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Course Objectives: BEE (Basic Electric Engineering) is common to first year branches of
UG Engineering(expect BT). At the end of the course the student is expected to

1. Know the fundamental of Electrical Engineering and practical.
2. Practical implementation of fundamental theory concepts.

Course Outcomes :

1. Students will learn strong basics of Electrical Engineering and practical
implementation of Electrical fundamentals.

2. Students will learn different applications of commonly used electrical
machinery

UNIT 1: Basic Laws: Ohm’s law, Kirchhoff’s voltage and current laws, Nodes-Branches
and loops, Series elements and Voltage Division, Parallel elements and Current Division,
Star-Delta transformation, Independent sources and Dependent sources, source
transformation.

UNIT 2: AC Fundamentals-I: Reviews of Complex Algebra, Sinusoids, phasors, Phasor
Relations of circuit elements, Impedance and admittance, Impedance Combinations, Series
and Parallel combination of Inductors and capacitor, Mesh analysis and Nodal analysis .

UNIT 3: AC Fundamental-II: RMS and average values, Form factors, Steady state Analysis
of series, Parallel and Series Parallel combination of R,L,C with Sinusoidal excitation,
Instantaneous power, Real power, Reactive power and Apparent power, concept of Power
factor, Frequency.

UNIT 4: Network Theorems and Resonance: Superposition theorem, Thevinin’s theorem,
Nortorn’s theorem, Maximum Power Transfer Theorem, Reciprocity theorem, Resonance in
Electrical circuits: Analysis of series and parallel Resonance.

UNIT S: Fundamentals of Electrical Machines: Construction, Principle, Operation and
Application of —(i) Single phase Transformer (ii) Single phase Induction motor (iii) DC
Motor.
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UNIT 1: Basic Laws: Ohm’s law, Kirchhoff’s voltage and current laws, Nodes-Branches
and loops, Series elements and Voltage Division, Parallel elements and Current Division,
Star-Delta transformation, Independent sources and Dependent sources, source
transformation.

OHM’S LAW

At constant temperature, the current flowing through a conductor is directly
proportional to the potential difference(p.d) in volts across the two ends of the given
conductor and inversely proportional to the resistance (R) in ohms (£2) between the ends of
the same conductor.

I oc% ac volts/ohms

In all practical problems of electrical calculations, it is assumed that the temperature rise is
within limits, so that electrical properties such as insulation and conduction properties of the
given material are not destroyed. Hence ohm’s law is mathematically stated as

I=V/R or V=IR or R=V/I

Conductor of Resistance R
V-V, 14
I="==-A §
R R

P Q

Solved Examples:

1. An electrical iron carrying 2A at 120V. Find resistance of the device?
Soln : R = (v/i) =120/2 = 6002

2. The essential component of a toaster is an electrical element (a resistor) that converts
electrical energy to heat energy. How much current is drawn by a toaster with
resistance 12Q at 110V?

Soln: 9.167 A

3. In the given circuit, calculate current I, the conductance G and the power P?

Soln: i =§ = 6mA

1
G =z = 0.2m mhos 0V +
vV 2hkl

P=VlI =12R = 180mW



10V—

4. A voltage source of 20Sinzt V is connected across a SKQ resistor. Find the current
through the resistor and power dissipated.

Soln: I =%= 4Sin(nt YmA ,P = VI = 80Sin?(rt) mW.

5. A resistor absorbs an instantaneous power of 20Cos’t mW when connected to a
voltage source V=10Cost V. Find I and R.

Soln: I =2Cos(t) mA R =5KQ.

KIRCHOFF’S CURRENT AND VOLTAGE LAWS ( KCL and KVL)

KIRCHOFF’S CURRENT LAW : KCL states that the total current entering a junction is
equal to the total current leaving the junction.

(or)
The algebraic sum of the currents at the junction (node) will be zero.
At node n, (i2+i3+i4) = (i1 +i6 + i5)

Or i2+i3+i4—-il—i6—-i5=0.

KIRCHOFF’S VOLTAGE LAW: KVL is based on the law of the law of conservation of
the energy, states that the algebraic sum of voltage drops in a closed loop is zero.

ilRl=el

el +e2+e3 =V i El |:|

el +e2+e3-V =0 T

72 =ue

—
—
i3R3=e3

{Flow of currents in loop is assumed +ve from higher
potential to lower potential in elements and +ve from lower to higher potential in Sources}

Problem:

1. Write KCL and KVL equations for the given circuits:

100 0 B 504

500 10010

25V




2. Find the current measured in galvanometer shown
in the wheatstone’s bridge. 40 , 8

=2v

Soln: 0.015625 A (Cto A) T 51 5

3. Determine the voltage across 1Q resistor in the given "
circuit. L
2 10
5V = 4
Soln: 2353V 1
4.
5. From the given circuit, find the voltage across ab, cb, - . - .
and db. * E : i
SOlIl: Vab = 375V VCb =0 de = —62.5V
100 vV—

NODES, BRANCHES AND LOOPS:

Network is an interconnection of elements or devices, circuit is a network providing one or
more closed paths.

A BRANCH represents a single element such as voltage source or a resistor.
A NODE is the point of connection of two or more branches.
A LOOP is any closed path in a circuit.

A network with ‘b’ branches, ‘I’ loops and ‘n” nodes should satisfy the theorem of n/w
topology.

b=1l+n-1

Solved examples:

1. Determine the number of branches and nodes in the
circuit shown. Identify which elements are in series and
which are in parallel. v = 60 C)z A

Soln: Branches 4; Nodes 3: 10V source and 5 resistance are connected in series. The
combination is in parallel with 6Q2 resistance and 2A
source.

—_TL:@

61

]

120v

|

230V




2. A bulb rated 110V , 60W has to be operated from a 230V supply. Show the
arrangement.

Soln: I =f—°— 0.54544;

10

R = 120/1 = 220.02Q

3. A 50Q and a 100Q rheostats are each rated at 100W. What is the maximum voltage
that may be applied without causing overheating of either rheostat (i) when they are
connected in series and (ii) when they are in parallel.

Soln:
SERIES ELEMENTS AND VOLTAGE DIVISION

Two or more elements are in series if they are cascaded or connected sequentially and
consequently carry the same current.

The equivalent resistances of any number of resistors connected in series is the sum of the
individual resistances.

fig2

fig1

Three resistances R1,R2,R3 are connected in series. The current passing through all the
elements connected in series is same, L.

In the above figurel, according to KVL, sum of voltage drops in a closed loop is zero.

Vs-V;-V,=-V3=0 V1, V5, Vs are drop across R, , R, , R3)
Vs = IRy + IR+ IR = I(Ri+Ry+ R3)eeevvviiiiiiiinin.. Q8
In figure2, A U L 2)

From equations (1) and (2) R,y =R; + R; + R
Therefore voltage applied divides across the series connected elements.
Applications of Series Circuits :

1. Decorative serial sets, number of bulbs with low voltage ratings connected in series
across existing rated voltage.
2. Voltage distribution or tapping.



Solved Examples:

1. Find R, for the given circuit.

Soln: 14.4Q .
2. Find i, and v, in the given circuit. Calculate the power , 40 &‘V
dissipated in 3Q. £ 62 ;éa
12V — S
Soln:i, = 3.334, v, = 4V, P, = 533W. ‘
3. Find V; , V,,i; , i, and power dissipated in 12Q and i 124
+vl
40Q. .
Soln: V; = 5V, V, = 10V, iy = 416.7mA , By = 0 &
™
iz = 250mA ’ P12 = 2083W ,P4_0 = 25W

PARALLEL ELEMENTS AND CURRENT DIVISION

Two or more elements are in parallel if they are connected to the same two nodes and
consequently have the same voltage across them.

The parallel connected elements have the same voltage across them. , node a

V = l1R1 = iZRZ ................................. (1) VE Ri R2
From KCL, atnode A, i = i + ip.ccevvinvnnnnn.. 2)
o —
From(l),i = V/R, + V/R, node b
l/V = 1/R1 + 1/R2 or Req = (Rle)/(Rl +R2)

The equivalent resistance of the parallel resistors is equal to the product of their resistances
divided by their sum.

Geqg = Gy + G, G : conductance

The equivalent conductance connected in parallel is the sum of their individual conductances.



From (2), iy =i-1i, = V(Rieq - R—12)

(iReg)/R1 = (iR1R2)/(R1(R1 + Ry)
Therefore iy = (iR;)/(R{+R,) and i2 = (iRy)/(Ry{+R))
Solved Examples:

1. Two batteries of 24V and 20V with internal resistances of 0.4Q and 0.25Q
respectively are connected in parallel across a load of 4Q. Calculate (i) the current

supplied by each battery and (ii) voltage across the load.
Soln: 8.1482A and -2.963A, 20.741V.

2. Two coils are connected in parallel and a voltage of 200V is applied to the terminals.
The total current taken is 25A and the power dissipated in one of the coils is 1500W.

What is the resistance of each coil?
Soln: 26.67Q and 11.43Q

3. Three impedances Z; = (5+j5)Q , Z, = —j8Q and Z; = 4Q are connected in
series to an unknown voltage source V. find I and V, if the voltage drop across Z5 is

63.2L18.45°V.
Soln: Ziotat = Z1+2Z,+7Z; = 9.487L —18.434°Q
1=158L18.45°A V=150L0°V.
STAR - DELTA TRANSFORMATION

Star connection and delta connection are the two different methods of connecting three basic

elements which cannot be further simplified into series or parallel.



The two ways of representation can have equivalent circuits in either form.

Assume some voltage source across the terminals AB.

Reg= Ry + Ry Ras

Req = Ri(R; + R3)/(Ry + Ry, +R3) B .5
Therefore R, + R, = R;(R, + R3)/(Ri+ Ry, +R3)............ (1
Similarly R, + R, =R3(Ry + Ry;)/(Ri+ Ry +R3)............ 2)

R. + Rg=Ry;(R3 + R)/(R1+ R, +R3)eeenenennn... 3)

Subtracting (2) from (1) and adding to (3),

Ra = Rle/(Rl + RZ + R3) ................ (4)
Rb = R1R3/(R1 + RZ aF R3) ................ (5)
RC = R2R3/(R1 + R2 + R3) ................ (6)

A delta connection of R; R, R; can be replaced by an equvivalent star connection with the

values from equations (4),(5),(6).

Multiply (4)(5) ; (5)(6) ; (4)(6) and then adding the three we get,

RaRb + RbRC + RcRa = R1R2R3/(R1 + RZ + R3)

Dividing LHS by R, gives R; , by R, gives R, , by R, gives R;.

Ry = (ReRp + RyR: + RcRy) / R



R, = (RaRp + RyR: +R.Ry) / Ry

R3 = (RqRp + RyR: + R.Ry) / Ry
Solved Examples :
1. Obtain the star connected equivalent for the given delta circuit. 13\5/\2‘;4
Soln : A T
4 4.66
< e

2. For the bridge network shown, determine the total resistance seen

from the terminals AB wusing star-delta

transformation. T
0wV —
Soln:  1.182Q U £
210
3. Calculate the voltage across AB in the network and A

indicate the polarity of the voltage using star-delta conversion.

Soln:

4. Determine the equivalent resistance Req. 4 30

Req 40 80 108

Soln: 4.93Q

INDEPENDENT SOURCES AND DEPENDENT SOURCES

An ideal voltage source is one which maintains a constant voltage at its terminals,

irrespective of the current delivered to the network.



Practically a voltage sources has internal resistances and hence, when it delivers a current,
there is always an internal voltage drop which increases as the supplies more and more

current.
Thus its terminals voltage progressively falls.

Ideal Voltage Source  Practical Voltage Source

Is Is A"
=

Ve Ideal source
Vs V=V Vs + :
t=Vs Vt=Vs - IsRs

Practical source

o Is

An IDEAL CURRENT SOURCE is one which delivers a current of constant magnitude,

totally independent of the external network connected.

In practical, no current source can be ideal, practical current source is always shown with
resistance in parallel.

Ideal Current Source Practical Current Source

s It A
Is C/D Is @) Rs o= e v/Re : Practical source
°e vt

Ideal source

Solved Examples:

1. In the given circuit, determine all branch currents.

v —

Soln: i; = 0.222A and i, = 0.888A.

+ vl -

100v1



2. For the given circuit, find V3, iy ,15 , i3 , 4.

Soln:i; =0.0196A ; i, =0.01225A ; iz = 0.00735A ;

iy = 0.0196A and V; =0.098V.

3. In the given circuit, find voltage across 4Q

5V

using nodal analysis. avs

a () o P

Soln: V. =0.01V.
DEPENDENT OR CONTROLLED SOURCES:

In some network, in which some of the voltage sources or current sources are controlled by
changing of current or voltage elsewhere in the circuit. Such sources are termed as

“Dependent or Controlled sources”.

There are four types of dependent sources.

" :-> ) <‘E

Dependent Voltage Source(DVS) Dependent Current Source(DCS)

e CDVS( Current DVS)
e CDCS(Current DCS)
e VDVS(Voltage DVS)

e VDCS(Voltage DCS)



SOURCE TRANSFORMATION:

A practical voltage source can be replaced by a current source and vice versa.

This can be established if an equivalence between a voltage source and a current source.

Is i E:‘ Is -
J: Is = It +vt/Rs
VSO wi=vs- IsRs (A ) TR

[

Vi = Vo-1IRy = Vi- IRy since Iy = I

Or I, = (V,-V)/Rs ... (1)
For Current source , Iy =1 + V;/R; or I, = I — V;/Rs
Comparing (1) and (2), I, = V. /R;.

A voltage source I; with resistance R, in series with its equivalent to a current source
I, = Vs /R, in parallel with resistance R;.

Example : Obtain the equivalent voltage source for the current source as shown in figure.

20 ohm

[T [

10A ( 1 ) ?24} ohm 200V ' )

(1 [

I, = 104 and Ry, = 200 ,V, = 200V.



EXERCISE PROBLEMS

1. Two batteries of 24V and 20V with internal resistances of 0.4Q and 0.25Q respectively are
connected in parallel across a load of 4Q. Calculate (i) the current supplied by each battery
and (ii) voltage across the load.

(Soln: 8.1482A , -2.963A , 20.741V)

2. Aresistance R is connected in series with a parallel circuit comprising of resistances of 4Q
and 6Q respectively. When the applied voltage is 15V, the power dissipated in 4Q resistor is
36W, calculate R.

(Soln : 0.6Q) 0.04 1 0.04 0

3. In the circuit shown, find current through R, using Kirchhoff’s uV= 080 -V

laws.
(Soln : 30.488A)

i

10vV—

4. Find using KCL, the current through the 6Q resistor of the circuit T
shown. .
(Soln : 0.641A flowing from A to B) 21 % o,

e ——

5. Find current through 10Q resistor in the given circuit, use

nodal analysis. 40 240 300

6. Determine the current in 10Q resistor in the ‘
network shown , use star-delta conversion.

12 10 1 13
{11
180 vV
Load 12V
7. For the 100Q potentiometer shown, find the resistance R for a R —
load current of 10A. T ‘

8. The resistance of two wires is 15Q when connected in series and 7Q when connected in
parallel, find the resistances of each one.

0y =




9. Find the equivalent resistance across the battery terminals with
(a) Switch S open
(b) Switch S closed.

10. In the given circuit, find the value of V2 that will !ﬁ_r'Flf"'l
cause the voltage across 20Q) to be zero by using T
mesh analysis.



Unit Il: AC Fundamentals-I:

Review of Complex Algebra, Sinusoids, Phasors, Phasor Relations of Circuit elements, Impedance
and Admittance, Impedance Combination, Series and Parallel combination of Inductors and
Capacitors, Mesh analysis and Nodal Analysis.

Review of Complex Number:

e In order to analyze AC circuit, it is necessary to represent multi-dimensional quantities. In
order to accomplish this task, scalar numbers were abandoned and complete numbers were
used to express the two dimensions of frequency and phase shift at one time

e In mathematics, ‘i’ is used to represent imaginary numbers. In the study of electricity and
electronics, j is used to represent imaginary numbers so that there is no confusion with I,
which in electronics represents current (i). It is also customary for scientist to write the
complex number in the form of a + jb.

1. A complex number may be written in Rectangular form as:
Z=X+jY.WhereX =r1cos(f)isrealandY = r sin(8 ) is imaginary number.
0 = tan"1(Y/X).

2. A second way of representing the complex number is by specifying the magnitude(r)
and angle (0) in polar form
Z =r20;
r=VX2+YZ 0 = tan~'(Y/X).

3. The third way of representing the complex number is the Exponential form.
Z=rel?,0= tan‘l(g), r= VX2 +Y2

Mathematical Operations of Complex Numbers:

Assume Z; = X; + jY; or ;2601 and Z, = X, + Y, or 1,26, are two complex numbers,

Addition: Zy + Zy = (X1 + X5) +j(Y; + ¥3) AR s
Subtraction:Zy —Z, = (X; — Xp) +j(Y, — Y2) P
Multiplication: Z,Z, = r113£(01 + 6;) 4 r/__/' :

P '
Division: Z,/Z, = (r1/1; )2(01 — 63) 4 _/\ &
Reciprocal: 1/Z; = (1/r)2 — 64 _1: | l e
Square root: \/Z_l =, Jn< % 25 b

Representation of Complex number
complex Conjugate:Z* = X — jY =\r £0 = re/° in co-ordinates plan



Explain Generation of Sinusoidal wave?

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.

, e
«.wrad/sec ‘lu-‘%:mg’:
N
N N
N
R N S —— NGNS
~ LT X
] \1-.“‘\&
9 r r v r v ) ) I xi}
v w radfsec
w rac/sec m\\
\ —*/\ .
B e I e i T B e S ”"‘f____-""
-I x f‘l—- e ”-"--
______ _______,.._"_.'_‘.-E________._.
F T ¥ |*r ¥ ¥ r‘f"_,— i
q:'max

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 according to
Faradays Law. 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 @pasinot and another component acting perpendicular to the plane of the coil
D, COSOL.

= e e e e e

PO W

D SiNWL

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 ®paccosmt induces an
emf in the coil.

D = Daxcos(wt)

d
e=-NZ
dt

d(Pmaxcos(wt))
N
dt
e = NQ g0 * sin(wt)

e=—

e = Epgxsin(wt)

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

i = i,sin (wt)

Where
i is instantaneous value,
i, maximum value
w is angular velocity



Angular Frequency (®)

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.
2nf
-T
Problem-An alternating current i is given by i = 141.4 sin (314t)

w

Find 1) The maximum value
i1) Frequency
ii1) Time Period
iv) The instantaneous value when t = 3ms i = 141.4 sin(314t).

Solution:

[ = i,sin (wt) (D)

Compare given equation with eqg-1,

Maximum value i, = 141.4Volts

w = 314raad/sec

f =w/2n =50Hz

T =1/f = 0.02sec.

t = 3msec,

i = 1414 sin(314*3 % 1073) = 114.354

Explain about phasor, and Lead and lagging ?
Phasor Representation:
An alternating quantity can be represented using
1) Waveform
i1) Equations
i11) 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.



3

+|ITI /\
0 \_/Err ot

[=1_sinat

In phasor form the above wave is written asl = I,,,20°

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 = I,,sinwt. Hence the
line OP is the phasor representation of the sinusoidal current.

«.w rad/sec
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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,, 1s w/2rad or T/4 sec
Phase of -E,, is n/2rad or 3T/4 sec

Phase Difference

.G
SN D
/ \ \
/ 7 \
I'4 / A
/ ,l k \'\ 7 r ‘F-
je——> b / oot
) \\ \\ AV
N\ \\ A //
L

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.

Vm"

NI
N

(o8]

N,

; \/En uﬁ I'm
\\/




v = v, sin(wt)
[ = i, sin(wt)
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.

Vi - -7-\‘:!
i -,f‘- .
/ / §
e—— \ — Ty
¥ N, S et 3 Vi
\ \““?[ e~
h 3 Im
v = v, sin(wt) =>V = 1,20°
i=ipsin(wt—0)=>1=1,2—0
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.

Vi — - ¥

i
Il My

(0] = \ ____/"
/_
/ ‘\ !,\¢
p-m— — el
O

=]

v = v, sin(wt) =>V = V,,20°
[ = iysin(wt+0) =>1=1,20°



Problem: if i; = 4cos(at + 30°)A and i, = 5sin(at — 20°)A, find their sum and draw
phasor diagram.

Q: Explain Phasor Relationship with Circuit Elements:

AC circuit with a pure resistance

AVAVAVAVANEEE——

" VR '

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

v = v, sin(wt)
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 vpsin(wt)
==

R R
i = i,sin(wt)
Where
. Um
Iy = 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.




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 given by

v = v, sin(wt)

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

, di
i=L—
dt

[
in(wt) =L—
vy, sin(wt) Tt

v
di = Tm * sin(wt)

v,

i=Tm*.[sin(wt) dt
. Um
=—x— t
i a)L* cos(wt)
. vm . T
Il =—x*xsin(wt — <
wL ( 2)
s
i=im*sin(wt—§)
| =tm
Wherelm—d

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.




Inductive reactance

The inductive reactance X is given as

X, = 2nfL
. Um
lp = X_L

in phasor formV = jwLI
It is equivalent to resistance in a resistive circuit. The unit is ohms ( )

Problem:
The voltage v = 12 cos(60t + 45°)is applied to a 0.1H inductor. Find the steady-state current
through the inductor.

Solution: from equation V = jwLI

V =12245° volts

w = 6OT
12245° 12245°

j+60%01 60+0.12900
i = 2cos(60t —45°) A

[ = 24

AC circuit with a pure capacitance

.
||
(l

\'VJ

Ve

(~ )
&,
Consider an AC circuit with a pure capacitance C as shown in the figure. The alternating voltage
v is given by

v = v, sin(wt) =>V =V,,20° (1)

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
q = Cv,, sin(wt)
4a _ wCvy,cos(wt)

dt



i = wCvyy,cos(wt)

I
i = wCvy,sin(wt + E) (2)

. . . n
i = ipsin(wt + E)

i C > X, = om 1
l = wlv, = c=ET—=——>=
m m i, C

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.

\ /7 - "
4 Ym fr\"‘:r
l;£ \ ;,-*'
i Eﬁ'.-. N 7 2 U;t
. L4 =
\ /
-
[ ] .
V b

Capacitive reactance

The capacitive reactance Xc is given as
1

¢ 2nfC
. Um
L —=—
m Xc

It is equivalent to resistance in a resistive circuit. The unit is ohms ( )
V=",20°=V+j0
[=1,2900=0+j1

V200
T 1,,2900

~i <l

:Y—m4—900=XCL—900

Problem:

The voltage v = 10 cos(100t + 30°) is applied to a 50 uF capacitor, calculate the current
through the capacitor, and Draw phasor diagram?



Impedance:

relationship between Current and Voltage to different circuit elements are,

1. ToResistor: R = g
2. To Capacitor: X, = %
3. Toinductor: X; = %

This shows that a pure resistance within an AC circuit produces a relationship between its
voltage and current phasors in exactly the same way as it would relate the same resistors voltage
and current relationship within a DC circuit.

Reciprocal of impedance is called as Admittance and units are mhos.
Impedance Combinations:
Series:

Let us assume Z4, Z,, ..., Zn are N impedances are connected in series than equivalent impedance
is Z.4 obtained by

Apply KVL in IOOp = | = EE—— _|:
V=(2Z+1Zy4, i 1Z))

T=Zi Ly Ly

Zoq =21+ Zy+ 7y

Suppose N=2: | |

Zeq=Zl+Z2 +{_,:- +

A T -

17 7,42,

ZV
VZ =2
VAR PA)

Parallel:

Let us assume Z4, Z,, ..., Zn are N impedances are connected in parallel ,than equivalent is given
by

Apply current (I) between two nodes and assume voltage across nodes=V,

Accordingtothe KCLI =1, + I, ... I,



14 |4 |4 |4
= —
Zeq Z1 2y Zn
1 1 1 1
— e = —
Zeq Z1 Zp Zn

z P
L, =2 I
Z1+Z, b
z
I, =—
Z1+Z,
Problem:

Find equivalent impedance of below circuit.

@ 100 =

[

+j5102

—

Solution: -j10 and +j5 are in ||el after simplifying

@ -jl[}ué

10
Therefore Z;, = (60 series in with j10) = 60+ ;10
Problem:
Find Z in below figure
2 <
—- =40 = j8Q =/ —j10Q




Problem:

Find impedance Z;, of below circuit.

20 —4 0
120 M, 80
—WW—— T A €
gjﬁn
E:> 30 =—
80

Solution:

Solution:

The delta network connected to nodes a, b, and ¢ can be converted to
the ¥ network of Fig. 9.29. We obtain the Y impedances as follows
using Eq. (9.68):

42— j4) 44+ j2)
T .. e = =16+ j08) 0
JA4+2—j4+8 10
4(8) 8(2 — j4
Zyn = % =329, Z.,-= Tj} = (16 - 320

The total impedance at the source terminals 1s
Z=12+2Z,, +(Zy, — | (Z., +j6 +8)
=12 + 1.6 + j0.8 + (j0.2)]| (9.6 + j2.8)
Jj0.2(9.6 + j2.8)
9.6 + j3
= 136 +jl = 13.64{4.204“[1

=136 + j0.8 +

12 €2
Ty Yy —




Problem:

Calculate the value of v, in below circuit75 -

300 —WW—

A AR

r
, 50 uF =

60 sin 200 V (*) 0.1H 2 1(0)

Series and Parallel combination of Inductors:

Series: Consider N inductor are connected in series, and voltage drop across each inductor is

V1, Vg, oo Upp.

i L, L, Ly Ly i
. — - e . “ . - - = =
According to the KVL O— I — TN ———— T
B T T + l
' o) L] Upr B
V=" + Uy .oonn +UTL i = v ;—4-’ ‘LEq

d. _
Butv =LZ o
dt

di di di
v = L15+L25.....+Lna

v=(Ly+ Ly L) T

di

V= Leqa

SO Leq = Ll + Lz +Ln

The equivalent inductance of series connected inductors is the sum of the individual
inductors.

Parallel: Consider N inductor are connected in parallel,

—e —

+ :‘lw 54 1” ___r'_,\-J‘ :' |




According to KCL

i=ip+ia+ i+ -+iy
) L ff X
But i, = 7 v dr + i(fy): hence,
* L
b, T T
i=— l vt + (1) + — vt + iy
'E-l "r-f! 4
I J..l di (fa)
= - - 3 s r 4]
| i N
( | I 1 ) { _ :
=] — 4+ — 4+ s+ — vt + 1y(1g) + ixlly)
L, L, Ln/ |
+ iy(ln)
0 Y B = T
:( :L ) [ v et + la’lu,._l = — ’ vdi + iity)
kml S S '] "r'n:q s
where
| | 1 | 1
— = — 4 — + — s —
L‘Eﬂ L| L_ -'r-_l Lﬁ
I

The equivalent impedance of parallel inductors is reciprocal of the sum of the reciprocals
of the individual inductances.

Problem:

Find L., between ‘ab’ terminals in below figure.

10 mH
115

60 mH
— T —

20 mH
LIk

25 mH
a o L1Tk

< b

30 mH
LE1R
Problem:

Find L¢q In below figure.




Problem:

Find L., between ‘ab’ terminals in below figure?

6 mH 8 mH
ac T T |
\’h;zH 3 12mH
8mH = \;>
6 mH ﬁ// 4
[ — sy 2113 [
10 mH 8 mH
Problem:
Find Lcq in below figure. L
AI1A
‘ L L
i L S11E a1
Ly 21 =53
—1 3 I =
o | o |

Series and parallel connection of capacitors:
Parallel Connection of Capacitors:

Consider N capacitors are connected in parallel,

[
||
I

—~
By
£y =

i
[

ql?

R
[

L .
e
[

= £
e
[
= 4
I
v

(o)

™y

e 4

_ dv _dv _dv dv

Apply KCL EZC!I—I—C:E_C;E—FM—'—{NE
_( ¥ Ao = dv
= I; {:A)E = chI

where

Ceq:C]'l‘Cj"'C_},‘i‘""i'CN




The equivalent capacitance of N parallel connected capacitors is the sum of all individual

capacitance.

Series connection of capacitors: Consider N capacitors are connected in series.

i
S

CJ
I

CE
I

Cy

+ v —

+1.r3_

+D’3—-

Cx
el

+ n’N -—

L
T_

. ® > @

Apply KVL above circuit (left)
=Py et iyt oty

l T
But v, = E J i(T)dT + vi(1y). Therefore,

k
o

B

i(T)dr + va(1p)

. |-I'( )d (fg) + ;
v=— | i7)dt + v,z ==
e / ‘ 1lip (_,:_F

1 "I
e C—\ Jr i(T)dr + vn(ty)

<]+l III'(H+:1 (o)
S IR 1(7)dT + v1(ip) + valr
C; G Cx ) € 1tip 2Ip
=l l’l'\'(lrn]
1 s
=— [(T)dT + v(1,
Cm I i(T)a v(ry)
Ty
where
1 1 1 1 |
T N syl W - —
ch Cl CE 3 N

The equivalent capacitance of series connected capacitors is the reciprocal of the sum of the
reciprocals of the individual capacitors.

50 uF
I 60 uF
|
|

Problem: 1]

Find C., in below figure.

— 120 uF




Problem:

Find C., in below figure, If the value of all capacitor 4mf

Mesh Analysis:

Mesh analysis provides another general procedure for analyzing circuits, using mesh current
as the circuit variables.

Definition: Mesh is a loop which does not contain any other loop within it.

Steps to Determine Mesh Currents:

Step 1: Determine the number of meshes n.
Step 2: Assign mesh current iy, i, , 1, to the n meshes.

o The direction of the mesh current is arbitrary-(clockwise or counterclockwise)-
and does not affect the validity of the solution.

o For convenience, we de ne currents flow in the clockwise (CW) direction.
Step 3: From the current direction in each mesh, denote the voltage drop polarities.

Step 4: Apply KVL to each of the n meshes. Use Ohm's law to express the voltages in
terms of the mesh current.

Step 5: Solve the resulting n simultaneous equations to get the mesh current.

Problem: Find I}, I and I5 in the below circuit using mesh analysis.

! Lo
'_ 58 > G2

N ‘.n‘_n‘_r‘-‘_

Lh

2100

VAL

5 [ < )
15V (2) 240

<

l’i) 10V

Solution:

Stepl: In given circuit, two node are present.
Step2: Current in to meshes is assumed as 1; and 1.

50

AN

6L

=100

sv(© (W) ‘ ()

I'_.’f':,' 10V

:

I A

=

=44

Step-1 and Step-2



Step3:
. KVL equation to mesh 1, is

L1545 i+ 10(i1-in)+1 0=0-mmmemmemem e (1)
KVL equation to mesh 2, is j\i}»_ Y -
ST T (ST (AT o S— @) . i
By solving (1) and (2) we will get sv@ (7)) 7|7 (&) Sea
i=20A  and  i=1.50A g -
But comparing given circuit with circuit in Step3, St d
I,=1,=2.0A
L=1,=1.5A
I3=1;-1,=0.5A

Supermesh: A supermesh results when two meshes have a (dependent or independent)
current source in common.

6Q 10Q
‘\'ﬁl‘l«l}"\'l ] L - A V\I‘h"’ﬂ\'
i L 6Q 10Q
20 E ; AV ANV
A (7 | | ooy 3 R |
WV (4) } L (i) 3aq & P i
r e | & 2V(E) | h ) (R) | S40
I. 6A (+ ; : A » :
; T ; T —
;'_I- 0 . e j_: supermesh
Lt Exclude these (b)
(a) elements

(a) Two meshes having a current source in common, (b) a supermesh, created by excluding the current

source.
Problem: I
80 20 18
Find I using mesh analysis. VW AW Nv“.-“—‘




Problem: Find i; and isin the following circuit using mesh analysis.

— -

)

60

A
&
e
e

b
w
-1
2
™ __,xj
AN
Qo
B
i
=
g
G+
=
-

Solution:

Note that meshes 1 and 2 form a supermesh since they have an
independent current source in common. Also, meshes 2 and 3 form
another supermesh because they have a dependent current source in
common. The two supermeshes intersect and form a larger supermesh
as shown. Applying KVL to the larger supermesh,

2i| - 4!3 35 8(?3 = 14} + 612 =)
or
iy +3i, +6i3—4iy,=0__ 1)

For the independent current source, we apply KCL to node P:

in=10 +5 (2)
For the dependent current source, we apply KCL to node Q:
iy = i3 + 31,

But I, = —i,, hence,

i, =iz — 3i4 ()
Applying KVL in mesh 4,

20y + 8(iy —i3) +10=10
or

5f4 = 413 = _5 (4}

From Eqn. 1to &

'fl = -—75 A, flg = —25A, .!'.3 = 3.93 A., I.4 = 2143 A



Problem:

Determine current 1n each loop

—-.4—-

A=
g o
00 < ) 240
B 4Q
24V (X)) (q) AAAA
a3 (i) Gu
‘ *) \—|/ ‘

Problem:

Determine current in each loop using mesh analysis

L1
20 Q 1pH
(f) 10cos(5t)
—l_C1

30 Q T 1uF
Node Analysis:
Steps to determine Node Analysis:
Stepl: Determine the number of nodes n.
Step2: Select a node as reference node (ground node). Assign voltages Vi, Vo, ....... V.1 to the

remaining n-1 nodes. The voltages are referenced with respect to the reference node.
e Ground node is assumed to have 0(zero) potential.

Step3: Apply KCL to each of the n-1 non-reference nodes. Use Ohm’s law to express the
branch current in terms of node voltages.

Step4: Solve the resulting simultaneous equations to obtain the un-known node voltages.

a) Current flows from a higher potential to lower potential in resistor.



b) If a voltage source is connected between the reference node and a non-reference node,
we simply set the voltage at the non-reference node equal to the voltage of the source.

c) Multiple methods to solve the simultaneous equations in Step4.
1) Method 1: Elimination technique (good for few variables)
2) Method 2: Write in terms of matrix and vectors (write Ax=b) then use Cramer’s

rule.
3) Method 3: Use computer or calculators.

Problem:

Find the value of V, in below circuit.
20 40

APAR, AR
T oo T

sv ()

n3

Stepl: Total number of nodes are 4 they are n0, n1,n2 and n3.
. -~ 20 2 40
Step2: node n0 is selected as reference node. V=0 - - AN
T oo T
and voltage at other nodes are Vy,;, Vi and Vi, sv (5) _ =
T 280 T
Step3: Assume voltage at node n2 is more than all other
L nO

node voltages. i

So current is going away from this node in all branches.

i= Viz=Vn1 _ Vn2—5

1= = i 20 : 40 ,

2 2 Val o ¥ A Va3
_ VTLZ_V‘HD _ Vnz—O LT
iy = - e —lr
8 8 sv (+ 1 : (
=/ ; I3 3] -
s &g@ 280
[a = Vn2—Vn3 — Vnz_(_3) T
3 4 4

applying KCL at noden2 iy +i,+i3 =0

Vn2—5 Vn2—0 Vnz_(_3)
+ + =0
2 8 4

By solving above equation V,,, = 2V

Tem(Z3) _ 5 _ 1254
: .

current i i

Step-2 and_gtep—S



according to Ohm's law v, = i3 * 4 = 1.25 x4 = 5 volts

Supernode: A supernode is formed by enclosing a (dependent or independent voltage source
connected between two non-reference nodes and any elements connected parallel with it.

40 /9 Qﬂp&rnude
—AWW i

Ty ] 1
Problem: For the circuit shown in Fig 1 find the node voltages.
1041 Solution:
i The supemode contains the 2-V source, nodes | and 2, and the 10-1
. 2V . resistor. Applying KCL to the supernode as shown in Fig. 1 gives
— 2=l.]+4::'-|‘?

24 (D ]3.: 0 40 % (D 74 Expressing i, and iy in terms of the node voltages

ty—0 w;—10
7=t T e B

i 1 2 4

7 = 8= +v:+28

or
vy = =20 -, — (1)

To get the relationship between v, and ¢4, we apply KVL to the circuit
in Fig. 3.10(b). Going arcund the loop, we obtain

-, —2+v,=0 = Uy =y + 2 wevemeeme (2)
Fromeqn 1 and 2, we can write
vp=w, +2=-20 -2,
oar
y=-2 = p=-7333V

and v, = v, + 2= —5333V. Note that the 10-{) resistor does not
make any difference because it is connected across the supermode.

mmassrdescrsranegigpaassa

= (b)

(a)

Applying: (a) KCL 10 the supernode, (b) KVL to the loop.
Problem:

Calculate the value of I in below figure using node analysis.

6 kQ
AN

4kQ 12 kQ

I
100v 12kQ @




Problem:

Determine voltage at node in below figure.

10
& 20 2 8Q
1 I AN 3
ia(h) 40 U
0
L

Problem:

Find v and i in below figure using node analysis.

40 i
!
+ |
PR < : =2
uv(y) 303v 203 20

Problem: |

Find V and V, using nodal analysis.

j30

A1
V| I V‘_
l LAY
50
SJ."LD'“AC? %311 %hﬁ 10/0° A
2

Two marks questions:

What are the different type of alternative signals and draw them.
Explain about phase difference.

What is leading, and explain with example.

What is lagging, and explain with example.

Which laws are used to solve using mesh analysis.

Which laws are used to solve using mesh analysis.

What are the different methods to solve un-know parameter in network.

O N U R WDNPR

Find the equivalent capacitance of two capacitor when
a. Connected in parallel
b. Connected in series.
9. Find the equivalent inductance of two inductor when
a. Connected in series.
b. Connected in parallel.



10.

11.
12.
13.
14,

v = 40 = sin(wt + 30°) and i = 20 = cos(wt + 30°), find phase difference between two
waves.
Find X and X cin terms of frequency.
How to calculate period of a given signal.
Draw phasor diagram for v = 40 * sin(wt + 30°) and i = 20 * cos(wt + 30°).
Draw the phasor diagram for a given AC Voltage applied to
a. Pure Resistor.
b. Pure Inductor.
c. Pure Capacitor.



Unit Ill: AC Fundamentals-Il

RMS and Average values, Form factor, Steady State Analysis of Series, Parallel and
Series Parallel combinations of R, L,C with Sinusoidal excitation, Instantaneous
power, Average power, Real power, Reactive power and Apparent power, concept of
Power factor, Frequency.

Q: Define Average value, RMS value and Form Factor and Calculate for sinusoidal
wave.

Average Value

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

Average value =
g Base

1 p2m
Vavg = ZIO vd(at)
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.

Area under one cycle

Average value =
g Base

1 s
vavg:Ef vd(wt) =
0

Average value of a sinusoidal current:

i =in,sifat) m 2m wt
. 1 pm .,
lavg =;f0 ld(wt)

. 1w, . .
lavg :;fonlmsnﬁwt)d(wt) i

iavg = 22 = 0.637i,

Average value of a full wave rectifier output 4

i =i,sifwt)
. 1 .
la'Ug :;fonld(a)t)

lavg = %fo” imsi ot )d(wt)

iavg = 2 = 0.637iy,

wit



i F 3
Average value of a half wave rectifier output +Im
i =ipsifwt)
. 1 p2m .,
lavg = 5 Jp 1 (@) 0 = 5T o
. 1 p2m ., .
lavg = Efo imsi ot )d(wt)
iavg = 5= = 0.318i, -Im
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.

|dc R Iac R
e U NVWAL I AVAVAVAY AN

Area under squared curve
RMS =
Base

1 2T
Vs = %f V2 d(at)
0

RMS value of a sinusoidal current;

[ =ipsifat) i 1

1 21
by = %f i2 d(wt)
0

+Im

n\/zn Wl
1 Vs
- =\/;f0 i2,si 7 (wt) d(wt) Im

- =j%j”“‘cg~<2“> (at)




m

~IE)

=0.707 iy,

lrm;

RMS value of a full wave rectifier output:

i =ipsifat)

1 s
fpms = ;f i2 d(wt)
0

1 s
Lyms =\/—j i2,si % (wt) d(wt)
T Jo
i2 (M(1—coq2ut)
Lrng _\/?.fo 2 d(wt)
] m 0.707i
by = == VU. ln
V2

RMS value of a half wave rectifier output

i=i,sifwt) 0<at<180°

i=0 180° < wt < 360°
1 21
L = %f i?d(at)
0
1 i
lrps = %f i2,si2(wt) d(wt)
0
| ("1 = cos2at)
- —jhfo 2 dgar)

. Im .
iyns = — = 0.50,,

+Im

+Im

21




Form Factor:

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

__ RM5 value
- Avg Value

FF

Peak Factor or Crest Factor:

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

Maxinum value
PF =
RMS Value

For a sinusoidal waveform and For full wave rectifier output:

iavg = 2 = 0.637i,

i = % = 0.707i,,

i 0.6371
FF = ™= = =111
lavg 0.707im

pF =lm __m  _ 1414

iang  0.707im

For a Half Wave Rectifier Output:

. im .
s =— = 050,

2

20y

iang = = 0.318ir,

iavg 0.5im

PF=1m = m_ _

iag  0.5im



Problem: Find Form Factor of figure show below.

5 -
4
3
2
S
20 — —
% 1 z\ 3 74 s 3 ' '
2 -1 \ime( )
2 d
-3 d
-4
-5 J
Solution:

From figure:

Vit)=4x*t 0<t<1
=4-4(t—-1)1<t<?2
Average value:

t/2 1 2
1/t v(t)dt=1/4< 4t dt + 4—4(t—1)dt>
|l smi([lear]
4(4 *?]0 + 4t]; — 4 *?]1 + 4t]1>
() * @x[1/21 +4—4[4/2=1/2] + 4) = 0.25

Vieg = \/%fOT v(O2dtput T =t/2

1 2
VRM ES —f v(t)z dt
2 0

2

1
Ve =j%<f 16*(t)2dt+j 16*(1—1(t—1))2dt>




1 2
Vs = 8*0 t2dt+f(t—2)2dt>
0 1
£3\" 4t2\° 13\
_ ha 2 _ _
Vs = (8 * 3> + (4t)1 2) +3>
0 1 1

L Y se—1—(4 2 _ 4B ,2 0
- ——— — — * — — 4 x — _——
Ve = 8*{3 3 2 2 )73 73

% 14 8
= * —
RMS 3

Problem:

Calculate Average value, Rms value and Form factor of the sawtooth wave show in the

fi .
igure "

100V

Steady State Analysis of Series, Parallel and Series Parallel combinations of R, L,C with
Sinusoidal excitation:

R-L Series Circuit:

K
- Vr»:_—_ - | 7
. i % TV
i L
/A\
\/\_/"
X,
v

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 = vpsi fat)



The current flowing in the circuit is i. The voltage across the resistor is V' and that across the
inductor is V7,

Vr=IR is in phase with I
V1 =IXy leads current by 90 degrees

With the above information, {L;;e phasor diagram can be drawn as shown.
1 VL

—

>
7
hd I

A 4

e

The current I is taken as the reference phasor. The voltage Vg is in phase with I and the
voltage V| 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,si fiat) i
I =1,sifwt —0) --

L Lol N

0

k

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

V=\Vg+V?
Ve = IR
VL=IXL

V ={(R)2 + (IX,)?
V=IJR2+X,*
V=1Z

where Z = \|R? + X, °
The impedance in an AC circuit is similar to a resistance in a DC circuit. The unit for
impedance is ohms(Q)

Phase angle:
0 =tan ()
Vr



11XL

@ =tanm ( )
¢ =tan 1(—)
Q=tan ( )

Power Factor:

The power factor in an AC circuit is defined as the cosine of the angle between voltage and
current ie., cos®

Problem:

A series RL circuit has a resistor 36Q2 and impedance of circuit is 10 , then find 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
v - V=iZ -
V_=IX, X,
® |1 . ’
— Ve=IR R

The impedance triangle is right angled triangle with R and X 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 =+/R2+X,?

2. Power Factor cos® = R /Z

3. Phase angle @ = tan~ 1(—)

4. Whether current is leadmg or lagging.
Problem:

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



Solution:
_V _ 200

Z==-=—=200Q
I 10

)R = Zcos(@) = 20 * cos(30°) = 17.320Q
i) X, = Zsif®) = 20 = si §30°) = 100
X, 10

”)L=27Tf=2*3.14*50=0'0318H

Problem:

A 230v, 50 Hz, is applied a series connected resistor 30 ohms and inductor 0.5mH, than
find X, current through the circuit, voltage across each component, and also draw
phasor diagram between current and voltage.

Explain the behavior of AC through RC Series Circuit:

R C
Y AVAVAVAVA
T Ve V=
|
N\
. )

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= vp,Si fwt)

The current flowing in the circuit is i. The voltage across the resistor is V' and that across the
capacitor is V¢

Vg = IR is in phase with |

Ve = 1X lags current by 90 degrees

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

»

P I

L J

Vv Ve

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.

V =V,sifat)
I =1,sifat +0)

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

V=VZ+V2
Ve = IR
VCZIXC

V = (IR)? + (IX()?

V=1 /RZ + Xc*

V=IZ

where i mpedanceZ = /RZ + Xc*

The impedance in an AC circuit is similar to a resistance in a DC circuit. The unit for
impedance is ohms(Q).

Phase angle:
0 =tan ()
VR

= tan (IXC

—)
=tan 1(—)

¢ =tan? <“’T> =tan 1(n)



Impedance triangle:

Phasor algebra for RC series circuit.

V=V+j0=V0°

Z=R—jX,=22-0

Problem:

A Capacitor of capacitance 79.5uF is connected in series with a non inductive resistance
of 30 across a 100V, SOHz supply. Find (i) impedance (ii) current (iii) phase angle

Solution:

1 1

= = = 400
2nfC 2%3.141%50%79.5%10~°

Xc

i) Z =+R? + X,* =302 + 402 = 500
i)l =V/Z=100/50 =24

40

C _ -1 (Xc\ _ -1 (40 _ o

i i} Phase angle = Tan (R) =Tan (30) =53
Problem:
A non-inductive resistor of 10 Q is in series with a capacitor of 100nF across a 250V,
S50Hz ac supply. Determine the current taken by the capacitor and power factor of the
circuit
Problem:

A circuit consists of R and C reactance is 30Q connected in series. Determine the value of
R for which power factor of the circuit is 0.8. Draw the phasor Diagram.



Behavior AC with R-L-C Series circuit:

R C
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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,si fawt)
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
V=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 Vg is in phase with I, the voltage V| leads the current by

900 and the voltage V¢ lags behind the current by 900. There are two cases that can occur
V1>V and V<V depending on the values of X; and X¢c. And hence there are two possible
phasor diagrams. The phasor V-V or Vc-Vi is drawn and then the resultant voltage V is
drawn.

Ve-V

L

IVe
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=yV§+ (V, — Vo)

V =JUR)2 + (IX, — I1X;)?

V=I1J(R)?+ (X, — X)?

V=IZ

Where i mpedancei sZ = \|R% + (X, — X()?

vV, =V IX, —IX X, — X
Phase angle @ = Tan™1( L_°¢ ;> _ Tan‘l( L C)

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

) = Tan‘l(

Case (1): When X >X¢

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

Case (i1): When X} < X,

The phase angle ¢ is negative and the circuit is capacitive. The circuit behaves like a
series RC circuit.

Case (ii1): When X; = X

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,sifat)
I =1,sifwt +0)

Phasor algebra for RLC series circuit.
V=V+j0=V20°

4

I = =EL—®

Nl <



Problem:

A 230 V, 50 Hz ac supply is applied to a coil of 0.06 H inductance and 2.5 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

Solution:

X, =2nfL=1%314%50%0.06 =18.84Q

1 1

c= =468Q
2MfC  2+3.141+50%6.8+105

) Z=\R*+ (X, —Xc)%?=+/2.52+(18.84 — 468)2 = 449.2 Q

[=X=2%_05124
VA 4492

_ _1 (XL-Xc\ _ _1(1884-468\ _
0 = Tan™" (*25€) = Tan~t (22=2E) = —g9.7°
Power fact or= cod@) = co—89.7) = 0.0056 Lead

Problem:
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.
Solution:

@ = 65%—20° =450

X, =2nfL =wL =3000%0.01 =30

Tan(®) = Tan(45) =1

X1—Xc Xc

Tan(Q) = =1

XL_XC:R

—Vm _ 400 _ /57 2

== 2~VRZ+ R

R =200
X.=X,—R=130-20=100
X;=——=>C=—=—=333uF

2nfC wXc 300010



Problem:

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

Coii e —
= L 1DV
l-‘ ¥ Il
Y. V.V VY ||
- » T L
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Power:

In an AC circuit, the various powers can be classified as
1. Real or Active power or Average power.
2. Reactive power
3. Apparent power
Real or active power in an AC circuit is the power that does useful work in the circuit.

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

total power in an AC circuit.

v

v

|SIin®



Instantaneous Power:

The instantaneous power is product of instantaneous values of current and voltages and it can be
derived as follows

P=vi

p = Vy,sifwt + 0,)* [,s1 wt + 6;)

From trigonometric expression:

coSA —B) —coJA + B) = 2si f4) si iB)

= %(c o096, — 6;) —cosd2ut + 6, + 6;))

p= —szlmcos(ev -0, — lem Lo cod2wt)

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 instantaneous power we can find average power over one cycle as following.

=—f2” Vm’m —Gi)—mecos(Zwt +0,+6))d(at)

P = i(Mcos(HU —0,)*(2m — O)) — %fozn lemCOS(Z(Ut) d(wt)

21 2
P = TCOS(QV —0;) = AN A Vers * Irs 06, — 6;)
As seen above the average power is the product of the RMS voltage and the RMS current.

Problem:

Calculate the instantaneous power and average power absorbed by the passive linear
network. If v = 330 cos(10t + 20°) vol tsand i = 33 si (10t + 60°) A.

Problem:

Calculate the avera%e power absorbed by an impedance Z=30-j70 ohms when applied a
voltage V = 120 £0" is applied across it.



Problem:
v(t) = 120 cos(377t + 45°)V  and  i(f) = 10 cos(377t — 10°) A

find the instantaneous power and the average power absorbed by the
passive linear network

Solution:
The instantaneous power is given by

p = vi = 1200 cos(377t + 45°) cos(377t — 10°)

Applying the trigonometric identity
1
cosAcos B = Eicos(A + B) + cos(A — B)]

gives
p = 600[cos(754r + 35°) + cos 557
or

p(r) = 344.2 + 600 cos(754r + 35°) W

The average power is

1 1
P = =Vl €050, — 6;) = 5120(10) cos[45° — (—10)]

= 600cos 55° = 3442 W

which is the constant part of p(r) above.

Problem:

Calculate the power factor of the entire circuit of Fig. as seen by
the source. What is the average power supplied by the source?

10 L2 8L

g T

165/0°Vrms (£) 31 jAQ ==—ji6Q

|




Problem:

Determine the rms value of the current waveform in Fig. 11.14. If the
current is passed through a 2-() resistor, find the average power absorbed

by the resistor. i) p
Solution: 10
The period of the waveform is T = 4. Over a period, we can write the
current waveform as 0
0 5. Q< <2
RE= -10 |-
—10, 2<1t<4

The rms value is

l T.’: l 2 : 4 .
I..=+l=| Fdt=4[—| Btrydt+ | (—10) dt
T 0 4 0 2
TEE 4] \/1(2{}0 )
=.[~ 25— =/~ ==+200]=8165A
\/4[ 3 " 4\ 3

The power absorbed by a 2-(} resistor is
P=1I.R=(8.165%2) = 1333 W

4 100¢
0

3% )

10

-



Problem:

Determine the average power generated by each source and the average
power absorbed by each passive element in the eircuit

ma -j54 M0 -j54Q
I I
AN i I
= 4

A
+ ==y
Va
s (B)1 joa ? 3 5 (2) 602302V 4/0° A %Div, @ jlno é @ (Z) s0s30° v

{a) (b}

We apply mesh analysis as shown in figure (b) For mesh 1,
I =4A
For mesh 2,
(j10 — /5L — jI0L, + 60/30° =0, I, =4A

or

5L, = — {300 + j40 = I,

—12{—6ﬂ° + 8

10.58/79.1° A

For the voltage source, the current flowing fromitis I, = 10.58 /79.1° A
and the voltage across it 15 60 {30" V. so that the average power is

|
Ps = —(60)(10.58) cos(30° — 79.1°) = 2078 W

Following the passive sign convention | ﬁgur_e{b] this average power
is absorbed by the source, in view of the direction of I, and the polarity
of the voltage source. That is, the circuit is delivering average power to
the voltage source.

For the current source, the current through it is I; = 4 /0° and the
voltage across it is

V. = 20I, + j10(I; — L) = 80 + j10(4 — 2 — j10.39)
= 183.9 + j20 = 184.984/6.21° V

The average power supplied by the current source 1s
1
P = —51134.9841[4] cos(6.21° — 0) = —367.8 W
It is negative according to the passive sign convention, meaning that
the current source is supplying power to the circuit.
For the resistor, the current through it is I, = Zﬂ: and the voltage

across it is 20I; = 80/0°, so that the power absorbed by the resistor is

Py = %{EI]}M] = 160 W



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 xIcos(®) = I?Rcos(®)
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 xIsi (@) = I?°X, si §0)
Reactive power does not do any useful work. It is the circulating power in the 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 =VI = I1?Z
S =4P?>+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.

i 3

z 2 S
X [ 12X, Q
; o : P ;
IR =

L2
m

=

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.

Apparent Power S = /P2 + Q2

Power factor= coqQ) = g =

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

Real Power



Methods

= Cosi neof angle bet weenV and I
__ Resistance _ R

Impedance Tz

Real power
- Apparent power

Problem:

A coil having a resistance of 7 and an inductance of 31.8mH is connected to 230V, S0Hz
supply. Calculate (i) the circuit current (ii) phase angle (iii) power factor (iv) power
consumed v) Reactive power vi) Apparent power.

Solution:
X, =2nfL =2%314%50%31.8+107% = 100
Z=+R2+X,*=V72+102=1220Q

NI1=L=2%2-18854
Z 12.2

i) @=Tan™ () = tan'(z) = =53° lag

i iYPF = coy®) = coy—53) = 0.537 lag

i YPower Consumed P = VI cos(@) = 230 * 18.85 % 0.537 = 2.484kW
v)React i vePower Q = VIsif@) = 230 = 18.85 x 0.795 = 3.462k VAR

vi)Apperant Power = \/P2 + Q2 = v2.482 + 3.462 = 4.25kVA

Problem:
A current of (120-jS0)A flows through a circuit when the applied voltage is (8+j12)V.
Determine (i) impedance (ii) power factor (iii) power consumed and reactive power.

Solution:
V=8+j12
I=120-/50
NZ=C=2Y12 _ 024011 =0.11279.7°
I~ 120-j50
Z=0.110
¢ =79.7°

i) pf =cod@) = co0979.7°) = 0.179 lag
[ 0)S = VI* = (8 + j12)(120 + j50) = 360 + j1840
ButS =P +jQ



P =360W
S = 1860VAR

Problem:

A parallel circuit comprises of a resistor of 20Q in series with an inductive reactance 15Q
in one branch and a resistor of 30Q in series with a capacitive reactance of 20Q in the other
branch. Determine the current and power dissipated in each branch if the total current
drawn by the parallel circuit is 10 2 — 30 °A

L300 16Q
ion: "AAN ﬂ
Solution: I ,%_/\/\/\f\/\ o
V=2 |
——
[IRAVAVAVAVAY I I
|, SUU 00
Zy=20+j15
Z, =30—;20
I =10z—-30°
According to KCL
=122 _ i (30—j20) V. . B .
h= 7142, (866 — j5) « (20+j15)+(30~j20) 3.8 -6.08 =7.172 — 60

I, =1—1,(8.66 — j5) — (3.8 — j6.08) = 4.86 + j1.08 = 4.982 — 12.5°
P, =I?R, = 7.172 x 20 = 1028.2W
P, = I2R, = 4.98% x 30 = 744W

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

the parallel combination is connected across 230V, SOHz supply.

Problem:

An impedance coil in parallel with a 100pF capacitor is connected across a 200V, S0Hz
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.

Solution:

74 200
Zeow =7 =~ =500

P =I*R = 600W



__ 600 _ 600

R == 1—2 = 4—2 = 37.5.Q
X, = |72, — R? =502 — 37.52 = 33.070
=X = 339 _105H
2nf 2%3.14%50
Xp=——= ! =31830

T 20fC  2+3.14+50+100+10-5
Z; =R+ jX, =375+j33.07
Z, = —jX; =—j31.83

= Lle _ STSUBONCIED) _ 57 _ 3772 = 42,422 — 50.5°
Z1+Z,  (37.5+j33.07)+(—j31.83)
@ = —50.5

pf = cod®) = cog—50.5%) = 0.6365

Problem:
A series RLC circuit is connected across a S0Hz supply. R=100Q, L=159.16mH and
C=63.7uF. If the voltage across C is 150 £ — 9 @V. Find the supply voltage

Solution:

X, =2nfL=2%3.14x50% 15916+ 1073 = 500
1 1
C 7 2mfC  2#3.14x50%63.7x10~6 500
Ve =I1(=Xc) = 150 < —90° = —j150
= 10 _ 7150 _ 3 oy
—JjXc —Jj50
Z=R+jX,—X;) =100+ (50—-50)=100Q
V=IZ=3%100=300

Problem:
An alternative voltage of 160+j120 is applied to a circuit and the current in the circuit
given by 6+j8 A, Find,

i) Value of elements in circuit. ii) the power factor of circuit iii) power consumed.

Problem:

A series circuit consists of non-inductive resistor of 10 Q, an inductor having a reactance
of 50Q, and a capacitor having a reactance of 30Q. It is connected to a 230v ac supply.
Calculate 1) the current 2) the voltage across each component. 3) Draw to scale a phasor
diagram showing the supply voltage and current and voltage across each component.



Problem:

The voltage applied to a circuit is v = 100sin(wt + 30°), and current flowing the
circuit is i = 15sin(wt + 60°%). Determine the impedance, resistance, reactance, power
and power factor of the circuit.

Problem:

A sinusoidal source supplies 1000KVR reactive power to load Z =250<—7 8.
Determine a) the power factor b) the apparent power delivered to the load, and c) the
rms voltage.

Two marks Questions

Define RMS, Average and Form Factor.

Find the average value of sine wave.

Find RMS value of sinusoidal wave.

Define Real, Reactive and Apperant power.

Define power factor and find the power factor when Z=30 £ 45
Write the formulae to calculate Real, Reactive and Apparent power.
Calculate the Reactive power when 30V DC is applied to Z=30+j60.
Write the relation between Real, Reactive and Apparent power.

Lo N U kR WNRE

Find the impedance of series connected circuit contains

a. R=30ohms and C=0.003F

b. R=45 ohms and L=0.04H

When supplied voltage is 32V DC.

10. Draw impedance triangle and explain.
11. Draw power triangle and explain.
12. From the given Impedance triangle and current, How to find the Real, Reactive and Apparent
power.



Unit-IV

Resonance is a condition in an RLC circuit in which the capacitive and inductive reactance’s are
equal in magnitude, thereby resulting in a purely resistive impedance.

Q1)Explain about Series Resonance and derive an expression for its bandwidth.

The most prominent feature of the frequency response of a circuit may be the sharp peak (or
resonant peak) exhibited in its amplitude characteristic. The concept of resonance applies in
several areas of science and engineering. Resonance occurs in any system that has a complex
conjugatepair of poles; it is the cause of oscillations of stored energy from one formto another. It
is the phenomenon that allows frequency discrimination incommunications networks. Resonance
occurs in any circuit that has atleast one inductor and one capacitor.

Resonant circuits (series or parallel) are useful for constructing filters, as their transfer functions
can be highly frequency selective. They are usedin many applications such as selecting the
desired stations in radio andTV receivers.

Consider the series RLC circuit shown in the frequencydomain. The input impedance is

R
AR AA
VY

Jul
M—TTT
1,'__:1'!”& '/I“' 1 1

| ’) —‘— juC

—Ho) =2 =R +jol + -1

Z=H(w)= ; R +joL + ij""(l)
. 1

= + - —
Z=R+j(oL P )..(2)
Resonance results when the imaginary part of the transfer function iszero, or

1

Im(Z) = oL - o 0.03)

The value of w that satisfies this condition is called the resonant frequencyw,. Thus, the
resonance condition is

-
(D()L = u)OC"(4)

..(5) -
Wo \/ﬁrad/s
. _ 1
Or Since wo= 2xfy, fo= 27T\/EHZ .(6)

Note that at resonance: The impedance is purely resistive, thus, Z = R. In otherwords, the LC
series combination acts like a short circuit, andthe entire voltage is across R. The voltage Vs and
the current I are in phase, so that the power factor is unity. The magnitude of the transfer
function H(w) = Z(w) isminimum. The inductor voltage and capacitor voltage can be much
morethan the source voltage. The frequency response of the circuit’s current magnitude



Vm

[=[T]= 7
IR (@)

is shown in Fig. the plot only shows the symmetry illustrated inthis graph when the frequency

axis is a logarithm.

07077, /R

k

] Wy g e w

Bandwidth B
The average power

dissipated by the RLC circuit isP(w) = % I? RThe highest power dissipated occurs at resonance,
1v,2

when I = Vm/R, so That P(wg) = >R ..(8)

At certain frequencies w = wl, w2, the dissipated power is half themaximum value; that is,

2
wm /D vV,
P(w0)=P ()= mZR = 4R2 (9)

Hence, w1 and w2 are called the half-power frequencies. The half-power frequencies are

obtained by settingZ equal tov2R and writing \/ R + (wL — ﬁ)z

Solving for @, we obtain

__ R [Ryp 1

OI= 31 +\/ (ZL) t g -0
_ R / Ry 1

W2 =70 (ZL) + LC

We can relate the half-power frequencies with the resonant frequency. From Egs. (5) and (10),
0p=Vwlw?2

It is seen that the resonant frequency is the geometric mean of the half power frequencies. Notice
that w1 and w2 are in general not symmetricalaround the resonant frequency w0, because the
frequency response is notgenerally symmetrical. However, as will be explained shortly,
symmetryof the half-power frequencies around the resonant frequency is often areasonable
approximation.Although the height of the curve in Fig.,it is determined by R, the width of the
curve depends on other factors. The width of theresponse curve depends on the bandwidth B,
which is defined as thedifference between the two halt-power frequencies,



B= 0y — (,01(1 1)

This definition of bandwidth is just one of several that are commonly used.Strictly speaking, B in
Eq. (14.35) is a half-power bandwidth, because itis the width of the frequency band between the
half-power frequencies. The “sharpness” of the resonance in a resonant circuit is measured
quantitatively by the quality factor Q. At resonance, the reactive energyin the circuit oscillates
between the inductor and the capacitor. The qualityfactor relates the maximum or peak energy
stored to the energy dissipatedin the circuit per cycle of oscillation:

Peak energystoredi nthecirait

Q=2n (12)

Energy di ssi patedy the ci rcuiinone peri odatresonance’

It is also regarded as a measure of the energy storage property of a circuitin relation to its energy
dissipation property. In the series RLC circuit,the peak energy stored is % LI%, while the energy
dissipated in one periodis % (PR)(1/f). Hence,

L2
"Ry R

Q=2 (13)

Q=L 4
R wOCR”

Notice that the quality factor is dimensionless. The relationship betweenthe bandwidth B and the
quality factor Q is obtained by substituting Eq.10 into Eq. (11) and utilizing Eq. (14).

Amplitude
0 (least selectivity)

Y Os (medium selectivity)

A '\\ O (greatest selectivity)

\\ \\ \
\

L)

L
BJ
B1
.Bvl
Bzﬂzﬂ
L Q

Or B = w3CR Thus, The qualityfactor of a resonant circuit is the ratio of its resonant frequency to
its bandwidth. As illustrated in Fig, the higher the value of O, the moreselective the circuit is but
the smaller the bandwidth. The selectivity of an RLC circuit is the ability of the circuit to respond
to a certain frequencyand discriminate against all other frequencies. If the band of frequencies



to be selected or rejected is narrow, the quality factor of the resonantcircuit must be high. If the
band of frequencies is wide, the quality factormust be low.A resonant circuit is designed to
operate at or near its resonantfrequency. It is said to be a high-Q circuit when its quality factor is
equal to or greater than 10. For high-Q circuits (Q 210), the half power frequencies are, for all

practical purposes, symmetrical around theresonant frequency and can be approximated as

B B
01 =we- 75 01 20T
2 2

High-Q circuits are used often in communications networks.We see that a resonant circuit is
characterized by five related parameters:the two half-power frequencies w1 and w2, the resonant
frequencyw0, the bandwidth B, and the quality factor Q.

Problem:

In the circuit in Fig. 14.24, R= 2 &, L = 1 mH, and C = 0.4 xF.(a) Find the resonant frequency
and the half-power frequencies. (b) Calculatethe quality factor and bandwidth. (¢) Determine the
amplitude of the current at w0, w1, and w?2.

R L
At ——— T
20 sm wr 9

—‘7 C
Solution:

(a) The resonant frequency is

_ - — 50 krad/
®0=JLC ~V10-3+0.4+10-6 s
The lower half-power frequency is

__ R ’ﬂz 1
©1 21" (ZL) +LC

-1 ++/1 + 2500 krad/s = 49 krad/s
Similarly, the upper half-power frequency is

®,=1++1+ 2500 krad/s = 51 krad/s

(b) The bandwidth is

R 2
B= w2 -wl = 2krad/s orB = — = —— = 2krad/s
L 1073

The quality factor is

Q2.)Explain about Parallel Resonance and derive an expression for bandwidth.
The parallel RLC circuit in Fig. 14.25 is the dual of the series RLCcircuit. So we will avoid
needless repetition. The admittance is



v 4

IR

0.707 LR
=LA@ v SR Fjl = ,.:C : s & b
Bandwidth B
I

_ _1 _|__
Y = H(w) i + joC (16)

1 . 1

=__’— —
Y - j(oC-—) .(17)

. . ) 1
Resonance occurs when the imaginary part of Y is zero,i.eoC - P 0

) = \/_rad/ S

which is the same as Eq. (5) for the series resonant circuit. Thevoltage | V| is sketched in Fig. as
a function of frequency. Noticethat at resonance, the parallel LC combination acts like an open
circuit, sothat the entire currents flows through R. Also, the inductor and capacitorWe can see
this from the fact thatcurrent can be much more than the source current at resonance.We exploit
the duality between Figsby comparingEq. (17) with Eq. (2). By replacing R, L, and C in the
expressionsfor the series circuit with 1/R, 1/C, and 1/L respectively, we obtain for

the parallel circuit

- — —— )2 - - —_— )2 il
1= 2RC+ \/ (ZRC) + ¢’ ®* 2re \/ (ZRC) + o (18

1
B=w- o= R_C(lg)

0
f“’?f OoRC =—.(20)

Using Eqgs. (18) and (19), we can express the half-power frequenciesin terms of the quality
factor. The result is

MW1= M9 ’1+(%)2—— MW= M9 /1+(E)2+— (21)

Again, for high-Q circuits (Q 210)

B B
O] =W~ M=ot
2 2




Table below presents a summary of the characteristics of the series andparallel resonant circuits.
Besides the series and parallelRLC consideredhere, other resonant circuits exist..

Summary of Characteristics of resonant RLC circuits

Characteristic Series Circuit Parallel Circuit
Resonant frequency , wo 1 1
VLC VLC
uality Factor, W L 1 R
Q y Q 0 o ®oRC or )
R ®,CR 0
Bandwidth B w0 @0
Q Q
Half Power frequencies i, ®; 1 2 4 { 2 4
For Q = 10, o, o, woig woi%

Problem:
In the parallel RLC circuit in Fig. 14.27,let R = 8 k&, L = 0.2 mH, andC = 8 uF. (a) Calculate
0, O, and B. (b) Find w1 and w2. (¢) Determinethe power dissipated at w0, w1, and w2.

—_—
15&5w1€§3 ?R %E[ ==
1 1 10°
Wy = - =—— = 25 krad/s
O VIC V02+10-3+%8+10-6 4
R 8% 103
Q= = = 1600

c%OL V25 %103 % 0.2 %x10~3
B=% = 15.625 rad/s

Due to the high value of O, we can regard this as a high-Q circuit.Hence,
= (00— — = 125,000 — 7.812 = 24,992 rad/s

B
0= Myt P 25,000 + 7.812 = 25,008 rad/s
() At®= Mg, Y =1/R or Z= R = 8KQ Then
|4 10L-90
= =1.25 L-90 mA

=7 = 3000
Since the entire current flows through R at resonance, the average powerdissipated at @ = @0 is
P==]lo]2R=>(125x107%)%(8 x 10%) = 6.25mW




Vm? 100

P= = =6.25mW
2R 2x8% 103
At o= wl, w2,
Vm?
P= =3.125 mW
4R

Q3) Explain Thevenin’s Theorem with a suitable example.

Network Theorems are useful in determining the unknown values of current, Resistance, Voltage
etc in Electric Networks.

Thevenin’s theorem states that any two output terminals ( A & B ) of an active linear network
containing independent sources (it includes voltage and current sources) can be replaced by a
simple voltage source of magnitude Vy, in series with a single resistor Ry, where Ry, is the
equivalent resistance of the network when looking from the output terminals A & B with all
sources (voltage and current) removed and replaced by their internal resistances and the
magnitude of Vy, is equal to the open circuit voltage across the A & B terminals.

Nk W=

Simple Steps to Analyze Electric Circuit through Thevenin’s Theorem

Open the load resistor.
Calculate / measure the Open Circuit Voltage. This is the Thevenin Voltage (Vrp).
Open Current Sources and Short Voltage Sources.
Calculate /measure the Open Circuit Resistance. This is the Thevenin Resistance (Rty).
Now, Redraw the circuit with measured open circuit Voltage (Vry) in Step (2) as voltage
Source and measured open circuit resistance (Rry) in step (4) as a series resistance and
connect the load resistor which we had removed in Step (1). This is the Equivalent Thevenin
Circuit of that Linear Electric Network or Complex circuit which had to be simplified and
analyzed by Thevenin’s Theorem. You have done.
Now find the Total current flowing through Load resistor by using the Ohm’s Law It= Vy/
(Rt + Ryp).

Example:
Find Vg, Ry and the load current flowing through and load voltage across the load resistor in
fig (1) by using Thevenin’s Theorem.




12ka 8kq

Ru

4kQ 5kO

i
-y
@
<

o Fig 1
Step 1.
Open the 5kQ load resistor

®B Fig2

Step 2.

Calculate / measure the Open Circuit Voltage. This is the Thevenin Voltage (Vry). We have
already removed the load resistor from figure 1, so the circuit became an open circuit as shown
in fig 2. Now we have to calculate the Thevenin’s Voltage. Since 3mA Current flows in both
12kQ and 4kQ resistors as this is a series circuit because current will not flow in the 8kQ resistor
as it is open. So 12V (3mA x 4kQ) will appear across the 4kQ resistor. We also know that
current is not flowing through the 8kQ resistor as it is open circuit, but the 8kQ resistor is in
parallel with 4k resistor. So the same voltage (i.e. 12V) will appear across the 8kQ resistor as
4kQ resistor. Therefore 12V will appear across the AB terminals. So,

VTH =12V
3mA
| VA VVAVM—eA
12kQ J 8kQ T
§4sv - z 4k 12v
eB
ImA x 4kQ =12V Flg 3
Step 3.

Open Current Sources and Short Voltage Sources. Fig (4)

AAA—T—AAA—eA

12kQ 8ka

% 4kQ

*B riga

Step 4.
Calculate /measure the Open Circuit Resistance. This is the Thevenin Resistance (Rty)We have
Reduced the 48V DC source to zero is equivalent to replace it with a short in step (3),as shownin



figure (3) We can see that 8kQ resistor is in series with a parallel connection of 4kQ resistor
and 12k Q resistor. i.e.:

8kQ + (4k Q || 12kQ) ..... (]| = in parallel with)

Ry = 8kQ + [(4kQ x 12kQ) / (4kQ + 12kQ)]

Rty = 8kQ + 3kQ

RTH = llkg
—/\AVA—eA
12k0 l 8ka
'\ 4kQ - \&
i eB
= 8k + (4k @ || 12kQ) — = 8KQ + 3kQ
Rm=11kQ Flg 5
Step 5.

Connect the Ryyin series with Voltage Source Vryand re-connect the load resistor. This is
shown in fig (6) i.e. Thevenin circuit with load resistor. This the Thevenin’s equivalent circuit

MV A
11kQ
— RL
= 12¥ 5kQ
B

Thevenin's equivalent circuit

Step 6.

Now apply the last step i.e Ohm’s law . calculate the total load current & load voltage as shown
in fig 6.

I = Vi/ Ry + R)= 12V / (11kQ + 5kQ) — = 12/16kQ

I.=0.75SmA

And VL = ILX RL= 0.75mA x 5kQ

Vi=3.75V

Thevenin’s theorem is applied to ac circuits in the same way as they are to dc
circuits. Thevenin's theorem, as applied to ac circuits, provides a method for reducing any circuit
to an equivalent form that consists of an equivalent ac voltage source in series with an equivalent
impedance. The only additional effort arises from the need to manipulate complex numbers. The
frequency-domain version of a Thevenin equivalent circuit is depicted in Fig, where a linear

circuit is replaced by a voltage source in series with an impedance.
In
—0 a o

Linear

cireuit —=Vp

o b b

Problem:



Obtain the Thevenin equivalent at terminals a-b of the circuit in

Solution:

We find Zy, by setting the voltage source to zero. As shown in Fig. (a) below, the 8-Qresistance
is now in parallel with the —j6 reactance, sothat their combination gives

—Jj6%8
Zi=-i6//8="2"2=288_i3.84 Q
8—j6

Similarly, the 4-Qresistance is in parallel with the j12 reactance, andtheir combination gives

. Jj12x4 .
Z,=4//712 = — =3.6+31.2Q
44j12
o
J'I1 | JI:
sd £d
60 == e Yo
‘ | | 120,75° v @ P R VES e
EQE e =—/— Z40 3 120 I I b .
'( i v ] %-: f':‘! Fl12 O
: ) 2 | | |
a [l '
Ly :

A
(o) (b

The Thevenin impedance is the series combination of Z; and Z,; that is,
Zwv=721t7,=6.48 —j2.64 Q

To find V1, consider the circuit in Fig. (b). Currents I; andl, are obtained as
_120L7 5 120L7 5

" g—je 7 L= 4+j12
Applying KVL around loop bcdeab in Fig.(b) gives
Vn— 4L+ (-16) 1, =0
Or V= 41y + j61,= 480.L7 5+ 7 20.(7 .5|-90)
4+j12 8—j6
=137.95L.3.43° +721.201.87°
=-28.936 —j24.55=37.95 L220.31° V

Q4) Explain Norton’s Theorem with suitable example.

This is another useful theorem to analyze electric circuits like Thevenin’s Theorem, which
reduces linear, active circuits and complex networks into a simple equivalent circuit. The main
difference between Thevenin’s theorem and Norton’s theorem is that, Thevenin’s theorem
provides an equivalent voltage source and an equivalent series resistance, while Norton’s
theorem provides an equivalent Current source and an equivalent parallel resistance.




Norton’s Theorem may be stated as Any Linear Electric Network or complex circuit with
Current and Voltage sources can be replaced by an equivalent circuit containing of a single
independent Current Source Iy and a Parallel Resistance Ry.

Nk W=

" B Norton’s Equivalent Circuit

Simple Steps to Analyze Electric Circuit through Norton’s Theorem

Short the load resistor

Calculate / measure the Short Circuit Current. This is the Norton Current (Iy)

Open Current Sources, Short Voltage Sources and Open Load Resistor.

Calculate /measure the Open Circuit Resistance. This is the Norton Resistance (Ry)

Now, Redraw the circuit with measured short circuit Current (Iy) in Step (2) as current Source
and measured open circuit resistance (Ry) in step (4) as a parallel resistance and connect the
load resistor which we had removed in Step (3). This is the Equivalent Norton Circuit of that
Linear Electric Network or Complex circuit which had to be simplified and analyzed. You
have done.

Now find the Load current flowing through and Load Voltage across Load Resistor by using
the Current divider rule. I = In/ (Rn/ (Rx+ Ry))

Example:

Find Ry, Iy, the current flowing through and Load Voltage across the load resistor in fig (1) by
using Norton’s Theorem.

——AMA——AAA—A
20 | 30
s < L
=1V <60 =150
| ;
Step 1.
Short the 1.5€2 load resistor as shown in (Fig 2).
VW \VV—2A
0 | 30
=nv <60
B
Step 2.

Calculate / measure the Short Circuit Current. This is the Norton Current (Iy).




We have shorted the AB terminals to determine the Norton current, Iy, The 6Q and 3Q are then
in parallel and this parallel combination of 6€2 and 3Q are then in series with 2Q.

So the Total Resistance of the circuit to the Source is:-

2Q + (6 || 3Q) ..... (|| = in parallel with).

Rr=2Q+[3Qx 6Q)/(3Q +6Q)] — I1=2Q +2Q =4Q.

RT =40

|T =V/ RT

It =12V /4Q=3A..

Now we have to find Isc = In... Apply CDR... (Current Divider Rule)...
Isc=IN=3AXx[(6Q2/(3Q+ 6Q)] =2A.

ISC= IN = 2A.
——\W——AA—2A
20 30
=1V ;" 6Q ‘Ir
‘T [N = [5{;
+B
Step 3.
Open Current Sources, Short Voltage Sources and Open Load Resistor.
‘-"a‘\.'l.l'.—'- — '-‘(-’\ o A
_. 0 | 30
short] < 60

f.

Step 4.

Calculate /measure the Open Circuit Resistance. This is the Norton Resistance (Ry)

We have Reduced the 12V DC source to zero is equivalent to replace it with a short in step (3),
as shown in figure (4) We can see that 3€) resistor is in series with a parallel combination of 6€2
resistor and 2€Q resistor. i.e.:

3QQ+ (6Q || 2Q) ..... (|| = in parallel with)

Ry =3Q + [(6Q2x 2Q) /(6 +2Q)]

Ry=3Q +1.5Q
RN = 4.5Q
20 30
—\/\/\;T« —eA
5‘:5 6Q «n—‘g
@B
Step 5.

Connect the Ry in Parallel with Current Source Inyand re-connect the load resistor. This is shown
in fig (6) i.e. Norton Equivalent circuit with load resistor.



Step 6.

Now apply the last step i.e. calculate the load current through and Load voltage across load
resistor by Ohm’s Law as shown in fig 7.

Load Current through Load Resistor...

I. =Inx [Rn/ (Ryt Rp)]J=2A x (4.5Q /4.5Q +1.5kQ) — = 1.5A

I, = 1. SAAndLoad Voltage across Load Resistor...

VL = IL X RL: 1.5Ax 1.5Q=2.25V

1 A

R

2A (1' 4.50 % 1.50Q

* B

Norton’s theorem is also applied to ac circuits in the same way as they are to dc circuits. The
only additional effort arises from the need to manipulate complex numbers. The Norton
equivalent circuit is illustrated in Fig.below, where a linear circuit s replaced by a current source
in parallel with an impedance. Keep in mind that the two equivalent circuits are related as

V= ZnIN, Zmv= I

just as in source transformation. Vy, is the open-circuit voltage while Iyis the short-circuit
current.

Linear
circuit

Norton equivalent.

Obtain current Io in Fig. below using Norton’s theorem.

a

[ L
s ) 3,074
PER I
]| | $
| 2100
20,50°V b 353 jl50
1 gEne ‘
g
b
Solution:

Our first objective is to find the Norton equivalent at terminals a-b. Zxis found in the same way
as Zt,. We set the sources to zero as shownin Fig. (a). As evident from the figure, the (8 — j2)
and (10 + j4)impedances are short-circuited, so that



ZN: 5Q

To get Iy, we short-circuit terminals a-b as in Fig. (b) andapply mesh analysis. Notice that
meshes 2 and 3 form a supermesh because of the current source linking them. For mesh 1,
-40+(18+2) I -(8—j2) L -(10+j4) I3 =0 ...(1)

For the supermesh,

(13-12)L+(10+j4) L - (18 +j2) [=0...(2)

I = I a I
5 :;: S E lI_"\'
T s _|‘.11}_| " P CD 3 ilﬁ
A o A re e =1 ) ;3 20
L A, | P ! " o I < S
“3 el ® i @ ]
- 7 = j13
I = j4 L i 2
] 4 i TP ‘

(a) (b) ()
At node a, due to the current source between meshes 2 and 3,
L=1L+3...3)
Adding Egs. (1) and (2) gives
—740 + 5I,= 0 =1,=/8
From Eq. (3),
L=1L+3=3+/8
The Norton current is
L=L=03+8) A
Figure (c) shows the Norton equivalent circuit along with the impedanceat terminals a-b. By
current division
B 5 348
54204515 543

Io = 1.4651_38.48°A

Q5) Explain Superposition Theorem with a suitable example.

The superposition principle states that the voltage across (or current through) an element in a
linear circuit is the algebraic sum of the voltages across (or currentsthrough) that element due to
each independent source acting alone.

The principle of superposition helps us to analyze a linear circuit withmore than one independent
source by calculating the contribution of eachindependent source separately. However, to apply
the superposition principle,we must keep two things in mind:

1. We consider one independent source at a time while all otherindependent sources are turned
off. This implies that wereplace every voltage source by 0 V (or a short circuit), andevery current
source by 0 A (or an open circuit). This way weobtain a simpler and more manageable
circuit.Other terms such as killed, made inactive, deadened,or set equal to zero are often used to
conveythe same idea.

2. Dependent sources are left intact because they are controlledby circuit variables.With these in
mind, we apply the superposition principle in three steps:

Steps to Apply Super position Principle:




1. Turn off all independent sources except one source. Find theoutput (voltage or current) due to
that active source using nodal ormesh analysis.

2. Repeat step 1 for each of the other independent sources.

3. Find the total contribution by adding algebraically all thecontributions due to the independent
sources.Use the superposition theorem to find v in the circuit

Solution:

Since there are two sources, let

v=vl+12

wherevl and v2 are the contributions due to the 6-V voltage source and

the 3-A current source, respectively. To obtain v1, we set the currentsource to zero, as shown in
Fig. Applying KVL to the loop in Fig.gives

12il1-6=0 =il=05A

Thus,vl =4il =2V

.'-'-‘.'\vn" l. O

i &

STy Fi "y = "
6V L) .F_;. 40 ke
8]

We may also use voltage division to get v1 by writing

4 e e
v = (6) =2V.To get v2, we set the voltage source to zero, as in FigUsingcurrent division,i;
8

4+

. 8
3= s (3) =2A

30 4

@
103n @:a

Hencev2=4i3=8V
And we find
y=vl+1y2=2+8=10V

Since ac circuits are linear, the superposition theorem applies to ac circuitsthe same way it
applies to dc circuits.

Use the superposition theorem to find Io in the circuit
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Letlo=1I}+1{
Where I and I} are due to the voltage and current sources respectively. To find I, consider the
circuit given below. If we let Z be the parallel combination of —j2 and 8 + 10, then

—j2(8+j10 .
_ 208410 _ 55 225
—2j+8+j10
And current [ is
po__J20 _ j20
O 4—j2+4Z 4.25-j4.25
;4_\9 40
I, (1) P
20 sA@® F =0
7T o e o JjloQ .
[—Tﬂ-‘ © 2oV L .ﬂ
80 3 20 502 (L) 420
L T . R |
Fig (a) Fig (b)

1) =-2.353 +j2.353...(2)
To get Iy, consider the circuit in Fig (b) . For mesh 1,
(8 +j8)1; —j10 I3+ j2I,=0...(3)
Formesh2, (4-j4)L+j25=0 ...4)
For mesh3, I3=5 ...(5)
From eqs (4) & (5),
(4 —]4)12+J2 I+ _] 10 =0
Expressing I;in terms of I,gives
[=2+j2)L-5 ...(6)
Substituting Egs. (5) and (6) into Eq. (3), we get
(8 +78)[(2 +j2)I,— 5] —j50 +;2I,=0
or
90—j40

=2.647—-1.176
Current I is obtained as

1Y = I= 2.647 +j 1.176 ...(7)
From eqs (2) & (7),

2:

Io=1I,+ 1) =-5+j3.529 =6.12 L 144.78°A



Q6) Explain Maximum Power Transfer Theorem and derive an expression for Pmax.

In many practical situations, a circuit is designed to provide power to aload. While for electric
utilities, minimizing power losses in the processof transmission and distribution is critical for
efficiency and economicreasons, there are other applications in areas such as communications
where it is desirable to maximize the power delivered to a load. We nowaddress the problem of
delivering the maximum power to a load whengiven a system with known internal losses. It
should be noted that thiswill result in significant internal losses greater than or equal to the power
delivered to the load. The Thevenin equivalent is useful in finding the maximum power a

linear circuit can deliver to a load. We assume that we can adjust the loadresistance RL. If the
entire circuit is replaced by its Thevenin equivalent except for the load, as shown in Fig.the
power delivered to the loadis

o Vth o
P=i?Ri= () *Run(l)

Rn o
AAN -."\.40—‘ i i
X

b

For a given circuit, V', and Ry, are fixed. By varying the load
resistanceRL, the power delivered to the load varies as sketched in Fig. 4.49. Wenotice from Fig.
4.49 that the power is small for small or large values ofRL but maximum for some value of RL
between 0 andoo. We now wantto show that this maximum power occurs when RL is equal to
RTh. Thisis known as the maximum power theorem.

Maximum power transfer theoremstates that maximum power is transferred to the load when
the load resistance equals the Thevenin resistance as seen from the load (R, = Ry).

To prove the maximum power transfer theorem, we differentiatep in Eq. (4.21) with respect to
RL and set the result equal to zero. Weobtain
d Rth+R1)?—2RI( Rth+Rl
P _yth2 ( ) ( )]
d Rl (Rth+RD)*

— Vth? [(Rth+Rl—2Rl)
(Rth+RI)>
This implies thatO= (Rt,+ R — 2RL) = (Rmp— Ryp) ..(2)
which yields

RL: RTh(3)

showing that the maximum power transfer takes place when the load resistance R; equals the

Thevenin resistance Rrp,. We can readily confirm that he maximum power is given by showing
dZ
that d—2p<0.The source and load are said to be matched when R; = Ry,. The maximum power
Rl
transferred is obtained by substituting Eq.(3) into Eq. (1), for




__ Vth?
4 Rth™

(4)

max

Equation (4) applies only when R;= Rth. When R;#R,, wecompute the power delivered to the
load using Eq. (1).

PROBLEM: Find the value of RL for maximum power transfer in the circuit of Fig. Find the
maximum power.

60 iQ 2Q g

A

WA AN '».-‘-.-"-,"-.—O—|

12v @ L 120 Gg A

Solution:
We need to find the Thevenin resistance Ry, and the Thevenin voltage V1, across the terminals a-

b. To get Ry, we use the circuit in Fig. (a)and obtain

6%12
Rp=2+3+6//12= 5+F:12Q

60 30 20 60 30 20
AR L AAAA AANA— O MM | AN e o
R e 5 B N
= r F ol = Fl Az n
=120 _— 12V | = 12Ek | r-.) N2 A I
T % 1 P f.i— 2 C;:z} Th
¥ O
(a) [4=3]

To get V', we consider the circuit in Fig. (b). Applying mesh analysis,
=12+ 18i1— 12i,=0, =2 A
Solving for i1, we get i;=—2/3. Applying KVL around the outer loopto get V1, across terminals
a-b, we obtain
=12+ 601+ 3+ 2(0) + V=0 =Vm,=22V
For maximum power transfer, R;= Rty= 92
and the maximum power is
_ Vth? 222

 4Rth 4+9

= 13.44W

max

Maximum Power Transfer Theorem for AC Circuits:

When a load is connected to a circuit, maximum power is transferred to the load when the load
impedance is the complex conjugate of the circuit's output impedance. The complex conjugate of
R - jXc 1s R +jX1, where the resistances and the reactances are equal in magnitude. The output
impedance is effectively Thevenin's equivalent impedance viewed from the output terminals.
When Z; is the complex conjugate of Z,,, maximum power is transfered from the circuit to the
load. An equivalent circuit with its output impedance and load is shown below



z

Q7)Prove Reciprocity Theorem.

The ratio of excitation to response remains invariant in a reciprocal network with respect
to an interchange between the points of application of excitation and measurement of the
response.

Under Basic Electrical Engineering In many electrical networks it is found that if the positions
of voltage source and ammeter are interchanged, the reading of ammeter remains the same.
Suppose a voltage source is connected to a passive network and an ammeter is connected to other
part of the network to indicate the response. Now any one interchanges the positions of ammeter
and voltage source that means he or she connects the voltage source at the part of the network
where the ammeter was connected and connects ammeter to that part of the network where the
voltage source was connected. The response of the ammeter means current through the ammeter
would be the same in both the cases. This is where the property of reciprocity comes in the
circuit. The particular circuit that has this reciprocal property, is called reciprocal circuit. This

type of circuit perfectly obeys reciprocity theorem.

) PRENEREERERE foeee
_._. ...— . _.—

. Network (4 s (1) Network .
v etwo | |\~L ) (T etwor g
o lo— — e Pa—

B~ D B D

Verify reciprocity theorem for the 7-circuit.




Let us find response 72 of voltage source E in the position shown in Figure
Z2+Z3 2273+ 7271+ 7371
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Case 2
When positions of source, i.e. E, and response, i.e. / are interchanged asshown in next Figure
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From the above, it can be seen that I,= I;Hence theorem is verified. The ra‘uoE or
1

is called the transfer impedance and is given by
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Problems:

1) Find Vx by first finding Vth and Rth.
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B (Ans: Vx =2V)

2) For the circuit given below find Vap by first finding Thevenins equivalent circuit.
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(Ans: Vab=17V)

3) Find the voltage across 100Q resistor by finding Thevenins equivalent circuit.

(AHSI V100= 22.9 V)

4) Find the current in the 50Q resistor by drawing Nortons equivalent circuit.
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5 (Ans:In=10.7 A)

5) Find the current through 10 Q resistor using superposition theorem
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) (Ans: I=7/15 A)
6) Verify Reciprocity theorem for the network shown below, with source and response
positions being ab and cd.
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7) Calculate current in impedance Zsusing Superposition Theorem.

1+ 1

(Ans: L1=9.65L-75"A)

8) Find current in Z3 using Thevenin’s theorem in above network.

9) Find current in Z3 using Norton’s theorem in above network.
10) Find the value of RL that results in maximum power being transferred to RL.
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Unit V : Fundamentals of Electrical Machines :

Construction, Principle, Operation and Applications of (i) Single Phase Transformer (ii) Single Phase
Induction motor (iii) DC Motor.

Single Phase Transformer :

To overcome losses, the electricity from a generator is passed through a step up transformer, which
increases the voltage. Throughout the distribution system, the voltages are changed using step-down
transformers to voltages suitable to the applications at industry and homes.

Construction:

Transformer Core

Secondary Magnetic
Coll _ core
primary '{ =secondary Ve

Vg
Transformer
Where: Transformer Construction Symbols
Vp - is the Primary Voltage

=
1

is the Secondary Voltage

Np - is the Number of Primary Windings
Ns - is the Number of Secondary Windings
@ (phi) - is the Flux Linkage

Elements of Transformer:
Two coils having mutual inductance:

Laminated steel core.the two coils are insulated from each other and the steel core. Some suitable
container(Tank) for the assembled core and windings. Medium(Transformer oil) for insulating the core
and its windings from its container.

Suitable bushings( porcelain, oil filled or capacitor type), for insulating and bring out the terminals of
windings from the tank.

Transformer core is constructed of transformer sheet steel laminations assembled to provide a
continuous magnetic path with a minimum airgap included. The steel used is of high silicon content,
sometimes heat treated to produce a high permeability and low hysteresis loss at the usual operating
flux densities. The eddy current loss is minimized by laminating the core, the laminations being insulated
from each other by a light coat of core-plate varnish or by an oxide layer on the surface. The thickness of
laminations vary from 0.35mm for a frequency 50hz to 0.5mm for frequency 25Hz. The joints if the core
laminations in the alternate layers are staggered in order to avoid the presence of narrow gaps right
through the cross section of the core. Such staggered joints are said to be imbricated.



The transformers can be classified into two types depending on the manner in which the coils are

wound on the core.

i)

i)

iiii)

A. Cormor

C. Shell or double window type

Core type: Winding surrounded by a considerable part of the core.

Shell type: Core surrounded by a considerable portion of windings.

Spirakore type: In both core and shell type transformers, the individual laminations are cut
in the form of long strips of Es,Ls and Is

single window type

— Laminatica
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Another way of classifying transformer is depending on the method of cooling employed.

a) Oilfilled self cooled:

The assembled winding and cores of such transformers are mounted in the welded, oil
tight steel tank provided with steel cover. After putting the core at its proper place, the
tank is filled with purified high quality insulating oil. The oil serves to convey the heat
from the core and the winding to the case from where it is radiated out to the
surroundings. For small size, the tanks are usually smooth surfaced, but for large sizes,
the cases are frequently corrugated or fluted to get greater heat radiation area without
increasing the cubical capacity of the tank still large size are provided with radiators or
pipes.

b) Oil filled water cooled: the winding and the core are immersed in the oil, but there is
mounted near the surface of the oil a cooling coil through which cold water is kept
circulating. The heat is carried away by this water. The largest transformers such as
those used with high voltage transmission lines are constructed in the manner.

c) Air-blast type: for voltage below 25KV, transformers can be built for cooling by means of
an air blast. The transformer is not immersed in oil, but is housed in a thin sheet-metal



Conventional Representation of Transformer in Electrical Circuits:

Principle of operation:

box open at both ends through which air is blown from the bottom to the top by means
of a fan or blower.

oad

Primary Secondary
winding Winding

Transformer is a static piece of electric device.

If transformer electric power | one circuit to electrical power of same frequency to another
circuit.

The transformation is done by the process of mutual induction, where the two electric circuits
are in mutual inductive influence of each other without any physical contact.

The first coil in which electric energy is fed from AC supply is called primary winding and the
other from which energy is drawn out is called secondary coil.

It secondary wind is a closed circuit a current flows in it.

The working of the transformer can be explained as two methods:

1) Step up transformer:

If the primary coil has 3 loops and secondary coil has 30, the voltage == - g‘

is stepped up 10 times.

Pri Second
2) Step down transformer: winding winding

If primary coil has 30 loops and secondary coil has 3 loops, the voltage is stepped down 10
times.

Emf Equation of A Transformer:

N;= no. of primary turns,

N,=No. of secondary turns.

@,,=Bn*A : maximum flux in core in webers.
f=frequency of AC i/p In Hz.

b
Average rate of change of ﬂux:(bTm =410, WT or volts.

4f
Rate of change of flux per turn ( Induced emfin volts):% =4f0Q,, volts.
RM
Form Factor = ——=1.11
emf
RMS value of e 1.11 * 4@, = 4.44fN,0,, volts

RMS value of induced EMF in whole primary winding = 4.44f®,,N;



E, = 4.44f®,,N,-4.44f N, B, A
RMS value of EMF induced in secondary E, = 4.44fN,®,,, volts

= — = k(votlage Transformation ratio)
Ny N,

N, >N; => k>1=>StepUp
N, < N; => k <1 =>Step Down

Transformer - Losses And Efficiency

Losses In Transformer

In any electrical machine, 'loss' can be defined as the difference between input power and output
power. An electrical transformer is an static device, hence mechanical losses (like windage or friction
losses) are absent in it. A transformer only consists of electrical losses (iron losses and copper losses).
Transformer losses are similar to losses in a DC machine, except that transformers do not have
mechanical losses.

Losses in transformer are explained below -

(1) Core Losses Or Iron Losses

Eddy current loss and hysteresis loss depend upon the magnetic properties of the material used for the
construction of core. Hence these losses are also known as core losses or iron losses.

= Hysteresis loss in transformer: Hysteresis loss is due to reversal of magnetization in the
transformer core. This loss depends upon the volume and grade of the iron, frequency of magnetic
reversals and value of flux density. It can be given by, Steinmetz formula:

Wi= NBrax fV (watts)
where, n = Steinmetz hysteresis constant
V = volume of the core in m*

» Eddy current loss in transformer: In transformer, AC current is supplied to the primary winding
which sets up alternating magnetizing flux. When this flux links with secondary winding, it produces
induced emf in it. But some part of this flux also gets linked with other conducting parts like steel
core or iron body or the transformer, which will result in induced emf in those parts, causing small
circulating current in them. This current is called as eddy current. Due to these eddy currents, some
energy will be dissipated in the form of heat.

(1i) Copper Loss In Transformer

Copper loss is due to ohmic resistance of the transformer windings. Copper loss for the primary winding
is 1,°R; and for secondary winding is ,°R,. Where, I, and I, are current in primary and secondary winding
respectively, R; and R, are the resistances of primary and secondary winding respectively. It is clear that

Cu loss is proportional to square of the current, and current depends on the load. Hence copper loss in



transformer varies with the load.

Efficiency Of Transformer

Just like any other electrical machine, efficiency of a transformer can be defined as the output power
divided by the input power. That is efficiency = output / input .

Transformers are the most highly efficient electrical devices. Most of the transformers have full load
efficiency between 95% to 98.5% . As a transformer being highly efficient, output and input are having
nearly same value, and hence it is impractical to measure the efficiency of transformer by using output /
input. A better method to find efficiency of a transformer is using, efficiency = (input - losses) / input = 1
- (losses / input).

Condition For Maximum Efficiency

Let,
Copper loss = 112R1
Iron loss = Wi
cope | R+ W
efficiency = 1 - |IL'ibbLb _— | |
input V 1 cos,
IR, w
=1 Iy _ ,
"u."_cns{hl v II Icm.ll:ll

differentiating above equation with respect to |

dn R, W

dl, V cosd . v, Ilcm'.'lll

d
1 will be maximum at d_1]l =10

Hence efficiency n will be maximum at

R, W
V cosd - V I cos®,
I 7R, W
V 1 fcosd - \-’I[_:::;'.n:-'.-ilil
1R, = W

Hence, efficiency of a transformer will be maximum when copper loss and iron losses are equal.
That is Copper loss = Iron loss.



VOLTAGE REGULATION OF A SINGLE PHASE TRANSFORMER:
The voltage regulation is the percentage of voltage difference between no load and full load voltages of
a transformer with respect to its full load voltage.

Explanation:

Say an electrical power transformer is open circuited, means load is not connected with secondary
terminals. In this situation, the secondary terminal voltage of the transformer will be its secondary
induced emf E,. Whenever full load is connected to the secondary terminals of the transformer, rated
current |, flows through the secondary circuit and voltage drop comes into picture. At this situation,
primary winding will also draw equivalent full load current from source. The voltage drop in the
secondary is |,Z, where Z, is the secondary impedance of transformer. Now if at this loading condition,
any one measures the voltage between secondary terminals, he or she will get voltage V, across load
terminals which is obviously less than no load secondary voltage E, and this is because of I,Z, voltage
drop in the transformer.

Expression of Voltage Regulation of Transformer
Expression of Voltage Regulation of Transformer,

gl T
£ — Va

represented in percentage, is Voltage regulation(%) = — % 100%

0

Voltage Regulation of Transformer for Lagging Power Factor
Now we will derive the expression of voltage regulation in detail.
Say lagging power factor of the load is cosB,, that means angle
between secondary current and voltage is 6,

Here, from the above diagram,

OC =04+ AB 4+ BC

Here, OA= V) _
Voltage Regulation at Lagging Power Factor

Here, AG = AF costh = [2H2costh

aid, BC = DEsinty = [hXssinth
Angle between OC & OD may be very small, so it can be neglected and OD is considered nearly equal to
OCi.e.

by =00 =04+ A8 + Bd

Ey =0C =Vo +hRacosth + L Xosinth
Voltage regulation of transformer at lagging power factor,

x

. O Y Ez — V5 ; O Y
Voltage regqulation (/1) = % x 100(%)
o

_ DRycosth + I Xysinfy
— "

x 100(%)



Voltage Regulation of Transformer for Leading Power Factor
Let's derive the expression of voltage regulation with leading
current, say leading power factor of the load is cos8,, that means
angle between secondary current and voltage is 6,.

Here, from the above diagram,

OO =0A4A+ AB — BC Yoltage Regulation at Leading Power Factor
rr oA 1

12 i L e

H - AF — AF remg 3 — T2 g G

L L LT L J.u_.L“\kﬂl‘vﬁ_xﬁxlﬁkhﬂl‘vﬁ

and. B = [Esginfla = I Xgin s

Angle between OC & OD may be very small, so it can be neglected and OD is considered nearly equal to
OCi.e.

By =00 =0UA+ A — BC

Er =0C =V + IsRacostla — [2 Xasin 2

Voltage regulation of transformer at leading power factor,

B -V |
Voltage regulation (o) = g x 100(%%)
.-’2

IzRycosfly — I Xosinth
- 7

% 100(%)

Why is Transformer Rated in KVA, not in KW ?

Copper losses ( I?R) depends on Current which passing through transformer winding while Iron Losses or
Core Losses or Insulation Losses depends on Voltage. So the Cu Losses depend on the rated current of
the load so the load type will determine the power factor, that is why the rating of Transformer in kVA,
and not in kW.

Solved Example:

A 40KVA single phase transformer has 400 turns on primary and 100 turns on secondary the primary is
connected to 200V, 50Hz supply, Determine

1) The secondary voltage on open circuit.
2) The current flowing through the two windings on full load.
3) The maximum value of flux.

Solution: Tr, rating=40KVA, N;=400,N,=100



Primary induced voltage V,=200V,
1) Secondary voltage on open circuit: V,
V,_ N
Vi N
= 500volts

vy =1,y = 2000 « 20
= — % = *
27N, 400
2)Primary Current (l,): at full load,

KVA*100 1000
I, = = 40 * ——=20A
A 200

secondary current at full load I, = KV?;NO = 40 * %=8OA
2

3)Maximum value of flux
EMF equation E = 4.44fN;0,,

A 200

_ - = 0.022 wh
444 % f N, _ 444 %50 * 200 Q

Din

Single Phase Induction Motor:

Single phase induction motor perform a great varity of useful services in the home , the office, factory,
business establishments on the farm and many other places where electricity is available.

There are different type of Single Phase Induction Motor:

1) Split Phsae Motor:
a. Resistance start motors.
b. Capacitor start motors.
c. Permanent —split(single value) capacitor motor.

d. Two value capacitor motor.
2) Shaded pole induction motor.
3) Reluctance start induction motor.
4) Repulsion start induction motor.

Construction and Working Principle:

An induction motor is simply an electric transformer whose primary winding is stationary and secondary
winding is free to rotate.

This motor has

1) Its stator is provided with a single phase winding and

2) A centrifugal switch is used in same types of motors in order to cutout a winding , used only for
starting purpose. It has distributed stator winding and a squirrel cage rotor. When fed from a
single phase supply, its stator winding , produces a flux(field) which is only alternating i.e., one



which alternates along one space axis only. Now an alternating or pulsating flux acting on a

stationary squirrel cage rotor cannot produce rotation(only a revolving flux can ). That is why a

single phase motor is not self starting.

However, if the motor of such machine is given an initial start by a small external force, in either

direction , then immediately a torque arises and the motor accelerates to its final speed. This

behaviors is explained in two ways:

1) Double-field revolving theory.

2) Cross-field theory:
This theory makes use of the idea that an alternating uni - axis quantity can be represented
by two oppositely rotating vectors of half magnitude. Accordingly, an alternating sinusoidal
flux can be represented by two revolving fluxes, each equal to half the value of the
alternating flux and each rotating synchronously (Ns = 120 / f) in opposite direction.
However if the rotor is started somehow say, in the clockwise direction, the clockwise
torque starts increasing and the same time, the anticlockwise torque starts decreasing.
Hence there is a certain amount of net torque in the clockwise direction which accelerated
the motor to full speed. Depending on different starting methods, the different type of
induction motor are mentioned above.

Equivalent Circuit of Single Phase Induction Motor: 5
Z
The single phase induction motor has been imagined to be A N IO S
made up of 2
Vy ol ;Tz’
1) One stator winding and 8. T
2) Two imaginary rotor. The stator impedance is

Z1=R;+j X; . the impedance of each rotor is

(ry+jx;) where r,and x, represent half the actual rotor values in stator terms.(x, stands
for half the standstill reactance of the rotor, as referred to stator) Iron loss has been
neglected, the exciting branch is shown consisting of exciting reactance only. Each rotor
has been assigned half the magnetizing reactance(x,, : half the actual reactance).

. Jxm(Z+jxz) _ . o
Impedance of the forward running motor Zy = 7—>———— and it runs with a slip ‘s
=+ (xm+x2)
. Jxm(G2+]x2)
Impedance of backward running motorZ, = rzmz‘—sz
st (xmtx2)

And it runs with a slip of (2-s).
Under standstill condition, V; is 90 to 95% of applied voltage.

. 2
Forward torque is synchronous watts Ty = 22
. I2r,
Backward Torque is Tj, = P

Total Torque T =Ty — T}



DC Motor:

An electrical motor is a machine which converts electrical energy in to mechanical energy. Its action is
based on the principle that when a current carrying conductor is placed in a magnetic field, it
experiences a mechanical force whose direction is given by FLEMINGS LEFT hand rule and whose
magnitude is given by F=BIL Newton.

The same DC machine can be operated both like a generator as well as motor. So the construction of the
machine will be same for both DC motor and DC generator.

Construction of Dc Machine:

The different parts of the machine and their working are

explained as follows.

e S FTIAETY
—= omdlucions

Yoke: The outer frame of the machine is called yoke and it
serves two purposes. Commmator—e—k

1) Mechanical support for the poles and a
protecting cover for the whole machine.

2) It carries magnetic flux produced by pole.
This is made of cast iron/cast steel or rolled steel.

Pole Cores and Pole Shoes: These are built of the thin laminations of annealed steel which are riveted
together under hydraulic pressure. The thickness of laminations vary from 1mm to 0.25mm. The
laminated poles are secured to the yoke by means of screws bolted through the yoke into the pole body.

The pole shoe serve two purposes.

1) The spread out the flux in the air gap and also being of large cross section, reduce the reluctance
of the magnetic path.
2) They support exciting (or) field coils.

Pole Coils: The field or pole coils are former wound and placed on the pole core. The current passing
through these coils electromagnetics the poles which produces the necessary flux that is cut by the
revolving armature.

Armature Core: The houses the armature coils and causes them to rotate and hence cut the magnetic
flux.

It is a cylindrical or drum shaped and built up of circular sheet steel discs or laminations approximately
0.5mm thickness.

Usually the laminations are performed for air ducts which permits axials flow of air through the
armature for cooling purpose. A complete circular lamination is made up of four or six or even eight
segmental laminations. The two keyways are notched in each segment and are dovetailed or wedge



shaped to make the laminations self locking in position. The purpose of laminations is to reduce the
eddy current losses.

Armature winding: These are usually former wound. These are first wound in the form of flat
rectangular coils and are them pulled into their proper shape in a coil puller. Various conductors of the
coils are insulated from each other. The conductors are placed in the armature slots which are lined with
tough insulating material, the slot insulation is folded over above the armature conductors placed in the
slot and is secured in place by special hard wooden or fiber wedge.

Commutator: The function of commutator is to facilitate collection of current( or supply) from armature
conductors. It rectifies AC current in armature conductors into DC current in external load circuit if
generator or rectifies DC current from supply to ac current in armature if motor.

Commutator segments are insulated from each other by mica. Number of segments are equal to
number of armature coils.

Brushes and Bearings: Their function is to collect current from commutator. These are made of carbon
or graphite.

Working Principle:

When the field magnets are excited and its armature conductors are supplied with current from the
supply mains, they experience a force tending to rotate the armature. Armature conductors under N-
pole are assumed to carry current downwards and those under S-pole carry current upwards. By
applying FLEMINGS LEFT hand rule, the direction of the force on each conductor can be found. It will be
seen that each conductor experiences a force F which tends to rotate the armature in anti-clockwise
direction. These forces collectively produce a driving torque which sets the armature rotating.

TORQUE EQUATION OF DC MOTOR
Under Electrical Motor The term torque as best explained by Dr. Huge d Young is the quantitative
measure of the tendency of a force to cause a rotational motion, or to bring about a change in rotational

motion. It is in fact the moment of a force that produces or changes a rotational motion.

The equation of torque is given by, T=FRsin® .. i, 11
Where F is force in linear direction. R
4—’\
‘ ®
R is radius of the object being rotated, 3 &
F/ |Fsind
and 0 is the angle, the force F is making with R vector [ /

The dc motor as we all know is a rotational machine, and torque of dc motor is a very important
parameter in this concern, and it’s of utmost importance to understand
the torque equation of dc motor for establishing its running

characteristics.




To establish the torque equation, let us first consider the basic circuit diagram of a dc motor, and its

voltage equation.

Referring to the diagram beside, we can see, that if E is the supply voltage, E; is the back emf produced

and |,, R, are the armature current and armature resistance respectively then the voltage equation is

given by,

But keeping in mind that our purpose is to derive the torque equation of dc motor we multiply both
sides of equation (2) by I..
Therefore, EI, = EyI, + I1*Ry . ooen .. (3)

i

Now I,°.R, is the power loss due to heating of the armature coil, and the true effective mechanical
power that is required to produce the desired torque of dc machine is given by,

R.! = Enar” |:”

The mechanical power P, is related to the electromagnetic torque T, as,

Flr!:r(?h‘-:l A I'f']
Where w is speed in rad/sec.
Now equating equation (4) & (5) we get, Eyl, = '_{_q;.a_:
Now for simplifying the torque equation of dc motor we substitute. Ey — PpZN (6)

Where, P is no of poles,
¢ is flux per pole,

Zis no. of conductors,
A'is no. of parallel paths,

and N is the speed of the D.C. motor.

H A 2N .
ence w = 0 - (7)
Substituting equation (6) and (7) in equation (4), we get: T, = Z:A“

The torque we so obtain, is known as the electromagnetic torque of dc motor, and subtracting the
mechanical and rotational losses from it we get the mechanical torque.
Therefore, T,,, = T, mechanical losses.
This is the torque equation of dc motor. It can be further simplified as:
Ty = K.l
PZ

where k, = )



Which is constant for a particular machine and therefore the torque of dc motor varies with only flux ¢
and armature current |,.
The Torque equation of a dc motor can also be explained considering the

figure below.

L

Here we can see Area per pole 4, = ZTZ
@

B =—

A,

@

B =
2nrL

Current / conductor I, = I, / A
Therefore, force per conductor = f. = BLI,/A
Now torque T, = f..r = BLI,.r/A

Pol,
T. =
‘WA
Hence the total torque developed of a dc machine is,
PoZl,
T, =———F+
21mA

This torque equation of dc motor can be further simplified as:
Ty = K9,

PZ
where k, = P

Which is constant for a particular machine and therefore the torque of dc motor varies with only flux ¢

and armature current I,.



