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Single - Phase AC Circuits
2.1 Equation for generation of alternating induce EMF
e An AC generator uses the principle of Faraday’s electromagnetic induction law. It states that
when current carrying conductor cut the magnetic field then emf induced in the conductor.
¢ Inside this magnetic field a single rectangular loop of wire rotes around a fixed axis allowing
it to cut the magnetic flux at various angles as shown below figure 2.1.
Magnetic Pole
Magnetic Flux \

»

Where,
N =No. of turns of coil

A

A = Area of coil (m?2)
w=Angular velocity (radians/second)

Om= Maximum flux (wb)

N

S Wire
Axis of Rotation Loop(Conductor)

Figure 2.2.1 Generation of EMF

e When coil is along XX’ (perpendicular to the lines of flux), flux linking with coil= ¢m. When
coil is along YY’ (parallel to the lines of flux), flux linking with the coil is zero. When coil is

making an angle 0 with respect to XX’ flux linking with coil, ¢ = @Om coswt [0 = wt].

NY’ YS
Figure 2.2 Alternating Induced EMF
e According to Faraday’s law of electromagnetic induction,
d¢
=—_N=2* E. =N
e=-N dt Where, m On® )
N = no. of turns of the coil
N (¢, cosmt)
=-Nd === O = By A
e=-N¢_(-sinot)xm B, = Maximum flux density (wh/m?)
e=N¢, osinot A= Area of the coil (m*)
e=E,_ sinot o = 27t
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-.e=NB,A2xrf sinwmt

e Similarly, an alternating current can be express as
I = |m sin ot Where, Im = Maximum values of current

e Thus, both the induced emf and the induced current vary as the sine function of the phase
angle ot =0. Shown in figure 2.3.

Phase Induced
angle emf

e=E, sinot

ot=0° e=0

225 270 315 360

ot=90° | p=E

-=-—-—-—-—-- wt =180°| e=0

ot=270°| p=_F

ot =360°| e=0

Figure 2.3 Waveform of Alternating Induced EMF

2.2 Definitions
» Waveform
It is defined as the graph between magnitude of alternating quantity (on Y axis) against time

(on X axis).
otVf  Sine Wave oM Square Wave
E T
= £
= £
<o > <0 >
\/Time Time
-Vy -Vvy
A% Triangular Rt Complex
g Wave S Wave
s =
IS €
<0 » <0 »
\/Time \/\/ Time
Vv Vv
Figure 2.4 A.C. Waveforms
» Cycle

It is defined as one complete set of positive, negative and zero values of an alternating
quantity.
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> Instantaneous value

It is defined as the value of an alternating quantity at a particular instant of given time.
Generally denoted by small letters.

e.g. i= Instantaneous value of current
v= Instantaneous value of voltage
p= Instantaneous values of power
» Amplitude/ Peak value/ Crest value/ Maximum value

It is defined as the maximum value (either positive or negative) attained by an alternating
quantity in one cycle. Generally denoted by capital letters.

e.g. In= Maximum Value of current
Vm= Maximum value of voltage
Pm= Maximum values of power

» Average value

It is defined as the average of all instantaneous value of alternating quantities over a half
cycle.

e.g. Vave = Average value of voltage
lave = Average value of current
» RMS value

It is the equivalent dc current which when flowing through a given circuit for a given time
produces same amount of heat as produced by an alternating current when flowing through
the same circuit for the same time.

e.g. Vrms =Root Mean Square value of voltage
Irms = Root Mean Square value of current
» Frequency

It is defined as number of cycles completed by an alternating quantity per second. Symbol is
f. Unit is Hertz (Hz).

» Time period
It is defined as time taken to complete one cycle. Symbol is T. Unit is seconds.

> Power factor
It is defined as the cosine of angle between voltage and current. Power Factor = pf = cosd,
where ¢ is the angle between voltage and current.

» Active power
It is the actual power consumed in any circuit. It is given by product of rms voltage and rms
current and cosine angle between voltage and current. (VI cos®).

Active Power= P=I2R = VI cos¢.
Unit is Watt (W) or kW.
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» Reactive power

The power drawn by the circuit due to reactive component of current is called as reactive
power. It is given by product of rms voltage and rms current and sine angle between voltage

and current (VI sind).
Reactive Power = Q= [2X = VIsin¢.
Unit is VAR or kVAR.

» Apparent power

It is the product of rms value of voltage and rms value of current. It is total power supplied
to the circuit.

Apparent Power =S = VI.
Unit is VA or kVA.
» Peak factor/ Crest factor

It is defined as the ratio of peak value (crest value or maximum value) to rms value of an
alternating quantity.

Peak factor = Kp = 1.414 for sine wave.
» Form factor

It is defined as the ratio of rms value to average value of an alternating quantity. Denoted by
Kt. Form factor Kf= 1.11 for sine wave.

> Phase difference

Itis defined as angular displacement between two zero values or two maximum values of the
two-alternating quantity having same frequency.

+VA In Phase (¢ =0° +VA  Positive Phase (+¢) +VA  Negative Phase (-0)

» A » I— »
0 " > Hd" tr 0 /

VY | Vg-Vasinwt | VY | V- Vasin(wt+d) | VY | V= Vasin(wt-d) |

Figure 2.5 A.C. Phase Difference

» Leading phase difference

A quantity which attains its zero or positive maximum value before the compared to the
other quantity.

» Lagging phase difference
A quantity which attains its zero or positive maximum value after the other quantity.
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2.3 Derivation of average value and RMS value of sinusoidal AC signal

» Average Value

Graphical Method

Voltage
A
vml———~— s Ve

I‘*I Time

°
180 /n

Figure 2.6 Graphical Method for Average Value

_ Sum of All Instantaneous Values
Total No. of Values

ave

v Vs Y ety
ave 10

Analytical Method

Voltage
A

vm|—————

Time

Figure 2.7 Analytical Method for Average Value

_ Area Under the Curve

V
ave Base of the Curve
JVm Sin ot dot
V,, =2
ave 7‘[
V., -
V., :;(—cos ot ),

vV, = —\i(cos n—cos0)
T

V., =0637V,
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» RMS Value
Graphical Method Analytical Method
Vo“tage Voltagg
vmbt————— Vs V6 + V| -
V4, V7 m
V3 & + Vrms|---- o~
V2 \/9 / \\
V. I \/10 v N\
I«»! TirT'1e
180 /n
- Vrms
-Vm < One Full Cycle >
v
Figure 2.8 Graphical Method for RMS Value Figure 2.9 Analytical Method for RMS Value

rms

vV - Sum of all sg. of instantaneous values v [Area under the sq. curve
m Total No. of Values Base of the curve

2n
\/'[an Sin* ot dot
0

Vrms =
2 2 2 2 2 2 27[
V, +V, +V, +V, +Vo +...... +V
V — 1 2 3 4 5 10 2 2n _
rms \/ 10 Vrms:\/v_mj‘(l COSZ(Dt)d t
T 2
2 2n
V- Ve [wt]zn (sin2mt)
Ar 0 2
v = [¥n(2z-0)
T
V. =Vn

V_ =0.707 V.
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2.4 Phasor Representation of Alternating Quantities

e Sinusoidal expression given as: v() = Vm sin (wt + @) representing the sinusoid in the time-
domain form.

e Phasor is a quantity that has both “Magnitude” and “Direction”.

Vector
Ratotaion

s Nwrads/s

+Vm V©=Vm Sinwt

°
150

180

t

0
210

Rotating Sinusoidal Waveform in
Phasor Time Domain

Figure 2.10 Phasor Representation of Alternating Quantities

Phase Difference of a Sinusoidal Waveform

e The generalized mathematical expression to define these two sinusoidal quantities will be
written as: v=V._Sin ot

i=1_sin (ot—o)

Voltage (v)
4

LAG

0 Yy >
wt ¢ ) LEAD
w
|

Figure 2.11 Wave Forms of Voltage & Current Figure 2.12 Phasor Diagram of Voltage & Current

e Asshow inthe above voltage and current equations, the current, i is lagging the voltage, v by
angle ¢ .

e So, the difference between the two sinusoidal quantities representing in waveform shown in
Fig. 2.11 & phasors representing the two sinusoidal quantities is angle ¢ and the resulting
phasor diagram shown in Fig. 2.12.
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2.5 Purely Resistive Circuit

e The Fig. 2.13 an AC circuit consisting of a pure resistor to which an alternating voltage
vi=Vmsinwt is applied.

Circuit Diagram

Y

Where,

vieVmsinowt R VR v, =lInstantaneous Voltage
Vv, = Maximum Voltage

V, = Voltage across Resistance

Figure 2.13 Pure Resistor Connected to AC Supply

Equations for Voltage and Current
e Asshow in the Fig. 2.13 voltage source

v, =V, Sin ot

e According to ohm's law

=%
R

; _Vysinot

‘ R

i, =1, sinot

e From above equations it is clear that current is in phase with voltage for purely resistive
circuit.

Waveforms and Phasor Diagram
e The sinewave and vector representation of vV, =V, Sinot & i, = | , sin ot are given in
Fig. 2.14 & 2.15.

vi=VmSinwt

(VAL

it=Imsinwt w

Figure 2.14 Waveform of Voltage & Current for Pure Resistor Figure 2.15 Phasor Diagram of Voltage & Current for Pure

Resistor
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Power

e The instantaneous value of power drawn by this circuit is given by the product of the
instantaneous values of voltage and current.

Instantaneous power
Py =Vxi
Pty =Vn Sinotx I sin ot
Py = _sin’ ot
m(1—cos 2mt)
Pty = >
Average Power

2n
J-lem(l—cos th)dcot

P =2 2
ave 27_c
. 2n
p _Valy {[wt]i” _[(sm th)} ]
4m 2 0
V!
P =—"""]|2n-0|-[0-0
=l [[270] -0-0]]
I:)avezvmlm
2
Vv,
I:)ave___
A
P Vrms I
P =VI

e The average power consumed by purely resistive circuit is multiplication of Vrms & Irms .

2.6 Purely Inductive Circuit

e The Fig. 2.16 an AC circuit consisting of a pure Inductor to which an alternating voltage
ve=Vmsinwt is applied.

Circuit Diagram

vi=VmSsinwt @ L VL

Figure 2.16 Pure Inductor Connected to AC Supply
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Equations for Voltage and Current
e Asshow in the Fig. 2.16 voltage source
vV, =V, Sin ot

e Due to self-inductance of the coil, there will be emf indued in it. This back emf will oppose
the instantaneous rise or fall of current through the coil, it is given by

e As, circuit does not contain any resistance, there is no ohmic drop and hence applied voltage
is equal and opposite to back emf.

Vv, =-€, Waveform and Phasor Diagram
di Vi Vt=Vmsinwt ‘
v, =—|-L— A
dt AY/S
i ) S - | l=Imsin(wt- 90§ |
v=L —
t dt /
. 0 >
V,sinot=L ar wt
dt
di V. sinot dt 3
== =-90
L V¢
e Integrate on both the sides,
Idi = \i I sinot dt Figure 2.17 Waveform of Voltage & Current for Pure Inductor
L
i _ V[ —Cosot
YL ® ¥ w
Y |
i, = ——"cos mt ¢=-90
ol

i, =1, sin(wt-90) (V—”I“_z Imj
®

: i v
e From the above equations it is clear that !
the current lags the VOltage by 90%in a Figure 2.18 Phasor Diagram of Voltage & Current for Pure
purely inductive circuit. Inductor

Power

e The instantaneous value of power drawn by this circuit is given by the product of the
instantaneous values of voltage and current.

Instantaneous Power
p, =Vxi
p, =V, sinotxI_ sin (mt—90°)
p, =V, sinotx(— I coswt)
=2V, |, sinot cosot

! 2
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p, = —Msin 20t

Average Power

27
I—lem sin 2wt
_ 0 2

P = dot
2n
AR [—cos thr
e 4n 2 0
P = M[cos 4n—cos0]
8n

P =0

ave
e The average power consumed by purely inductive circuit is zero.
2.7 Purely Capacitive Circuit

e The Fig. 2.19 shows a capacitor of capacitance C farads connected to an a.c. voltage supply
vi=Vmsinwt.

Circuit Diagram

N
»
>

‘ +

q
vi=Vmsinwt @ C_a_ Vc
| |

Figure 2.19 Pure Capacitor Connected AC Supply

Equations for Voltage & Current
e Asshow in the Fig. 2.19 voltage source

v, =V, Sin ot

e A pure capacitor having zero resistance. Thus, the alternating supply applied to the plates of
the capacitor, the capacitor is charged.

e Ifthe charge on the capacitor plates at any instant is ‘q’ and the potential difference between
the plates at any instant is ‘v’ then we know that,

q=_Cy,

q=CV, sinot
e The current is given by rate of change of charge.
. dg
I =—

dt

- dCV, sinot
t dt
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I, =oCV,, sinot
.V
i, = Cos ot
1/ oC
A
I, = —™-cos ot
i, =1, sin(wt+90°) (- \>/(—m=lm)

e From the above equations it is clear that the current leads the voltage by 900 in a purely
capacitive circuit.

Waveform and Phasor Diagram

vi=Vmsinwt Al
V,i“
: : : w
it=Imsin(wt+90)
A | ‘ il = +90
- V
. t
¢=+90 ® >
\ 4

Figure 2.20 Waveform of Voltage & Current for Pure Capacitor — Figure 2.21 Phasor Diagram of Voltage & Current
for Pure Capacitor

Power

e The instantaneous value of power drawn by this circuit is given by the product of the
instantaneous values of voltage and current.

Instantaneous Power
Py =Vxi
Py =Vn Sinotx 1, sin (ot+90°)
Py =V Sinotx 1, cos ot
Py = Vi Iy Sinot cos ot

2V, |, sinot cosmt
Py = >

V.1, .
=—"Tsin2ont
Py =5
Average Power
2n
Iﬁsin 2 ot
2

P =" 5 dot
T

Bhavesh M Jesadia -EE Department Basic Electrical Engineering (3110005) 12



2 A.C.Circuits ) Darshan

ngineering & Technology

AN [—coscotrr

e 41 2 o
P.= Voln [—cos4n+cosO]
8n
P,.=0

ave

e The average power consumed by purely capacitive circuit is zero.

2.8 Series Resistance-Inductance (R-L) Circuit

e Consider a circuit consisting of a resistor of resistance R ohms and a purely inductive coil of
inductance L henry in series as shown in the Figure 2.22.

<_VR4’<‘7VL_>

R L

A
Vtz\}S{wt
Figure 2.22 Circuit Diagram of Series R-L Circuit
¢ In the series circuit, the current it flowing through R and L will be the same.
e But the voltage across them will be different. The vector sum of voltage across resistor Vr
and voltage across inductor V. will be equal to supply voltage vt.

Waveforms and Phasor Diagram
e The voltage and current waves in R-L series circuit is shown in Fig. 2.23.

vt=VmSinwt ‘

V4

| it=lmsin(wt- ¢) |

ﬁ ' wt

Figure 2.23 Waveform of Voltage and Current of Series R-L Circuit

\ 4

N

e We know that in purely resistive the voltage and current both are in phase and therefore
vector Vr is drawn superimposed to scale onto the current vector and in purely inductive
circuit the current I lag the voltage VL by 90°.

e So, to draw the vector diagram, first I taken as the reference. This is shown in the Fig. 2.24.
Next Vrdrawn in phase with I. Next V1. is drawn 90° leading the I.

e The supply voltage V is then phasor Addition of Vrand V..
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VL
—\/R '
I m.
R L

Figure 2.24 Phasor Diagram of Series R-L Circuit

e Thus, from the above, it can be said that the current in series R-L circuit lags the applied
voltage V by an angle ¢. If supply voltage

v=V, Sin ot
: : Vi
1=1_sIn ((Dt—(l)) Where |m:?
Voltage Triangle Impedance Triangle Power Triangle
Py
D
job}
A a
& A 23
VL=I*XL Xt Zo
! 0 5
_ » » ) O
VR=IR R Real Power,P
(Watt)
Figure 2.25 Voltage Triangle Series R-L Figure 2.26 Impedance Triangle Series . . )
Circuit R-L Circuit Figure 2.27 Power Triangle Series R-L
Circuit
\Y :NM;Z +V2 ZZJRZJFXE Real Power P=V I cos¢
_ 72
= JORY +(1X, )’ 2 X, =R
— ¢=tan R Reactive Power Q=V I sing
= 1 JRZ+ X2

=I’X,
=1z
Apparent Power S =V I

where, Z = R*+ X} _ 1z

Power Factor

Power factor =cos ¢ =

»w|7o N|D
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Power

e The instantaneous value of power drawn by this circuit is given by the product of the

instantaneous values of voltage and current.
Instantaneous power
p, =Vxi
p, =V, sinotx 1 sin(ot-¢)
p =V, I, sinotxsin(wt—9¢)

2V, 1, sinotxsin(ot-9)
P = 5

p, = \%[cos ¢- cos(2mt-¢)]

e Thus, the instantaneous values of the power consist of two components.
e First component is constant w.r.t. time and second component vary with time.

Average Power
2n

V"‘ZI " [cos ¢- cos(ut-¢)| dwt

= MTE[COS - cos(2ot-¢)] dot

ave 27_[ . 2

AR T
) = —om Icos dd wt- _[cos(Zwt-cb) dwt}

4rt K B

AR 2 [sinQRot-¢)) "

- t) -

ol oo - { SR

V1 V1 . .
P, = an [2ncos¢]-ﬁ[sm(4n—¢)—sm(—d)ﬂ
P :szlm [cosq)]-v—glm [—sin¢+sin¢]

T

V1
P =Ymm gog¢-0
e > cos ¢

V1
p —Imm
e 5 cos ¢

I

P.= —~—2cos
ave \/E\/E ¢
P =VIcos¢
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2.9 Series Resistance-Capacitance Circuit

e Consider a circuit consisting of a resistor of resistance R ohms and a purely capacitive of
capacitance farad in series as in the Fig. 2.28.

<—VR4>’<7VC—>

©

vi=Vmsinwt
Figure 2.28 Circuit Diagram of Series R-C Circuit
e In the series circuit, the current it flowing through R and C will be the same. But the voltage
across them will be different.

e The vector sum of voltage across resistor Vr and voltage across capacitor Vc will be equal to
supply voltage vt.

Waveforms and Phasor Diagram

‘ vi=VmSinwt ‘

A

| it=Imsin(wt+g) |

V, 4
/Y | ‘
e

y

Figure 2.29 Waveform of Voltage and Current of Series R-C Circuit

e We know that in purely resistive the voltage and current in a resistive circuit both are in
phase and therefore vector Vr is drawn superimposed to scale onto the current vector and in
purely capacitive circuit the current I lead the voltage Vc by 90°.

e So, to draw the vector diagram, first I taken as the reference. This is shown in the Fig. 2.30.
Next Vrdrawn in phase with I. Next V¢ is drawn 90°lagging the I. The supply voltage V is then
phasor Addition of Vrand Vc.

- 4

Figure 2.30 Phasor Diagram of Series R-C Circuit
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e Thus, from the above equation it is clear that the current in series R-C circuit leads the applied
voltage V by an angle ¢. If supply voltage

v=V, Sin ot

1= Imsin(oot+<])) Where, Im:\%
Voltage Triangle Impedance Triangle Power Triangle
Real Power,P
= W
o VRIIR A R (Watt) o
i i o
¢ ¢ 2
g£=
L\\é Ve=I(-Xc) o -Xc v é
S
@
0]
vd
D
Figure 2.31 Volta%e' Tri‘angle of Series R-C Figure i32 Im;idg.nce Triangle Figure 2.33 Power Triangle Series R-L
ircuit eries R-L Circuit Circuit
2 2 —
V = ﬁ;z+vcz Z=4R +X¢& Real Power, P =V 1 cosd
= JORY +(1X, ) _tan* —Xe - IR
c ¢=tan R Reactive Power, Q =V | sin¢
= | ,/R2+Xé = 12X,
— 1Z where. Z = /R2+XC2 Apparent Power,S =V |
=1%Z

Power Factor

R P
f.=cos¢p=—or—
P ¢ Z S

Power

e The instantaneous value of power drawn by this circuit is given by the product of the
instantaneous values of voltage and current.

Instantaneous power
p, =Vxi
p, =V, sinotx 1 sin(ot+9¢)
p, =V, I,sinotxsin(ot+9¢)

2V, 1, sinot x sin (ot+9)
P = 5

p, = \%[cos ¢- cos(2ot +¢)]

e Thus, the instantaneous values of the power consist of two components. First component
remains constant w.r.t. time and second component vary with time.
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Average Power
2n

P, = ™ [cos ¢- cos(2mt+¢)] dot
0
VoIl
=-mn [ Zlcos ¢- cos(Rmt+d)] dwmt
* " 2n !2[ i cos(zotre)] do
ARE: T
e :?_I cos pd mt- }[ cos(2mt+¢) dwt}
r . 27
Pave :lem COS(I)((Dt)ZT[' {w}
dnt 0 2 0

P, = [cos¢ 21 —O)] Vm:t"‘ [ sin(4m+¢)—sin(¢) |
V

P

ave

nlc sd)] [sm¢ sing]

P = \%cos ¢-0

ave

P, = \\;_ \I/_cos [0}

P. =VIlcos ¢

ave

2.10 Series RLC circuit

e Consider a circuit consisting of a resistor of R ohm, pure inductor of inductance L henry and
a pure capacitor of capacitance C farads connected in series.

R L C
—ANN—" ]|
—— VR >l VL > Ve —>

it &

vi=Vmsinwt
Figure 2.34 Circuit Diagram of Series RLC Circuit

Phasor Diagram

Current I is taken as reference.

VL“
VR is drawn in phase with current,
VL is drawn leading I by 9009,
VR: ! V¢ is drawn lagging 1 by 90°
\Ve\ 4

Figure 2.35 Phasor Diagram of Series RLC Circuit
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Since Vi and Vc are in opposition to each other, there can be two cases:

(1) Vi.> Ve
(2) Vi< Ve

Case-1

When, VL > V¢, the phasor diagram would be
as in the figure 2.36

Phasor Diagram

Case-2

When, VL < V¢, the phasor diagram would be
as in the figure 2.37

Phasor Diagram

Figure 2.36 Phasor Diagram of Series R-L-C Circuit for Case
VL >VC

v =\/v;+(vL V)
\/(IR)2+I(XL—XC)2

| \/R2+(XL—XC)2

= 1Z  where, Z:\/R2+(XL_XC)2

e Theangle ¢ by which Vleadsis given by

tand) = w

(X, - X)

(X, -Xc)

so=tan™

so=tan™
e Thus, when Vi > V¢ the series current I
lags V by angle .
If v, =V, Sin ot
i, =1,Sin (ot—¢)
e Power consumed in this case is equal to
series RL circuit P, =VIC0S ¢.

Figure 2.37 Phasor Diagram of Series R-L-C Circuit for Case
VL<VC

V=V (Ve V)

\/(IR)2+I(XC—XL)2

| \/R2+(XC—XL)2

= 1Z  where, ZZ\/R2+(XC_XL)2

e The angle ¢ by which V lags I is given by

tanq) = M
4) = tan‘l M
so=tan™ M

e Thus, when Vi < V¢ the series current I
leads V by angle ¢.

If vV, =V, Sin ot
i, =1,Sin (ot+¢)
e Power consumed in this case is equal to
series RC circuit Py, =V1¢0S ¢.
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2.11 Series resonance RLC circuit
e Such acircuit shown in the Fig. 2.38 is connected to an A.C. source of constant supply voltage

V but having variable frequency.

R L IC
4\/\/\/__‘ | |
—— VR —f¢—— VL —>—— —>
It &
@(f
vt=Vmsinwt

Figure 2.38 Circuit Diagram of Series Resonance RLC Circuit

e The frequency can be varied from zero, increasing and approaching infinity. Since X.and Xc
are function of frequency, at a particular frequency of applied voltage, X and Xc will become
equal in magnitude and power factor become unity.

Since X1 =Xc,
. XL-Xc=0
Z=+R*+0= R

e The circuit, when X1 = Xc and hence Z = R, is said to be in resonance. In a series circuit since

current [ remain the same throughout we can write,
IX1 = IXc Le. VL=Vc

Phasor Diagram
e Shown in the Fig. 2.39 is the phasor diagram of series resonance RLC circuit.

VA e So, at resonance V. and V¢ will cancel out of

each other.

V=Vr The supply voltage

Vo= V2 (VY -V, )
T V=V,
Vv e ie. the supply voltage will drop across the

resistor R.

V=VRr

> >

Figure 2.39 Phasor Diagram of Series Resonance RLC
Circuit

Resonance Frequency
. Atresonance frequency X.L=Xc

2nf L= L

(f, is the resonance frequency )
2r f

r
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N
(2r)’LC
_ 1

f
" 2ndLC

f2 =

r

Q- Factor

e The Q- factor is nothing but the voltage magnification during resonance.

e Itindicates as to how many times the potential difference across L or C is greater than the
applied voltage during resonance.

e Q- factor = Voltage magnification

Q — Factor = Vi
VS

X, X,
" IR R
oL
R

2nf L 1

=—T But f, =

R 2n/LC

1 /L
— Factor =—,[—
Q RYC

Graphical Representation of Resonance

Resistance (R) is independent of frequency. Thus, it is represented by straight line.
¢ Inductive reactance (Xv) is directly proportional to frequency. Thus, it is increases linearly
with the frequency.
X, =2xfL
S X, o f
e Capacitive reactance(Xc) is inversely proportional to frequency. Thus, it is show as
hyperbolic curve in fourth quadrant.
oL
2r fC
1

X oo —

¢ Impedance (Z) is minimum at resonance frequency.

Z=\|R*+(X,-X.)
For,f=f.,Z=R
e Current (I) is maximum at resonance frequency.
|4

==
Z

Forf=f,I =% is maximum,l,,,,
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e Power factor is unity at resonance frequency.
Power factor=cos ¢=§
Forf = f,p.f.=1 (unity)

2 P.F.
cosp=1

v

Figure 2.40 Graphical Representation of Series Resonance RLC Circuit
2.11 Parallel Resonance RLC Circuit

e Fig. 2.41 Shows a parallel circuit consisting of an inductive coil with internal resistance R
ohm and inductance L henry in parallel with capacitor C farads.

R L

|C“

IL

»

|

oL ':

C |
|

|

e e e — = I
ILsingL

©

vi=Vmsinwt

Figure 2.41 Circuit Diagram of Parallel Resonance RLC Circuit Figure 2.42 Circuit Diagram of Parallel Resonance RLC
Circuit

e The current Ic can be resolved into its active and reactive components. Its active component
ILcos¢ and reactive component IL.sing.
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e A parallel circuit is said to be in resonance when the power factor of the circuit becomes
unity. This will happen when the resultant current I is in phase with the resultant voltage V

and hence the phase angle between them is zero.
¢ In the phasor diagram shown, this will happen when Ic=ILsin¢ and I = IL cosy .

Resonance Frequency
e To find the resonance frequency, we make use of the equation Ic = ILsin¢.

lc=1_sind
vy VX
XC ZL ZL
ZE:XLXC
Zl=2nf L t L
2nf, C C
(R2+m§|_2)=£
C
R

oo L(1) R
Telr)

L1 R?
2nf Gl R AT
(T[:r) C(sz L2

11 R
" 2r\LC

e Ifthe resistance of the coil is negligible,
1
a ZR\/E
Impedance
e To find the resonance frequency, we make use of the equation I = I. cos¢ because, at
resonance, the supply current I will be in phase with the supply voltage V.

I =1_cos¢
V.V R
Z 7 Z
2
Z=i But ZfzL
R C
_ L
RC

e The impedance during parallel resonance is very large because of L and C has a very large
value at that time. Thus, impedance at the resonance is maximum.

| :\é will be minimum.
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Q-Factor
e Q- factor = Current magnification

Q—Factorzl—L
I sing  sing
I, cos¢ cos ¢
o L
=tand=—=
¢ R
_ 2nf L 1

But f, =

R 2n\/LC

1 /L
— Factor =—, |—
Q R\VC

Graphical representation of Parallel Resonance

e Conductance (G) is independent of frequency. Hence it is represented by straight line
parallel to frequency.
¢ Inductive Susceptance (BL) is inversely proportional to the frequency. Also, it is negative.

1 1 1
B, =—=- , B oce—
jX,  j27fL f
e Capacitive Susceptance (Bc) is directly proportional to the frequency.
1 Jj .
B.=——=—=j27fC, ..B.x
c X, X, J2r fi ccf

v

Figure 2.43 Graphical Representation of Parallel Resonance RLC Circuit
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¢ Admittance (Y) is minimum at resonance frequency.

Y =G*+(B,~B,)’

For,f=f,Y=G

e Current (I) is minimum at resonance frequency.

I=VY

e Power factor is unity at resonance frequency.

Power factor=cos ¢=g

2.12 Comparison of Series and Parallel Resonance

Sr.No. Description Series Circuit Parallel Circuit
o Maximum
Minimum
1 Impedance at resonance L
Z=R Z=—"
RC
Maximum Minimum
2 | Current Y I V
R L/RC
3 |R F f : f :
esonance Frequenc = =
ey " 2nLC " 2nLC
4 Power Factor Unity Unity
5 Q- Factor f, Lk f, _L
R\C RNC
6 It magnifies at resonance Voltage Current
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Three - Phase AC Circuits

2.13 Comparison between single phase and three phase

Basis for Single Phase Three Phase
Comparison
Definition The power supply through one | The power supply through three
conductor. conductors.

Wave Shape R A R B

JAO 7> J] \ /\ >

AV YOV

Number of | Require two wires for completing | Requires four wires for completing
wire the circuit the circuit
Voltage Carry 230V Carry 415V
Phase Name Split phase No other name
Network Simple Complicated
Loss Maximum Minimum
Power Supply | R R
Connection *

B B

N N

Consumer Load Consumer Load

Efficiency Less High
Economical Less More
Uses For home appliances. In large industries and for running

heavy loads.

2.14 Generation of three phase EMF

KT

Figure 2.44 Generation of three phase emf

e According to Faraday’s law of electromagnetic induction, we know that whenever a coil
is rotated in a magnetic field, there is a sinusoidal emf induced in that coil.
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e Now, we consider 3 coil C1(R-phase), C2(Y-phase) and C3(B-phase), which are displaced
1200 from each other on the same axis. This is shown in fig. 2.44.

e The coils are rotating in a uniform magnetic field produced by the N and S pols in the
counter clockwise direction with constant angular velocity.

e According to Faraday’s law, emf induced in three coils. The emf induced in these three
coils will have phase difference of 1200. i.e. if the induced emf of the coil C1 has phase of
09, then induced emf in the coil Cz lags that of C1 by 120° and C3 lags that of C2 1200°.

€A er=EnSinwt )
ev=EnSin(wt-120)

................ \ s=Ensin (wt-240)

\_/

Em

l— 120°

— 240— >

Figure 2.45 Waveform of Three Phase EMF

e Thus, we can write,
e; = E, Sinot

e, = E, sin(wt-120°)
e; = E, sin(u)t—240°)

e The above equation can be represented by their phasor diagram as in the Fig. 2.46.

(S]:!
120°
%(:q » R
i J
N
2\
Q
(S

Figure 2.46 Phasor Diagram of Three Phase EMF
2.15 Important definitions
> Phase Voltage
It is defined as the voltage across either phase winding or load terminal. It is denoted by Vyph.

Phase voltage Vrn, Vyn and Ven are measured between R-N, Y-N, B-N for star connection and
between R-Y, Y-B, B-R in delta connection.
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> Line voltage
It is defined as the voltage across any two-line terminal. It is denoted by V..

Line voltage Vry, Vys, VBr measure between R-Y, Y-B, B-R terminal for star and delta
connection both.

P 7 %x°R
IR(line) _
1 IR(line)
' c T R
VRY(line) VRY(line)
ine)
VBR(line) Y
? e Y VYB(line)
IY(iine) IB(line) l
p—Y B
VYB(line)
} A4 a B
IB(line)
Figure 2.47 Three Phase Star Connection System Figure 2.48 Three Phase Delta Connection System

> Phase current
It is defined as the current flowing through each phase winding or load. It is denoted by Iph.

Phase current Irph), Iyph) and Isrph) measured in each phase of star and delta connection.
respectively.

» Line current

It is defined as the current flowing through each line conductor. It denoted by I..

Line current IRr(ine), Iy(ine), and IB((ine) are measured in each line of star and delta connection.
» Phase sequence

The order in which three coil emf or currents attain their peak values is called the phase
sequence. It is customary to denoted the 3 phases by the three colours. i.e. red (R), yellow
(Y), blue (B).

» Balance System

A system is said to be balance if the voltages and currents in all phase are equal in magnitude
and displaced from each other by equal angles.

» Unbalance System

A system is said to be unbalance if the voltages and currents in all phase are unequal in
magnitude and displaced from each other by unequal angles.

> Balance load

In this type the load in all phase are equal in magnitude. It means that the load will have the
same power factor equal currents in them.

> Unbalance load

In this type the load in all phase have unequal power factor and currents.
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2.16 Relation between line and phase values for voltage and current in
case of balanced delta connection.

> Delta (A) or Mesh connection, starting end of one coil is connected to the finishing end of
other phase coil and so on which giving a closed circuit.

Circuit Diagram

VBR

lY(line)

Ny

D>
IB(line)
Figure 2.49 Three Phase Delta Connection
e Let,
Line voltage, V., =V,, =V,. =V,

Phase voltage, VR(ph) = Vy(ph) =V, (on) = Vph
Line Current’IR(Iine) = IY(Iine) = IB(Iine) = Iline
Phase Current,IR(ph) = IY(ph) = IB(ph) = Iph

Relation between line and phase voltage

e For delta connection line voltage V. and phase voltage Vph both are same.
V., =V

RY R(ph)
Vg = VY(ph)
Vg = VB(ph)

SV, = Vph

Line voltage = Phase Voltage
Relation between line and phase current
e For delta connection,

IR(Iine)le(ph) - IB(ph)

IY(Iine)zlY(ph) - IR(ph)
IB(Iine) - IB(ph) - IY(ph)

e i.e.currentin each line is vector difference of two of the phase currents.
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IB(line)

D 5.4
--------------- 8 3 .
I(ine) Q 2 IR(line)

Figure 2.50 Phasor Diagram of Three Phase Delta Connection

e So, considering the parallelogram formed by Ir and Is.

IR(Iine) =\/IR(ph)2 + IB(}.r)h)2 + ZIR(ph)IB(ph) cosd

sl = \/Iphz +1,°+21 1, cos60°

ph”ph

ol = \/Ip,f 41,2421 x(%j

e Similarly, IY(Iine) :IB(IW) :\/g I,
e Thus, in delta connection Line current = \/§ Phase current
Power

P=V, 1 ,cosg+V I cosg+V, kI, cos¢

P=3V [ cos¢

ph”ph

P=3V, [%jeosqﬁ

~P= \/§VLILC os¢
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2.17 Relation between line and phase values for voltage and current in

case of balanced star connection.

» In the Star Connection, the similar ends (either start or finish) of the three windings are

connected to a common point called star or neutral point.

Circuit Diagram

R .A A
IR(line)
VRY
VBR
Y oX
Iv(ine) &~
\VyYB
B‘l \ 4

IB(line)

Figure 2.51 Circuit Diagram of Three Phase Star Connection

o Let,
line voltage, V,, =V,, =V,. =V,
=Vooom =V =V

phase voltage, V,, (ph) = VB(ph) — Vph

ph)

line current, [ R(line) = I,

(Iine) = IB(Iine) - Iline
phase current, IR(ph) = Iy(ph) = IB(ph) =1,
Relation between line and phase voltage

e For star connection, line current I. and phase current Iyh both are same.

IR(Iine) = IR(ph)

IY(Iine) = IY(ph)

IB’[line) = IB(ph)
I, = Iph

Line Current = Phase Current
Relation between line and phase voltage
e For delta connection,
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Viy :VR(ph) a VY(ph)
Vi :VY(ph) - VB(ph)
Vir :VB(ph) a VR(ph)

e i.e.line voltage is vector difference of two of the phase voltages. Hence,

VBR L VRY

-
&

%
2 S"

VyB

Figure 2.52 Phasor Diagram of Three Phase Star Connection
From parallelogram,

V= \/VR(ph)z + Vi +2V,

V., €coso

(ph)
=V, = Vph2 + Vph2 +2V,V,, cos60

V= \/Vphz + Vphz + ZVphz % (%)

(ph)

SV, =43V,
2V, =43V,

e Similarly, V,, =V, =<3V,
e Thus, in star connection Line voltage = V3 Phase voltage
Power

P=V,l, cosp+V, I, cosp+V, I, cos¢

ph” ph

P=3V 1 cos¢

ph” ph

P:B(%jhcosgb

S P= \/§VL1L cos¢
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2.18 Measurement of power in balanced 3-phase circuit by two-watt meter
method

e This is the method for 3-phase power measurement in which sum of reading of two
wattmeter gives total power of system.

Circuit Diagram

Re Ilﬁ(nne) M/F L

C \%

17

RY

S

BT M “ L
B(lline)

Figure 2.53 Circuit Diagram of Power Measurement by Two-Watt Meter in Three Phase Star Connection

e The load is considered as an inductive load and thus, the phasor diagram of the inductive
load is drawn below in Fig. 2.54.

VBY

Figure 2.54 Phasor Diagram of Power Measurement by Two-Watt Meter in Three Phase Star Connection
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e The three voltages Vrn, Vyn and Vs, are displaced by an angle of 1200 degree electrical as
shown in the phasor diagram. The phase current lag behind their respective phase voltages
by an angle ¢. The power measured by the Wattmeter, W1 and Wa.

Reading of wattmeter, W, =V, I, cos@, =V,I, cos(30+¢)
Reading of wattmeter, W, =V, 1, cosg, =V,I, cos(30—¢)
Total power, P = W1+W>
~.P=V,1,cos(30+¢)+V,I, cos(30-¢)
=V, I:COS(3O +¢)+cos(30— ¢)J
=V,1, [c0530c05¢+sin30sin¢+c0530c05¢—sin305in¢]

=V,I,[2cos30cos¢]

3
=V, {2{7}054

= \/§VL1L cos¢

e Thus, the sum of the readings of the two wattmeter is equal to the power absorbed in a 3-
phase balanced system.

Determination of Power Factor from Wattmeter Readings
e Aswe know that

W, +W, =3V I, cos¢
Now,
W, —W, =V,I, cos(30+¢)—V,I, cos(30—¢)
=V,I,[cos30cos ¢ +sin30sing—cos30cos g +sin30sing]
=V,I,[2sin30sin¢]

=V, {2(%jsin 4 =V,I, sing

NB(W-w,) 3Vl sing
h (Wl +W2) \/§VL1L cos¢
V3(w,-w,)

(W, +W,)

ang¢

Stang =

e Power factor of load given as,

\/§(W1 _WZ)]

.cos¢=cos| tan™"
( (W, +W,)
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Effect of power factor on wattmeter reading:

e From the Fig. 2.54, it is clear that for lagging power factor cos ¢, the wattmeter readings are
W, =V,1, cos(30+¢)
W, =V,I, cos(30—¢)

e Thus, readings W1 and W2 will very depending upon the power factor angle ¢ .

p.f ¢ | W,=V,I,cos(30+¢) | W,=V,I, cos(30—¢) Remark

cosg=1 00 3 3 Both equal and +ve
_VLIL _VLIL
2 2
cos¢p=0.5 | 600 0 \/§ One zero and second total
7VL1L power
=0 0 Both 1 i

cos¢ 90 Ly %VLIL oth equal but opposite

Skoksk ok sk ok sk skok sk ok skok sk sk skok sk k

Bhavesh M Jesadia -EE Department

Basic Electrical Engineering (3110005)

35



