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Disclaimer

This lecture note does not claim originality and is not intended to replace prescribed
textbooks. It is a compilation prepared by the author(s) solely for educational purposes and to
support teaching activities. Various sources, including those listed in the references section and
publicly available material from the internet, have been consulted inits preparation. The ownership
of the content lies with the respective authors or institutions. This lecture note is not intended for
commercia use, and the author(s) are not liable for any issues, legal or otherwise, arising from its
use. No guarantees are made regarding the accuracy or completeness of the content, and any
implied warranties, including but not limited to merchantability or fithess for a particular purpose,
are expressly disclaimed. The author(s) shall not be held responsible for any losses, including loss
of profit or other damages, whether special, incidental, or consequential, that may result from the

use of this document.



MODULE-I|

SINGLE PHASE

A.CCIRCUIT

Single phase EMF generation:

Alternating voltage may be generated by rotating a coil in a magnetic field
The value of voltage generated depends upon

1) No. of turnsin the coil 2) field strength  3) speed

Explanation of alternating voltage and current:
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An alternating voltage is any voltage that variesin magnitude and polarity with respect to
time, similarly, an alternating current isthat current that variesin magnitude and direction
with respect to time.
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A.Cterms. Cycle: -

A complete set of positive and negative values of an alternating quantity is known as cycle.
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Time period: The time taken by an alternating quantity to complete one cycleiscaled timeT.

» Frequency: It isthe number of cyclesthat occur in one second. f = 1/T
f = PN/120 where, P= No. of poles, N= Speed in rpm

» Waveform: A curve which shows the variation of voltage and current w.r.t time or rotation



¢ Phase & Phase difference:

e, = Sinmt
In phase: e; = E_Sinot
Qut of phase: i) B leads A

CA"" C,‘ ‘i“(ll A

=&, Sin{ax i+ @)

e, = E_Sinot

Phase difference ®. e, =E__Sin(ot+a)

1) A leads B or B lags A

e, =E_Sinot
eg = E_Sin(eot-a)



Root mean Square (RMS) or effective or virtual value of A.C:-

Current

Ok o T TS - e A A S
lms=J — “—=Square root of the mean of square of the instantaneouscurrents

e [t is the square root of the average values of square of the alternating
quantity over a time period.

\/TT.‘,
lrms— ?2')1 ((Dt)d ((}Jt)
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Example: An aternating current varying sinusoidally with a frequency of 50 Hz has an
RMS value of 20 A. Writedown the equation for the instantaneous value and find this
value @) 0.0025 sec b) 0.0125 sec after passing through a positive maximum value. At
what time, measured from a positive maximum value, will the instantaneous current be 14.14 A?
I =20+/2=28.2A

Solution:

w=2ax50=100xn rad/s

The equation of the sinusoidal current wave with reference to point O as zero time
point 18

i= 28.2 sin 100wt Ampere

Since time values are given from point A where voltage has positive and maximum
value, the equation may itself be referred to point A. In this case, equation becomes

1= 28.2 cos 100mt

1) When t= 0.0025 second

1=282cos 100 X 0.0025 ............. angle in radian
=28.2cos 100 X 180 X 0.0025 .............angle in degrees
= IR 2005 A5 = A s ns s s DOMNE B

1) When t = 0.0125 sec
1 =28.2cos 100 X 180 X 0.0125
=282 cos 225° =282 X (-1/42)
=-20A i point C



ii1) Here 1=14.14 A
14.14=28.2 COS 100 X 180t
Cos 100X 180t=1
Or, 100 X 180t = cas"{_lfﬁ) =60° t=1/300 sec .............point D

Phasor & Phasor diagram:

r‘.—\- ----------- preoss
“____P ______ sk ¢=E . sinwt
1~ " '
- 2|/
wl - H |
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0 )]
angle

Phasor: Alternating quantities are vector (i.e having both magnitude and direction). Their
instantaneous values are continuously changing so that they are represented by a rotating vector
(or phasor). A phasor is avector rotating at a constant angular velocity.

Phasor diagram: It is one in which different alternating quantities of the same frequency are
represented by phasors with their correct phase relationship.

Pointsto remember: 1. The angle between
two phasors is the phase difference

2. Reference phasor is drawn horizontally

3. Phasors are drawn to represent rms
values and rotatesin anticlockwise direction




4. Phasor diagram represents a “still position” of the phasors in one particular point.

A.C through pure ohmic resistance only:
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A.C through pureinductance only:

v N\l sin wit
ﬂ
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i=l_sin (mt— %) (currentlagsby 90")

owL=2afL=X, =inductivereactance(in Q)



A.C through pure Capacitance only:

TN ¥= Ksin ot
b

b1y Y
<

v I sin we i s (0 15 /)

ize 2 o & v sinist)
dt dt
=oCV_cosaot
=0 CV_sin (mt+ 1): Ve sin (cot+ -TL)
2 1 2
oC

=1_sin (mt+ %) (currentleadsby 90°)

=capacitive reactance (in Q)

Xe=
wC 2afC
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A complex number A is written in the form
A=atj 1 The symbolJ 18 the unit

X denote
vttt 452 8ymeb::)eladjl :;ss:l?et:eal part of A It18 noted by the symbol

imaginary number, or imaginary operator.
Re [A] 50 that
Re(Al=0 .
« number A. 1618 denoted by the

The number b is called the imaginary part of the comple

symbol Im (A] so that

Im(A]=b :
ry part of a complex qumber i3 & real number, but j times
ber. Thus, jb is an imaginary qumber. The imaginary part
of A is b and not jb. It is also to be noted that the real number is a special case of a complex number.
A real number is a complex number with itsimaginary part equal to zero. For example, real number
5 ie equal to (5 +/0) Similarly, an imaginary number is a special case of complex number with its
real part equal to zero. For example, the imaginary number j3 i equal to (0 +/3).

It is to be noted that the imagina
the imaginary part is an imaginary num

Since j=\-1
fsjj=-1
fet =i
f=ft. = )xE D=
bed i
D |

In electrical engineering, the symbol j is used for -1

et : ~1 rat - ‘

mathematics. This is because of the use of the symbol { for current P: l;leta}(:::;c;la: l‘f‘ the' norm in
: ngineering.



axis, 1t is the axis of real numbers, The vertical axis Oy is
called the imaginary axis, quadrature axis or j axis,

[t s the axis of imaginary numbers, There 18, of course,
rothing “imaginary” about the component of the complex
qumber A along the y axis. However, in order that complex
cumber elgebra obey all the same lavs a5 real number al:
gebra, that component must be multiplied by the square root
of 2 negative number. Since the square root of all real numbers
ust, be positive, the square root of a negative number is

called imaginary. 5
The plane of the real axis and the quadrature axis 18
called a complex plane &s shown in Fig. 13.1

The complex number (2 +3) is a sum of two numbers
9 and;3. The number 2is real and /313 imaginary. The pomt
P in Fig. 13.1 to represent complex number (2+/3) on the

i
k1
7
. P
2 ‘
g \
.c l
§° Kf |
g (b=
|
|
g !
0 — 1
a=%  Resl Axis

Fig. 13.1. Representation of a complex
sumber A in the complex plane.

complex plane has a horizontal coordinate of 2 and a vertical coordinate of 3,

If a complex number is represented in the form -
~ Asath
it is said to be given in the rectangular or Cartestan form,



134 POLAR REPRESENTATION OF COMPLEX NUMBERS

?‘he location of a point in a complex plane may also be represented ~
I terms of the polar coordinates. In this system the radial dis-
tance r of the point from the origin, and the angle 6 made between
the radial line and the positive real axis measured anticlockwise,
are specified. In symbolic form it may be written as

A=r/Z0  (readratan angle)
This representation is shown in Fig. 13.3.

Here OP=rand £ x0P=0 ; r is called the magnitude or

absolute value or modulus of the complex number A and 8 is 0

0
known 15 the argument or angle of the complex number A. The 1

magnitude is also written as -
r=|Al Fig. 13.3. Polar representalion 0

ceilaw wn m]'\n?




Polar to Rectangular Conversion:

In Cartesian form :
: € A=a+tjo
In polar form
B A=r18l
From Fig. 13.3
- g=rcosf
h=rsind |
r= \/(a2 + {;2) = ‘ff(;al term)2 + (imaginary tenn)2]
b b _ imaginary term '-
o realterm
g=tan”’ g
a
Therefore : '
atjb= \l(az+bz) [tan” ! b/a
Similarly, '

a-jp=Nat+t) [tan™' - b/a

These relations may be used to convert rectangular form into polar form or vice versa.



e mm mmemm waswas e o ERCONVEHS[ON OF
13.12  USE OF SCIENTIFIC CﬁLC:;-ﬁr‘;LOHF:JEOH -
D POL iti ecta
RECTANGULAR AN verting quantities from rectangyjy, |

; ul in con
The use of scientific calculator is very he]pm-lumﬂtrute the procedure :
form and vice versa. The following examples illu

ExamMpPLE 13.8
Convert 3 + j4 to polar form.
R P

EE ¢ IR

Boly

53.13
= 8+j4=5 / 63.13°

ExamrLE 13,7
Convert - 6 +8 to polar form.

SoLuTioN

R—rP
: (¢ D EeT]
10 126.87

—-ﬁ+j3=_-'_10/ 126.87°

- EXampPLE 18.8
Convert 5 - j12 to polar form.

SoLUTION
RSP

g Nalcaloha,

13  —g738

- 5-j2=13/-67.38°

ExAmPLE 13.9
Convert 8 £ 30° to rectangular form,

SOLUTION . " .
PoR

+ o o G

, 6928 ¢4
. 8.2 30°=6.928+/4



Exanpue 13,26 i | ;o
Animpedance of 20 Z 60° Qs connected in series with aiothier impedance of 15 Z - 45° Q)
and the combination takes a current of 2 A. Calculate the voltage tcross each impedance,

SOLUTION | .
7,290 £60°= 1286 415320 |
Z,=15 £~ 45°= 1061 - 1061 0
Total impedance of the series circuit ’ ,
T=T + Ly = (12.86 +16.32) ¢ (1061 - j1081)
29347+ j471=20.94/ 11.35° 0
Taking I as reference phasor.
o I=2200
By Ohm's law
| V=1Z=(2 £ 0% (28.9¢/ 1135)
4188/ 1135°V
V,=LZ=0L0)@L50=00 4500
Vy=loZy=(2 £0°) (15 £-45°)=30 £-46° V



ExampLe 13.20
An alternating voltage (80+60) V 18
(- 4 +/10) A. Find (a) the impedance of the circuit,

i ircui t flowing is
V is applied to a circuit and the curren g
" ﬂlp(l;;) the power consumed, and (c) the phase angk.

SOLUTION
V- 80+60=100/3687° V
~ 1=-4+j10=10.77/1118° A
The phase difference between the current I and voltage V is
¢=1118 - 36.87 = 74.93°

Th t leads the volt 9 i i
b b; current leads the voltage by an angle 74.93°, Therefore, the power factor is leading and
cos §=cos 74.93° = (.26
The impedance of the circuit
7-Y_100£3687
I 1077 21118 =9285£-149:
=(Q418-896)0-p_
Power consumed in the circuit He
s P=I'R=(10m2
111X 2418 < 9g;
. 418~
or P=VIcos g = 100x 10077, 20.47 W
26 =280.5 W




Example: In aparticular R-L series ckt. avoltage of 10 V at 50 Hz produces a current of 700 ma
while the same voltage at 75 Hz produces 500 mA. What are the values of R and L in the circuit.

Solution:

Z=+R?+ (27x50L)" =+/R>+98696L>

V=IZ or |t]=700x10-3J(Rf+93595L3 )

J(R? +986961° )=|0f?nn><10-3= 100/7
or R*+98696L°=10000/49.............. (i)

ii) In the second case

Z=\/R Ze(2aRTSLE ) =\/R2 +(222066L%)

10=500x10" \/(R 24+222066L7%)

.\/(R 2 +222066L2 )=20
R24+222066L2=400. . .oocoo..... (ii)

subtracting eq(i) from eq(ii), we get
222066L°-98696L =400-(10000/49)
123370L%*=1906

L=0.0398 H=40mH

Substituting this value of L in eq(ii).,we get
R*>+222066(0.398)" =400

R=6.9



IMPEDANCE IN J NOTATION:

In quantitative terms, it isthe complex ratio of the voltage to the current in an alternating current
(AC) circuits. Impedance extends the concept of resistance to AC circuits and possesses both
magnitude and phase, unlike resistance, which has only magnitude. When acircuit is driven with
direct current (DC), there is no distinction between impedance and resistance.

{ Im

Where X=Total reactance of the network (Both inductive and capacitive)

R=Resistance of the network in ohm.,

f= Phasor angle in degree/Radian.

Z=R+jX, Where Z=impedance of the electrical network in ohm.
: R=Resistance of the network in ohm., X=Reactance of the electrical network in ohm.

Admittance: Inelectrical engineering, admittance is a measure of how easily acircuit or device
will allow acurrent to flow. It is defined as the inverse of impedance. The SI unit of admittanceis
the Siemens (symbol S).

Admittanceisdefinedas. Y =1/Z
Where
Y isthe admittance, measured in Siemens; Z is the impedance, measured in ohms
The unit mho, and the symbol U (an upside-down uppercase omega €2), are also in common use.

Resistance is a measure of the opposition of a circuit to the flow of a steady current, while
impedance takes into account not only the resistance but aso dynamic effects (known as
reactance). Likewise, admittance is not only a measure of the ease with which a steady current can
flow, but the dynamic effects of the material's susceptance to polarization: Y =G+ B

Where, G isthe conductance, measured in siemen, B isthe susceptance, measured in siemen.



I nstantaneous and Aver age Power :

The most general expressions for the voltage and current delivered to an arbitrary

load are as follows:
v(t) =V cos(mt — By )

1(t) =1 cos(wt — 8; )

Since the instantaneous power dissipated by a circuit element is given by the product of
the instantaneous voltage and current, it is possible to obtain a genera expression for the power
dissipated by an AC circuit element: p(t) = v(t)i(t)= V I cos(mt) cos(wt — 6 )

It can be further simplified with the aid of trigonometric identitiesto yield

p(t)=V I/2cos(0 ) +V 1/2 cos(2ot — 0)
where 0 isthe difference in phase between voltage and current
The average power corresponding to the voltage and current signal can be obtained
by integrating the instantaneous power over one cycle of the sinusoidal signal. Let
T = 2nw/® represent one cycle of the sinusoidal signals.

The average power, Pa, isgiven by the integral of the instantaneous power,

p(t), over one cycle:

] 7
P ——_/ p(t) dt
rJj

¥ Py A
= — —cos(f) dt + — — cos(2wr — 8) dt
e 72 o 2

-

. V
Py = —- cos() Average power

since the second integral is equal to zero and cos(8 ) is a constant.



i Instantaneous and average power

— Instantaneous power

0.8 — Average power

0.6
= 0.4 \

=02
= 02
L8]
—0.2

-0.4

0 0.02 004 006 008 0.1
Time (s)

In phasor notation, the current and voltage are given by

V(jw)= Ve
I(jw) = Je~/?

impedance of the circuit elementdefined by the phasor voltage and currentto be

= 1; =i — | Z|pi

The expression for the average power using phasor notation

-

L V&
P ———w'-.{}-—f ZlcosH
iy Z‘Zi - | |

Power Factor :

The phase angle of the load impedance plays a very important role in the absorption of
power by load impedance. The average power dissipated by an AC load is dependent on the
cosine of the angle of the impedance. To recognize the importance of thisfactor in AC power
computations, the term cos(0 ) is referred to as the power factor (pf). Note that the power
factor is equal to O for a purely inductive or capacitive load and equal to 1 for a purely
resistive load; in every other case,0<pf<lI.If the load has an inductive reactance, then 0 is positive
and the current lags (or follows) the voltage. Thus, when 6 and Q are positive, the
corresponding power factor is termed lagging. Conversely, a capacitive load will have a
negative Q, and hence a negative 0. This corresponds to a leading power factor, meaning
that the load current leads the load voltage.A power factor close to unity signifies an efficient
transfer of energy from the AC source to the load, while a small power factor corresponds to



inefficient use of energy .Two equivalent expressions for the power factor are given in the
following:

Py,
pf = cos(f) = — Power factor
Vi

where V and I are the rms values of the load voltage and current.

Complex Power:
The expression for the instantaneous power may be further expanded to provide further insight
into AC power. Using trigonometric identities, we obtain the

V2

p(t) = —[cos @ + cos f cos(2wr) + sinf sin(2wr)]
= 1~:|Zi[cos 0 + cosf cos(2wt) + sinf sin(2wt )|
— i:!Z! cosB(1 4+ cos(2wr)) + i:]Z| sin @ sin(2wr)

Recalling the geometric interpretation of the impedance Z

|Z| cos 8 =R and |Z|sin 8 = X are the resistive and reactive components of the load impedance,

The instantaneous power is:

= FR(I + cos(21)) + X sin( o)
= [R4[ "'Rcos('Ewr') + I sin(2o1)

Since Pa corresponds to the power absorbed by the load resistance, it is also caled the
real power, measured in units of watts (W). On the other hand, Q takes the name of reactive power,
since it is associated with the load reactance. The units of Q are volt-amperes reactive, or VAR.
Note that Q represents an exchange of energy between the source and the reactive part of the
load; thus, no net power is gained or lost in the process, since the average reactive power is zero.
In generdl, it is desirable to minimize the reactive power in aload.

The computation of AC power is greatly simplified by defining afictitious but very
useful quantity called the complex power, S. 5=V

where the asterisk denotes the complex conjugate Y ou may easily verify that this



definition leads to the convenient expression

S=Vicosf+ jVisind=I*R+ jI’X = I’Z
or
S=Py+j0
The complex power S may be interpreted graphically as a vector in the complex S plane.
P e T

=l ng/
P,

O

-

i —
-~

IS| =P 2+ P=V-T
P,\.=l~'7cos a8
O =VTsin®

The magnitude of S, |S], is measured in units of volt-amperes (VA) and is called

apparent power, because this is the quantity one would compute by measuring the rms load
voltage and currents without regard for the phase angle of the load. The complex power
may also be expressed by the product of the square of the rms current through the load and
the complex |oad impedance:

S=1rz
or

PR+ jI°’X =1'Z

or, equivalently, by the ratio of the square of the rms voltage across the load to the

complex conjugate of the load impedance:

Active, Reactive and Apparent Power :



/\/ ¢
.:L./ L

Fig. Power Triangle
S*=P*%Q°
S=P+jQ

Apparent power, S: It isthe product of rms values of the applied voltage and
circuit current. It is also known as wattless (idle) component
S=VI=IZx I=1°Z  Volt-amp

Active power or true power, P: It isthe power which actually dissipated in the circuit resistance.
It is also known as wattful component of power.

P=1°R=I? Zcos®=VI cos® watt
Reactive power, Q:- It isthe power developed in the reactance of the circuit.

Q=1°X=I? Zsin®= VIsin® VAR



Introduction to resonancein series & parallel circuit:

Resonance: An AC circuit issaid to be in resonance when the circuit current isin phase with the
applied voltage. So, the power factor of the circuit becomes unity at resonance and the impedance
of the circuit consists of only resistance.

Series Resonance: In R-L-C series circuit, both XL and XC are frequency dependent. If
we vary the supply frequency then the values of XL and XC varies. At a certain frequency called
resonant frequency (fr), XL becomes equal to XC and series resonance occurs.

At series resonance, X; =X
2nfl.=12nf,C
f= 12mILC

Impedance of RLC series circuit is given by:

Z=\[R?+(X,-X.)" (SinceX, =X,)

Z=~/R?

Z=R

cos;p=£=5=l
Z R

Properties of series resonance:-

In series resonance,

e The circuit impedance Z is minimum and equal to the circuit resistance R.

¢ The circuit current I= V/Z = V/R and the current is maximum

 The power dissipated is maximum, P=V*/R

* Resonant frequency is fr = 1/2mvLC

¢ Voltage across inductor i1s equal and opposite to the voltage across capacitor

¢ Since power factor 1s 1, so zero phase difference. Circuit behaves as a purely
resistive circuit.

Example: A series RLC circuit having a resistance of 502, an inductance of 500 mH and
a capacitance of 400 uF, is energized from a 50 Hz, 230 V, AC supply. Find @) resonant
frequency of the circuit b) peak current drawn by the circuit at 50 Hz and c¢) peak current drawn
by the circuit at resonant frequency.



Solution:

|
a)f,= =

27LC 274/500x 107 x400x10°
b) R=500Q

X, =0L=21x50x500x107=157Q

Xc

: =11.25 Hz

| |
— — =79
wC 2ax50x400x10°

X=X, -X.=157-7.9=149.1Q

Z=~+/R>+X?=+/507+149.1 =157.26Q
Peak supply voltage,V_=+/2 V__ =+/2 (230)=325.26 V

V. 325.26

Hence peak current at 50Hz I =—"-= =2.068
Z 15726
c)At resonance, Z,=R=500Q
\' 325.26
So.peak current during resonance. I = R"" = - =6.5025A
5

Parallel resonance: Points to remember:

Net susceptance is zero, i.e 1/XC =XL/Z? XL x XC=Z?or L/IC=Z

Admittance equal to conductance

Reactive or wattles component of line current is zero

Dynamic impedance = L/CR Q

Line current at resonance is minimum V/L/CR but isin phase with applied voltage

Power factor of the circuit is unity



THREE PHASE AC CIRCUIT

Three phase EMF Generation: -

If the 3-coil windings W1, W; and W3 arranged at 120° apart from each other on the same axis are
rotated, then the emf induced in each of them will have a phase difference of 120°. In other words if the
emf (or current) in one winding (w1) has a phase of 0°, then the second winding (w-) has a phase of 120°

and the third (ws) has a phase of 240°.

Star (Y) connection:-




Here, Eg, Ey. Eg are phase voltages and Vry, Vyg, Vgr are line voltages



Voy = E, +E* +2E,E, cos6&
= JE2+E,’ +2EE, cos60f

=\3E,
Hence,
¢ Line voltage =V3 x phase voltage
¢ Line current = phase current

¢ Line voltages are also 120° apart

¢ Line voltage are 30° ahead of respective phase voltages

The angle between line voltage and line current is (30°+®)

Power: Total power = 3 x phase power

=3xX Vg x 1 x cosd

=V3 V. IL cosd

@ is the angle between phase voltage and current

Delta-connection:

(lu;iu)

Ne

5
) 3y
(lyv=lg) ¢
YH 3
| B

e
“ﬁ"y) '



Phasor diagram

I =1 2 #1570 421, 15c0s60° =4/ > 41> +21 I, cos60° =~/31,

Hence,
e Line current =V3 phase current, Line currents are also 120° apart
¢ Line voltage = phase voltage, Line currents are 30° behind the phase currents
¢ Angle between line current and line voltage is 30°+®
Power: Total power = 3 x phase power
=3 X Vph lph oSO
=3 x VLx I/V3 x cos®
=V3 V.l cos®
Active & True power =V3 V| I, cos®
Reactive power =V3 VI, sin®

Apparent power =V3 VI,



Example: A balanced star connected load of (8+j6) Q per phase is connected to a balanced 3-phase 400 V
supply. Find the line current, power factor, power and total volt-amperes.

Solution:
Z, =8 +6> =100
Vi = i 231V
NE)
. 2
I,=—"= 22l oa i
Zs 10

(1) I =1,=23.1A

(ii) f—md}—R*"‘h -8 o 8(lag)
T e

e

ph
(ii1)Power P:ﬁ V. I, cos®

=/3x400x23.1x0.8

=12,800 W [Also,P=31,°R ; =3(23.1)*x8=12,800 W]
(iv)Total volt-amperes,

S=+/3 V, I, =~/3%400%23.1=16,000 VA

End



