 2
Phase angle
® =tan' Ve
Vi
®=tan"' IX
IR
X
® = tan™ —Cj
R
®=tan"' Lj
wCR

Average power
P=VIcos¢
R
P=(Z)XIx—
Z

P=1I°R

Hence the power in an RC series circuit is consumed only in the resistance. The capacitance does not

consume any power.



Impedance Triangle

We can derive a triangle called the impedance triangle from the phasor diagram of an RC series

circuit as shown
Ve, R

J D L

Jd P | |

v

Z

Vv Ve

Phasor algebra for RC series circuit

V=V+j0=VL0
Z=R-jX.=2/-®

I =

N <|

=KA+¢
zZ

Problem 7

A Capacitor of capacitance 79.5uF is connected in series with a non inductive resistance of 30€2
across a 100V, 50Hz supply. Find (i) impedance (ii) current (iii) phase angle (iv) Equation for the
instantaneous value of current
X, = 1 _ 1 _
27fC 2x3.14x50%x79.5%x10
()Z =|R* + X2 =307 +40% =50Q
100

=" =19 _o4
Z 50

>ii)® = tan‘l(&j =tan”' (ﬂj =53"]ead
R 30

(iv)l, =21 =</2x2=2.828A
@=27f =2x3.14x50 = 314rad / sec
i =2.828sin(3147+53)

=40Q




R-L-C Series circuit
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Consider an AC circuit with a resistance R, an inductance L and a capacitance C connected in series

as shown in the figure. The alternating voltage v is given by

v=V_sinwt

The current flowing in the circuit is i. The voltage across the resistor is Vg, the voltage across the

inductor is Vi, and that across the capacitor is V.

Vr=IR is in phase with I
V1 =IX leads the current by 90 degrees
Vc=IXc lags behind the current by 90 degrees

With the above information, the phasor diagram can be drawn as shown. The current I is taken as the
reference phasor. The voltage Vr is in phase with I, the voltage V1 leads the current by 90° and the
voltage V¢ lags behind the current by 90°. There are two cases that can occur Vi >V¢cand Vi <V¢
depending on the values of X;. and Xc. And hence there are two possible phasor diagrams. The

phasor Vi -V¢ or V-V is drawn and then the resultant voltage V is drawn.
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VL>V c VL<VC

From the phasor diagram we observe that when V>V, the voltage leads the current by an angle

@ or in other words the current lags behind the voltage by an angle ®. When V<V the voltage

lags behind the current by an angle ® or in other words the current leads the voltage by an angle
.

From the phasor diagram, the expressions for the resultant voltage V and the angle @ can be derived
as follows.

V=\VZ+(V,-V.)
V=yJUR +(IX, - IX,)’

V=I1JR+(X,~X.)}
V=1Iz

Where impedance 7 — \/RZ +(X, - X.)

Phase angle

d=tan"’ Vi _ch

IR

X, -X
d=tan"’ gj

¢ — tan_l Mj




From the expression for phase angle, we can derive the following three cases

Case (i): When X >X¢

The phase angle @ is positive and the circuit is inductive. The circuit behaves like a series RL circuit.

Case (ii): When XL<XC
The phase angle @ is negative and the circuit is capacitive. The circuit behaves like a series RC

circuit.

Case (iii): When XL=XC
The phase angle @ = 0 and the circuit is purely resistive. The circuit behaves like a pure resistive
circuit.

The voltage and the current can be represented by the following equations. The angle @ is positive or
negative depending on the circuit elements.

V=V sinwt
I =1 sin(axt®P)

Average power
P=VIcos¢g
P=Z)xI ><£
Z
P=I°R

Hence the power in an RLC series circuit is consumed only in the resistance. The inductance and the

capacitance do not consume any power.

Phasor algebra for RLC series circuit

v

+j0=VZL0
(X, -X,.)=2£®

N
1
NI<| m <
~

+

~
—_

~i
Il

-

N <



Problem 8

A 230 V, 50 Hz ac supply is applied to a coil of 0.06 H inductance and 2.5 Q resistance connected in
series with a 6.8 pF capacitor. Calculate (i) Impedance (ii) Current (iii) Phase angle between current

and voltage (iv) power factor (v) power consumed

X, =27fL = 2x3.14x50x0.06 = 18.84Q
R 1
€ 2afC  2x3.14x50%x6.8x107°

Z=|R*+(x, - X ] =2.5°+(18.84 - 468)’ = 449 20

=468 Q

(ii)I :K:ﬂzo.SIZA
Z 449 .2
(iii )® = tan ' X - Xe = tan ! M =_89.7°
R 30

(iv) pf =cos @ =cos 89.7 =0.0056 lead
(v)P =VI cos ® =230x0.512 x0.0056 = 0.66W

Problem 9

A resistance R, an inductance L=0.01 H and a capacitance C are connected in series. When an
alternating voltage v=400sin(3000t-20°)is applied to the series combination, the current flowing is
10+/2 sin(3000t-65°). Find the values of R and C.

D =65 -20"=45"Iag

X, =wL=3000x0.01=30Q

tan® =tan 45" =1

_XC

tanCID:XL—:l
R

R=X,-X,
:‘;_::%:28.392:\/R2+(XL ~X. ) =JR*+ R’
V2R =283

R =20Q

X, - X, =20Q

X, =30-20=10Q
R T
WX, 3000x10

C=

33.3uF



Problem 10

A coil of pf 0.6 is in series with a 100uF capacitor. When connected to a S0Hz supply, the potential
difference across the coil is equal to the potential difference across the capacitor. Find the resistance

and inductance of the coil.

) 100uF
AT ||

(AN
COSq)coﬂ: 0.6
C=100uF
f=50Hz
Veoii=Ve
X =t = 1 —=31.83Q
27C  2x3.14x50x100x10
Vcoil = Vc
IZcoil = IXC
Z . =X.=31.83Q

R=Z_ cos®,  =31.83x0.6=19.09Q
X, =+/Z>, - R* =~/31.83> —19.09° = 25.46Q
1 1

=0.081H

T2l 2x3.14%x50%25.46

Problem 11
A current of (120-j50)A flows through a circuit when the applied voltage is (84j12)V. Determine (i)

impedance (ii) power factor (iii) power consumed and reactive power



V =8+ 12

1=120-j50

iz=Y=3Y112 _goyi011=0112797
I 120-j50

Z =0.11Q

® =797

(i) pf =cos® =co0s79.7" =0.179ag

(ii))S =VI" = (8+ j12)x (120 + j50) =360 + j1840

S=P+jO

P =360W

0 =1840VAR
Problem 12

The complex Volt Amperes in a series circuit are (4330-j2500) and the current is (25+j43.3)A.
Find the applied voltage.

S = 4330+ j2500

=25+ j43.3

V:i: 4330+ j2500 =86.6+ j50
I 25— j433

Problem 13

A parallel circuit comprises of a resistor of 20 in series with an inductive reactance 15€ in one
branch and a resistor of 30€ in series with a capacitive reactance of 20€2 in the other branch.
Determine the current and power dissipated in each branch if the total current drawn by the parallel

circuit is 10L-30 °A




Z, =20+ j15

Z, =30—- j20

1=10£-30° =8.66 — j5

I =1—%2  —(3.66— j5)x (_30_»’20).
Z, +Z, (20 + j15)+ (30— j20)

I,=3.8-j6.08=7.17£—-60°

I,=1-1,=(8.66-j5)—(3.8- j6.08)

1,=486+ j1.08=4.98£-12.5°

P =I'R, =717 x20=1028.2W

P =1}R, =498 x30="744W
Problem 14

A non inductive resistor of 10€ is in series with a capacitor of 100uF across a 250V, 50Hz ac

supply. Determine the current taken by the capacitor and power factor of the circuit

X.= L _ ! —=31.83Q
27C 2x3.14%x50x100x10
Z=R-jX.=10-,31.83
I Y 250 =2.24+ j7.14=7.49/72.5°
Z 10-;31.83
@=72.5

pf =cos¢g=cos72.5"=0.3

Problem 15

An impedance coil in parallel with a 100uF capacitor is connected across a 200V, SOHz supply. The
coil takes a current of 4A and the power loss in the coil is 600W. Calculate (i) the resistance of the

coil (ii) the inductance of the coil (iii) the power factor of the entire circuit.



Zcoil ZK =@ = SOQ
I 4
P=1?R=600W
R= 6—020 _ 6—020 =37.5Q
> 4
X, =42, —R* =+/50>-37.5* =33.07Q
X, 3307
27 2x3.14%50
1 1
T 27C 2x3.14x50x100x10°
Z, =R+ jX, =375+ j33.07
Z,=—jX,=-j31.83
_ZZ, _ (37.5+j33.07)(~ j31.83)
~Z,+Z, (37.5+33.07)+(-j31.83)
Z=27-j3272=42.42/-50.5°
@ =-50.5°

pf =cos® = cos(— 50.5° )= 0.6365

=0.105H

=31.83Q

Problem 16

A series RLC circuit is connected across a SOHz supply. R=100Q, L=159.16mH and C=63.7uF. If
the voltage across C is 150L.-90°V. Find the supply voltage

X, =27fL =2x3.14x50%x159.16x10 = 50Q
1 1

€T 24fC 2x3.14%50%63.7x107°
V. =1(-jX.)=150£—-900 = — j150
_—j150 - 150
—jX.  -j50
Z=R+j(X,-X_)=100+ j(50—50) =100
V =1Z =3x100 = 300V

=50Q

1

=3Z0"A



Problem 17

A circuit having a resistance of 20Q and inductance of 0.07H is connected in parallel with a series
combination of 50Q resistance and 60uF capacitance. Calculate the total current, when the parallel

combination is connected across 230V, S0Hz supply.

X, =24fL =2x%3.14x50x0.07 = 22Q
1 1

XC = = > =
27fC 2%3.14x50x60x10

Z, =20+ j22

Z,=50— j53

_ 727, _ (20+22)(50—53)
Z,+Z, (20+ j22)+(50-j53)

I =K=@=7.4—j3.4=8.134—24.9°
Z Z

=25.7+j11.9



THREE PHASE AC CIRCUITS

A three phase supply is a set of three alternating quantities displaced from each other by an angle of
120°. A three phase voltage is shown in the figure. It consists of three phases- phase A, phase B and
phase C. Phase A waveform starts at 0°. Phase B waveform stars at 120° and phase C waveform at

240°.
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The three phase voltage can be represented by a set of three equations as shown below.

e, =E sinat
e, = E sin(ax—1207)
e. =E, sin(wt—240")=E  sin(ax+120°)

The sum of the three phase voltages at any instant is equal to zero.

e,te;,+e. =0

The phasor representation of three phase voltages is as shown.

€a




The phase A voltage is taken as the reference and is drawn along the x-axis. The phase B voltage
lags behind the phase A voltage by 120°. The phase C voltage lags behind the phase A voltage by
240° and phase B voltage by 120°.

Generation of Three Phase Voltage

/ ‘\ ‘\ // A \
| ‘-.\\-!}\\:-{; \
N [‘ ..-"r\.-if \ -
LN

Three Phase voltage can be generated by placing three rectangular coils displaced in space by 120° in
a uniform magnetic field. When these coils rotate with a uniform angular velocity of ® rad/sec, a

sinusoidal emf displaced by 120° is induced in these coils.

Necessity and advantages of three phase systems

« 30 power has a constant magnitude whereas 1® power pulsates from zero to peak value at
twice the supply frequency

% A 30 system can set up a rotating magnetic field in stationary windings. This is not possible
with a 1® supply.

+ For the same rating 3® machines are smaller, simpler in construction and have better
operating characteristics than 19 machines

+ To transmit the same amount of power over a fixed distance at a given voltage, the 3® system

requires only 3/4™ the weight of copper that is required by the 1® system

« The voltage regulation of a 3@ transmission line is better than that of 1P line



Phase Sequence

The order in which the voltages in the three phases reach their maximum value

e A B C
+Em //\ /’/\\\ //\
L X
0 N\ ~

N X
-Em ‘v/ R

For the waveform shown in figure, phase A reaches the maximum value first, followed by phase B

and then by phase C. hence the phase sequence is A-B-C.

Balanced Supply

A supply is said to be balanced if all three voltages are equal in magnitude and displaced by 120°
A three phase supply can be connected in two ways - Either in Delta connection or in Star

connection as shown in the figure.

o A
€xn
N ~_) €

x/"“\\

O/ "E
€c

*C

Delta Connection Star Connection
Balanced Load

A load is said to be balanced if the impedances in all three phases are equal in magnitude and phase
A three phase load can be connected in two ways - Either in Delta connection or in Star

connection as shown in the figure.



ZCA ZAB
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ZBC
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Delta Connection Star Connection

Balanced Star Connected Load

A balanced star connected load is shown in the figure. A phase voltage is defined as voltage across
any phase of the three phase load. The phase voltages shown in figure are Es, Eg and Ec. A line
voltage is defined as the voltage between any two lines. The line voltages shown in the figure are
Eap, Esc and Eca. The line currents are I, Iy and Ic. For a star connected load, the phase currents are

same as the line currents.
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Using Kirchoff’s voltage law, the line voltages can be written in terms of the phase voltages as

shown below.

E,=E,~Eg
Eye=Ez—E
E,=E.-E,



The phasor diagram shows the three phase voltages and the line voltage Exg drawn from E, and —Ejp

phasors. The phasor for current I, is also shown. It is assumed that the load is inductive.

My,

From the phasor diagram we see that the line voltage Eap leads the phase voltage E4 by 30°. The
magnitude of the two voltages can be related as follows.

E,; =2E, cos30° :\/§EA

Hence for a balanced star connected load we can make the following conclusions.

E, =3E,
Line voltage leads phase voltage by 30°

Three phase Power

In a single phase circuit, the power is given by VIcos®. It can also be written as Vplpncos®. The

power in a three circuit will be three times the power in a single phase circuit.

P=3E I cosd
P:x/gElI, cosd



Balanced Delta Connected Load
A balanced delta connected load is shown in the figure. The phase currents are I5p, Igc and Ica. The

line currents are I, Iz and Ic. For a delta connected load, the phase voltages are same as the line

voltages given by Eap, Egc and Eca.

e/ \
L\
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Using Kirchoff’s current law, the line currents can be written in terms of the phase currents as shown

below.
ly,=1,,—1
Iy =1p-—1,

Io=1c— 1y




The phasor diagram shows the three voltages Eap, Egc and Eca and the three phase currents Iap, Ipc
and Ica lagging behind the respective phase voltages by an angle ®. This is drawn by assuming that
the load is inductive. From the phase currents Ixg and —Ica, the line current I is drawn as shown in
the figure.

From the phasor diagram we see that the line current I lags behind the phase phase current 55 by

30°. The magnitude of the two currents can be related as follows.

I,=21I,,cos30° :«/§IAB

Hence for a balanced delta connected load we can make the following conclusions.
I,=+31,
E =E,
Line current lags behind phase current by 30°

Three phase Power

The three phase power for a delta connected load can be derived in the same way as that for a star

connected load.

P=3E I, cosd
P:x/gElI, cosP

Measurement of power and power factor by two wattmeter method

The power in a three phase circuit can be measured by connecting two wattmeters in any of the two
phases of the three phase circuit. A wattmeter consists of a current coil and a potential coil as shown

in the figure.

Current coll
a0 <

| MWW

Potential coil



The wattmeter is connected in the circuit in such a way that the current coil is in series and carries
the load current and the potential coil is connected in parallel across the load voltage. The wattmeter
reading will then be equal to the product of the current carried by the current coil, the voltage across
the potential coil and the cosine of the angle between the voltage and current.

The measurement of power is first given for a balanced star connected load and then for a balanced

delta connected load.

(1) Balanced star connected load

Exe

i e

I
O
>

[
Wi

For

[
Wi —
)
—_
i»
|

The circuit shows a balanced star connected load for which the power is to be measured. Two

wattmeter W, and W, are connected in phase A and phase C as shown in the figure.




The current coil of wattmeter W carries the current I, and its potential coil is connected across the
voltage Eap. A phasor diagram is drawn to determine the angle between [, and Exp as shown.
From the phasor diagram we determine that the angle between the phasors I5 and Eap is (30+®).

Hence the wattmeter reading W is given by
W1=EABIACOS(3O+®)

The current coil of wattmeter W, carries the current I¢ and its potential coil is connected across the
voltage Ecg. From the phasor diagram we determine that the angle between the phasors Ic and Ecp is

(30-®). Hence the wattmeter reading W, is given by

W,=Ecglccos(30-D)

Line voltages Exg=Ecp=EL

And line currents Ia=Ic=I;,

Hence
W, =E, I, cos(30+P)
W, =E, I, cos(30—®P)
W, +W, =E, I, cos(30+P)+E, I, cos(30—P)
W, +W, =E, I,(2cos30° cosP)
W, +W, =~3E, I, cos®

From the above equations we observe that the sum of the two wattmeter reading gives the three

phase power.

(i1)Balanced delta connected load

The circuit shows a balanced delta connected load for which the power is to be measured. Two

wattmeter W and W, are connected in phase A and phase C as shown in the figure.
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The current coil of wattmeter W, carries the current I and its potential coil is connected across the

voltage Exp. A phasor diagram is drawn to determine the angle between I and Exp as shown.

From the phasor diagram we determine that the angle between the phasors Ix and Eag is (30+®).

Hence the wattmeter reading W is given by

W1=EABIACOS(30+®)

The current coil of wattmeter W, carries the current I¢ and its potential coil is connected across the
voltage Ecg, From the phasor diagram we determine that the angle between the phasors I¢ and Ecp is

(30-@). Hence the wattmeter reading W, is given by



W2=ECBI(jCOS(30-(D)
Line voltages Eag=Ecp=EL

And line currents Ia=Ic=I;,

Hence

W, =E,I, cos(30+P)

W, =E, I, cos(30—P)

W, +W, =E, I, cos(30+P)+ E, I, cos(30—P)
W, +W, =E, I,(2¢cos30° cosP)

W, +W, =~/3E,I, cos®

From the above equations we observe that the sum of the two wattmeter reading gives the three

phase power.

Determination of Real power, Reactive power and Power factor
W,=E, I, cos(30 + D)
W, =E, I, cos(30—D)
W, +W, = «/SELIL cosP
W,-W,=E, I, sin®

tan @ =«/§(Wz _le

W +W,
@ =tan"'|/3 W oW
W+ W,
P=W+W,
0 =3W,-W)

pf =cos® = cos{tanl{«/g (%jﬂ



The power factor can also be determined from the power triangle

S
Q
i >
P
From the power triangle,
P=W +W,
0 =3, - W)
S = (W, +W,)> +3(W, —W,)’
pfzcosCI):£ W + W,

S=ﬁm+mﬁ+xm—mf

Wattmeter readings at different Power Factors
(Dupf
D=0

W, =E, I, cos(30+®)=E, I, cos(30) :£ELIL

W,=E,I, cos(30-®)=E,I, cos(30)=—EFE,I,

| Sy

W, =W,

(ii) pf = 0.866
P =30°

W, =E, I, cos(30+®)=FE, I, cos(30+30) = Ed,

W,=E,I, cos(30-®P)=E, I, cos(30-30)=FE, I,
W, =2W,



(i) pf =0.5

d =60°

W, =E,I, cos(30+P)=E, I, cos(30+60)=0

W,=E, I, cos(30—-P)=E, I, cos(30-60) =§ELIL
(iv)pf <0.5

d > 60°

W, =E, I, cos(30+P)<0
W,=E, I, cos(30—P)>0

Vpf =0
® =90°
ELIL

W, =E, I, cos(30+®)=FE, I, cos(30+90) =

ELIL

W,=E, I, cos(30—®)=FE, I, cos(30-90) =—

W, =-W,

Problem 1
A balanced 3® delta connected load has per phase impedance of (25+j40)Q. If 400V, 3® supply is

connected to this load, find (i) phase current (ii) line current (iii) power supplied to the load.

Z, =V25"+40° =47.17Q

d=tan"" [ﬂj =60°
25

Z,,=47.17£60°Q
E, =400V =E,,

E, 400
Z,, 4117260

(i), =31, =3x8.48=14.7£-90" A

(iii)P =~3E, I, cos ® =/3x400x14.7% cos 60°
P =5397.76W

=8.48£-60"A

(i)lph =



Problem 2

Two wattmeter method is used to measure the power absorbed by a 3® induction motor. The
wattmeter readings are 12.5kW and -4.8kW. Find (i) the power absorbed by the machine (ii) load

power factor (iii) reactive power taken by the load.

W =12.5kW
W, = —4.8kW
OP=W,+W, =12.5-4.8="7.7TkW
y W, —W, ~4.8-12.5
(ii) tan ® = @(W) = ﬁ(mJ =—3.89
® =tan"'[-3.89]=-75.6"
pf =cos® = cos(—75.6")=0.2487
(ii)Q =~3(W, —W,)=~/3(—4.8-12.5) = 29.96kVAR

Problem 3

Calculate the active and reactive components of each phase of a star connected 10kV, 3@ alternator

supplying SMW at 0.8 pf.

E, =10kV
P=5MW
pf =cos®=0.8
P =36.87°
P=+3E,I, cos®
6
=Lt X0 _a5p54
VBE, cos®  +/3x10x10°x0.8

6
p, =210 _166.7mw
Q,, =E,l,sn®= 1010, 360.8x5in 36.87° =1.25MVAR

NE

Problem 4

A 30 load of three equal impedances connected in delta across a balanced 400V supply takes a line
current of 10A at a power factor of 0.7 lagging. calculate (i) the phase current (ii) the total power (iii)

the total reactive kVAR



E, =400V =E,,

I, =10A

pf =cos®=0.7lag

o =45.57"

DI, = I, _10 =5.8A

NE
(ii)P =~/3E, I, cos® =~/3x400x10x0.7 = 4.84kW
(iii)Q =~[3E, 1, sin ® = /3 x400x10xsin 45.57° = 4.94kVAR

Problem 5

The power flowing in a 3®, 3 wire balanced load system is measured by two wattmeter method. The

reading in wattmeter A is 750W and wattmeter B is 1500W. What is the power factor of the system?

W, =750W
W, =1500W

=tan” |3 2L | = an” ﬁ(w]
W, +W, 750+1500

® =30°

pf =cos® =cos30° =0.866

Problem 6

A 3 star connected supply with a phase voltage of 230V is supplying a balanced delta connected
load. The load draws 15kW at 0.8pf lagging. Find the line currents and the current in each phase of
the load. What is the load impedance per phase.

15kW
0.8kW

|

230V

€ l

€g




Alternator
Eph =230V

E, =/3x230V =398.37V
P =15kW
pf =cos® =0.8lagging

P

I, =—F/————
- \/gELCOS(I)

=27.17A

Load
E,=E = 398.37V
[, =27.17A

— IL

ph

1 =15.68A

&

E
Z, = Iph =25.4Q

ph
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UNIT -3

Syllabus ......

RMS and Average Values

Form factor for different periodic wave forms

Steady state analysis of R,L,C with sinusoidal excitation
Concept of self and Mutual Inductances

Dot convention

Co-efficient of coupling

Series Circuit Analysis with mutual inductance
Resonance in series and parallel circuits

Concept of Band width and Q Factor



SINGLE PHASE AC CIRCUITS

Till now, we have discussed about DC supply and DC Circuits. But,
90% of Electrical energy used now a days is AC in nature. Electrical
supply used for Commercial purposes is alternative.

1. Sine Function Terminology

Phase

N TAWA
VARVARVARV

Frequency = periods / second

Amplitude = 1.3

An alternating quantity changes continuously in magnitude

and alternates in direction at regular intervals of time.
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BASIC TERMINOLOGY

WAVE FORM PEAK & PEAK TO PEAK
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Wave Form

Cycle

Frequency

()

Angular
frequency

(w = 2T7f)

Time period
(T =1/f)

Amplitude
(A)

Phase

Phase
difference

A wave form is a graph in which the instantaneous value of any quantity is plotted
against time

One complete set of positive and negative values of an alternating quantity in termed
as cycle

The number of cycles per second of an alternating quantity is known as frequency

Angular frequency is defined as the nhumber of radians covered in one second(i.e the
angle covered by the rotating coil). The unit of angular frequency is rad/sec.

The time taken by an alternating quantity to complete one complete cycle as called
as Time period

The AMPLITUDE of a sine wave is the maximum vertical distance reached, in either
direction from the center line of the wave.

The phase of an alternating quantity is the time that has elapsed since the quantity
has last passed through zero point of reference ..

When two alternating quantities of the same frequency have different zero points,
they are said to have a phase difference. The angle between the zero points is the
angle of phase difference



Peak value
(PK)

Peak to peak
(Pk-pk)

Instantaneous
Value

Average

RMS

Form Factor

Peak Factor
(Crest factor)

Peak is the maximum value, either positive (pk+) or negative (pk-), that a
waveform attains. Peak values can be expressed for V,| & P .

Peak-to-peak is the difference between the maximum positive and the
maximum negative amplitudes of a waveform, as shown below. If there is
no direct current ( DC) component in an alternating current ( AC ) wave,
then the pk-pk amplitude is twice the peak amplitude.

This is the value (voltage or current) of a wave at any particular instant.
often chosen to coincide with some other event. E.g. The instantaneous
value of a sine wave one quarter of the way through the cycle will be
equal to the peak value.

The average of an alternating quantity is defined as the athematic mean
of all the values over one complete cycle.

The RMS value of a set of values (or a continuous-time waveform) is the
square root of the arithmetic mean of the squares of the values, or the
square of the function that defines the continuous waveform.

The ratio of RMS value to Average value is called Form factor.

It is defined as the ratio of Maximum value to RMS value of given
alternating quantity



**** Difference between peak & Amplitude
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Example 1 :An alternating current i is given by i = 141.4 sin 314t

Find 1) The maximum value
I1) Frequency
i) Time Period
Iv) The instantaneous value when t=3ms

Solution

1) The maximum value | =141.4 sin 314t
Maximum value Im=141.4V

1) Frequency o = 211f3 = 14 rad/sec
f=w/l2[1=50 Hz

1i1) Time Period T=1/f =0.02 sec
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Iv) The instantaneous value when t=3ms
1 =141.4 5in(314x0.003) = 114.35A




AVERAGE VALUE

Definition : The average of an alternating quantity is defined as the
athematic mean of all the values over one complete cycle.

Methods of finding Average - 1. Graphical Method
2. Analytical Method

The Graphical Method of finding Average value of sine wave

Voltage 20v Peak Bl Spaced _ sumof allthe mid-ordinates

\ =
4 v Vs Mid-ordinates AY
)

nhumber of mid-ordinates

_ 6.2411.8+416.2419+20+19+16.2+11.8+6.2+0
10

= 12.64Volts

180%n

Positive Half of Sinewave ( 180°)
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Voltage | 6.2V |11.8V |16.2V | 19.0V | 20.0V | 19.0V | 16.2V | 11.8V

Angle 18° 36° 047 Jae Q0% | 1087 | 1269 | 144° | 1629 | 180°




Analytical Method of Finding Average Value of sine wave

The average value can be taken mathematically by taking the
approximation of the area under the curve at various intervals to the
distance or length of the base and this can be done using triangles or
rectangles as shown.

Vatags  Paposii Area= ID Visin{ot) dt
AN | Vv =1j"v sinede
Vo AVE xlg YP
3 2% v x
0 2 ! Vave = TP[:—EUSB)D
= k- i
l 2V, 2
\ 2 1 cycle X ! T T EUP = 053?Vp
. 2Vp

VQVE - T = 063?Vp

For peak voltage of 20v
Average value => | Vav=VpkX 0.637 = 20X 0.637 = 12.74 volts |
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RMS/MEAN VALUE

Definition :The term “RMS” stands for “Root-Mean-Squared”. Most books define this

as the “amount of AC power that produces the same heating effect as an
equivalent DC power”, or something similar along these lines, but an RMS
value is more than just that. The RMS value is the square root of the
mean (average) value of the squared function of the instantaneous
values. The symbols used for defining an RMS value are Vg or lzys-

Methods of finding Average - 1. Graphical Method
2. Analytical Method

The Graphical Method of finding RMS of sine wave

VALUE ...

sum of mid.ordinate ( vultages)z

Voltage 20v Peak Equally Spaced VFMS =

4 v Vs Mid-ordinates \ numbﬂf ofm|d“°fd|natas
5 7

5.2 411.8°+16.2°+10°+20 419" +16.2°11.8"06.2°+0°
Vﬂus 2
- 10

V)
S
(a4
T
O
-
Q.
L
O
Z
O
S

180%n

Vius = ’%’ = 200 = 14.14Volts
!

Positive Half of Sinewave ( 180°)




Analytical Method of Finding RMS Value of sine wave

A periodic sinusoidal voltage is constant and can be defined as V) =
Vm.cos(wt) with a period of T. Then we can calculate the root-mean-
square (rms) value of a sinusoidal voltage (V) as

.
v%:\/lf V. cos’ (o) dt
T a

Integrating through with limits taken from 0 to 360° or “T”, the period gives:

2 T
Vs = Yn [t+l sin(th)}
2T 20 0

Vo = v,.,lz = V, x0.7071

For peak voltage (V) of the waveform as 20 Volts using the analytical
method just defined we can calculate the RMS voltage as being:

Vams = Vpk X0.7071= 20X 0.7071 = 14.14V

VALUE ...
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COMPARISION BETWEEN AVERGAE & RMS

VALUE
Mode of Average Value RMS Value
Classification
Definition The average of an alternating | The RMS value is the square

quantity is defined as the
athematic mean of all the
values over one complete cycle.

root of the mean (average)
value of the squared
function of instantaneous
values.

Representation

Vavg or Iave

Vrms OR Irms

Formulae =17
Vave =3JoV (Dt Veus = \/% foT[V(t)]Z dt
1, T 1T
Iyjve = 7ty I (D) dt Igms = \/; JoH®)]* dt
Properties Average value of a periodic wave | RMS value can be calculated

form over complete cycle is
zero. Hence for symmetric
periodic wave forms average
value is calculated for half cycle
only.

conveniently even for a
periodic wave form

VALUE
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Example 1 : Aperiodic current has values for equal time intervals
changing suddenly from one value to next as 0,2,4,6,8,10,
8,6,4,2,0,-2,
-4,-6,-8, -10,-8 . Calculate

1. Average value

2. RMS

3. Form Factor

4. Peak Factor

(0+2+4+6+8+10+8+6+4+2) _ EA
10

Solution
1. Awverage value =

\/02+22+42+62+82+102+ 82+62+42+22+0%+(-2)2+(-4)2+(-6)2+(-8)2+(-10)2+(-8)
- +(26)2+(-4)+(-2)+(0)?
2. RMS= ”
= 5.8309A
RMS 5.8309
3. Form Factor = = = 1.1661
AVERAGE 5

V)
=
oL
o3
(N
)
<
oL
(1)
>
<
Z
O
V)
=
(1)
-
(a 4]
o
(a4
Q.

MAXIMUM VALUE 10

4, Peak Factor = = =1.
RMS 5.8309

715




Example 1 : AFor a Sine wave of peak vm, calculate
1. Average value

2. RMS Answer : Average Value = 0.637Vm
3.Form Factor RMS = 0.707Vm
4.Peak Factor Form Factor = 1.11

Peak Factor =1.414
Solution

1. Average value

Vavg = lfv(ﬂ) d6 = J-TV,,, sinf dg = V—’"Tsine dé = E"—-[—{:ﬂsﬂ]ﬂ
7Y Ty ™y n 0
Vo 2V,
=—=(1+1]="2 =
- [1+1] - =0.637 7,
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2. RMS
v="V,siné 0<8<2x

~ sz 2
Vm—‘]zngv (8)de

* 1 2x
= -z—njVﬁsinzodO -

~

2 2% zzz V’ 8 2x
=J-;-’-;Ism 6d6 = |- [' ”szo}t [_-ﬂ’l
0

Vii2n V,
| S <00 -2 =0.707V,
Zx[ } "2 fa

3.Form Factor

RMS 0.707Vm

Form Factor = = = 1 . 1 1
AVERAGE 0.637Vm

4.Peak Factor

V)
=3
(a4
o3
(N
)
<
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(1)
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<
Z
O
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=
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-
(a 4]
o
(a4
Q.

MAXIMUM VALUE Vm

Peak Factor = = =1.414
RMS 0.707Vm




Peak to peak
value (V,,)

Periodic time T (Frequency = 1/T)

-




Example 2 : Forthe full wave rectified wave form shown, calculate
1. Average value
2. RMS
3.Form Factor
4.Peak Factor  Answer : Average Value = 0.637Vm

Vv RMS = 0.707Vm
Form Factor = 1.11

‘ Peak Factor =1.414

V)
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v=V_sin9 Qc <




Solution

1. Average value 1" 1% 74 x
= — =—|V_sin@ d@=-—"—|—cosB
Vive E{V(B)dﬂ E.{[ ., Sifl | J

mpin=06377,
i

2. RMS

1#2 2 V”Eﬂ'z
1 2940 = = |sin“0deé
- le (6)do = JJV sin \/n£

¥/

B - - ———
_ {Va I(l msZB]de Vi [g_sm?_ﬂ] JV [__sm2rr_0 Lsin01 0.707 ¥,
7y 2 rl2 4 Ja ni2 . 4 4

3.Form Factor

RMS 0.707Vm

I i = 1.11
Ormractor = A\VERAGE ~ 0.637Vm

4.Peak Factor

MAXIMUM VALUE Vm

Peak Factor = = =1.414
RMS 0.707Vm
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Example 3: Forthe wave shown, calculate
1. Average value
2. RMS
3.Form Factor
4.Peak Factor

» G
2r 3z
vel sind <l «<x
Answer : Average Value = 0.318Vm =0 . X<f<2x

RMS = 0.5Vm
Form Factor = 1.11
Peak Factor =1.414
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Solution

1. Average value , . .
1 F 1 :
Vavg = gy _{[ v(B}dB:E[lV,,HnOdﬂ+ ! 0‘”]

=L‘y sin® d =V_"[-¢ngen=y—"[l+l]=.0.318 Vi
2y " 2% 2%

ar R
Frms=J—1—J.V1(B)dB ( [J sszdB+J[}d6‘ ]
2n 0 ) x
LTo2 .2 n%n 1-cos2@
— |V sin“ 840 = |2 |sin° 048 =
\Zﬁju \! n£ \’2::-[[ 2 )dﬂ

Vz g smze J x sz,, o, sia

— e e—

\ 2:: =05V,
3.Form Factor
RMS 0.5Vm
Form Factor = ——— = - 1 571
AVERAGE 0.318Vm
4.Peak Factor
MAXIMUM VALUE Vm

Peak Factor = = =
RMS 0.2Vm
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Example 4: Forthe wave shown, calculate
1. Average value
2. RMS
3.Form Factor
4.Peak Factor

S -—>
T
Answer : Average Value = 0.5Vm v= V_ O<t< r
RMS = 0.707Vm 2
Form Factor = 1.414 T <t<T
Peak Factor =1.414 =0 2

V)
=3
(a4
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Solution ' )

T T
T 2 r F
1
1. Average value V.,,5=l_|"’(‘)d’=l iV"' df-'l'*JUdI =--le,,, dt
Tﬂ T 0 I T'ﬂ
. 2 -
v, L V. T
=2 ==.—=05V,
T[]" T 2

2. RMS

3.Form Factor

RMS 0.707Vm

Form Factor = 0 ok " 05Vm 1.414

4.Peak Factor

MAXIMUM VALUE m
Peak Factor = = =1.414
RMS 0.707Vm
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Example 5: Forthe wave shown, calculate
1. Average value
2. RMS
3.Form Factor
4.Peak Factor

v y=Yr, 0<t<T

o, sl ol S———m—— - S——

0 T . 2T 3T

Answer : Average Value = 0.5Vm
RMS = 0.577Vm
Form Factor = 1.154
Peak Factor =1.733
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Solution

1. Average value
r r
1 1 ¢V, V,
Vag == 1{v(dt==|—=tdt==

2. RMS

1t 1 e,
Vems = —IV (¢) dt =JF'£}TI dt

N7

|
—
AN
| p—|
w|™
—,
il
-<‘_____
s
[r————
W ] ~
| N
|
(]
Lh
~J
~J
;Q

3.Form Factor

V)
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RMS 0.577Vm _
Form Factor = AVERAGE = 05Vm - 1 . 1 54
4.Peak Factor
MAXIMUM VALUE Vm
Peak Factor = = =1.733

RMS 0.577Vm




Example 6: Forthe wave shown, calculate
1. Average value
2. RMS
3.Form Factor
4.Peak Factor

-
L4
42
e B S
4]

Ol '1 2.' 3

Answer : Average Value =57.5V
RMS = 64.42V
Form Factor = 1.12
Peak Factor =1.552
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Solution

1. Average value

0+40+60
VAVG = + +80+100+80+60+40_5Mv

8

2. RMS

VRMS = :J":H-iﬂi’ﬂﬁm’-r(sm’+{lnn}’+¢Rn}’+wu’+;4n|’  64.42V
8

3.Form Factor

RMS 64 42

Form Factor = WVERAGE 57. 1 1 2

4.Peak Factor

Peak Factor = MAXIMUM VALUE _ —100 =1.552
B RMS T 6442
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Example 7: Find the effective value of the resultant current which
carries simultaneously a direct current of 10A and a sinusoidally
alternating current with a peak value of 10A.

iy

10A

Ans : 12.25A
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Solution

i=10+10sin @

La=ln= f— | i*(@)d8 )
ms = 2w ) =
l 2x l 25 a
= \EJ; (10+10sin8)*de = Ea[ (100 +200sin 6 + 100sin’8) dé o
&
2x
= moj (1+25in @ +sin>8)dé <
V27 3 [a'4
S
2x :
= 100 [l+23in9+ 1=co820 ]dG <
\2r g 2
, - . 2% Z
= \-120—0 6—2cos6+%—sm429:| O
7| 0
v)
- - =
= [R5 2c0s27 + 2” S’““”—o 2cos0— 0+ M] W
Y2zl % =
= 100 2~ 2+— ] J 2
27 | a

= 150 = 1225 A




Mean value

Waveform

Wavetype |  Wave form (tectifed (factor) RMSvalue | Crest factor
Sing wave 2 — 111 -1-“'0707 [2 ~ 1414
?%0.637 2\/_2"\’ : 2 Vs 2N :
Half-wave 1 U I
rectified sine AW il K. . U :
b | AAN 2000 | Lagn | =~om | 7108
rectified sine 70 T 2 |
Triangle 1 2 N N
i W\ 7705 | YL | 05T | 3L
Square || | | | | |

wave




STEADY STATE ANALYSIS
OF R,L,C WITH SINUSOIDAL EXCITATION

Definition .-The steady state Analysis refers to analysis of circuit at a state w
or condition after the transient or natural response died out. :
Usually steady state is achieved after five time constants of -
the switching action and analysis at this state is carried out v
using phasors. >

<
1.25 MY
o /\ =
E ./\v,ér"\ —2 2 2 A
E\ 750.00m - \/ 8
PO
>
250.00m -
-250.00m . ' . ) _
0 1m 2m 3m 4m 5m
Time (a)

The term steady state response is used synonymously with forced
response and the circuits we are about to analyze are commonly said
to be in sinusoidal steady state

Z
5
(7))
o
o>
o =
23
&<




RESISTOR

INDUCTOR

CAPACITOR

P=V*I E=fPdt
Ohm V= IR | =2 R =Y = I°R
R ! V2 =V
(C) = 5
Vo2 & Integrating i(t)= Im sin wt P=V*|l E=fPdt
a4t yoltage of V= LS
inductor = wL Im coswt
_»® v
Hen : T
Y Jvit)dt=JL a _ w(L)Imcoswt
H dt B Im sin W¢ |
( ) _ WL sinwt+90)
- Im sin Wt
di . 1 di 1
= L— || i(t) == v(t)dt =Li & ==L J?
v(t) L— t) =SS V() XL = jool Li — >
Integrating c=2 => q=cv v(t)= Vn;vsino.)t P=V*| E=fPdt
current of 4 it)y= C—
capacitor = wC vm coswt :
dq dv 0 ‘
findt=rc ¥ gr . “de D
- N m S1nw
Farad e = wCvm cos Wt
(F)
1 .. 1 1
v(t)= = Ji) dt| |4y = ¢ & T N S 2 | S
c it)=C 1 Xc oC Cv o >

R=0=>
| == ,V=0, Short circuit
condition (S/C)

R=9 -=>

=0,V =, Open circuit
condition (0/C)

> %=o =>V =0 => S/C for DC
di

dt
L_absorbs power, charging
> % = = =>P = -

L supplies power, discharging
> 2-0=>P=0 => Lis idle
> % = => y=e j= » => 0/C

L does not allow sudden

change in current

» Energy across L is finite even
if v=0 ( since E=— L I?)

> %=o =>i =0 => 0/C for DC

> —=+=>P=+

C supplies power, discharging
> 2=0=>P=0 => Cisidle

C does not allow sudden
change in voltage

» Energy across C is finite even
if 1 =0 ( since E= C V?)



BEHAVIOUR OF PURE RESISTOR IN AC CIRCUIT

Let V=Vm sinwt => V =Vmz0 /\/\r}\/\/\
- VR R
1.Current i 4
1% Vmsinwt .
| =— =——— = I sinwt /,\\/\
=1, 20 \/
\'4

2.Wave Forms & phasor representation

Voltage, (V)
Ve -,

+i Current, {I)

| Vin phase with |

5
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H
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3.Impedance

;Y Vim0 v,20

1o, 20 ‘%"40 -R

4 Phase Difference and power Factor

Phase difference = @ = Angle 2V.I = O
Power factor = cos® = cos0 =1 (UPF)

5.Power

Instantaneous power P-V |
= (V,, sinwt)(I,,, sinwt)
= V,I,sinwt

Vinl
= % (1- cos2wt)

Vinlo Vol
= mzm- mzm cos2wt
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Vil Vinl
P = ";"‘- ";"‘coshot

The power consists of a constant part ";I"‘ and a fluctuating part

Ymlm 052wt . The frequency of fluctuating part is twice the applied voltage

frequency and its average value over one complete cycle is zero

Vinl Vin Im
Average Power = Py,; = =22 = 2 2 = Vs Irms

Fmax-
AvVerage
Vmax- Power
Imax-—
Oy - time
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BEHAVIOUR OF PURE INDUCTOR IN AC CIRCUIT

L o
Let V =Vm sinwt => V=Vm«0 (@)
& 1""L I_‘ '—
1.Current | O
o . ) a
i(t)= - Jv(t) dt = - JV,, sinwt dt \V/ Z
Vin _ V_m . T
= (- coswt) = 2 sin(wt - 2) :3
i(t) = L,sin(wt - E) =1.,-90 where . =™ (a4
m 2 m coe m — WL D
: (a 8
2.Wave Forms & phasor representation w
+ Self-induced 0
Vmax- 4 — — — Y em @ U)
Imax—+—f———— . ‘\ t’-‘)
o 180: X - o . = >
o 20 240 3607 ‘ - <
? : | AN Sl-Ti o Vi <
: l Y L z
wf | %f | Wf | Wf | I lags Vi by 90° <
| - . | - |




3.Impedance

v v, 20 V2.0 . .
L = - = = =wWL £90=jwL =] X
[T 1,290 T 7,90 JWL =14
The quantity wL is called inductive reactance, is denoted by X; and is
measures in ohms

**#** Significance of operator j : The operator j is used in rectangular
form. It is used to indicate anti clock wise rotation of phasor through 90
degrees . Mathematically j = 2-1

4.Phase Difference and power Factor

Phase difference - @ = Angle 2V.I - 90°

Power factor = cos® = cos90 =0
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5.Power

Instantaneous power P;, o = V |
=V, sinwt I, sin(wt - g)
= =Vl Sinwt coswt

Vol )
= — mzm sin2wt

Average Power = Py, = [ Pipst =0

2607 Average

ca

30~ 1807

. T Power —
— Retumed

t" power

o
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-
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BEHAVIOUR OF PURE CAPACITOR IN AC CIRCUIT

C
Let V =Vm sinwt => V=Vm«0 |
- :l‘ i}__"

1.Current 1t ¢

(N

i(t)=c % =C %(Vm sinwt )= wc V,, cos wt \:_'5’
: : w
i(t) = Insin(wt + 2) = 1,,£90 ..where I, =V, wc o
-
Q.
2.Wave Forms & phasor representation .

+
Vmax- - Y 0
Imax: — a
Ov 'Erﬁ{}al- g.)
: - 3
| I (
|

I | | Z
af :qwf -‘:‘Fdf.—:*lﬁf . <<

Charge Discharge Charge Discharge



3.Impedance

= - = p— = L_ —_—_—— e -
[T 290 T wcz90 Tuc wc =%

The quantity & is called capacitive reactance, is denoted by X, and is
measures in ohms

**** Significance of operator- j : The operator- j is used in rectangular
form. It is used to indicate clock wise rotation of phasor through 90
degrees . Mathematically -j = -£-1

4 Phase Difference and power Factor

Phase difference - @ = Angle 2V,I - 90°

Power factor = cos® = cos90 =0
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5.Power

Instantaneous power P;, o = V |
=V, sinwt [, sin(wt + g)
= Vil Sinwt coswt

Vol )
= mZmSInZwt

Average Power = Py, = [ Pipgt =0
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Example 1 : An AC circuit consists of a pure resistor of 10ohm and is
connected across an AC supply of 230v,50Hz. Calculate
1. Current
2. Power consumed
3. Power factor
4. Write equations for voltage and current

Solution
R=10Q, V=230V, f=50Hz

1. Current ,_V _230 ..,
2.Power consumed = pP=pI=230x23=5290W

3. Power Factor = pf=cos @5 cos (0%) =1

4.V &l V., =V2V=y2x230=32527V
1, =V21=J2x23=3253A

w=2nf=2xx50=314.16 rad’s
v=V_sinat= 325.27sin 314.16 ¢
i=1I_sinax=3253 sin314.161¢
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Example 2 : An AC Inductive coil consists of a negligible resistor and
0.1h inductance connected across an AC supply of 200v,50Hz.
Calculate

1. Inductive Reactance
2. RMS value of current
3. Power
4. Power Factor
_ 5. V & | Equations
Solution :
1.Inductive Reactance = X =2H/L=27x50x0.1=31420
1’4 200
_ I = = =637 A
2.RMS of Current = X, 3142
3. Power = P=Vlcos ¢=200x6.37 xcos (%0°)=0

pf=cos §=cos (9% =0

4, Power Factor

Va=V2 V2 J2x200=28284 V
l.=V21=J2x637=9A

W=2x=2xx50=314.16rad's
v="V_stnan=28284sin314.16¢

SN S )
i ,,,sm[ul > 9sin| 314.16¢ >
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Example 3 : The voltage and current through circuit elements are

v =100 sin (314 t +45°) volis
i =10sin (314 ¢t +315°) amperes

1. ldentify the circuit elements
2. Find the value of elements
3. Obtain expression for power

Solution v = 100 sin (314 1 + 45°) U‘
i=10sin (314 ¢ + 315°) -
= 10sin (314 r+ 315°-360°) (a4
=10sin(314 r-45°) l&_’
1. Circuit Elements : From the V and | equations ,it is clear that the 2
current lags behind the voltage by 90 degree. Hence, the circuit
Element is inductor %
V VvV, 100 X; =owl :
. X —Jra— M —— = 10 n L m H
2. Value of elements : L=7 1, 10 10=3141 = ﬂ
L=318mH -~
=D
3. Expression for poYYer : | § é
P'-Y-'ﬂz—’-"—' sin2ax--lm; 10 sin(2 x 314?)--5([] sin 628 ¢ av




Example 4 : A Capacitor has a capacitance of 30 microfarads which is
connected across a AC supply of 230v,50Hz. Calculate

1. Capacitive Reactance

2. RMS value of current

3. Power

4. Power Factor

5. V & | Equations

Solution C=30puF, ¥=230V, f=50Hz

1 1
g e X = = - m‘
1. Capacitive Reactance 4c 2%C . 2% 0X 0% 10" l\ 1Q
vV 230 B
2. RMS current ls—= =2.17
Xe 1061 217 A

3. Power PuV]cos gu30x2.17x¢08 (90°)=0
4. Power Factor pf= cos ¢=cos (30°) =0

5. V & | Equations Vo=v2Va2x230=32527V
I =2 1aJ2x217=307A

w=2xf=2xx50=314.16 rad's
v=}_sin ar=325.275in314.16¢
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BEHAVIOUR OF SERIES RL CIRCUIT

Let V(t) =Vm sinwt => V=Vm.0 _.',_/\N\,__M_
V & | are RMS Values of source voltage & current | v ‘ Vi—i
<% R L
Ve = Rl (Vg & | are in phase) 1n)
V. = 1X; (I lags V; by 90 degress) ’ T [a'4
i V)
1.Wave Form & phasor representation v=V,, sinwt H
[a 4
| L
(p)
V(IZ) VL(I.XL: u_
0 (]
m H
g
? b BE Q -
0 i | - 32
\y A B Vs (L.R) < X
Vector Diagram Voltage Triangle % U
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2.Impedance (Z)

V-Vg+V, - (R+jl) ==p 7 = —_R+JooL Z £ @

Where IZ| = \/RZ +X,° =VR? + wl?

® = tan 1 (EL) = tan~1(2L) = tan~1 (<L) ]
R IR VR
(a4
3.Impedance Triangle 0
The right-angled triangle formed by the vectors representing '|_'|_|"
the resistance drop, the reactance drop, and the impedance drop of a [a'4
circuit carrying an alternating current is called Impedance Triangle LJ,)J
S
1Z] = \/ RZ + X ° :
7 V) v
X b T
Xy L V)
2L -
sin ® = >
Z )
cosd = - & < b,
¢ Z
Xy -
tan® = ? R << OV




4.Current (- Ip=I})

i(t) - I, sin(wt-®) ..where I, -2 & @ = tan~}(-L)

| (RMS)= % = ;—i = zl where z= R+ jX; = R+ jwL

5.Power

Instantaneous power P () - V |
= (W, sinwt)(I,, sin(wt-d))
= Vil Sinwt sin(wt-9)

= szm [cosd - cos(2wt-D)]

me

== Cosd - T = cos(2wt-d)

Vinl Vin Im

Average Power = Py, = [ Pipgt = % cosP = = CcoS® = Vppys Ipys COSP
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Vinl Vin 1
Average Power = Py, = [ Pipst = % cosd = T’;‘ T’; cos® = Vpys Irys COSP

Active power : From the expression ,Average power is dependent on the
in phase component of current. The average power is the use full power
that is used to do work on the load. Active Power is also called as
Average/Real/True power and is measured in watts.

Active Power =P =V Cos®

Reactive Power: We know that pure inductor and capacitor consume no
power because all the power received from the source in a half cycle is
returned to source in the next half cycle. This circulating power is called
reactive power .lt is the product of voltage and reactive part of current
i.e | sin® and is measured in KVAR(volt-ampere-reactive)

Reactive Power = Q =V I Sin®

Apparent Power : The product of voltage and current is known as apparent
power (s) and is measured in KVA (volt-ampere)
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Apparent power =S =VI=.,/P2 + Q2




6.Power Triangle .

Power Triangle is the representation of a right angle triangle showing
the relation between active power, reactive power and apparent power.
When each component of the current that is the active component
(Icosp) or the reactive component (I sing) is multiplied by the voltage
V, a power triangle is obtained shown in the figure below

Power Factor Angle

-

Q= Reactive Power (kVAr)

P= Real Power (kW)

P = Active Power = VI Cos®
Q = Reactive Power =V I Sin®

S = Apparent power =V 1=,/P2 + Q2
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7.Power Factor . It is defined as the cosine of the angle between voltage and current

Power factor = cosd

V

PF = 7R ... From Voltage Triangle
R .

PF = 2 ... From Impedance Triangle
P .

PF = S ... From Power Triangle

In case of series RL circuit, the power Factor is lagging in nature
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Synopsis Of RL Circuit

Vi

v, Too0) 5
| —— [

(2 L

V= IR =V = 1, —p]

k4
W - O I
£y Vo =I1R A
T
= Vine SiN ot {t) Phasor diagram
{a) Circuit diagram {l lags ¥ by angle &)

v =", Bin it

“ v i F= | nax {810 O — ib)

[/X\’ -
Tt =
A . —J f— \>4/ R
= B 2
(¢} Impedancs friangla (dyilags vV Ly angle ¢
v
%
& %
— !
“E-}K F'__,.-"""r‘
AN

{a) Resalution of |
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BEHAVIOUR OF SERIES RC CIRCUIT

5 C
Let V(t) =Vm sinwt => V=Vmz0 o AAA
V & | are RMS Values of source voltage & current | " |
¢ R b C i
Vg = Rl (Vz & | are in phase) " V
Ve = 1X. (I leads V;, by 90 degress) i Va'4
, V)
1.Wave Form & phasor representation H
Ty
\ A B
0 - | I V)
| (T
|
Ve | g :
| =
| o
ct-———————————- -3 \ Z’, -
D O
/’E‘:ﬁl < a
Vector Diagram Voltage Triangle % G
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2.Impedance (Z)

. V j
V-Vp+Ve=1(R-)X;) ey Z = —_R—&=ZL(I>
Where IZI = \/RZ + X7 \/RZ + ( )2
® = tan~1(X¢) = tan—l(l) = tan~1 (=) A
R IR VR fa'A
3.Impedance Triangle T
The right-angled triangle formed by the vectors representing H
the resistance drop, the reactance drop, and the impedance drop of a [a'4
circuit carrying an alternating current is called Impedance Triangle LJ,)J
T
R
1zl =JR2+XC2 oT: - )8
Vv
-
XL 0 -
sin @ ==% X, =4
Z - > S
R 7 -
cosd =~ < 8
XL Z
tan® = - <O




4.Current  (I= Iz=I})

i(t) - I, Sin(wt+®) .where I, -2 & &= tan~!(-5)
_Vr_Vec_V = R-iX.=R-__
[ (RMS) R ~x. % where z= R-jX. =R C
5.Power

Instantaneous power P (t) - V |

(V,, sinwt)(1,, sin(wt+d))

= VI, sinwt sin(wt+d)
V,
= mzm [cos® - cos(2wt+D)]

Vimlm

== Cosd - Tcos(ZthD)

Vil Vin Im
Average Power = Py, = [ Pipgt = % cosP = = CoSD = Vpys Ipys COSP
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6.Power Triangle .

Power Triangle is the representation of a right angle triangle showing
the relation between active power, reactive power and apparent power.
When each component of the current that is the active component
(Icosp) or the reactive component (I sing) is multiplied by the voltage

V, a power triangle is obtained shown in the figure below U
(a4
P=Real power (KW) .
=~ V)
< i)
Power factor angle | X 2
o 1y
S 2 V)
'4,0'0 o
Qrent 3 T
’1/@/'( I= :
Tl 2 0 v
-
2 V) =
| >
o 0 8
P = Active Power = VI Cos® 2 oL
Q = Reactive Power =V I Sin® < G

S = Apparent power =V 1=,/P2 + Q2




Synopsis Of RC Circuit

| &
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Vo = IRV = X, —

l_'l
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— v, -}
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WAAAAN,
H

!
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Ay

U\I‘ = Um H-il'l {lﬂ
a] Circuit diagram

(c) Impedance triangle

{b) Phasor diagram
{l lemds V by angle #}
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Example 1 : An alternating voltage of 80+60j v is applied to a circuit
and the current flowing is 4-2j.Find the

Impedance
Phase angle
Power factor
Power consumed

A OWN -

Answers:

Impedance = Z= 22.37 ohms
Phase angle = & = 63.43 deg

Power factor = 0.447 (lagging)

Power consumed = 199.81
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Solution: V =80+60j v , | = 4-25 A

- 100 2 36.87 _ 4.47 £-26.56
1.) Impedance = Z = %= 89;3?3 - 22.37 263.43
7-22.37

2.) Phase Angle = & = 63.43

3.)Power Factor = cos ® = 0.447(lagging)

4. )Power consumed =P =V I cos ® = 100x4.47x0.447 = 199.81W
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Example 2 : An RMS voltage of 100 20v is applied to a series
combination of Z; and Z, where Z; =20 « 30 ohms. The effective
voltage drop across Z, is known to be 40 2-30v . Find the Reactive
Component of Z,

Answers : X, = 33.3o0hms

Solution:

V = 100£0v, Z; =20230 ohms , V, = 402-30v

_V1_4OA_30_ _
I'Z'—20430'2460A
v 10020 _

= - —24_60—5046Oohms

Z= Z1+ Z2 => Zz = Z' Zl = 50 460 - 20430
= 7.68+33.3j

Reactive component of Z, =33.3ohms
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Example 3 : When a sinusoidal voltage of 120v is applied to a series
RL circuit , it is found that there occurs a power dissipation of 1200W
and a current flow given by i(t)= 28.3sin(314t-®). Find the circuit
Resistance and Inductance

Ans : R = 3 ohms

Resistance & = 3 02
Reactance X; = 5.2 £}
X; =l
5195 =314 =< L
Inductance . = 0.0165 H

O
L=0.0165 H o
o]
Solution : _ 190 v al

i () = 28.3 sin (3147 — @)
= E = 2001 A ",'I_‘J
NG of
= VIcos o Y]
1200 = 120 < 20.01 = cos ¢ 1))

cos ¢ = (.4499
¢ = 60.02° %
v _ 120

L= T 2001 %%
Z =ZLp=6 £260.02°=3 +75.2 L ((p)
=
(AN
-
a
@)
(a4
Q.

CIRCUITS..



Example 4 : When an inductive coil is connected to a dc supply at
240v, the current in it is 16A. When the same coil is connected to an
AC supply at 240v, 50Hz, the current is 12.27A. Calculate

1. Resistance

2. Impedance

3. Reactance

4. Inductance of coil.

Answers:

Resistance = R= 15 ohms
Impedance = Z =19.56 ohms
Reactance = X1= 12.55 ohms

Inductance =L = 0.04 H
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Example 5 : Aresistance of 25 ohm is connected in series with a
choke coil. The series combination when connected across a
250v,50hz supply draws a current of 4A which lags behind the voltage
by 65 deg. Calculate

1. Total power

2. Power consumed by resistance

3. Power consumed by choke coil

4, circuit Parameters of choke coil

r_______EEil _________
]
i r X R=250
—— AT — A ——
L —
4 A4
- 250 ¥, 50 Hz 2=
§=63°
Answers:

Total Power =422.56W
Power consumed by resistor = 400W

Power consumed by choke coil = 22.56W

R=1.410hms & L=0.18H

V
o
o
-
o
v
(W
-
ol
W
Ty
Z
O
.
S
w
-
@
Q
o
Q.

v
=
=,
-
)
(a4
=
S



Example 6 : A 100 ohm resistor is connected in series with a choke
coil. When a 400V,50Hz supply is applied to this combination, the
voltage across the resistor and the choke coil are 200v and 300v
respectively. Find the

1. power consumed by the choke coil

2. Power factor of the choke coil

3. Power factor of circuit.

_.ChokeCoil ____
i [ |
! ” Xz, i R=100C
——AAN— T AAA——
e e e e —————— i
Ly 400V, 50 H=z =
Answers:

Power consumed by choke coil = 150W

Power Factor of choke coil = 0.25(lagging)
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solution 200
Current f = — =2 A

Impedance of choke coll £, = — =150 £2

1;':-‘ +X2 =150
2 + X;? = 22500

Toral impedance L= % = 200 L2

Z =(R+9+jX
Z = J(R+ 2+ X2 =200
(100 + ¥* + X2 = 40000
Subtracting the Eg. {i) from (ii),
(100 + ¥¥ — 2 = 17500
10000 + 2007+ 2 =2 = 17500
200 = 7500
r=371510
Substituting the value of r in the Eq. (i},
(37.5)% + X# = 22500
X2 =21093.75
X; = 14524 0
Power consumed by choke coil = Pr

z 200
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= (22 x 375 = 150 W U)

Power factor of choke coll = —— =22 = 0,25 (lagging) -
Z.y 150 -

o R+r 100+375 , 8

Power factor of circuit = = = (.6875 (lagging} o
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Example 7 : Aseries circuit consumes 2KW at 0.5leading power
factor when connected to 230v,50 Hz AC supply. Calculate

1. KVA

2. KVAR

3. Current drawn.

Answers:
KVA = Apparent Power =S = 4KVA
KVAR = Reactive Power =Q = 3.464KVAR

Current Drawn = 17.39A

Solution V=230V
P=Vicos o
2000 = 230 x Ix 0.5
I=1739 A
P 2000
S =VI= cos P W =4000 VA =4 kVA

¢ = cos™! (0.5) = 60°
Q = VIsin ¢ = 230 X 17.39 X sin (60°) = 3.464 kK VAR
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Example 8 : Aresistor R in series with a capacitance C is connected
to 240v,50Hz supply.

1. Find the value of C so that R absorbs 300W at 100V

2. Maximum Charge
3. Maximum stores Energy in C

Answers:
C =43.77 pF
Maximum Charge = Q. = 0.0135C

Maximum Stored Energy = E ., = 2.08]
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oV

. V=240V v
Solution 0 Ha

-

]

L

=

=

2
oy,

im
L

R=3333Q
P=PFR

300 = F % 33.33
I=3A

Xc= JZi R = (80’ - (3333 =72720Q

272 = 2 MS50xC

C = 43,77 pF
Voltage across capacitor Vo= ¥ -Vp = J(m)z —(100)2 =218.17V

Maximum value of Vo= 218.17 x+2 =30854 ¥
Maximum charge Cax = CVomax = 4377 % 107% x 308.54 = 0.0135 C

1
Maximum stored energy E, . = = € (Ve

)
1
= X 43.77 x 10~% x (308542 = 2.08 ]
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Example 9 : A capacitor of 35uF is connected in series with a variable
resistor .The circuit is connected across 50Hz main. Find the value of
resistor for a condition when the voltage across capacitor is half the
supply voltage.

Answer: R =157.5 Ohms

O

oL

3

Solution : £ =135 uF J= 50 H= -)

V.= LV B

€7 2

1 1 o “B

¥c= 287C = 2mx50x3sx10° 0046 =

1 oL

X..I==2.1 4

c-i=3 < Z

_..TE= %Z 0
Z=2X, ")) U)
z= JR*+x2 5 h
(2X0)* = R® + X2 - )
X2 = R? QY
RZ = 3 % (90.946)% = 24813.35 2 ﬁ
R = 157.5 £ ans



Example 10 : Aresistor(R) and a capacitor(c) are connected across a
250V supply. When the supply frequency is 50Hz, the current drawn is
5A . When the frequency is increased to 60Hz. It draws 5.8A. Find

1. Value of R Answers:
g'Pval“e gf ¢ . R = 19.96 Ohms
Solution : .Power drawn in second case C= 69.4yF
Data V=250V P= 671.45W
fl = SGHI: II = 5 Pp.
f> = 60 Hz, L=58A
For =5 Hz,

2 2
250 2 1 N ( 1 J
Z 5 30 J [z.w flc] J 100RC

1 ¥
2 -
R+ (1 C) = 2500
For f> =60 Hz,

250
=38 =43.1 £2

i
2= wic) T 1208C
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R? 4 (lmc) = 1857.9 0 S

Solving Eqs () and (ii), QO
R=1856 0 (a4

=694 pF (o |

QO

Power drawn in the second case= PR = (587 x 1996 =671.45 W



BEHAVIOUR OF SERIES RLC CIRCUIT

| R L ¢
Let V(t) =Vm sinwt => V=Vm«0 —m-AAN\—— I
V & | are RMS Values of source voltage & current [ Ve ————Vi———Vc
Ve =Rl (Vr & | are in phase)
V. = 1X; (I lags V;, by 90 degree) - v -
Ve = 1Xc (I leads V;, by 90_degr_ee)_ - @ '
Applied voltage v = Vp +V, +V, vt i

1.Wave Form & phasor representation

Case () X, > X, Case (i) X.> X,

=N voZan: | B TR N v
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Vector Diagram

Case 1
Case2:V.>V,

Vi



2.Impedance (Z)

V = Ve +V, +Ve =RT +X X1 =[R+j X, - X1
2 =R+ -X)=Z
Z=2/¢
Z= R*+(X, - X¢)? 3
X, -X (a4
¢=tan‘1( LR CJ
V)
: L
3.Impedance Triangle 2
B R 5 )
0\ o W
" O
X, - Xc : e e
v 5
P A Z; :
- R — .t 2
B Z
X, > X, Xc> X, <O




4.Current (- Ip=I})

i(t) = I,, sin(wt + @) .. where [, -7

"~ sign is used when X; > X~

T

- “+ sign is used when X > X

“Yr_Ve _Vi_V — R +iX, -iX. = R +iwl- 2
| (RMS)= R =X X,z where z= R +jX, -jX¢ = R +jwL- = n
=
5.Power £
Average power P=VIcos ¢=IR :B
Reactive power () = VIsin ¢ = PX -
Apparent power S=VI=PZ ﬁ
)
: w
6.Power Triangle @)
. iy v .
Case (i) X; > Xq Case (i) X-> X, {T‘) -
P > H
3 23
S <O
Q Z oL
g 0 -
¢ <O
P




7.Power Factor

It is defined as the cosine of the angle between voltage and current phasor.

pf = cos ¢

{a) A-L-C Circuit Phasor diagram Impedance triangie
{d) X > X¢
Vi
VR - lR B
1’4 Ve = VL? l \lo\lae -XJ
=1z 4
Vo
Phasor dlagram impecance tiangle
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Example 1 : Two impedances Z; and Z, having same numerical values
are connected in series .If Z; is having power factor 0.866 lagging of
and Z, having power factor of 0.8 leading, calculate the power factor
of series combination.

Answer:
PF = 0.9982 (leading)
Solution :
Data pf) = 0.866 (lagging)
pf, = 0.8 (leading)
Zl = Z) =7

¢, = cos! (0.866) = 30°
¢, = cos™ (0.8) = 36.87°

Z, =Z/$,=Z230°=0.866 Z+05Z
Z, =Z2/-¢,=7 £-3687°=08Z-j0.6Z

For a series combination,
Z=Z+Z,=0866Z+j05Z+08Z-j0.6Z

= 1.6666 Z—j0.1 Z=2Z{1.666—-j0.1)= 1.668 Z £-343°
pf = cos {3.43°) = 0.9982 (leading)
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Example 2 : An RLC series circuit has a current which lags the supply
voltage by 45 degree. The voltage across the inductance has the
maximum value equal to twice the maximum value across capacitor .
Voltage across inductance is 300sin(1000t) and R= 20 ohms. Find the
value of L and C.

Answers:
L=0.04H
Solution : C =50 puF
v; = 300 sin (10008 For a series R-L-C circuit,
R=20Q
¢ = 45° Z= JR*+(X, - Xc)
Vimax) = 2Voima) (28.28)? = (20)% + (2X, - X’
V2V, =22V, = 799,76 = 400 + X2
IxXX; =2Ix X, Xc=208
XL=2}§C X, =2X,=40Q
_ K X; = oL
s 9= 7 40 = 1000 x L
20 40
i‘.:ﬂﬁ@ﬁ”):E L=m=0.‘04[{
Z=2828Q X - 1
“T ocC
0 < 1
Y= ToooxC

C =50 uF
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Example 3 : A Draw a vector diagram for the circuit shown in figure
indicating terminal voltages V; and V, and the current. Find

1. Value of current

2. ViandV,

3. Power Factor

4. Draw Vector diagram

Vy= 108.74 £57.52°V
Vo= 221.57 £-58.19°V
PF = 0.875 (lead)

(@)

100 00SH 200  OIH  SOpF —
—AM— T —AM— T — | o
rE Vl b Vg—"' :B
-{

(a4

w

(7))

ok MVSUHZ ¥ z
O

Answers: v

| = 5.48A =

(AW
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an

O
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Solution : X; =2mfL=2ax50%005=1571Q

Xy =2rfL=2nx50x0.1=3142Q
i

X = = = 63.66 O

T wfC 2 x50%50x107 06 X

Total impedance Z =10+ 1571 + 20 + j31.42 — j63.66 o
= 30 - j16.53 = 34.25 £-28.85° Q

Vo200 )

= —= — =, w

I=—= o =584A 5

Let T =58420°A w

Z, =10 +j15.71 = 18.62 25752 Q v

V, = Z,-T = (18,62 £5752°) (5.84 £0°) = 108.74 £5752° V %

4 Z, = 20 + /3142 — j63.66 -
A . = 20 - j32.24 = 37.94 /-58.19° ) S |-
\% V, = Z,-T = (37.94 £-58.19°) (5.84 £0°) = 221.57 £-58.19° V - =

B pf = cos ¢ = cos (28.85°) = 0.875 (leading) M
A 2 ﬁ
a O




Example 4 : Find the values of R and C so that V, = 3V, V, and V, are in quadrature.

0.0255H 6Q C R
£10 M | —W——
. v e v | Answers:
X ! ¥
R=2.660Q

C=1.59mF

240V, 50 Hz >

Solution :
X, = 2nfL=2mx50%0.0255 =8 Q

Z. =6+j8=1045313°Q
V,.=3V,
IXZ =3xXIXZ
Z.=3Z,
V, and V, are in quadrature, i.e., phase angle between V, and V,, is 90°. Hence, the angle between Z, and Z,
will be 90°. The impedance Z, is capacitive in nature.

Z, =2,/

10 .

Zy = - £(53.13-90)° =333 £-3687° = 266 -2 Q
R=266Q

X,=2Q

1

Xe=2n1C
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C = 1.59 mF

= 2 x50%2



Example 5 : A 250v,50Hz voltage is applied to a coil having resistance
of 5 ohm and an inductance of 9.55H in series with a capacitor C. If
the voltage across the coil is 300v, Find value of C.

Solution : 250 Answers:
° F= 5 v — °
L=955H C=0.58uF : X, >X; g
V. = 300 ¥
X, = 2L =2r» 50 x 9.55 = 3000 2 -
Zooit = | RE+ XE = /(51 +(3000)% = 3000 Q o
Vo, 300
== - ann =1L1 A m
Zewy 3000 v (1]
V250
Total impedance Z= T 01" 2500 €2 2
When HL‘.:-IE, %
Z= R+ (X, - X )
(25002 = (5)% + (3000 — X2 2
(3000 — X, = 2500 O
X =500
é— L . 1 = 6.37 uF 2, 5
T X, 2mxsoxsoo o = -
When X, = X, W -
Z= R +(Xo - X,V a‘ 8
(250012 = (57 + (X — 3000} O«
2500 = X, — 3000 o -
X = 5500 a O
1
C= = (.58 pF.

2m x50 x 5500



ADMITTANCE AND ITS COMPONENTS

- IMPEDANCE (Z) ADMITTANCE(Y)

Definition

Unit

Mathematical
expression

Its
components

Properties

Electrical impedance is the
measure of the opposition that
a circuit presents to

a current when a voltage is
applied.

Ohm (Q)

/=

= = R+jX

Real {Z} = R = Resistance
Imag {Z }=X = Impedance

Impedances in series add up
to get net impedance

Admittance of a circuit is
defined as the reciprocal of
impedance

Mho(U) or

siemens (S)

Y=< = G+jB
|74

Real {Y} = G = Conductance
Imag {Y}= B = Susceptance

Admittance in parallel add
up to get net admittance




i}

IMPEDANCE AND ADMITTANCE TRIANGLE

Admittance Trianglz\ﬂ'
G{conductance)

J((reaclancej
, g

R(resistance)

Impedance Triangle




Example 1 : Two circuits the impedances are given by Z,= (6+8j)Q
and Z, = (8-6j) are connected in parallel. If the applied voltage to the
combination is 100v, find

1.Current and PF of each branch

2.0ver all current and power factor of combination

3.Power consumed by each impedance

Solution :
1 Zl.
Z, =6+j8Q Z,=8-j6Q ] 6+8
=100V I )
— i :
V =100 £0°V ~— 876
— V  100£0° I
I, = —= =10 £-53.13° A P L
YT ZT 6+8 100V
— V. 100£0° . Answers:
h=g=%j6 00" A  [1210£-53.13 & I,= 10236.9
cos @, = cos (53.13°) = 0.6 (lagging) PF1= 0.6 (Lag) & PF2 = 0.8(Lead)
cos ¢, = cos (36.9°) = 0.8 (leading) [=14.14,-8.13 , PF=0.989 (Lag)
T =T1+T,=10£-53.13° + 10 £36.9° P1=600w& P; =800w
= 14.14 Z-8.13° A

pf = cos ¢ = cos (8.13°) = 0.989 (lagging)
P, = I} R, = (10)* X (6) = 600 W
P,=PR,=(10)>x(8) =800 W




Example 2 : compute Z., and Y, for the given circuit.

Answers:
Zog= 4.54,.57.99

Yoq= 0.22£-57.99

Solution :

&

50
50 150 g—ﬂm —
78,66 Q

Z, =j5Q

Z, =5+j8.66 Q
Zi= 150

Z, =10 Q

qu - )71+}72+Y2+I74

1 1 1 1
= + + + —

Z, Z, Z; 2z,

1 1 1 1

— - s M —

5 5+j866 15 —;10
=0.22 £-5799° G

= = 1

o = Y., =
2 “0.22/-57.99°

N
I

=4.54 £57.99° Q




Example 3 : A voltage of 2004 25v is applied to a circuit composed of
two parallel branches. If the branch currents are 10 £ 40 and 20.-30,
determine

1.KW,KVA & KVAR of each branch

2.PF of combined load

Answers:
Pi=1.94 KW
Q.= 0.52 KVAR
S1= 2 KVA

Py=2.28 KW
Q.= 3.28 KVAR
S1= 4 KVA

PF = 0.84(Lag)




Solution :
Data 1, =10 £40° A I, =20 Z-30° A

V =200 225°V
Phase difference between Vand I, ¢, = 40° - 25° = 15°
Phase difference between V and I, ¢, = 25° — (-30°) = 55°
cos ¢, = cos (15°) = 0.97 (leading)
¢0s ¢, = c0s (55°) = 0.57 (lagging)
For the branch current of 10 Z40° A,
P, = VI cos ¢, =200 x 10 x0.97 = [.94 kW
Q1 = VI, sin ¢, = 200 x 10 x sin (15°) = 0.52 kVAR
S =V =200 x10=2kVA
For the branch current of 20 /-30° A,
P, = VI, cos ¢, = 200 x 20 x 0.57 = 2.28 kW
@, = VI, sin ¢, = 200 x 20 x sin (55°) = 3.28 kVAR
S, =V, =200 x20=4 kVA

For the combined load,

T =10 £40° A
T, =20 £-30° A
I_ - ‘i_-l + Fz

= 10 £40° + 20 £-30°=25.24 /-8.14° A

Phase difference = 25° — {(-8.14%)
= 33.14°

pf = cos (33.13°) = 0.84 (lagging)




Example 4 : For the circuit shown, calculate
1.Total admittance, conductance and succeptance
2.Total current and total power factor
3.Value of pure capacitance to be connected in parallel
with the above combination to make total power factor
unity

6 £2 8 L)
AT

2 0 652
N e—

e 200V, S0 Hz ——

Answers:
Y=0.140,G=0.140, B=0.020
| =28 2 -8.13 A, PF =0.989(lagging)

C = 63.667yF




Solution : (i) Z, =6+8=10.,53.13°Q
Z, =8—j6=10 £-36.87° Q

— 1 1
= == =0.1 £-53.13° O
Y Z 10£53.13°
— 1 1
= == = 0.1 £36.87° G
ol Z, 10£-36.87°
Y =Y +Y,
= 0.1 Z-53.13° + 0.1 £36.87°
=0.14 —j0.02 35 =0.14 /- 8.13° G
Total admittance Y=0140
Total conductance G=014T7
Total susceptance B=0020
Let vy =200 20°V
(ii) i= y.y

= (200 20" (0.14 £-8.13%) =28 2 8.13° A
_ Total pf = cos (8.13%) = 0.989 (lagging)

(iii) Since the current lags behind voltage, the circuit is inductive in nature. In ordet to make the total pf
unity, a pure capacitor is connected in parallel so that pf becomes unity and imaginary part of Yrq

becomes zero. L
Vo =0.14-j0.02+7002=0.14
l
X, =0.02
XC = 50 Q

1
ST R H




RESO

Definition

_“ Resonance frequency

\J Phasor Diagram
P e rEactor ~—

7‘6 '~ Behavior of RLC with

" change in frequency

a Band width
a Quality Factor

- Current

Voltage




Definition

A circuit containing reactance is said to be in resonance if the voltage
across the circuit is in phase with the current in the circuit. At resonance,
the circuit thus behaves as a pure resistor and net reactance is zero.

R L ¢
Consider an R-L-C series circuit shown in fig. A LN |
The impedance is given by
Z =R+ jX; —jXc
- ®
= R+joL- - 7

oC




&_’;} Resonance frequency

The frequency at which a circuit containing reactance acts as purely
resistive is called resonant frequency (fo).

1
f=fﬁ=2n—m

' Power Factor

R

“lorge]
R +|wLl-—

K
Power factor = cos ¢ = E =
\( wC

|

But at resonance wl =

3

Power factor = |

o 8




[ Current

Since impedance is minimum , the current is maximum at resonance. Thus
the circuit accepts more current and as such, an RLC under resonance is
called an acceptor circuit .

N <
I
= | <

I{]=

@l Voltage

At resonance,

1

.l = ——

T @ C
LI = ! I
Wyl £ 0,C 0
v, =V

At resonance potential across inductance and capacitor are equal and
opposite, hence cancel each other. Also as I, is maximum, voltage across
capacitor and inductor are also maximum. Thus R-L-C series circuit at
resonance is also called as voltage magnification circuit .




Z =R+jX, -X,)

% |
74
- Capacitive

Inducive

<
h‘ [
7
¥
ey |

e
¥
—

7o
Behavior of R-L-C with change in frequency

At f<fo
Capacitive ! Inductive Impedance is capacitive and
X Xe>%, | Xo>% decreases up to fo. PF is
' X, leading

Reactance in Ohms

At f=fo
Impedance is resistive and PF
is unity

Capacitive and Inductive
C Reactance are equal here

Xe At f>fo

0 (f.Y) Frequency, /. Impedance is inductive and
Resonance goes on increasing beyond

fo.PF is lagging

XL-XC """""" XL=X




‘ Band width & Half power frequencies

Half power frequencies I
A =% _________
The frequencies for Wl’.liCh the power 907 Iy == -
delivered to a resistor is half or more e
than half the power at resonance | 11\ Bandwidth = @y - @
are called half power frequencies B
Band width O orads

The range of frequencies for which the power delivered to a resistor is
greater than or equal to half the power delivered at resonance is called band
width

1
Hence 112 R= 2 102R = ]22R
where the subscript 1 denotes the lower half point and the subscript 2, the higher half point. It follows then that

Iy
L=l =— =0.707]
1 2 {—2 0
Alternately , the range of frequencies for which the magnitude of current is

greater than or equal to 0.707 times the current at resonance is called band
width




Expression for the bandwidth Generally, at any frequency @,

1= 2 4 - y
2 R4 (X, -X.) 2
At half-power points, ‘f (X, - Xc) R +[ mL_LCJ
I @
I=—=
2
But I = V,
R
V
I= —
J2R
From Eqs (4.1} and (4.2), we get
4 1%
1 V2R
R%(mL——J
wC
! gy
Ly VR
R2+[wL~—]
wC

Squaring both sides we get,

2
R* + (a)L—ﬁ) = 2R?




wL—- —*R=(
oC
| 1
C!)z +—w— =0
> LC 3
R 1
o=+ a e -
2L N4 LC
: 1
For low values of R, the term (E] can be neglected in comparison with the term IC
Then w is given by, W=+ R + ] = 4 R e l

oL NVEG — 2E  Jlre
The resonant frequency for this circuit is given by

Jo= Sadic
1
W = ——
¥ JEC
Co=i'£+(00
2L
R
1= %
and W, = @0y + K
y = iini}
2L

Bandwidth = @, — @, = Erad/s
or Bandwidth = f, — f; = ¢/s




o Quality Factor or Voltage magnification factor

The ratio of resonant frequency to the bandwidth is called Quality
Factor. It is the measure of selectivity or sharpness of tuning of series
R-L-C circuit.

_ ®q
Q0= Bandwidth
COO a)oL XLO 1
QO — = = -
R/L R woRC
_YNLC \/’
QO - R/L
_ Vio —
QO — V V

where V; and V. are both measured at resonance. Hence, (), is also called voltage magnification factor.




Example 1 : An RLC Series circuit with a resistance of 10ohms, inductance
of 0.2H and a capacitance of 40 pF is supplied with a 100V , variable
frequency source. Find the following with respect to series resonance circuit

1.Frequency at which resonance takes place

2. current at resonance

3.Power at resonance

4.Power Factor

5.Voltage across R,L,C at resonance

6.Quality factor

7.Half power points

8.Resonance and phasor diagram

Answers:

1.fo =56.3 Hz

2.1, =10A

3.P, =1000W

4. PF=1

5. Vx=100V, V;=707.5V, V=707.5v
6. QO =7.07

7. f1=52.32Hz f,=60.3Hz




Solution

Data R= 1045
L=02H
=40 uF
= lﬂl}:v"
1
(1) Resonant frequenc = = =55.3 H=z
‘ e ¢ & 2r~NLC 1::4’0.: x 40 = 10~°
ii) Cutrent £ = E= 199 =10A
(i) = %" 10
(iii} Power Py= JJ R =(10) x 10 = 1000 W
(v} Power EActor pf=1
(v) Volage across R=R.I=10x10=100V
Voliage across L=X; I=2xx53x02=x0=T7353V
Vollage across C= X..1 : =X 10=1075V¥

2#x5ﬁ3x4ﬂxlﬂ

(vi} Quality factor = — X C ll] 20 x ﬂ'ﬁ =

(vii) Half-power pc-mts

10
= 563 - =5232H
h=h= s L 47(0.2) £
R 10
=563+ =60.3 Hz
CREA™T) am(0.2)
(viil) Resonance and phasor diagram
'y
Yo
fo
42
v




Example 2 : ARLC Series has the following parameter values : R=10ohm,
L= 0.01H ,C=100uF. Compute

1.Resonance frequency

2.Band width
3.Lower and upper frequency of band width.
Answers:
Solution 1. fo =159.15 Hz
2. BW=159.15 Hz
3. f1=79.58 Hz = 238.73 Hz
Data R=10Q 1 2
L=001H
C = 100 yF
l
Resonant frequency fo= = = 159.15 Hz
20VLC  22:0.01x100x10°
R 10
i = = =159.15H
Bandwidth BW 7L 27 x 001 Z
: BW
Lower frequency of bandwidth f, = f, - B
= 159.15 - 159715 =79.58 Hz
159.15
Higher frequency of bandwidth f, = f, + B—;V = 159.15 + =238.73 Hz

2




Example 3 : A Resistor and a capacitor are connected in series with a
variable inductor. When the circuit is connected to a variable 230V, 50hz
supply, the maximum current obtained by varying inductance is 2A.

Calculate R,L,C of circuit.

Solution
Data

Resistance

Capacitance
At resonance

Inductance

V=230V
fo=50Hz
Ve, =500V
v._ 230
R= fu- 2 =115%)
V.
X, = L0230 500
I, 2
_ 1
Co ZEfDC
250 = !
2r %3 x C
C=1273 yF
Xe, =Xy,
290 =2 x50 x L
L=0795H

Answers:

115 Ohm
0.795H
=12.73 pF

1.R
2. L
3. C




PARALLEL RESONANCE

Z, =4X¢ VWA—TT0

e 1 1

g S e
Z, R+ jX,
_ R=iX; =
= R2+X[2‘ \JV

Z, -iXe Xc
Admittance of the circuit ¥ = ¥, + T,
R"'jXL . 1

= -|-J
R2+Xz Xc

R iy X, 1
R+ X} R+ X} X¢

At resonance, the circuit is purely resistive. Therefore the condition for resonance is

T
R*+X? Xc
X, 1

REeXe X

X, . Xe= R+ X}




]
woL. — =R+ @} L*
b5 2eC Wy
ngZ_é__RZ
& = L(L-w) 1R
r\c LC [I?
1 R?
“=\c ¢
1 /1 R
f°’2yz LC I?

where f; is called the resonant frequency of the circuit.
If R is very small as compared to L, then

L

Dynamic Impedance of Parallel Circuit At resonance, the circuit is purely resistive. The real part of

admittance is Ryl Hence, the dynamic impedance at resonance is given by
L
Z=ﬁ+ﬁ
R

At resonance,
E
R2+ Xlz' =XL‘XC —_—y

L

Zeig=
CR




COMPARISION OF SERIES AND PARALLEL
RESONANCE

Parameter Series Circuit Parallel Cirguit
A oo
Curent at resonance = Eand IS maximum I= LICR) and 1$ minimum
L
impedance at resonance Z= R and is minimem L= R and is maxtmum
Power factor at resonance Unity Unity
Resonant fi )/ : JI
esonant frequenc = =—4—="
R T 2wl P
n g
Oxfactor 0= Tﬂ' = TfL
It magnifies Voltage across Land € Current theough L and €




Example 1 : A coil having resistance of 20ohm and inductance of 200uH is
connected in parallel with a variable capacitor. This parallel combination is
connected in series with a resistance of 8000 ohm. A voltage of 230V at a
frequency of 10° Hz is applied across the circuit. Calculate

1.Value of capacitance at resonance
2.Q factor of circuit
3.Dynamic impedance of the circuit
4.Total circuit current
20 £ 200 uH

AYATAY HO0
8000 Q
AV
C
Answers: | L™
T

1. C = 126.65pF
2.Q=62.83 (AO)
3. 7 =78958 Ohm 7
4. 1=2.65mA 230V, 100Kz




Solution Data

R=200 L= 200 uH 230
f=10°Hz V=230V Fig
Ry = 8000 ©
X, =2nfL=2xm x10%x200 x 10-% = 1256.6 &
| 1 R°
fo= 2nVLe 12
o6 ! o
T 2r 200100 xC (200x107°8)?
C= 126.65 x 1072 F = 126.65 pF
2
Quality Factor Oy = Rﬂ
2 X 10° X 200 x 107° )3
- . 20 = 02.83
Dvynamic Impedanc 2= —
yTi pedance CR
200%x107°

= =? 9 Q
126.65 x 10712 x 20 8958

Total equivalent impedance of the circuit at resonance
= 78958 + 8000 = 86958 Q

. 230
Total circuit current = ———
86958
=2645%x 103 A
= 2.65 mA




Example 2 A coil of 20-Q resistance has an inductance of 0.2 H and is connected in parallel with a
condenser of 100 uF capacitance. Calculate the frequency at which this circuit will behave as a non-inductive
resistance. Find also the value of dynamic resistance.

ANS : R= 100 ohms

Solution
Data R=209 L=0¢H
C =100 uF
1] &
Jfﬂ= T
wNLC L
Y —
e ozxaoxie® o2/ T
L
Dynamic resistance = TR
0.2

= - = 1009
100 %107 x 20




MAGNETIC CIRCUITS

The induced emf, e, in a coil is proportional to the rate
of the change of the magnetic flux passing through it
due to its own current. This emf is termed as Self
Induced EMF

The induced emf e is proportional to the rate of change
of current through coil and this proportionality constant

s called the self inductance, L.
di
e,=—L —
dt
The negative sign is used to indicate that EMF is
opposing the cause producing it




If two coils of wire are placed near
each other, a change of current in
one coil will induce emfs e, in the first

coil and e,in the second coil.

The induced emf, e, in coil 2 is

proportional to the rate of the change
of the magnetic flux passing through
it and hence proportional to rate of
change of current in first coil and is
termed as Mutually induced EMF.

Coill Coil2
= W[
A
Il - e L » .
¢
(induced)




The induced emf e, is
proportional to the rate of change
of current through coil 1 and this
proportionality constant is called
the mutual inductance, M

The mutually induced emf is
expressed as

di

()2 — é\[
dt

This induced emf can also be
expressed as

(/( )
€y = .-'\ ) /)I -
- = it
¥  Therefore
M=N, @iz

di

1

if 4, is constant, <92 is constant
and o

(Dl?.

M= N,
o7

Unit: Henry (H)




Self Inductances L, and L, are

B N, <D, N> D,

and L, =
l 2

Mutual Inductance M

NPy, N D5,

E 2 0

where b, =A P,: P, , =k I, and
/i 1s the coupling coeficient
Mﬁ?‘ v M

k= L1,

"v/l —




Coil 1 of a pair of coupled coils has a continuous current
of 5A, and the corresponding fluxes ¢, and ¢, are

0.6mWb and 0.4 mWb respectively. If the turns are
N.=500 and N=1500, find L, L, M and k.

Ans:

® Kk =0/ =0667
® M=Nd/I=0.12H
" L=Nd/=006H
B |=0539H
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