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Theory : 4 Periods per week l.A. :20 Marks
Total Periods : 60 Periods Term End Exam : 80 Marks
Examination : 3 Hours TOTAL MARKS : 100 Marks

Chapter wise Distribution of periods with Total periods

Sl. Topics Periods
No.
1. CIRCUIT ELEMENTS & ENERGY SOURCES 06
2. NETWORK THEOREMS (Applications in dc circuits) 12
3. Power Relation in AC circuits & Transient Response of 12
passive circuits(DC)
4, RESONANCE AND COUPLED CIRCUITS 10
5. LAPLACE TRANSFORM AND ITS APPLICATIONS 08
6. Two Port Network Analysis 05
7. FILTERS & ATTENUATORS 07
TOTAL 60

Rationale:

A circuit may be called a DC circuit or AC circuit based on type of component and sources
used. It play an important role in many diverse field of science and Engineering. Circuit laws
provide a basis for analysing the circuit. The circuit analysis is the process of determining the
values of the unknown quantities in a Dc or Ac circuit. The Circuit Theory will cover some the
basics of electric circuit theory, circuit analysis, and will touch on circuit design. Topics covered
include AC and DC circuits, passive circuit components, phasors, and RLC circuits. The focus
is on students of an electrical/Electronic engineering under diploma program. Hobbyists would

benefit more from reading Electronics instead.
Objective:

After completion of this course the student will be able to:

1. Classification of different Network elements.
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Understanding Star & Delta connections and their interconnection.
Know different Network theorems.

Know the AC fundamentals.

Know Different Network Functions & Laplace Transform.

Know different filters and attenuations.

Know the Resonance & coupled circuits.

Nooaswd

Detailed Contents:

Unit-1:

Unit-2:

Unit-3:

Unit-4:

CIRCUIT ELEMENTS& ENERGY SOURCES

1.1 Circuit elements (Resistance, Inductance, Capacitance), Scope of network analysis &
synthesize

1.2 Voltage Division & Current Division, Energy Sources

1.3 Electric charge, electric current, Electrical energy, Electrical potential, R-L-C
parameters, Active& Passive Elements.

1.4 Energy Sources, Current and voltage sources and their transformation & mutual
inductance

15 Star — Delta transformation

NETWORK THEOREMS  (Applications in dc circuits)
2.1 Nodal & Mesh Analysis of Electrical Circuits with simple problem.

2.2 Thevenin’s Theorem, Norton’s Theorem, Maximum Power transfer Theorem,
Superposition Theorem, Millman Theorem, Reciprocity Theorem-Statement,
Explanation & applications

2.3 Solve numerical problems of above.
Power Relation in AC circuits & Transient Response of passive circuits

3.1 Definition of frequency, Cycle, Time period, Amplitude, Average value, RMS value,
Instantaneous power & Form factor, Apparent power, Reactive power, power Triangle
of AC Wave.

3.2 Phasor representation of alternating quantities

3.3 Single phase Ac circuits-Behaviors of A.C. through pure Resistor, Inductor & Capacitor.

3.4 DC Transients-Behaviors of R-L, R-C, R-L-C series circuit & draw the phasor diagram
and voltage triangle

3.5 Define Time Constant of the above Circuit

3.6 Solve numerical simple problems of above Circuit.

RESONANCE AND COUPLED CIRCUITS

4.1 Introduction to resonance circuits & Resonance tuned circuit,

4.2 Series& Parallel resonance

4.3 Expression for series resonance, Condition for Resonance, Frequency of Resonance,
Impedance, Current, Voltage, power, Q Factor and Power Factor of Resonance,
Bandwidth in term of Q.

4.4 Parallel Resonance (RL, RC& RLC)& derive the expression
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4.5 Comparisons of Series & Parallel resonance& applications
4.6 simple problems of above Circuit

Unit-5: LAPLACE TRANSFORM AND ITS APPLICATIONS

5.1 Laplace Transformation, Analysis and derive the equations for circuit parameters of
Step response of R-L, R-C &R-L-C

5.2  Analysis and derive the equations for circuit parameters of Impulse response of R-L, R-
C, R-L-C

Unit-6: Two Port Network Analysis

6.1 Network elements, ports in Network (One port, two port),

6.2 Network Configurations (T & pie).

6.3 Open circuit (Z-Parameter)& Short Circuit(Y-Parameter) Parameters- Calculate open &
short Circuit Parameters for Simple Circuits & its conversion

6.4 h- parameter (hybrid parameter) Representation

6.5 Define T-Network & pie — Network
Unit-7: FILTERS& ATTENUATORS

7.1 Ideal &Practical filters and its applications, cut off frequency, passband and stop band.

7.2 Classify filters- low pass, high pass, band pass, band stop filters & study their
Characteristics.

7.3 Butterworth Filter Design

7.4 Attenuation and Gain, Bel , Decibel & neper and their relations.

7.5 Attenuatorsé& its applications. Classification-T- Type & Pl — Type attenuators

Coverage of Syllabus upto Internal Exams (I.A.)
Chapter 1, 2,3, 4
Books Recommended

1. Circuit Theory by A.Chakbarti, Dhanpat Rai & Co Publication

2. Network Theory bySmarajitGhosh, PHI Learning Private Limited

3. Circuit Theory by Ravish S Salivahanan& S Pravin Kumar, Vikas Publication
4. Circuit and Networks by Nagsarkar, Oxford Publication



UNIT 1 — CIRCUIT ELEMENTS & ENERGY SOURCES

1.1 Circuit Elements-
An electronic circuit is composed of individual components which are electronic such
as resistors, transistors, capacitors , inductors and diodes connected by wires which
are conductive or traces through which the electric current can flow. A circuit which
Is electronic can be usually categorized as analogue. The analogue electronic circuit
is the one in which voltage or current may vary continuously with time which
corresponds to the information that is being represented. The circuit is constructed
from two building fundamental blocks: parallel or the series circuits.

In a series circuit, the same current passes through a series of components. In
a circuit which is parallel, all the components are connected to the same voltage and
the current divides is between the various components that are according to their
resistance.
Basic Electrical Components are: Resistors, Capacitors, Light Emitting Diode (LED),
Transistors, Inductors, Integrated Circuit (IC), Circuit Breaker, Fuse, Switch,
Transformer, Electrical Wires & Power Cables, Battery, Relay, Motor etc.

1. Resistors: Resistors control the electric currents that pass through them, as
well as the voltage in each component connected to them. Without resistors, other

components may not be able to handle the voltage and this may result in overloading.
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The standard unit for resistance is the ohm, which is named after German
physicist Georg Simon Ohm. It is defined as the resistance in a circuit with a current
of 1 ampere at 1 volt. Resistance can be calculated using Ohm's law, which states
that resistance equals voltage divided by current, or R = V/I (more commonly written
as V = IR), where R is resistance, V is voltage and | is current.

2. Capacitors: Capacitors are passive two-terminal electronic components. They act
like rechargeable batteries — they can store electrical energy, and then transmit that
energy again when needed. Capacitance is the ability of a device to store electric
charge, and as such, the electronic component that stores electric charge is called a
capacitor. The simplest capacitor consists of two flat conducting plates separated by
a small gap. The potential difference, or voltage, between the plates is proportional
to the difference in the amount of the charge on the plates. This is expressed as Q =
CV, where Q is charge, V is voltage and C is capacitance.

The capacitance of a capacitor is the amount of charge it can store per unit of
voltage. The unit for measuring capacitance is the farad (F), named for Faraday, and
Is defined as the capacity to store 1 coulomb of charge with an applied potential of 1
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volt. One coulomb (C) is the amount of charge transferred by a current of 1 ampere
in 1 second.

Capacitive Reactance Formula

Xc

2n fC
e Where:
« Xc = Capacitive Reactance in Ohms, (Q)
T (pi) = a numeric constant of 3.142
f = Frequency in Hertz, (Hz)
C = Capacitance in Farads, (F)

3. Inductors: Inductors are passive two-terminal electronic components that store
energy in a magnetic field when an electric current passes through them. Inductors
are used to block alternating currents while allowing direct currents to pass. They can
be combined with capacitors to make tuned circuits, which are used in radio and TV
receivers. The unit for inductance is the henry (H), named after Joseph Henry, an
American physicist. One henry is the amount of inductance that is required to induce
1 volt of electromotive force (the electrical pressure from an energy source) when the
current is changing at 1 ampere per second.

Inductive Reactance Formula

X, = 2xfL

« Where:

o X = Inductive Reactance in Ohms, (Q)
o 17 (pi) = a numeric constant of 3.142

o f =Frequency in Hertz, (Hz)

« L =Inductance in Henries, (H)
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4. Diodes: Diodes are semiconductor components that act as one-way switches for
currents. They allow currents to pass easily in one direction but restricts currents from
flowing in the opposite direction.

Phote , Gunn
Diode /' Diode

Types of Diodes & Their Applications

Schottky Diode P PNDiode ~ ] Vacuum ’  LaserDiode 7 Zener Diode
"4

/" Diode /
’ i
/ g

5. Transistors: Transistors are crucial to the printed circuit board assembly process
due to their multi-functional nature. They are semiconductor devices that can both
conduct and insulate and can act as switches and amplifiers. They are smaller in
size, have a relatively longer life, and can operate at lower voltage supplies safely
without a filament current. Transistors come in two types: bipolar junction transistor
(BJT) and field effect transistors (FET).

Types of Transistors

(BJT, FET, MOSFET, IGBT & Special Transistors)

VOLTAGE-CURRENT RELATIONSHIP OF CIRCUIT ELEMENTS-

v
Resistor R (Ohms ) v=Ri F= E P=iER
Induetor L (Henrv H) v = L—d—r = ]— j vit + iy P=J di
dt 2 dt
where iy is the initial
current in mductor
: e ; K g v dv
Capacitor C (Farad F) U—Ejzdt+v0 z—cg P =(:v-£;

where v, is the
initial voltage across
capacitor



Scope of network analysis & synthesize: Network analysis is a process through
which we calculate various electrical parameters of a circuit element connected in an
electrical network. It uses mathematical tools to analyze a circuit. Using number of
methods, the networks are studied and the response is obtained. Such a response
Is unique for a given network and known excitation. So obtaining a response for a
known network and known excitation is called network analysis. In the network
synthesis, the procedure is exactly opposite to the analysis.

Network synthesis is a design technique for linear electrical circuits. Synthesis
starts from a prescribed impedance function of frequency or frequency response and
then determines the possible networks that will produce the required response. The
technique is to be compared to network analysis in which the response (or other
behaviour) of a given circuit is calculated.

OHM’S LAW - It states that the current flowing in a circuit is directly proportional to
the applied potential difference and inversely proportional to the resistance in the
circuit at constant temperature. | aV
V=IR
Where: V = voltage expressed in Volts

| = current expressed in Amps

R = resistance expressed in Ohms
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KIRCHHOFF’S LAW -

« Kirchhoff's current law (1st Law) states that the current flowing into a node
(or a junction) must be equal to the current flowing out of it. This is a
consequence of charge conservation.

@BYJus

Currents
in

Currents entering the node
equals

current leaving the node Currents

out

L+L+L+(-l,+-)=0

« Kirchhoff's voltage law (2nd Law) states that in any complete loop within a
circuit, the sum of all voltages across components which supply electrical
energy (such as cells or generators) must equal the sum of all voltages across
the other components in the same loop. The sum of voltages around a loop is
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zero. This law is a consequence of both charge conservation and the
conservation of energy.

VW

WR, %
Vs ix 3i,
+ +
Rs

Inloop1l, Vs—I1iRi—(l1-1))R3=0
Inloop 2, [2R2-3Ix—(l2-l1) R3=0
1.2 Voltage Division

Voltage Divider circuits are used to produce different voltage levels from a common
voltage source but the current is the same for all components in a series cicruit

So solving for the current (1) flowing through the series network gives us:
Vy, = Vo, +V,, (KVL)

Vg = IxR, and Vg = IxR,
Then: V, = IxR, + IxR,

© Vg = I[R; +R, )

Vs

S0 T = —=
(R, +R,)

The current flowing through the series network is simply | = V/R following Ohm’s

Law. Since the current is common to both resistors, (Ir1 = Ir2) we can calculate the

voltage dropped across resistor, Rz in the above series circuit as being:

VRE — VS

IRE - R2 - (R1+R2)




Likewise for resistor R: as being:

Voltage Dividers Equation

R
\/ = | i
Rl g [ RT ]
Where: VR is the voltage drop across the resistor, Rx is the value of the resistor,
and R is the total resistance of the series network. This voltage divider equation can
be used for any number of series resistances connected together because of the
proportional relationship between each resistance, R and its corresponding voltage
drop, V.
Current Division
Current Divider circuits have two or more parallel branches for currents to flow
through but the voltage is the same for all components in the parallel circuit.

+ O - -
T:;- I
i Y L
Wy Ry Ra
) é T | v

So solving for the voltage (V) across the parallel combination gives us:
L= 1y L

R

vov o [1 o1
J_...:—_'_— = b _
~ R. R, {R: R]—‘

-l
V-1 L I; RE,
KRR, R.*tR,

Solving for Ir: gives:



| |
-+ —
R, R.
Ll =T R
R.+R,
Likewise, solving for Ir2 gives:
1
v R
Iy = —— = L :
R, 1.1
RI R2

1.3 Electrical charge, Current, electric potential, Energy and Power

Electric Charge is the property of subatomic particles that causes it to experience a
force when placed in an electric and magnetic field.” Electric charges are of two types:
Positive and Negative, commonly carried by charge carriers protons and electrons.
Coloumb is the unit of electric charge. “One coulomb is the quantity of charge
transferred in one second.”

Mathematically, the definition of a coloumb is represented as: Q = I.t

In the equation, Q is the electric charge, | is the electric current and t is the
time.

Electric current is the flow of electric charge in a circuit. More specifically, the
electric current is the rate of charge flow past a given point in an electric circuit. The
charge can be negatively charged electrons or positive charge carriers including
protons, positive ions or holes. The magnitude of the electric current is measured in
coulombs per second, the common unit for this being the Ampere or amp.

Voltage is defined as the potential difference between two points in an electric circuit
that imparts one joule (J) of energy per coulomb (C) of charge that passes through
the circuit. V = Change in Potential Energy/Charge = AU/Q. It's unit is volt.

Electrical Energy supplies the power required to produce work or an action within
an electrical circuit and is given in joules per second. This action can take many
forms, such as thermal, electromagnetic, mechanical, electrical, etc. Electrical
energy can be both created from batteries, generators, dynamos, and photovoltaics,
etc. or stored for future use using fuel cells, batteries, capacitors or magnetic fields,
etc. Thus electrical energy can be either created or stored.

Electrical Power is the product of the two quantities, Voltage and Current and so
can be defined as the rate at which work is performed in expending energy. It is the



rate at which work is performed during one second. If voltage, (V) equals Joules per
Coulombs (V = J/C) and Amperes (I) equals charge (coulombs) per second (A = Q/1),
then we can define electrical power (P) as being the totality of these two quantities.
This is because electrical power can also equal voltage times amperes, that is:

P = V*.

The Watt
o4 _Q
A" - and 1 T
Ay, Q —1C
i p=ver= Q=1 C

Then: P — 7 =7 —
(&

1 watt (W) = 1 joule/second (J/s)
Active & Passive elements —

1. Active components are those that deliver, produce or transfer energy or
power in the form of a voltage or current. Passive components are those
that utilise or store energy in the form of voltage or current.

2. Examples of the active components are diodes, transistors, SCR, integrated
circuits, etc. similarly, examples of the passive components are resistor, capacitor,
and inductor.

3. Active components are capable of providing the power gain, whereas passive
components are not capable of providing the power gain.

4. Active components can control the flow of current, but passive components
cannot control the flow of the current.

5. Active components are energy donors, whereas passive components are
energy acceptors.

Series RLC Circuit Analysis:Series RLC circuits consist of a resistance, a
capacitance and an inductance connected in series across an alternating supply.

R L C
— AAA—YN [
1l
Ve Vi Ve
i(t) = Irn Sin{:[')t) //i;\l
h N



Element Impedance-

Circuit element | Resistance(R) | Reactance(X) Impedance (2)
Resistor R 0 2, =R
=R20’
Inductor 0 wlL Z, =]l
= wl/+90
c : 1 1
apacitor 0 S Z =
wC © jeC

Instantaneous Voltages for a Series RLC Circuit
KVL: V-V -V -V =0

di  Q
Vo-IR-L=-Z==0
o dt C

. _ di , Q
..VS 'RJ’LEJ’E

B 7 2
V, = LRT+ (X - X)

LV, =1xZ  where: Z= JR” +(X - X

1.4 Energy Sources




Energy Source

Alternating Source

Direct Source

Independent
Vpitage and
Current Source

Dependent Voltage
and Current Source

\v

Current Contralled
Current Source

(CCCs)

Current Controlled
Voltage Source

(CCVS)

Voltage Controlled
Voltage Source

(VEVS)

Voltage Contralled
Current Source

{VCCS)

Independent Voltage and Current Source

Independent sources are that which does not depend on any other quantity in the
circuit. They are two-terminal devices and has a constant value, i.e. the voltage
across the two terminals remains constant irrespective of all circuit conditions.

The strength of voltage or current is not changed by any variation in the connected
network the source is said to be either independent voltage or independent current
source. In this, the value of voltage or current is fixed and is not adjustable.

Dependent Voltage and Current Source: The sources whose output voltage or
current is not fixed but depends on the voltage or current in another part of the circuit
Is called Dependent or Controlled source. They are four-terminal devices.

When the strength of voltage or current changes in the source for any change in the
connected network, they are called dependent sources.

The dependent sources are further categorised as:
Voltage Controlled Voltage Source (VCVS) - Involtage-controlled voltage
source, the voltage source is dependent on any element of the circuit.



https://circuitglobe.com/wp-content/uploads/2015/10/dependent-and-independent-fig-1-compressor.jpg

In the above figure, the voltage across the source terminal Vap is dependent on the
voltage across the terminal Vg,

Vg ¢ Vog O
Vap = kVeq

Voltage Controlled Current Source (VCCS) - In the voltage controlled current
source, the current of the source iap depends on the voltage across the terminal cd
(Vcd) as shown in the figure below:

—‘c

§ Vu}

ialb X Vcd
lab = 1 Veq
Where n is a constant known as transconductance and its unit is mho.
Current Controlled Voltage Source (CCVS) - In the current controlled voltage

source voltage source of the network depends upon the current of the network as
shown in the figure below

A e —a
ST
i(d
Vxh <’> §

Here the voltage of source Van depends on the current of the branch cd

Vi & g

Vg =8 g

Where r is a constant.
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Current Controlled Current Source (CCCS) - In the Current Controlled Current
Source, the current source is dependent on the current of the branch another branch
as shown in the figure below

a Cc
el T
lab led
b d
Lab X leg
i;p = Bica
So,

Where B is a constant

Alternating Sources - In the network applications, there are other types of sources
also where voltage or current vary with time sinusoidally or exponentially etc. are
termed as alternating sources.

Source Transformation

Source Transformation simply means replacing one source by an equivalent
source. A practical voltage source can be transformed into an equivalent practical
current source and similarly a practical current source into voltage source. The
voltage and current source are mutually transferable.

off — @ 3

Where Is = Vs /R
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®. 3 == Ny,

Where, Vs =1s/R

Mutual Inductance is defined as the measure of the relation between the change of
current flow in one circuit to the electric potential generated in another by mutual
induction. Like inductance, mutual inductance is measured in henry.

1.5 Star-Delta Transformation:

Star-Delta Transformations and Delta-Star Transformations allow us to convert
impedances connected together in a 3-phase configuration from one type of
connection to another. If a 3-phase, 3-wire supply or even a 3-phase load is
connected in one type of configuration, it can be easily transformed or changed it into
an equivalent configuration of the other type by using either the Star Delta
Transformation or Delta Star Transformation process.

A resistive network consisting of three impedances can be connected together to
form a T or “Tee” configuration but the network can also be redrawn to form
a Star or Y type network as shown below.

T-connected and Equivalent Star Network

1 P A Q 2 1
._: ? L @
R
@ L]
3
T-Network Star-Network

Similarly, a Pior 1T type resistor network can be converted into an electrically
equivalent Delta or A type network as shown below.



Pi-connected and Equivalent Delta Network

1 A 2
@ { } @
B C
@ @
3
Pi-Network Delta-Network

For a delta connected resistive network converted into an equivalent star connected
network - If the three resistors in the delta network are all equal in value then the
resultant resistors in the equivalent star network will be equal to one third the value
of the delta resistors. This gives each resistive branch in the star network a value
of: Rstar = (RoeLta)/3.

For a star connected resistive network converted into an equivalent delta connected
network - If all the resistors in the star network are all equal in value then the resultant
resistors in the equivalent delta network will be three times the value of the star
resistors and equal, giving: Rpecta = 3*Rstar

Delta (A) network Wye (Y) network
A Rac C
VWA
R .8 Rgc
B
To convert a Deflta (A) to a Wye (Y) To convert a Wye (Y) to a Delta (A)
RAB Rm RARB + RAR'C + RBRC
RA = RAB =
Rw + Rm + Rgc Rc
Rae Rp- R:iRg + RyR- + RgRe
RB = RBC=
Rn + RAC + Rnc RA
RC-_— RAC REC RAC: R,\RB +RARC+R$C

Rug + Ry +Rpe Ry



For a slar connected resistive nelwork converted into.an equivalent delta conn
network - 11 a2l the resistors in the star network are all equal in value flh 1
fesuliant resisiGis n e equivalent delta network will be three times the val‘
the star resistors and equal. giving. Rpei1a = 3'Rsiap

Deilta (1) network Wye (Y) network

A Rie . ¢ A C

& :
St Tnehwlk
LDC“_‘,\ *x nehw) B C
To convert a Della (A) to a Wye (Y) To convert a Wye (Y) to a Delia (5)
Ras Rac RiRp + RiRe + ReRe
R,= Rag =
RAB - RAC B3 RSC Rc
Ras Rac R Rg + R, Re + RgRc
RB = R9C=
Rup + Ryr + Rge R,
Rc Ry RiRp + R Re + RgRe
RC = Rt\c -

Rn +RAC+RBC
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UNIT 2 = NETWORK THEOREMS

2.1 Nodal & Mesh Analysis of Electrical circuits with simple problems:
There are two basic methods that are used for solving any electrical network: Nodal
analysis and Mesh analysis. In Nodal analysis, we will consider the node voltages with
respect to Ground. Hence, Nodal analysis is also called as Node-voltage method.

Procedure of Nodal Analysis
Follow these steps while solving any electrical network or circuit using Nodal analysis.
o Step 1 - Identify the principal nodes and choose one of them as reference
node. We will treat that reference node as the Ground.
e Step 2 - Label the node voltages with respect to Ground from all the
principal nodes except the reference node.
e Step 3 - Write nodal equations at all the principal nodes except the
reference node. Nodal equation is obtained by applying KCL first and then
Ohm’s law.
e Step 4 - Solve the nodal equations obtained in Step 3 in order to get the
node voltages.

Example 1: In the circuit of figure 7, find the current in 1€} resistor.

2Q

<i>5\, lio 20| (ﬁ\ 2A

Figure: 7
Solution:

Let us first convert the current source of figure 7 to voltage source and draw the
equivalent network (figure 8). Let the +ve voltage at node (1) be v, V.

| 20 20

—

20|

sv(©) e @

v

Figure: 8

.Using nodal analysis,

i’ i — ] i — il

—+ ()




Hence, the current through 1€ resistor is

M _ 94
=2

Example 2: Find V; and V; in figure 9.

0a@® 1o av @3

v

v

Figure: 9
Solution:

At node “x”,

W Vi —1
10 = — + ——2 =4V} +5V] — 51}

/4 1/5
or, 9V -5V =10 (D)
At node “y”,
V5 VB —-W
3= —— 4 —— = 215 + 515 — 51
TTI2 T s 2o

Solving (1) and (2),

V, =25V 1, = 2.5V
Example 3: Using Nodal method find the current through the resistors in the
circuit configuration of figure 3.

6A
&

5V 4A (ij 2V

[Figure: 3



Solution:

Naming the respective nodes of the circuit as (1) and (2) and assuming the voltages to
be v: (+ve) and v, (+ve) respectively at these nodes, nodal equation at nodes (1) and
(2) are as follows:

For node (1),

f'|—5 iy — ta f'|—2
—6
3 2 5
LoLolowmo2 s
or, "3T3t5) "33 -
3w 12
or, 30 2 15 _ ...

For node (2),

s — 14 f'g—g
st =4
1 i 1
or, P53ty "5 3=
3~ i E}—[:I-
or, 12 2 27 ...(b)
Solving (a) and (b),

v:=15.76V while v,=16.51V

.. Current through 3Q resistor

Current through 2Q resistor

b — 1y 15.76 — 16.51
5 5

= —0.3754

[i.e., following from node (2) to node (1)].

Current through 5Q resistor

vy — 2 1576 — 2

- S T 9764
) 0
Current through 4€ resistor
1y — 2 16,51 — 2
= — = = 3.634

1 1



Figure 4 confirms the KCL both at nodes (1) and nodes (2)

_ 6A
/'/
| L2T60A 20) 2 40
3Q
3.60AY 202 0.375A
Q 30
Figure: 4

MESH ANALYSIS is defined as the method in which the current flowing through a planar
circuit is calculated. A planar circuit is defined as the circuits that are drawn on the plane

surface in which there are no wires crossing each other. Therefore, a mesh analysis can

also be known as loop analysis or mesh-current method.

What is Branch?

A branch is defined as the path that connects two nodes such that it contains a circuit
element. If the branch belongs to only one mesh, then the branch current and the mesh
current will be equal to each other.

Procedure of Mesh Analysis: The following steps are to be followed while solving the
given electrical network using mesh analysis:

Step 1: To identify the meshes and label these mesh currents in either clockwise or
counterclockwise direction.

Step 2: To observe the amount of current that flows through each element in terms of
mesh current.

Step 3: Writing the mesh equations to all meshes using Kirchhoff's voltage law and then
Ohm'’s law.

Step 4: The mesh currents are obtained by following Step 3 in which the mesh equations
are solved.

Hence, for a given electrical circuit the current flowing through any element and the
voltage across any element can be determined using the node voltages.

What is Super Mesh Analysis?

Super mesh analysis is used for solving huge and complex circuits in which two meshes
share a common component as a source of current.

What is the difference between loop and mesh?

The difference between loop and mesh is that a loop is a closed path in a circuit in which
none of the nodes repeat more than once. While a mesh is a closed path in a circuit in
which no other paths are present.

What are the limitations of mesh analysis?
The following are the disadvantages of mesh analysis:
e Mesh analysis is useful only when the circuit is planar.
e As the number of meshes increases, the number of equations increases, which
makes it inconvenient for solving.



Which Kirchhoff’s law is used in mesh analysis?
Kirchhoff’s voltage law is used in mesh analysis.

What is the difference between mesh and nodal analysis?

The difference between mesh and nodal analysis is that nodal analysis is an application of
Kirchhoff’'s current law, which is used for calculating the voltages at each node in an
equation. While mesh analysis is an application of Kirchhoff’s voltage law which is used for

calculating the current.
Example of Mesh Analysis
Example 1:

In the given circuit 90v is the battery value, 5A is the current source and the three resistors are 9 ohms, 6 ohms,
and 8 ohms. Using mesh analysis, determine the current across each resistor and potential difference.

@Bsyus
920 80
—VVWA ‘ VWWA
R, R

Solutions:-

Let’s first determine the ground and then the potential be V,, Vs, and V. as shown in the figure.

@BYJus
v, 90 V. 80 v,
VM‘ VM‘
R1 Rs
+
R
QOV—=— 260 G_ 5
ov

Let I, and I, be the currents flowing through the two loops in the clockwise direction as shown in the figure.

@BYus
vV, 90 A 80 A
WW——¢ WWA
R, R,
* R
90V m 2360 m ®sa
i ov

Therefore,



+Ve—-V:i-V,=0

90— LR, —Ry(,—1,)=0

90-9.-6(l.—-1,)=0

-151, + 61,=-90

51, — 21, = 30 (this is obtained by dividing the equation with -3)

Substituting I, as -5 since the direction of |, is opposite to the actual direction of current
Therefore,

L =4A

So, through R, 4A current is flowing and through Rs, 5A current is flowing.
Now the potential difference at V. = 90V

At V5, the potential differenceisV, = I, - R,

Therefore, Vs = 54V

At V., the potential difference is V; = I, — R,

V:.-54 =40

Ve =94V

Example: 2 Determine the node voltages and the current through the resistors
using mesh method for the network shown in figure 3.

&>
N\

n

Q . 60

d — - = b

CD 12V 20 Cf) (1%

Figure: 3

Solution: The circuit of figure 3 is redrawn with the loop currents in the three loops
(figure 4).

For loop-1,

(iy + 45_-.]}5 ~+ (i — fg}g =12

]

or, [f|+3}5+[f|—fg}2=l
or, Tip—2ip=-3 (1)
For loop-2,

(ig — 11)2 + (ig + i3)6 + i1 = —6



or, lia—1#)2+ {19+ 3)6+1iy=—06
or, —Z2ip+9%=-24 N §1))

Solving equation (i) and (i),

i, =—1.27A-

is = —2.95A4
Current through 5€ resistor

= (iy +i3) = —1.27+3 = 1.7T34
Current through 2Q resistor

= (i} —ig) = —1.27 — (—2.95) = 1.68A4
Current through 6€ resistor

= iy +i3) = —2.95 + 3 = 0.054
Current through 1Q resistor

=iy = —2.954
Also,

(1))

voltage at node “a” = 0V

voltage at node “b” = g x 14+ 6=-295%x1+6=3.05V
voltage at node “c” = (i1 — i2)2 = 1.68 x 2 = 3.36V
voltage at node “d” = 12V.

Example: 3 Find v by mesh method such that the current through the 5V source is
zero (figure 7).

1Q
10 i 1Q

h
<

1€2

By v
] Q Loop 1 LOO]) 3

Figure: 7




Solution:
In loop-1,
—S4iyx L+ (iy —ig)l + (i —ig)l+v =0
or, dJig—ia—iz3=—v+35 (D)
In loop-2,
ig % 1+ (ig —ig)l + (g — i)l =0
or, dip—ij—izg=0
or, —ii+3ipg—iz=0 .(2)
In loop-3,
(i3 —ia)l +igx 1 —v+ (ig—i))l =0
or, —ihi—tt+diyz=v ....(3)
However, as per question,
1= 0 [i: being the current through the 5v source]
.. The three equations (1), (2) and (3) become
—ig—i3+ U =2 (4)
3ig —i3=10 ...(5)
—ig +3iz =v e.(6)
From equations (4) and (6), we get
—dig=5-"2v )]

However, from the equations (5) and (6),

_ 3
iy = —v
373

.(8)
Using (8) and (7),
3 = 5
— % [gt‘} =5—9
v =10V

The voltage v should be 10V.



22& 2.3 SUPERPOSITION THEOREM

Superposition theorem states that in any linear, active, bilateral network having
more than one source, the response across any element is the sum of the responses
obtained from each source considered separately and all other sources are replaced by
their internal resistance. The superposition theorem is used to solve the network
where two or more sources are present and connected. It is only applicable to the
circuit which is valid for the ohm’s law (i.e., for the linear circuit).

Example 1: Find I in the circuit shown in figure 1.

1A ”19 ”39 v

Figure: 1

Solution: Principle of Superposition is applied by taking 1V source only at first
(figure2)

10 20 1,
S o R S <
[]m 30 ("‘)w
| i .
Figure: 2
v
I = ——4
T+ 2)B L5
1 3
I=I$—=— —=—;‘1 - e .
T2l 1276 3 [by current division formula]

Next, let us assume the current source only (figure 3)

1 1
=1 =-A oL
i “1+27 3 [by current division formula]


https://circuitglobe.com/ohms-law.html

10 30 => 1A 10 :

Figure: 3

It may be observed that utilising the principle of Superposition, the net response can
be obtained when both the sources (1A and 1V) are present.
The current through 2Q resistor is obtained as

[I: and I, being directed reverse].

Example 2: Find v, in the circuit of figure 7 using Superposition theorem.

20 5.33A
S
10 1Q
— 1  —
o r, mt
Y 9 SAGP am v
Figure: 7 )
Solution:
Let us first take the 2V source deactivating the current sources (figure 8).
2
=555 =1A
SRR

2><2=lﬂ
242
20 —
1QQ 1Q
—{  +—— {3 + 0
3 r=1
. |:>C"> v g
oy n=1Q 1V -

Figure: 8



Next, taking the lower current source only (figure 9).

1 3 15
g = [—:J} 5 = [—:J}g = —E;‘L
1+1+<
3
1Q
' I:> 5A
+
]
15, 2 15 2 §
s R R i
This gives
Py = —% % 1 =—=1
In figure 10,
ig =533 =34
= +2 :
3 [with 5.33A source]
20 533A
14} 142 162 1)
=> e
r, [‘F {153}9?“ zﬂ]
(1.’ 1,
5.33A
10
2x1 _ 2
= 21 39
II

Figure: 10




This gives

2

T T 24.
Ty =2x1=2F
By superposition,
+ 17 + 1+ 5} + 2 TI’
L =11+ U1ty = —=)+2==¥
L 1 2 3 1 1

= 1.75V.

Example 3: Find I, and i from the circuit of figure 11 using Superposition
Theorem.

i 1Q 50
>
+
O @ O
Figure: 11
Solution:

Assuming only 6V source to be active, with reference to figure 12(a).

P

—6+ (14 5)i, +2i, =0

(b)
Figure: 12



Next, assuming 1A source active source only, with reference to figure 12(b).

1 — :_ﬂ‘l'l' + :_I'I'
v v — 2:},” i Cw
=+ —2 — 10" —04i,
1 5]
i E"rr
by = —
But 1
. We finally get,

1=1.2i," —04i, =0.8i,

i 9 i
.0 - i i — N
: i, =1.254 andi = ——=
ie., =

L
by -
= = = —(.254

J
Using the principle of Superposition,

P i

—1.25 = —0.54

'!;fr= '!;a - '!;1’.1‘ ==

| G

I

=
[
[y ]
Il

o
o
Ve

= . F LI
i=i, +1 =

Example 4: Find the power loss in 5€) resistor by Superposition Theorem in figure
19.

1
L \
]

1Q

10V 2A 50

Figure: 19

Solution:

Assuming the 10V source first (figure 20), KVL yields
—10—vy —4dvy + 5, =0

or, 91 =>5v+10 ..(1)

But vi=-1x1 ...(2)



1Q \/
4v]
10V [] 5Q
Y,

Figure: 20
Using (2) in (1),
101, = 10

10

Ilzﬁz

1

Next, taking the current source only, referring figure 21, at node (1),

vy vy +dv
g=_'-|- I . |=t*|+D.EE‘|+D.EE‘|

1 J
f|:11"’

A%

- Y1 4+

1 '1 = +

1Q

- L
Figure: 21

iy + 4y

J

cody = =14

Hence, the current through 5Q resistor is

=0 +16L=2A4

.. Power loss in 5Q resistor is (2)? X 5 = 20W.



THEVENIN’'S THEOREM

Thevenin’s Theorem states that any complicated network across its load terminals can
be substituted by a voltage source with one resistance in series. This theorem helps in the
study of the variation of current in a particular branch when the resistance of the branch is
varied while the remaining network remains the same.

A more general statement of Thevenin’s Theorem is that any linear active network
consisting of independent or dependent voltage and current source and the network
elements can be replaced by an equivalent circuit having a voltage source in series with a
resistance where the voltage source being the open-circuited voltage across the open-
circuited load terminals and the resistance being the internal resistance of the source. In
other words, the current flowing through a resistor connected across any two terminals of a
network by an equivalent circuit having a voltage source Vi in series with a resistor Rin.
Where Vwis the open-circuit voltage between the required two terminals called the
Thevenin voltage and the R is the equivalent resistance of the network as seen from the
two-terminal with all other sources replaced by their internal resistances called Thevenin
resistance.

Example: 1 In the network of figure 1, find the current through the 10Q resistor
utilizing Thevenin’s Theorem.

r= 20 r= 10
. []ff sq  []r=100 .
o Vlz 10V —..—v3= 20V
V=12V
T V2
Figure: 1
Solution:

Let the resistance r, (10€2) be removed and the circuit is exhibited in figure 2.

a L 1 ¢ 1 I, e
——T1—>» D ey I |
L
+4 X
. I, Vo'c +
I V] y _--_V;
- v,
_F ,
o o f
b Figure: 2 d

At node C, application of KCL yields
1r| =+ I_-} — Ig =10



Irl — L::.:' + T"'] - L.:u' . L.:u' + 1’3
or, J"I r3 "

[assuming the open circuit voltage across the terminal x-y in figure 2 to be V..;
obviously, the potential at C node is V. ]

10 — 1':1.:' + 20 — L.:u' L.:u' + 12
le. 2 1 5

=10

or, —0.5V,, -V, —02V,, =24-20-5
o, 1.7V, . = +22.6V
V.. =13.20V

Next, the independent voltage sources are removed by short circuits (figure 3)

— 7 =
2Q 10
50
Figure.' 3
Here,
1 1 1 1
Ry 2 51
1 _1og
or, Ry 17

1 #+
R'Ih

<+>V_ L

Fizure: 4
I, current through ry, =1, = Voo
o | BT e = Ry + 1y

13.29

I =15 = 1.264
; — + 10
ie., T

Thus current through r, is 1.26A.



Example: 2

In the circuit of figure 5, find the power loss in the 1Q resistor by Thevenin’s
Theorem.

o X
10Q
5Q [ 1Q
2A ]3
10V
: . y

Figure: 5

Solution:

Let us first remove the 1Q resistor from x-y terminal as shown in figure 6.

a

4
+

10Q

@ 2A Ry

10V

- ..‘.'
Figure: 6

Application of KCL at node “a” results

L.:u' L.:r.:' — 10
+

[]1OQ H 50 —R

Figure: 7



= 10
+ 10

[y ]

Ry = = 3.330

o

Thevenin’s equivalent circuit being shown in figure 8.

Ry,

3.33Q

Figure:8
Here, current through 1€ resistor is then given by

U 10

= = 2.31A.
Ry, +1  3.33+1

IHI: -

-.Power loss in 1Q resistor
=231 x 1 =5.233W
Example: 4

In the network of figure 11, find V,, and R, (across x-y) using Thevenin’s
theorem.

[] R =20
I
2A GI\ : Il‘ v \
“R4= 30
Figure: 11
Solution:
In fig. 11,
1 Ry + Ry
=
(Ry + fa) + (F + 1) [by current division formula ]
2+ 3
=2x il =14

(24 3)+(3+2)



L=1x i+ Ry
and (1 + Ra) + (Rs + Ry)

342

I.'3+2}+[2—|-3}=1‘ﬂ1

=2 %

Thus, the voltage drop across fla =1 x 2 =2V
and voltage drop across fls =1 x3 =3V
Ve, =Vo—V, =2V -3V =1V

I.e., y is at higher potential.

To find Rix, across x-y, current source is removed and (R: + R,) is in parallel to
(R: + Ry)

o Rine = (R + Ro)||(Rs + Ry) (figure 12)

= 5|5 = 2.50.

R,
ST
I I
Figure: 12
NORTON’S THEOREM

Norton’s Theorem states that — A linear active network consisting of the
independent or dependent voltage source and current sources and the various circuit
elements can be substituted by an equivalent circuit consisting of a current source in
parallel with a resistance. The current source being the short-circuited current across
the load terminal and the resistance being the internal resistance of the source
network.

The Norton’s theorems reduce the networks equivalent to the circuit having one
current source, parallel resistance and load. Norton’s theorem is the converse of
Thevenin’s Theorem. It consists of the equivalent current source in parallel with a
resistance instead of an equivalent voltage source in series with a resistance as in
Thevenin’s theorem.



Example: 1

Find Norton’s equivalent circuit to the left of terminal x-y in the network of
figure 1.

10A

10Q

—

Js0

Figure: 1
Solution:

Let us first short the terminals x-y (figure 2).

10A
10Q
5Q 10Q
Hm ] ) 10a
'_I$C
O
Figure: 2

Here, ;. is the current through 5€ resistor.

= 6.67A4

Ia.:' =10 - ..
“10+5 [by current divider rule]

To determine the equivalent resistance of the circuit of figure 1, looking through x-y,
the constant source is deactivated as shown in figure 3 (a).

[]m — L. L) HR,

il

(a) (b)

Figure: 3



Here,
R = 104 5= 1502
Norton’s equivalent circuit has been shown in figure 3(b).
Here,
Iy = 6.67A: R, , = 150
Example: 2

Find the current through R. in the circuit of figure 7 using Norton’s Theorem.

1L 60
1 - Py X
12V <>310 3Q [] R =1Q
L g -
Figure: 7 Y
Solution:

Let us first remove R. from x-y terminals and short x-y(figure 8).

60 1 60) 1
l—l_,._ - X ,.__ -
Ct)mv <T>3i° Q1 ::><+>|zv 3i,
¥
Figure: 8

It is evident from the figure that

Ia-.:' = 3'?:: + iﬂ = "1'?0

Let us now remove the short circuit and the circuit is open circuited at x-y (figure 9).



* e X
_I_
12V 31, []39 '
L r y
Figure: 9

Nodal analysis at node 1 gives

-
:'”+ 3:'” _ LK — D
- tﬂ‘-l'
di, — — =10
or, 3
12 Vae Voo
1 ey _Loe g
or, ( G } 3
8 2 Pﬂ‘.-l' t‘l'.l‘.-l' D
or, 3 3
or, Voo = BV
Voo 8
- . int — — = — = 1!1
This gives L. 8
o )IL

]
r—

] Rim

5.C

o

Figure: 10

Norton’s equivalent circuit being shown in figure 10.

I (current through 1€ resistor)

Rérat

1

- I-'i.-l"

Rirat'l'f?f.z 1+1:

1A



Example: 3

Find the current through 3(Q resistor in the circuit of figure 25 using Norton’s
theorem. Verify the result using Thevenin’s theorem.

[—— r— _ .a
| SRS ]

20 1Q

2Q

2v

Figure: 25

Solution:

Let us remove the 3Q resistor first and short terminals a-b (figure 26)

Y
1 * 1 a
20 1Q
2Q
+
10V 5Q [] Vi IS'C
RS
4 ;
' b

Figure: 26

At node a, nodal analysis gives

v—v, v+ 2u,
T~ ° L.=0

[Assuming node a voltage to be v]
But v = 0, since a-b terminals are shorted. Thus, the nodal equation finally becomes

—v, +v,+ I, =0ie I,.=0

2.4

Next, terminal a-b is open circuited (figure 27)



—3 — = X
2Q 1Q T
2Q
+
@ Dol DL
) 2v,
Loop 1 Loop 2 b
Figure: 27 '
In loop-1, KVL yields
—10+ 24, +5(f, — jrg]l =10
or, Th—5L=10 ..(1)
In loop-2, KVL yields
—v, + L x1+2—2v, =0
or, —3u,+3L=00rv, =1 )
But t.=(li —1)5 ...(3)

Substituting (2) in (3), we get
Ig = :.'II| — :JIE or :III| — GI] =10

G
L=<k
or, o

Then from (1).
T[Eh} — 5L =10
5
or, 34, =100r I, =2.944
and [ =3.5284
This gives v, =2.94V and 2v;, (the dependent source) as 5.88V.

. Voo = drop across 2Q inloop 2 =12 x2 - 5.88 =10

J Rim
@ kb @ Dl
(a) (b)

Figure: 28



Thus from Norton’s equivalent circuit (figure 28(a))

jr — I;;_‘.. Rf?!f — [-,I'
Rérat + 3 [ Is,c = 0]

While from Thevenin’s equivalent circuit (figure 28(b)),
V,

o.c

=2
Rirat + 3 [Vo,c = O]

MAXIMUM POWER TRANSFER THEOREM

Maximum Power Transfer Theorem states that — A resistive load, being connected to a
DC network, receives maximum power when the load resistance is equal to the internal
resistance known as (Thevenin’s equivalent resistance) of the source network as seen
from the load terminals. The Maximum Power Transfer theorem is used to find the load
resistance for which there would be the maximum amount of power transfer from the
source to the load.

The maximum power transfer theorem is applied to both the DC and AC circuit. The only
difference is that in the AC circuit the resistance is substituted by the impedance. The
maximum power transfer theorem finds their applications in communication systems which
receive low strength signal. It is also used in speaker for transferring the maximum power
from an amplifier to the speaker.

Example: 1
Find the value of R in the circuit of figure 1 such that maximum power transfer

takes place. What is the amount of this power?

N
O~ = 9 [

6V
Figure: | @_
Solution:

Let R be replaced first and the open circuit voltage be V.. (figure 2).

110 50 L,
, ox
+ +
("‘)4\/ 20 ”19
T Vojt:
| 6V

1
AL
Figure: 2 b



Here

_ o _ 48
[(G+1)2+12 5 5
2
2 5 1 2
b=l =g =

The drop across a-b branch is then

2

* 1 = :1"’

J

Vap =

o b

Obviously,
2 32
T".:.r.:' == I‘;:J—b —+ GV = = + = TI"’
o a
or, L.:u' = 6.4V
To find internal resistance of the circuit across x-y, with reference to figure 3,
- 17 17
Ren =12+ 5|1 = - []1 = 550

= (1.8512

10 5Q

] e X

”29 []19 <R

: oy
Figure: 3

As per maximum power transfer theorem,

R = Ry, = 0.850)

a

V.- G.4° )
=2 = = 12
AR 4 % 0.85

ang Fmas (max.power) =

Example: 2

What should be the value of R such that maximum power transfer can take
place from the rest of the network to R in figure 4 ? Obtain the amount of this
power.



— 1 - —1
x y 10Q
SA@ ” 2Q [ 5Q Ci) 24V
Figure: 4

Solution:

Let us first convert the “I” source to “V”’ source and remove R from x-y terminal, the
voltage at these terminals being V..

With reference to figure 5,

24
i=— =164
15
D.CI
20 x Y 10Q
10V il [] 50 24V
Figure: 5 b

oo Vip = drop across 501 = 1.6 x 5 =8V
Thus in the left loop,
—1W+uv,.+8=0

or, Var= 2V

Again, with reference to figure 6, R+ (internal resistance of the circuit looking
through x-y) is obtained as

10 =5
= I—J = 5 }
Rty 0+5 T2 5.330
J@O—
20 R, 10Q
5Q
Figure: 6

As per maximum power transfer theorem,



R = Ry, = 5.330

I‘;:.H"E 22 -
— = - = 188mlIV.

= = =
A 1R 1 % 5.33

and

Example: 3

What is the value of R such that maximum power transfer takes place from the

sources to R in the circuit of figure 19? Determine the amount of maximum
power.

20Q 10Q2

20V [] 20

i
SOV A\ — R

Figure: 19

Solution:

Replacing R and naming the loop currents, with reference to figure 20, at loop-1,
204+ 0L(20+2) -2 =0

or, 22I; —2I, =20

or, 1l —I=10 ..(1)

At loop-2
(10 +5+2)1, =21, =0

Or’ ITIE —2I| =10

-
I = 7’13 — 850

or, ...(2)
200 10Q
20V <+> 9 20 9
Loop 1 _Loop2

50

©

50V A\ — V.
Loop 3 'I

Figure: 20



Using (2) in (1),
11(8.50) — I, = 10 or 92.51; = 10

10
. Iy = = 0.1084
le., 925

Thus, drop across 5€2,
ie., Vin =0.108 x 5= 0.54V

- In loop-3, we find that
50— 054+ V., =0

or, V.. = 5054V

202 102
2Q
5Q
+X
- h
1y
Figure: 21

To find internal resistance across x-y we find
Ry, = [(20[]2) + 10[[5]Q2
20 x 2

0+ 2
w 2

+10)5

['—J
20
20+ 2

+ 1045

11.82 x 5
_ Y 350
16.82 -

As per maximum power theorem,

R = R'ﬁlt = 33!1

| _ [UD‘JJ}__ = 182.44W
1R 1= 3.5

R.’Iﬂ-l’! =



Example: 4

What is amount of maximum power transfer to R in the circuit of figure 22?

— ()
102 U
20A
—i 1 @ e
20 u 5Q
20V
o ] @
Figure: 22
Solution:
R is replaced by open circuit in figure 23.
()
10Q2 @
20A
\% (Dl
162 20 u v 50 b
20V
+|
e Vo.c /]DSA
IIQ
Figure: 23

Obviously, the current .o through the 1€Q resistor is 5A (downwards).
o Drop across it(Vig) =5 x 1 =5V
Also, at node a, assuming the node voltage to be v volts, nodal analysis at a gives

v—Vig L ¥ 20 — Vip LY Voo _
10 2 5 -

or, 0.1v—0.1Vig + 0.50 — 10 — 0.5Vyg + 0.20 — 0.2V, = 2
or, 0.8v—0.6Vi =12+ 0.2V,

or, 0.80—0.6x5=12+02V,,

ie. 0.80—02V,, =12+3=15 (1)

Again, at node b, nodal analysis gives

I‘;m' —

or, D.T[‘";,_;. —0.2v =13 .. (2)



Solving for (1) and (2),
0.2V, —0.20 =3
Voo =45V [from(2)]

Again, with reference to figure 24,

20
Rry =[(10]|12) + 1]+ 5= (g + 1) +5="7670
100 S
,_|_I 1
20 50 J
>
[]m .
RThI [
Figure: 24 .

Following the theorem of maximum power transfer

R = Ry, = 7.670)

V. 152 ]
P,.=— = == GGV
mer T UOAR T A% T.67

and

Millman’s Theorem

The Millman’s Theorem states that when a number of voltage sources (V1, V2, Vs...... Vh)
are in parallel having internal resistance (Ri, R2, Ra.......... Rn) respectively, the
arrangement can be replaced by a single equivalent voltage source V in series with an
equivalent series resistance R.

The utility of Millman’s Theorem is that the number of parallel voltage sources can be
reduced to one equivalent source. It is applicable only to solve the parallel branch with one
resistance connected to one voltage source or current source. It is also used in solving
network having an unbalanced bridge circuit.

R,§ Rzg ............ §R,, gRl —/R Ré

S

wO Ow




As per Millman’s Theorem

2 VG £ V56 £ V. Gy
T Gyt Gy F ot Gy

1

1
R ==
G G+ GiFuupme0t G,

Steps for Solving Millman’s Theorem

Step 1 — Obtain the conductance (G, G,,....) of each voltage source (Vi, Va,....).
Step 2 - Find the value of equivalent conductance G by removing the load from the
network.

Step 3 — Now, apply Millman’s Theorem to find the equivalent voltage source V by
the equation shown below

+V,G; £ VoG, ... ... .2V G,

V=
B &6 B o Tl

Step 4 — Determine the equivalent series resistance (R) with the equivalent voltage
sources (V) by the equation

oS
G

Step 5 — Find the current I. flowing in the circuit across the load resistance R, by the
equation

Example -1
A circuit is given as shown in fig-c. Find out the voltage across 2 Ohm resistance
and current through the 2 ohm resistance.

Sl
50 —20a =40 -20
| 20V
- x =+ 16V
50v &
Fig-c

Answer : We can go through any solving method to solve this problem but the
most effecting and time saving method will be none another than Millman’s
theorem. Given circuit can be reduced to a circuit shown in fig-d where


https://circuitglobe.com/wp-content/uploads/2015/10/milliman-eq1-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/10/milliman-eq7-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/10/milliman-eq8-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/10/milliman-eq9jpg-compressor.jpg

equivalent voltage V: can be obtained by millman’s theorem and that is
Rty

YT
29

T

VE ;

fig-d
5O 20, 16
5~ t 1
;o5 20" 4 _ ;
520 T 4
Equivalent resistance or Thevenin resistance can be found by shorting the
voltage sources as shown in fig —e.

SQ:_' . =RTH
fig-e
1
Rryzﬁzgﬂ
5T 25T

Now we can easily found the required current through 2 Ohm load resistance by
Ohm’s law.
26
242

F=] F=l

=60 A

IEEE —

Voltage across load is,
Vi=lnx2=065x2=13V

Example 2 :

1A 24 =
24\ 12

fig-h


https://www.electrical4u.com/what-is-electrical-resistance/
https://www.electrical4u.com/ohms-law-equation-formula-and-limitation-of-ohms-law/

A circuit is given as shown in fig-h. Find out the current through load resistance
where R. =8 Q).

Answer : This problem may seem to be difficult to solve and time consuming
but it can easily be solved in a very less time with the help of Millman’s
Theorem. The given circuit can be reduced in a circuit as shown in fig — .

Where, V: can be obtained with the help of Millman’s theorem,
R

Ve -8

fig-i
L1042 +E -
Ve=—3 1.1
1 T3 T 13
Therefore, current through load resistance 8 (1 is,

I;-;g] - i - 25? .‘1

648

18

2 =36V & Rry=6

Reciprocity Theorem

Reciprocity Theorem states that in any branch of a bilateral linear network or circuit, the
current at one point in a circuit due to a voltage at a second point is the same as the
current at the second point due to the same voltage at the first. The reciprocity theorem is
valid for almost all passive networks.

Ry Ra Ri Rz
A'A'A" A'A" W W

v P 0=o P WO

The limitation of this theorem is that it is applicable only to single-source networks and not
in the multi-source network.

Example 1: Show the application of reciprocity theorem in the network of fig 1.

y

Figure: 1


https://www.electrical4u.com/what-is-electrical-resistance/
https://en.wikipedia.org/wiki/Passivity_(engineering)

Solution:

With the reference to figure 1, the equivalent resistance across x-y is given by

R, =[(2+1)[3]+2 =3.50

3
I — 2.86 — 1.434
2 513

I = 2.86— 1.43 = 1.434

with reference to figure 2,

Figure: 2
G 21
Reg =(2|3) +1+2=-+3=— =420
0 o
h= Y asia
4.2102
This gives
3 3
I, = I = 92381 x — = 1.434
TR *5

Hence we observe that when the sources was in branch x-y as in figure 1, the a-b
branch current is 1.43A,; again when the source is in branch a-b (figure 2), the x-y
branch current becomes 1.43A. This proves the reciprocity theorem.

Example 2: Verify the reciprocity theorem in the network given below (figure 7).

2Q 6Q

@v-12v 40 ?

1

Figure: 7



Solution:
In order to verify reciprocity theorem, the network is drawn as;

@) Figure: 8 (b)

Considering figure 8(a),
Equivalent resistance (R.,) is given by,

R., = (4]|6) +2
1 =06
1+6 "

Current supplied by battery is given by

12 30
= = A= 2797s
1o A=A

Ammeter current, I’ is given by

30
r— 1

18
_ 6= —A—1.636A
1+6 T 11

Now, considering figure 8(b),

Equivalent resistance (R.,) is given by,
R, = (2]|6) +4

Current supplied by battery is given by

2 ]
= —A=2182/
5.5 11

Ammeter current, I’ is given by
24

2 11
I =
24106

18
6= —A=1636A
V=1

Hence, we observed that when the source was in branch xy as in figure 8(a), the ab
branch current was 1.636 A and when the source was in branch ab as in figure 8(b),
the xy branch current was 1.636 A. This proves the reciprocity theorem.



CHAPTER 3 — POWER RELATION IN AC CIRCUITS & TRANSIENT RESPONSE OF
PASSIVE CIRCUITS

3.1 AC Waveform and AC Circuit Theory - AC Sinusoidal Waveforms are created by rotating
a coil within a magnetic field. Alternating voltages and currents form the basis of AC Theory.
An alternating function or AC Waveform is defined as one that varies in both magnitude and
direction in more or less an even manner with respect to time. It is a “Bi-directional’
waveform. An AC function can represent either a power source or a signal source with the
shape of an AC waveform generally following that of a mathematical sinusoid being defined
as: A(t) = Amax sin(2TT ft).

AC Waveform Characteristics

* Cycle of a wave is one complete evolution of its shape until the point that it is ready to
repeat itself. It comprises of positive and negative half cycles.

* Time Period (T) is defined as the time taken by an alternating quantity to complete one
cycle. Its Sl unit is second (s). This can also be called the Periodic Time of the waveform for
sine waves, or the Pulse Width for square waves.

* Frequency (f)is defined as the number of cycles completed within one second.
Frequency is the reciprocal of the time period, (f = 1/T). The unit of frequency is Hertz, (Hz).

Definition of Frequency Prefixes

Prefix | Definition | Written as | Periodic time v |

Kilo |Thousand | kHz 1ms me‘

Mega | Million MHz lus 0 n:/2 ’ 13r§/2 o ST/Z .3n
Giga |Billion GHz 1ns

Terra | Trillion THz 1ps B T=1/f §60°

« Amplitude (A) is the magnitude or intensity of the signal waveform measured in volts or
amps.

Peak Amplitude - The peak value is the greatest value of either voltage or current that the
waveform reaches during each half cycle measured from the zero baseline. For pure
sinusoidal waveforms, this peak value will always be the same for both half cycles (i.e.
+Vm or -Vm).

Instantaneous Amplitude - The value of alternating quantity (emf, voltage or current) at
any particular instant is called the instantaneous value and is designated by e for emf, v for
voltage andifor current. Expression for instantaneous value of ac voltage (assumed
sinusoidal), is given as

v =V, sinwt =V, . sin27 fi

The Average Value of an AC Waveform

The average or mean value of a continuous DC voltage will always be equal to its maximum
peak value as a DC voltage is constant. This average value will only change if the duty cycle
of the DC voltage changes. In a pure sine wave if the average value is calculated over the
full cycle, the average value would be equal to zero as the positive and negative halves will
cancel each other out. So the average or mean value of an AC waveform is calculated or
measured over a half cycle only. The average value of alternating voltage or current is
defined as the average of all values of voltage or current over a positive half-cycle or
negative half-cycle.



DERIVATON -
The instantaneous value of sinusoidal alternating current is given by the
equation i = I, sinwt or i = I sinB (where 8 = wt). The sum of all currents over a half-cycle
is given by area of positive half-cycle (or negative half-cycle). Therefore,

Areaof positive half-cycle

(or negative half-cycle)

= _ (4.37)
Baselength of half-cycle

a4y

—s dfe— g

iFigure 4.41 Sine wave of an alternating current

Consider an elementary strip of thickness d@ in the positive half-cycle of the current wave.
Let i be the mid-ordinate of that strip.

Area of the elementary strip =i d@

Area of positive half-cycle

f(‘ K.
= [ido=[1,sinedo

U U

=T | -cusel: = I,.,[m\n ms()] =321

The base length of half-cycle = 1
Average value of AC, lay = 2Im/1T

For a pure sinusoidal waveform this average or mean value will always be equal
t0 0.637*Imax Or 0.637*Vmax.

The RMS Value of an AC Waveform

Root mean square or R.M.S. value of Alternating current is defined as that value of steady
current, which would generate the same amount of heat in a given resistance in given time,
as it is done by A.C. current, when maintained across the same resistance for the same
time. The effective value or RMS value of an alternating current is defined as the square
root of the mean of the squares of all currents over one cycle. It is denoted by Irvs. For
alternating voltages, the RMS value is given by Vrus.

RMS Voltage Equivalent

YN
*Viie d N\ AC Vultaye sauy DC Vultage
(2401 , A
4 N
0 120° 350':‘__ N
tirne: tirne:
il e ) ¥
e NG
“Vims o S
Weea
pes B One Full Cycle

DERIVATON - The alternating current i = Im sinwt or i = Im sinB@. The sum of the squares of
all currents over one cycle is given by the area of one cycle of squared wave. Therefore,



Area of one eycle
of squared wave

Base length of one cycle

(4.39

An elementary area of thickness d8 is considered in the first half-cycle of the squared current
wave. Let i2 be the mid-ordinate of the element.

Area of the element = i 2d0

2n

Area of one cycle of squared wave = f i'd

(]
ia 1— i* wave
iy,
il o,
>4 Bl ) %
i % & %
£3 § 1
] 3 §
F3 : g %
b 4 L 3 B
3 3 = 3
g ‘i =' *
$ : s B
= 3
2 s
0 T 3 2n
del— 6

l Figure 4.42 Squared wave of AC
In In
- [ Lsin'6do=1I, [sin’8d0  (4.40)

5 *+1—cos20
e

since sin*@ = 1—cos28
2
I_v :’21‘ ix
== | 40— fcoszede
2 '.l) .‘J
:I_f“'e sin20]"
2

8 l
=5:[2n_sm2x2n B 0_sm0J)

2| 2 2 ||
IZ

=L 2T = I:,Tt [=
»

sin() = sin4m = 0]

rm
e "
RMS

ID:
2

[Rase length of one
A &

cycleis 2z ]
‘ 1. =07071, (4.41)

Substituting this in equation (4.39), we get
I



For a pure sinusoidal waveform this effective or R.M.S. value will always be equal
t0 0.707*Imax or 0.707*Vmax.

Form Factor and Crest Factor
Form Factor is the ratio between the average value and the RMS value and is given as.

707 x W
Form Factor = R-M-Svalue _ 0.707 x Vmax

Average value  0.637 x Vmax
For a pure sinusoidal waveform, the Form Factor will always be equal to 1.11.
Crest Factor is the ratio between the R.M.S. value and the Peak value of the waveform and
is given as.

Crest Factor = cakvalue _ Vmax

R.M.S value 0.707 xVmax
For a pure sinusoidal waveform, the Crest Factor will always be equal to 1.414.

Sinusoidal Waveform Conversion Table

Convert from | Multiply by | Or Multiply By | To Get Value
Peak 2 (\2)2 Peak-to-Peak
Peak-to-Peak |0.5 Ya Peak

Peak 0.707 1/(N2) RMS

Peak 0.637 2/ Average
Average 1.570 /2 Peak
Average 1.111 /(2V2) RMS

RMS 1.414 2 Peak

RMS 0.901 (2N2)/mr Average

Power relations in AC circuit
The rate of doing work or the amount of energy transferred by a circuit per unit time is known
as power in AC circuits. It is used to calculate the total power required to supply a load.

Active Power (P) — It is the real or true power which is actually utilised or consumed in the
circuit. The product of voltage (RMS) and current (RMS) with the cosine of the angle
between them, in an AC circuit is termed as active power. It is measured in watts (W). For
a pure inductive and pure capacitive circuit, the active power being zero.

Active Power, P = VI cos ©

Reactive Power (Q) — It is the power which continuously bounces back and forth between
source and load. This power is not useful in the circuit. The product of voltage (RMS) and
current (RMS) with sine of the angle between them, in an AC circuit is known as reactive
power. It is measured in VAR (Volt-Ampere Reactive).

Reactive Power, Q = VI sin ®


https://www.vedantu.com/physics/work

Apparent Power (S) — It is the total power of the circuit. The product of voltage (RMS) and
current (RMS) is called as the apparent power. It is measured in VA (Volt-Ampere).
Apparent Power, S = VI

Power Triangle

The power triangle is the geometrical representation of the apparent power (S), active
power (P) and reactive power (Q) in an AC circuit.

Case 1 - Inductive Circuit

In an inductive circuit, the current lags behind the voltage. Therefore, the reactive power
lags behind the active power i.e. an inductor absorbs lagging reactive power and delivers
leading reactive power. Hence, the power triangle for a Inductive circuit,

P = VI cosd

.
L

Q) =VI sin®

S=VI (lagging)

Case 2 — Capacitive Circuit

In a capacitive circuit, the circuit current leads the voltage across the capacitor. Therefore,
the reactive power leads ahead of active power i.e. a capacitor absorbs leading reactive
power whereas delivers lagging reactive power. Hence, the power triangle for a capacitive
circuit,

Q=VIsind
(leading)

P = VI cosd e

Power Factor in AC circuit

The power factor of an AC circuit can be defined as the ratio of the active power to the
apparent power (total power).

Power Factor, PF = Active Power/Apparent Power = VI cos ® / VI = cos ®

Hence, the power factor of an AC circuit is the cosine of phase angle between the voltage
and current. It should be noted that, the phase angle (®) is the angle between the phase
voltage and phase current, not between the line voltage and line current. It is dimensionless
and its value is between 0 to 1.

Also, cos® = R/Z
Where, R= resistance in the circuit and Z= impedance of the circuit.

3.2 Phasor representation of alternating quantities

A phasor is a vector that is used to represent a sinusoidal function. It rotates about the origin
with an angular speed w. The vertical component of phasors represents the quantities that
are sinusoidally varying for a given equation, such as v and i. Here, the magnitude of the
phasors represents the peak value of the voltage and the current.




BYJU'S

Vector rotation

A,= A sin(wt + 0) ]

180° 240° 300°  360°
210° 270° : 33

30° 60° 90° 120° 150°
wt:

__________________________________________________

270° -A,

Rotating Phasor Sinusoidal waveform in the
time domain

(Relation between phasor and sinusoidal representation of the function w.r.t time)

Phasor Diagrams are a graphical way of representing the magnitude and directional
relationship between two or more alternating quantities.

Valtage, (V)
+Vm »

+in

Current, {1

¥ A 27T+

7 o i

g =0t

The generalised mathematical expression to define these two sinusoidal quantities will be
written as:

Vi Vi st

il_.“ = 1q siﬂ(mt-qwj
The current, i is lagging the voltage, v by angle @ i.e. 30°. So the difference between the
two phasors representing the two sinusoidal quantities is angle ® and the resulting phasor

. axis

Lagging
axis

i = I sn{at-4)

3.3 Single phase AC circuits-

AC through pure resistive circuit

The circuit containing only a pure resistance of R ohms in the AC circuit is known as Pure
Resistive AC Circuit. The presence of inductance and capacitance does not exist in a
purely resistive circuit. In the purely resistive circuit, the power is dissipated by the resistors
and the phase of the voltage and current remains same i.e., both the voltage and current
reach their maximum value at the same time.

Let the alternating voltage applied across the circuit be given by the equation,




v = V;;Sint cuocnaf1)

Then the instantaneous value of current flowing through the resistor shown in the figure
below will be:
| R

e AN

° ™ \ -
Bt s

\ /

o

v=V,sinwt 1

The value of current will be maximum when wt= 90° or sinwt = 1

Putting the value of sinwt in equation (2) we will get

1= Iusinwt ., v (3)

Phase Angle and Waveform of Resistive Circuit

From equation (1) and (3), it is clear that there is no phase difference between the applied
voltage and the current flowing through a purely resistive circuit, i.e. phase angle between
voltage and current is zero. Hence, in an AC circuit containing pure resistance, the current
is in phase with the voltage as shown in the waveform figure below.

Voitage

pvandl

(Waveform and Phasor Diagram of Pure Resistive Circuit)

Power in Pure Resistive Circuit -
The instantaneous power in a purely resistive circuit is given by the equation shown below:
Instantaneous power, p= vi

p = (Vgsinwt) (I, sinwt)

Vil Vi 1
p= —— 2sinwt = — — (1 — cos2mt)
2 V2 V2
p= V—m I£ — V—ml;mCOSth
V2vVZ V22
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The average power consumed in the circuit over a complete cycle is given by

P = average of — — — average of — — coswt... .....(4)

V2 V2 V2 V2
As the valve of coswt is zero.
So, putting the value of coswt in equation (4) the value of power will be given by

P= Vr.m.slr.m.s .

Where,
e« P —average power

e Vi.ms—root mean square value of supply voltage

e l.ms—root mean square value of the current
Hence, the power in a purely resistive circuit is given by:
P=VI

The voltage and the current in the purely resistive circuit are in phase with each other
having no phase difference with phase angle zero. The alternating quantity reaches their
peak value at the interval of the same time period that is the rise and fall of the voltage and
current occurs at the same time.

AC through Pure inductive Circuit

The circuit which contains only inductance (L) and not any other quantities like resistance
and capacitance in the circuit is called a Pure inductive circuit. In this type of circuit, the
current lags behind the voltage by an angle of 90 degrees.

The inductor is a type of coil which reserves electrical energy in the magnetic field
when the current flow through it. When the current flowing through inductor changes then
time-varying magnetic field causes emf which obstruct the flow of current. The inductance
is measured in Henry. The opposition of flow of current is known as the inductive
reactance.

The circuit containing pure inductance is shown below:

—— Y Y Y\

i \
) - —
\_ "~/

v =V, sinwt

Circuit Diagram of pure Inductive Circuit
Let the alternating voltage applied to the circuit is given by the equation:

v = Vo Sinwt....oimia(1)

As a result, an alternating current i flows through the inductance which induces an emf in
it. The equation is shown below:
di
T
The emf which is induced in the circuit is equal and opposite to the applied voltage. Hence,
the equation becomes,

e =

V= —€ e mennn(2)
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Putting the value of e in equation (2) we will get the equation as

di
v:—(—L—) or

dt
V., Si L o
t = L—
i SiNw % or
Vv,
di= _ll,n- sinot dt ... .........(3)

Integrating both sides of the equation (3), we will get

vm
fdi = J.—E— sinwtdt  or

i=— (—coswt) or

wlL
. Vi Vi .
j= ;"E sm(u)t = “/2) = -}-{% sm(mt — ﬂ/Z) TR ()

where, X. = w L is the opposition offered to the flow of alternating current by a pure
inductance and is called inductive reactance.
The value of current will be maximum when sin (wt — 11/2) = 1. Therefore,

Vin
Ly = e (5)

Substituting this value in I from the equation (5) and putting it in equation (4) we will get

i = [y sin(wl‘. — ﬂ/z)

Phasor Diagram and Power Curve of Inductive Circuit
The current in the pure inductive AC circuit lags the voltage by 90 degrees. The waveform,
power curve and phasor diagram of a purely inductive circuit is shown below

Voltage

Current /,Power

(Phasor Diagram and Waveform of Pure Inductive Circuit)

When the values of voltage and current are at its peak as a positive value, the power is also
positive and similarly, when the voltage and current give negative waveform the power will
also become negative. This is because of the phase difference between voltage and current.


https://circuitglobe.com/wp-content/uploads/2015/10/PURE-INDUCTIVE-CIRCUIT-EQ4-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/10/PURE-INDUCTIVE-CIRCUIT-EQ5jpg-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/10/PURE-INDUCTIVE-CIRCUIT-EQ6jpg-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/10/PURE-INDUCTIVE-CIRCUIT-EQ7jpg-compressor.jpg
https://circuitglobe.com/wp-content/uploads/2015/10/INDUCTIVE-CIRCUIT-WAVEFORM-compressor.jpg

When the voltage drops, the value of the current changes. When the value of current is at
its maximum or peak value of the voltage at that instance of time will be zero, and therefore,
the voltage and current are out of phase with each other by an angle of 90 degrees.

The phasor diagram is also shown on the left-hand side of the waveform where current (Im)
lag voltage (Vm) by an angle of 11/2.

Power in Pure Inductive Circuit
Instantaneous power in the inductive circuit is given by

p=vi
P = (Vsinwt)(1,,sin (wt + m/2)

P = Vplmsinwt cosmt

V,.1

P = —=2 sinwt coswt
T

P= -2 2gn2unt or
V2 2

P=0

Hence, the average power consumed in a purely inductive circuit is zero.

The average power in one alteration, i.e., in a half cycle is zero, as the negative and positive
loop is under power curve is the same.

In the purely inductive circuit, during the first quarter cycle, the power supplied by the source,
is stored in the magnetic field set up around the coil. In the next quarter cycle, the magnetic
field diminishes and the power that was stored in the first quarter cycle is returned to the
source. This process continues in every cycle, and thus, no power is consumed in the circuit.

AC through Pure Capacitor Circuit

The circuit containing only a pure capacitor of capacitance C farads is known as a Pure
Capacitor Circuit. The capacitor stores electrical power in the electric field, their effect is
known as the capacitance. It is also called the condenser. The capacitor consists of two
conductive plates which are separated by the dielectric medium. The dielectric material is
made up of glass, paper, mica, oxide layers, etc. In pure AC capacitor circuit, the current
leads the voltage by an angle of 90 degrees.

When the voltage is applied across the capacitor, then the electric field is developed
across the plates of the capacitor and no current flow between them. If the variable voltage
source is applied across the capacitor plates then the ongoing current flows through the
source due to the charging and discharging of the capacitor.

Explanation and derivation of Capacitor Circuit

A capacitor consists of two insulating plates which are separated by a dielectric medium. It
stores energy in electrical form. The capacitor works as a storage device, and it gets charged
when the supply in ON and gets discharged when the supply is OFF. Ifitis connected to the
direct supply, it gets charged equal to the value of the applied voltage.
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v =V, sinut

(Circuit Diagram of pure Capacitor Circuit)

Let the alternating voltage applied to the circuit is given by the equation:
V = Vi SInwt ceevvversneenns (1)
Charge of the capacitor at any instant of time is given as:

(i Tl . AR ) |
Current flowing through the circuit is given by the equation:
) d
i= —
dt

Putting the value of g from the equation (2) in equation (3) we will get

1= ; e 3
I—a( ) (RT3

Now, putting the value of v from the equation (1) in the equation (3) we will get

i= 7 C Vi Sinwt = CV, 5 sinwt or

o W i
i= wCV, coswt= 7 sin(wt + ™/,) or

V,
i= X_': Sin(mt % Tt/z) mrseb )

Where Xc = 1/wC is the opposition offered to the flow of alternating current by a pure
capacitor and is called Capacitive Reactance.

The value of current will be maximum when sin(wt + 1/2) = 1. Therefore, the value of
maximum current Im will be given as:

Vin
Im = X_C

Substituting the value of I in the equation (4) we will get:

i = I, sin(wt + Tt/2)
Phasor Diagram and Power Curve
In the pure capacitor circuit, the current flowing through the capacitor leads the voltage by

an angle of 90 degrees. The phasor diagram and the waveform of voltage, current and
power are shown below:
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Voltage

Power

Current

(Phasor Diagram and Waveform of Pure Capacitor Circuit)

When the voltage is increased, the capacitor gets charged and reaches or attains its
maximum value and, therefore, a positive half cycle is obtained. Further when the voltage
level decreases the capacitor gets discharged, and the negative half cycle is formed.

If you examine the curve carefully, you will notice that when the voltage attains its maximum
value, the value of the current is zero that means there is no flow of current at that time.

When the value of voltage is decreased and reaches a value 11, the value of voltage starts
getting negative, and the current attains its peak value. As a result, the capacitor starts
discharging. This cycle of charging and discharging of the capacitor continues.

The values of voltage and current are not maximised at the same time because of the phase
difference as they are out of phase with each other by an angle of 90 degrees.

The phasor diagram is also shown in the waveform indicating that the current (Im) leads
the voltage (Vm) by an angle of 11/2.

Power in Pure Capacitor Circuit
Instantaneous power is given by p = vi

P = (Vy sinot) (I sin (wt + ™/5)

P = V1, sinwt coswt

|
P = —_—r:.siant or
V2

Hence, from the above equation, it is clear that the average power in the capacitive circuit
is zero.

The average power in a half cycle is zero as the positive and negative loop area in the
waveform shown are same.
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In the first quarter cycle, the power which is supplied by the source is stored in the electric
field set up between the capacitor plates. In the another or next quarter cycle, the electric
field diminishes, and thus the power stored in the field is returned to the source. This
process is repeated continuously and, therefore, no power is consumed by the capacitor
circuit.

3.4 AC through RL Series Circuit

A circuit that contains a pure resistance R ohms connected in series with a coil having a
pure inductance of L (Henry) is known as RL Series Circuit. When an AC supply voltage V
is applied, the current, | flows in the circuit.

So, Ir and I will be the current flowing in the resistor and inductor respectively, but the
amount of current flowing through both the elements will be same as they are connected in
series with each other. The circuit diagram of RL Series Circuit is shown below:

| R L
_-._/\N\,_._rwwx_
< V;( Vl

Vv

- A(f:n;:} |
V= V:sinml
Where,
e Vg —voltage across the resistor R
e V. —voltage across the inductor L
e V —Total voltage of the circuit
Phasor Diagram of the RL Series Circuit

“f

g B
Ve

0 -t'A ) |
Vi

Steps to draw the Phasor Diagram of RL Series Circuit
The following steps are given below which are followed to draw the phasor diagram step
by step:
e Current | is taken as a reference.
e The Voltage drop across the resistance Vr = Ir is drawn in phase with the
current I.

e The voltage drop across the inductive reactance V =IX_ is drawn ahead of the
current I. As the current lags voltage by an angle of 90 degrees in the pure
Inductive circuit.

o The vector sum of the two voltages drops Vr and V. is equal to the applied
voltage V.
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Now, In right-angle triangle OAB

Vg = Ig and VL = IX. where X_= 2mfL

V= JV)Z+ (V)% =(R)Z + (IX,)?
V=1Iy RZ + X% or

[ = LZT
Z

z2=/R2 + X2

Where, Z is the total opposition offered to the flow of alternating current by an RL Series
circuit and is called impedance of the circuit. It is measured in ohms (Q).

Phase Angle

In RL Series circuit the current lags the voltage by 90 degrees angle known as phase
angle. It is given by the equation:
Vi X, X,

BlHp= —=

= = or
Vi IR R

= L
p = tan 1 —
? R

Power in R L Series Circuit
If the alternating voltage applied across the circuit is given by the equation:

LR | N ¢ |

The equation of current | is given as:

i = Lhsin(wt— @) e (2)
Then the instantaneous power is given by the equation:
B=NA worarsonns L)

Putting the value of v and i from the equation (1) and (2) in the equation (3) we will get
P = (V,Sinwt)x I, sin(wt — )
Vil

p= — 2sin(wt — @) sinwt
Vm ]l'ﬂ
P= — — [cosp — cos(Zat — ¢)]
V2 V2 ¥ =
Vm ll'l'l Vm Im
P=—— cos@p— —— cos(2at— ¢)
2zt 2z

The average power consumed in the circuit over one complete cycle is given by the
equation shown below:
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v, Vo V.o V.

P = average of — — cosp — average of ——cos(Zot — ¢) or
" V2v2
Viu: 1
P=—= —2,.‘: cos@ — Zero or
V2 V2

P = Vimslimscosp = VIcosp

Where cos¢ is called the power factor of the circuit.
Vg IR R 4
COBD = — = T = Tinuieia sas sisin
=Y T ¥ )
The power factor is defined as the ratio of resistance to the impedance of an AC Circuit.
Putting the value of V and cos¢ from the equation (4) the value of power will be:

P=AD(DR/Z) = TPR wcvviccis[5)

From equation (5) it can be concluded that the inductor does not consume any power in
the circuit.

Waveform and Power Curve of the RL Series Circuit

The waveform and power curve of the RL series circuit is shown below:
Voltage

Current fPower

The various points on the power curve are obtained by the product of voltage and current.
If you analyze the curve carefully, it is seen that the power is negative between angle 0 and
¢ and between 180 degrees and (180 + ¢) and during the rest of the cycle the power is
positive. The current lags the voltage and thus they are not in phase with each other.

AC through RC Series Circuit

A circuit that contains pure resistance R ohms connected in series with a pure capacitor of
capacitance C farads is known as RC Series Circuit. A sinusoidal voltage is applied and
current | flows through the resistance (R) and the capacitance (C) of the circuit.

The RC Series circuit is shown in the figure below:
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1\
N
v =V, sinwt

Where,
e Vg —voltage across the resistance R

e Vc—voltage across capacitor C
o V —total voltage across the RC Series circuit

Phasor Diagram of RC Series Circuit
The phasor diagram of the RC series circuit is shown below:

Va

Ve V=IZ Ve

Steps to draw a Phasor Diagram
The following steps are used to draw the phasor diagram of RC Series circuit
e Take the current | (r.m.s value) as a reference vector

e Voltage drop in resistance VR = IR is taken in phase with the current vector

e Voltage drop in capacitive reactance VC = IXC is drawn 90 degrees behind the
current vector, as current leads voltage by 90 degrees (in the pure capacitive
circuit)

e The vector sum of the two voltage drops is equal to the applied voltage V (r.m.s
value).

Now, Vgr = Ir and Ve = IXc

Where Xc = 1/2mfC

V= (V)% + (Ve)?=/(IR)? + (IX¢)?

—
V:l\]l{2+ XZ or

V
{RZ + X2
=

R* + X2

=

N| <

sz
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Where, Z is the total opposition offered to the flow of alternating current by an RC series
circuit and is called impedance of the circuit. It is measured in ohms (Q).

Phase angle

From the phasor diagram shown above, it is clear that the current in the circuit leads the
applied voltage by an angle ¢ and this angle is called the phase angle.

Vo KXo Xo
V. IR R

X

1R
@ = tan '—

R

Power in RC Series Circuit
If the alternating voltage applied across the circuit is given by the equation

v =V _Sinit ... orieef3)

tang = or

Then,

1= Igsin(ot+ @) ... (2)

Therefore, the instantaneous power is given by p = vi
Putting the value of v and i from the equation (1) and (2) in p = vi

P = (V,Sinwt)x I, sin(wt + @)

Vil
— 2sin(wt 4+ @) sinot

p:

1 N
P= -\7% —; [cosp — cos(2wt + @)]

P an lm Vm ] (2 t—i— )
= osQ — — —= cos(Zot+ @
g V2 V2

The average power consumed in the circuit over a complete cycle is given by:

m lﬂ ID fﬂ

P = average of 5 COS@ — average of cos(Zwt + @) or

%l
T VIVZ

P= Vimslrmscos@ = VIcose
Where cos¢ is called the power factor of the circuit.

Ve IR R ,
COSP = o5 = 7= Zrommm sl

Putting the value of V and cos¢ from the equation (3) the value of power will be

P={ZDRSE) = PR acierss{E)

cos@ — Zero or

From the equation (4) it is clear that the power is actually consumed by the resistance only
and the capacitor does not consume any power in the circuit.
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Waveform and Power Curve of the RC Series Circuit
The waveform and power curve of the RC circuit is shown below:
Voltage

res
Current ,Power
7
/

2n

%

S 175 (-

—_—

The various points on the power curve are obtained from the product of the instantaneous
value of voltage and current. The power is negative between the angle (180° — ¢) and 180°
and between (360° -¢) and 360° and in the rest of the cycle, the power is positive. Since
the area under the positive loops is greater than that under the negative loops, therefore
the net power over a complete cycle is positive.

AC through RLC Series Circuit

When a pure resistance of R ohms, a pure inductance of L Henry and a pure capacitance
of C farads are connected together in series combination with each other then RLC Series
Circuit is formed. As all the three elements are connected in series so, the current flowing
through each element of the circuit will be the same as the total current | flowing in the
circuit.

The RLC Circuit is shown below :

| R L C
Vg ¢ Vi V¢—ri_
- \'}

v=V,sinwt

When the AC voltage is applied through the RLC Series circuit the resulting current | flows
through the circuit, and thus the voltage across each element will be:

e Vr =IR that is the voltage across the resistance R and is in phase with the
current I.

o VL =1X_ that is the voltage across the inductance L and it leads the current | by
an angle of 90 degrees.
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e Vc =IXc that is the voltage across capacitor C and it lags the current | by an
angle of 90 degrees.
Phasor Diagram of RLC Series Circuit
The phasor diagram of the RLC series circuit when the circuit is acting as an inductive

circuit that means (V.>Vc) is shown below and if (V.< Vc) the circuit will behave as a
capacitive circuit.

e |

Steps to draw the Phasor Diagram of the RLC Series Circuit
o Take current| as the reference as shown in the figure above
o The voltage across the inductor L that is V. is drawn leads the current | by a
90-degree angle.

e The voltage across the capacitor c that is V¢ is drawn lagging the current | by a
90-degree angle because in capacitive load the current leads the voltage by an
angle of 90 degrees.

e The two vector VL and V¢ are opposite to each other.

V= \/('VR)?' + (V— Vo)’ =y (R)?+ (IXp— IXe)? or

V=14R* 4 (X;— X wr

v g
VBT (- X 2
Where,
Z=«R*+ (X, — X¢)?

It is the total opposition offered to the flow of current by an RLC Circuit and is known
as Impedance of the circuit.

Phase Angle

From the phasor diagram, the value of phase angle will be
Vi~ Ve By— e
Ve R

Xy — X¢

tang = or

p = tan"?

Power in RLC Series Circuit
The product of voltage and current is defined as power.

P = VIcosep = I?R

Where cos¢ is the power factor of the circuit and is expressed as:
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V& R
cosp = —= =
PETT 7
The three cases of RLC Series Circuit
e« When X. > Xc, the phase angle ¢ is positive. The circuit behaves as RL series
circuit in which the current lags behind the applied voltage and the power factor
is lagging.
e« When X < Xc, the phase angle ¢ is negative, and the circuit acts as a series
RC circuit in which the current leads the voltage by 90 degrees.

e« When X. = Xc, the phase angle ¢ is zero, as a result, the circuit behaves like a
purely resistive circuit. In this type of circuit, the current and voltage are in
phase with each other. The value of the power factor is unity.

Impedance Triangle of RLC Series Circuit

When the quantities of the phasor diagram are divided by the common factor | then the right
angle triangle is obtained known as impedance triangle. The impedance triangle of the RL
series circuit, when (XL > Xc) is shown below:

B

X - X

0

If the inductive reactance is greater than the capacitive reactance than the circuit
reactance is inductive giving a lagging phase angle.

Impedance triangle is shown below when the circuit acts as an RC series circuit (X < Xc)

When the capacitive reactance is greater than the inductive reactance the overall circuit
reactance acts as capacitive and the phase angle will be leading.

Applications of RLC Series Circuit
The following are the application of the RLC circuit:
e It acts as a variable tuned circuit
e It acts as alow pass, high pass, bandpass, bandstop filters depending upon
the type of frequency.
o The circuit also works as an oscillator
o Voltage multiplier and pulse discharge circuit

3.5 Time Constant
The time constant is commonly used to characterize the response of an RL, RC or RLC
circuit.
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Time Constant of an RC Circuit

Time constant is the duration in seconds during which the current through a capacitor

circuit becomes 36.7 percent of its initial value. This is numerically equal to the product of
resistance and capacitance value of the circuit. The time constant is normally denoted by

T (tau). So,
T=RC
c
-y R
_.‘.\-\ _‘.I’\-\'\.-’ Y, " ‘ | -
I
) fge— e W
T it) v

Applying  Kirchhoff Voltage Law in that single mesh
17
V:Rﬁ(f}—i—ﬁji{t}dt

i(r)
A

Ic-:V}Rl

\
\
AN
\

\\\

0.36710 TR

0 T=RC

v
li—pc = g€

—1

Vv
= 0.367— = 0.367, or 36.7% of I

Time Constant of an RL Circuit

Applying Kirchhoff Voltage Law in the above circuit. We get,

o, o i)
V=Ri(t) + L—

circuit,

we

get,

The time constant of an LR circuit is the ratio of inductance to the resistance of the circuit.
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063379
Io=V/R s

|

-« >
0 T=L/IR sec

At the RL circuit, at time = L/R sec, the current becomes 63.3% of its final steady-state value.

The L/R is known as the time constant of an LR circuit.

et

Time constant for RLC Circuit:

In RLC circuit, we have both RL and RC time constant combined, which makes a problem
calculating the time constant. So we calculate what we call the Q-Factor (quality factor).

T for Series RLC Circuit:

1 |'_L
Q factor = Ay
\
T for Parallel RLC Circuit:
r
Q factor = R |E
'L
\

3.6 Numerical Example

Q1. A 240V, 50 Hz AC supply is applied a coil of 0.08 H inductance and 4 Q resistance
connected in series with a capacitor of 8 uF. Calculate (i) Impedance, (ii) Circuit current, (iii)
Phase angle, (iv) power factor, (v) Power consumed, (vi) Q factor of the circuit at resonant
frequency.

Q2. When a series RLC circuit is subject to 48 V, Vris 15V, and VL is 22 V. What is the
voltage across the capacitor?

Q3. Inanac circuit, V=100 sin(wt+30°) and 1=5 sin (wt-30°). Find apparent power, reactive
power and power factor of the circuit?

Q4. A voltage v(t)=150 sin 10%t is applied a series circuit where R=40 ohm, L=0.13 H,
C=10 microfarad. Find (i) current in the circuit, (ii) power supplied by the source, (iii) Reactive
power supplied by the source, (iv) power factor of the circuit (v) reactive power of the
capacitor, (vi) reactive power of the inductor.
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CHAPTER 4 — RESONANCE AND COUPLED CIRCUITS

4.1 Introduction to resonance circuits and Resonance tuned circuit —

Electrical resonance occurs in an electric circuit at a particular frequency called resonant
frequency when the impedances or admittances of circuit elements cancel each other.
Resonance in electrical circuits consisting of passive and active components represents a
particular state of the circuit when the current or voltage in the circuit is maximum or
minimum with respect to the magnitude of excitation at particular frequency, the circuit
impedance being either minimum or maximum at the power factor unity. The phenomenon of
resonance is observed in both series or parallel ac circuits comprising of R, L and C and
excited by an ac source.

An LC circuit, called aresonant circuit, tank circuit, ortuned circuit, is an electric
circuit consisting of an inductor and a capacitor connected together. The circuit can act as an
electrical resonator, oscillators, filters, tuners and frequency mixers.

Resonance effect

Resonance occurs when an LC circuit is driven from an external source at an angular
frequency wo at which the inductive and capacitive reactances are equal in magnitude. The
frequency at which this equality holds for the particular circuit is called the resonant
frequency. The resonant frequency of the LC circuit is

Wy = 3

1
v LC
where L is the inductance in henry, Cis the capacitance in farad and wo is the angular
frequency in radians per second.

The equivalent frequency in units of hertz is
wh 1
f[] = 2— = —
T 2w/ LC

4.2 Series resonance —

In the RLC series circuit, when the circuit current is in phase with the applied voltage, the
circuit is said to be in Series Resonance. The resonance condition arises in the series RLC
circuit when the inductive reactance is equal to the capacitive reactance. In other words,
XL = Xc . The frequency at which this occurs is called the Resonant Frequency (fr) of the
circuit. A series resonant circuit has the capability to draw heavy current and power from the
mains; it is also called acceptor circuit.

R L C
AN |
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4.3 Expression for series resonance -

At the resonance, X =0or XL—Xc=0or X. = Xc
The Impedance will be:

Z =5 R2H (Ki— Xa) meenses L)

Where Zr is the resonance impedance of the circuit.

Putting the value of XL — Xc = 0 in equation (1) we will get:

Zr=R

Current | =V/ Zr = VIR

Since at resonance the opposition to the flow of current is only resistance (R) of the circuit. At
this condition, the circuit draws the maximum current.

. 1
X - X. =— 2nfL-
- - " 2riC

= %l_[Hz] or @ = !
21 LG JLC

[ rads)

3

-

Where fr is the resonant frequency in hertz when inductance L is measured in Henry and
capacitance C in Farads.

The resonant frequency condition arises in the series circuit when the inductive reactance is
equal to the capacitive reactance. If the supply frequency is changed the value of X, = 2mfL
and Xc = 1/2mfC is also changed. When the frequency increases, the value of X, increases,
whereas the value of Xc decreases. Similarly, when the frequency decreases, the value of
XL decreases and the value of Xc increases. At point P when (XL = XC), the resonant
frequency condition is obtained.

Inductive Reactance and Capacitive Reactance Vs Frequency

Capacitive | Inductive
Xrh z(c > XL | X > x..l:
X
Reactance in Ohms i
\.:r ~ Capacitive and Inductive
X = Xgf——7 Pan XL_ X¢ Reactance are equal here
) ! T X
0 (/1) Frequency, 7

Resonance


https://circuitglobe.com/wp-content/uploads/2015/10/series-resonance-eq1-compressor.jpg

Variation of Impedance Vs Frequency

Capacitive  Inductive

Zl:f‘l.

A _ X2 XL X=X
ol | |
[&)
-
© [
o | ,
i3} l
g \ |
E \ ! y !

) S . I A ’
Z=R hI ____— Dynamic Impedance
0 () Frequency,

Series Resonance
Resonant Current Vs Frequency

| I=VIR
oo MAx .
E I'II : III|
2 o
3| 1=(vizg) | | 1=(viz))
O /': : "
0 (/1) Frequency, 7

Series Resonance

In series RLC circuit, the total voltage is the phasor sum of voltage across resistor, inductor
and capacitor. In series RLC circuit current, | =V / Z. At resonance in series RLC circuit,
both inductive and capacitive reactance cancel each other and as the current flowing through
all the elements is same, the voltage across inductor and capacitor is equal in magnitude and
opposite in direction and thereby they cancel each other. So, in a series resonant circuit,
voltage across resistor is equal to supply voltage i.e V = V,. But at resonance current | =V /
R, therefore the current at resonant frequency is maximum and the impedance of circuit is
resistance only and is minimum.

At resonance the power absorbed by the circuit must be at its maximum value as P = 1°Z =
I’R.

Bandwidth & Quality factor of a Series Resonance Circuit

The half power points called -3dB points give us a current value that is 70.7% of its maximum
resonant value which is defined as: 0.5( 1> R ) = (0.707 x 1) R. Then the point corresponding
to the lower frequency at half the power is called the “lower cut-off frequency”, labelled
fL with the point corresponding to the upper frequency at half power being called the “upper
cut-off frequency”, labelled fn.

The distance between these two points, i.e. ( fu — fL ) is called the Bandwidth, (BW) and is
the range of frequencies over which at least half of the maximum power.
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The frequency response of the circuits current magnitude above, relates to the “sharpness” of
the resonance in a series resonance circuit. The sharpness of the peak is measured
guantitatively and is called the Quality factor, Q of the circuit. Quality factor is defined as the
ratio of the voltage across the inductor or capacitor to the applied voltage.

Q=VL/V=Vc/V
Q=VL/V=loXL!1oR = X_/R (for the coil)
Q =Vc /V=loXc/IoR = Xc /R (for the capacitor)

The quality factor is also the ratio of resonant frequency to bandwidth. It relates the
maximum or peak energy stored in the circuit (the reactance) to the energy dissipated (the
resistance) during each cycle of oscillation. The higher the circuit Q, the smaller the
bandwidth.
Q = f, /BW.

As the bandwidth is taken between the two -3dB points, the selectivity of the circuit is a
measure of its ability to reject any frequencies either side of these points. A more selective
circuit will have a narrower bandwidth whereas a less selective circuit will have a wider
bandwidth.

Then the relationship between resonance, bandwidth, selectivity and quality factor for a
series resonance circuit being defined as:

1). Resonant Frequency, (f)

- 1
X = XC = wl- E =0

2 1 1

UJ = __ w =

LC " JIC
2). Current, (1)
at w, ZT =min, IS = max
—_ Vma}{ _— Vmax _— Vma}{

Mmak

z 3 3
‘JR2+(XL'XC) R2+[w L_LJ
' C



3). Lower cut-off frequency, (fL)

At half power, P—m, I= Iﬂ =0.7071

2T

Z=4J2R, X =-R [capacitive)

4). Upper cut-off frequency, (f)

At half power, P—m, [=-m =0.7071

5). Bandwidth, (BW)

Ve = R.lsin (ot)
Vet---—-—-—---— —
// \\ .
lol-___ VA P gy = Ipsin (o)
J//— o _'“‘m,\ \\_\/
f’ll’,/ ><\\
/ - = .\\ 3 "
0 e N\ T e 21 -
N 7
/2 NS /’f B(wt)
N yd,
W L
\ ,-f)/
\
AN s
S
T=1)

At resonance, the circuit behaves like a pure resistive circuit. As in pure resistive circuit,
voltage and the circuit current are in same phase i.e V,, V and | are in same phase direction.



Therefore, the phase angle between voltage and current is zero and the power factor is
unity.

Effects of Series Resonance
The following effects of the series resonance condition are given below:
e At resonance condition, XL = XC the impedance of the circuit is minimum and is
reduced to the resistance of the circuit. i.e Zr = R

o At the resonance condition, as the impedance of the circuit is minimum, the
current in the circuit is maximum. i.e Ir = V/Zr = VIR

e As the value of resonant current Ir is maximum hence, the power drawn by the
circuit is also maximized. i.e Pr = I’R

e At the resonant condition, the current drawn by the circuit is very large or we can
say that the maximum current is drawn. Therefore, the voltage drop across the
inductance L i.e (VL = IXL= 1 x 2mfrL) and the capacitance Ci.e (Vc =IXc =1X
I/21frC) will also be very large.

Parallel Resonance

Parallel Resonance means when the circuit current is in phase with the applied voltage of
an AC circuit containing an inductor and a capacitor connected together in parallel. Since the

parallel resonant circuit can draw a very small current and power from the mains, therefore, it
is also called as Rejector Circuit.

L

&
At resonance, the capacitive current must be equal to the inductive part of the coil current i.e.

the imaginary components of I. & Ic must cancel each other. The circuit current Ir will only be

in phase with the supply voltage when the following condition given below in the equation is
satisfied.

IC — IL Sinch

Phasor Diagram

I
i

ir =1 Cos, _\‘

i =1, Sing, h
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At the Resonance condition, the circuit draws the minimum current as under this (resonance)
condition the reactive component of current is suppressed.

Frequency at Resonance Condition in Parallel resonance Circuit

The value of inductive reactance X. = 2mfL and capacitive reactance Xc = 1/2mfC can be
changed by changing the supply frequency. As the frequency increases, the value of X_and
consequently the value of Z_ increases. As a result, there is a decrease in the magnitude of
current I and this I current lags behind the voltage V.

On the other hand, the value of capacitive reactance decreases and consequently the value
of Ic increases.

At some frequency, f; called resonance frequency.

Ic = IL Sin(pL
Where,
-
ZL

X
Sing; = Z—L and Ig = o

L C
v V X 5
X—sz—Lx—z—L or X Xg= Zj or
wL

E:ZE: (R2+X%) or

L
—= R? + (2uf,L)? or

C
L
L= fa— R? or

If R is very small as compared to L, then resonant frequency will be

1
-
g 21WLC
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At parallel resonance line current Iy = I. cos¢ or

V V R 1 R
A A A
1 R CR , L
vkl G
Therefore, the circuit impedance will be given as:
L
L, = R

The current at resonance isthen V /(L / CR)
Power factor of parallel resonance circuit is unity as 1.Sin®_ & Ic cancel each other.
1

LZ & impadance Z = m
Current | =
L
1
1
- = i
I — o .
Legging p.f Leading p.i
'y |
= R e o e — e —— — —— —— ——

Indu ctive

o= XL
-

Capacitive

L= X
—_—l

Dynamic
impedance

-
. Frequency, f

Parallel Resonance

Effect of Parallel Resonance:
e The circuit impedance is purely resistive because there is no frequency term
present in it. If the value of inductance, capacitance and resistance is in Henry,
Farads and Ohm then the value of circuit impedance Z; will be in Ohms.

e The value of Zr will be very high because the ratio L/CR is very large at parallel
resonance.


https://circuitglobe.com/wp-content/uploads/2015/10/PARALLEL-RESONANCE-EQ5.png
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The value of circuit current, Ir = V/Zr is very small because the value of Zr is very

high.

The current flowing through the capacitor and the coil is much greater than the
line current because the impedance of each branch is quite lower than that of

circuit impedance Zr.

4.4 Parallel resonance (RL, RC & RLC) & derive the expression -

4.5 Comparision of series & parallel resonance and applications —

Basis of
Difference

Definition

Impedance

Admittance

Current

Behave of
the circuit

Magnify

Equation of
effective
impedance

Quality
factor (Q-
factor)

Series Resonance

When a resistor, inductor and
capacitor are connected in series
across an AC supply and the
inductor and capacitor cancel the
effect of each other at a particular
frequency, then this condition of the
series circuit is known as series
resonance.

The impedance of a series RLC
circuit becomes minimum at series
resonance.

The series RLC circuit offers
maximum admittance at series
resonance.

The series resonance results in the

maximum current through the circuit.

The series RLC circuit behaves as
an accepter circuit at series
resonance.

The series resonance magnifies the
voltage in the circuit.

The effective impedance of series
RLC circuit at series resonance is
given by,

Z=R

For series resonance, the quality
factor is given by,
Q-factor=w0L/R=1/wORC

Parallel Resonance

A combination of a resistor, inductor
and a capacitor are connected in
parallel across an AC source and
the inductor and capacitor cancel
the effect of each other at a specific
supply frequency, then this
condition of the parallel RLC circuit
is known as parallel resonance.

The impedance of a parallel RLC
circuit becomes maximum at
parallel resonance.

The admittance of the parallel RLC
circuit at parallel resonance is
minimum.

The current in circuit at parallel
resonance is minimum.

The parallel RLC circuit acts as a
rejector circuit at parallel resonance

The parallel resonance magnifies
the current in the circuit.

The effective impedance of parallel
RLC circuit at parallel resonance is
given by,

Z=L/(CR)

For parallel resonance, the quality
factor is given by,
Q-factor=R/wOL=wORC



Basis of Series Resonance Parallel Resonance
Difference

The series resonance is widely used The parallel resonance is used in

in tuning, oscillator circuits, voltage current amplifiers, induction

amplifiers, high frequency filters, etc. heating, filters, radio-frequency
amplifiers, etc.

Applications

Applications

e The most common application of tank circuits is tuning radio transmitters and
receivers. For example, when tuning a radio to a particular station, the LC circuits
are set at resonance for that particular carrier frequency.

e A series resonant circuit provides voltage magnification. Series resonance circuits
are found in various electrical and electronic circuits such as in voltage amplifiers,
oscillator circuits, AC mains filters, high frequency filters, noise filters and also in
radio and television tuning circuits producing a very selective tuning circuit for the
receiving of the different frequency channels.

e« A parallel resonant circuit provides current magnification. Parallel resonance
circuits are used in current amplifiers, filter circuits, radio frequency amplifiers,

« Both parallel and series resonant circuits are used in induction heating.

4.6 Simple problems-
Series Resonance Example Nol

A series resonance network consisting of a resistor of 30Q), a capacitor of 2uF and an
inductor of 20mH is connected across a sinusoidal supply voltage which has a constant
output of 9 volts at all frequencies.

Calculate, the resonant frequency, the current at resonance, the voltage across the inductor
and capacitor at resonance, the quality factor and the bandwidth of the circuit. Also sketch
the corresponding current waveform for all frequencies.

R= 300 L =20mH C=2uF
4/\/V\/_/WY-\ |1
3|
f
I
~—%
\V = Gvolts
1. Resonant Frequency, fr
1
5. — 796Hz

N
2nyLC  27/0.0242x10°

2. Circuit Current at Resonance, In

1=V _ 2 _ 03A or 300mA

R 30


https://en.wikipedia.org/wiki/Carrier_frequency
https://en.wikipedia.org/wiki/Induction_heating

3. Inductive Reactance at Resonance, X,

X =2nflL = 2nx796x0.02 = 100Q

4. Voltages across the inductor and the capacitor, Vi, Vc

VL = VC
VL — I><)(L = 300mMA »x 10002
VL = 30volts

Note: the supply voltage may be only 9 volts, but at resonance, the reactive voltages across
the capacitor, Vc and the inductor, V. are 30 volts peak!

5. Quality factor, Q

X 100
= L = ~-3.33
= R 30
6. Bandwidth, BW
_f 796
BW = & T aas 238Hz

7. The upper and lower -3dB frequency points, fn and f.

= f - %BW . ?96—%(238) _ §77Hz

fo = f %BW - 796 +%(238) — 915Hz

8. Current Waveform

—

300mA |[——————————

212mA |- - = ————

ﬁm
g

s
]

-
J (Hz)

[}
.
""-.,h‘\‘
=

J Ju
677THz 796Hz 915Hz



Series Resonance Example No2

A series circuit consists of a resistance of 4Q), an inductance of 500mH and a variable
capacitance connected across a 100V, 50Hz supply. Calculate the capacitance require to
produce a series resonance condition, and the voltages generated across both the inductor
and the capacitor at the point of resonance.

XL = 2nfL = 2nx50x0.5 = 157.1Q2
at resonance: XC — )(L = 157.10

1 1
" 2nfX_  2n50.157.1

Voltages across the inductor and the capacitor, Vi, Vc
vV 100
l, = 5 = — = 25Amps
R 4

e — 20.3pF

at Resohance: VL = VC

VL = I><XL = 25x157 .1
Thus VL = 3,927 .5volts or 3.9kV
and Vc = 3,927 5volts or 3.8kV



Przlle) R-c @ R-L covewed). :

w\/L_[;_“

Le N, PHe
A M= Admitanee of Ri—C Ciertid =

1

E! --J’)'f;_—_
= AdmEtyence o Rop—L Clvc@d
M = Ned adailyance = N N R;,A"JXL_ )
b o Bl Ro—TXL

—

Rie " Roddhe - RuSoRYD R (ﬁw(&fl@
— M_&_ + Q\QF"‘_T‘XL-

Rl&*?c‘z R;}_z'ﬁ* '”)‘(Ll

= f %\\ ) He R )
Q%@wc, e >+ R=FXE R
‘ﬂlc civeuty pAlL be alk refoviance ey Hieo
naginery forke o5 capacikive and Induckive
cAvianceg are cancelled .
]=JE_~ __7_<E_____ erl—.

ap—

REAR® T RN T 5 %
S e (Rnt) = KL(KAR )
= M&Ca‘*"’wﬂ') = M’L(R‘ M‘g‘rf’

-ﬁ-‘}ﬁl.—; ?':L- —}E«Q,M%W\WMM
wpatﬁ*wa L) - WﬂLLC- Woz 1
i wol” _ oyl L
7 e & &, 7 & o i b We CZ

2o o Ly.g = R 4.2

%o, K -::'Rzﬂ@



VR ndicatz g Shak dhe clrewdd) Wil be
.-Pg-r‘aﬂ}j MMCH T’Tb\r’i}-‘léa!
Ky=Ry = th/- 2

A resovance [T s = Tusng, |
Where, Te = Curent ™ Ri-¢ CKE

L = ceunend h Re-L EKE

G = Pﬁw'brr!,’-gwmﬁlg o R-C cir
P = Fowmj&c&w ::w\?lﬂ— 75 Ro-L CHE

v

‘:rc = c:'-vf\é‘ Q: —_ 7 va -
AR ey 3 A Ro-Lct)
I =2 — Cannd NG = R

[ c,_CaiUr) iﬂ"g_—_ L C.-F.ty"

al vesopafice

. S Ve \V wel
%

— %
(R ara’ [y oorwie {Bwh”

Wzt
L/ s Wp -
: Waﬁc?r

>

Wo L-

\ 2

n.
T Wt

=7 B ﬂgﬁ.l,—b\]ail_g’

\
REWo EY 7

- e R, ”‘T—__-EL
fy Wec C‘R12+“'L_§) Rﬂ' )T i




Paralle) pgononce rf R-L-C CEroudd
———T — s e ——

L s =
PM':LH@,& PEE N A O r::c:{:u_xyx wlen —Jrff'-& LSLLQCE.FJﬁ,f’I@
*]’ﬁ"-—-.r.\- ' 2 ZOovD . gmgc_&wm 2 e rec: pa'DC(«b\ C;'Sﬁ

YA CAANCe. . 2 — ?lq

Advirdance, N = 614—35 E % {’\’Jr_'i%j

. o= Sl
—’rJWLerwa "o a=d h;}

|
ﬂféf"rlgwc WL

NMe MWQZ,] Al el pEEoviance occrns 1.8

WoC..f--—'—"_'_ =D

we L
NN ey
e e U ST Tl =
AL vesonank MW”Z;MWW ——
MDA ERALLNA .
B ardniddbs , B = S -0
V&'EE/Y

e

@0 Wage & Coents VMW)
nidh



oa half FOW@Y “"?M‘Jl,b\bﬂc‘g can be  ol)aaned ,;5\1 i

Wb 7 Q

— - '-"”"""O
7 e WL.\

Wlfﬁw@

A XY

5 . . o N

=~z T{(Gaee) iz

gfmiLmA?} He wppey half Power MWWWE&
Oblraned bo

) o I

WeC et = '

Weal-
2 W ) =0
= Wy ——2——Tc

Bemplofs Hne- eqpakion, we ged-

g — __L,., ) 2.\ ‘
- '%_\f@‘:)'ﬂ' Lc ,
Bandnwiddh T2 given bo '
2w = Wo—-Wh — 1

&mwp .5?904-,,»/ T2 aLapmwl &2

= — Re
Wl-wl I/R{'. =2 e




B T e e . = & 1 - e — -

CHAPTER — <
LACLACE  TEANTFoRA 2 VTS AfPLicATianC
Laplac Aranefomadion fg a (o wevF il pgdbod of
Colvivig  Loear AdbPerendiald equationg . As Abe
Maasient respenee sf an electyic civctud can b
Aeecnribed 20 o Lineanr Aiffevendial e quarion , lajploce
vl T8 pked o colve e Avarnzievl aehav iouy
of elechie civcudd= .
- L@Lﬁm Pavsderrr of Hoenedien fi4) iw de e

bo © _x
o £0s) = lBtd) = o & At

wlhee , 4 E:-Q,Eﬂ-g Mo .f}irm\_fz.}?mm.czy'u veouriable .
WL 12 e complex varable (T=Jw)- |
#. T2 opormbon of |—fE) 12 T dhe cample
MW&H Aetiaan oy 92-demai . :
T = £t
- Jr FLE) = -5 |

R\C)

" gaep Sdwnckon —
B B e wbabAG
. ﬁ—vow-t:‘;-m L
e e B2 0 -
Fov unidy gyep T, € (Unar srer Th)

W(d) = @ whent £0
=." 3 vqkéfm-{:?v

Lotte )= LD = -5 . & ()
@ mpatse Fonchon — 1
sl =0 whent# O ..F;: i o

= P> when & = 0O

_pﬂ';m- \pulse /P

L) = | : |
' - +) = (&
*’T‘M_ Mrwujfe[p)mc?fwﬁ %ﬂ- M destvadivne-
- wndy odep Lonclzn



{ ;.'}

Qi f‘\DWLl Rlv‘r"«’ru’,:- J
Li4) = At whewn 7O At A
- O nWhenw | 2 o
FES) = L) = A ) - R
= -il—r

WEE1% i ] rAML

inte | : &
L ])rhiu"\/‘ t”l Lll\[d ‘-'"1{"'\" ?u ,-‘.C,l:f’/ﬂ P‘ 5 rf »V"if'-'i aq

(v i[‘.f_u',“‘ 1:7 pr“”r“rm n
j'i't) — -—r.\..l L
e —l _
1_(5:) = i—-——*gli:{) — I\__ F..- e e ———— _?'t
) ‘
= ‘5'.-1-_&*\

@ SoNUE ot dal ..-Pt.mc),arpm
)= 2Nk
£s) = lognwt = W
Lf—\-m)g'
i) CoS ENnUeoida) Feenclrza
Dit) = cocb -

() = [Coswt = _= o
) S 2
@”)_ ?WYR:!D;?LZC rpu.,m cA v 4 ,qg'z“
"F(‘E')"' .___E_ NW%?{D ' /T
2
- o whent <0 SR

Fls) = LPE) = k@{f):ﬁ r_g;:r
’Mm el A .

1 | i
L&Y = S \ o ver) = VES)
~ & L ot = )
ak _ NI
N WA —
- ‘&a% Braft w | - ER)I= R,
L. e CBWE = 842 j\"é’;\—@f—ﬁﬂﬂ'a@j
_at GreyRrw® v
L, 2P Jaf i ,}\vLL'-)-'—".L-f"
(gr )™ WS =g
- Etde= i) io)

T sl



386

Table 9.2

Fiine ifownain

1. Constant vollape souree (say a batlery termlnal
voltage) Vi

2. Thoe dependent vollage source, Vo f{1).

A Constant current source [,

4. Time dependent current source, = f(1).
5.  (u) Resistance element (K)

() current is i (¢) through R cavsing drop v= Ri ().

6. (a) Inductance element (L).

(&) Initial current is i (0" ), clockwise,
circuit current being i (1) ;

di (1)
wl)= L= s

(¢} Current in the inductor is given by
:{r)-——] Wl ydt +i(0%).

s-elarmaln

V(s) = RI(3) i

l.s E

V {s) =sL1 (#) - Li (0")) (Fig 9.9) |
Is Lifg")

i

I{s)

[If the initial current is —i(0°), the voltage equation
becomes V (s} =[sLI (5) + Li (07 )] and the equivalent

i
1
f
Fig. 9.9 En
circuit in Laplace domain is [Fig. 9.9(a)].

o L)

p_.._rm_(*’ = )_., !
1s)

Fig. 9.9(a) i

Yie) )
E 5

’{S}:

=1; (5}~ f_] [£)

r~i—'

which gives the following circuit configuration in
s-domain (Fig. QIH}E_EH; (s).

1 < 1461
¥,
p
— V(5) —p—o
1(s) 2
Vis
IL(S}'T‘L!
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of the capaditor thal omnowes thare J” side
i[2) thowagh f1 P charging curnent

]
2=V r 2 [ i
o

(<) K the polanity of the initial voltape he =V jo &
zssishs charging current i) > Yottt

v
ot)=-V, +%j'£{f )it
=}

(2) Current in the capacitor is given by

i) = =)

ot

Mutuoal inductance between twe coils being M,
currents being § and i, selfsinductances being [
and L,, the voltage drops in each the linked coil is

given by
dy (¢) s (#)
f di, (f
and 1, (1)=L dl;:”-.-— M ':f: )

s-tlomaln

e . e e -

1/Cs

Visy= o, B HM Yy 1m)
i C a » Cs

The equivalemt ainuit [Fig. 9.01(a)] would be, In 3

domain,
: | - ] —
Wowe (e
Flz. 9.11(a)

Vo . i)
Vis)=——2 4 =22
‘ W
which gives the equivalent circuit [Fig. 9.11{h)] as

7 e S e

1/Cs V'
PRI i
I(s) = CQV{s)s= V(0" )] = I ()= I (0*)
which gives the equivalent circuit [Fig. 9.11(¢}] as
CVio
i
H@)\_ﬂ
3 1Cs
1
14) -[IE =1-{;1r3]
— VIs) —|
Fig. 911 (]

Vi(s) = Lsh(s) = Li(07) + Msly(s) — Miy(0)
()

Va(8) = Lshy(€) ~ Li(07) + MsT, (s) - M, (0%)
(b}

The drruit configuration corresponding to equation
{a).

Ly (07

L=z
o— ‘i‘ ‘—.——v—.——._ e - @ C

Mlsh(s) = i)
Fig. 9.12 {2)

and vorresponding to equation (),

Laia{0)
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M[sh{s) = (0"
Fig. 5.12 {I)
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CHAPTER 7
FILTERS & ATTENUATORS

FILTERS

Filters are essential building blocks of any electronic and communication systems
that alter the amplitude and/or phase characteristics of a signal with respect to
frequency. Filter is basically linear circuit that helps to remove unwanted
components such as noise, interference and distortion from the input signal.

In simple words, you can understand it as the circuit rejects certain band of
frequencies and allows others to pass through.

7.1 Ideal & Practical filters and its applications, cut off frequency, pass
band and stop band.

An ideal filter is the filter which would transmit signals under pass band frequencies
without attenuation and completely suppress the signal with attenuation band of
frequencies with a sharp cut off profile. Ideal low-pass filters should have a steep
transition band and excellent gain flatness in the pass band.
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Ideal Filter Characteristics
No filter can entirely get rid of all the unwanted frequencies.

Practical filter are the filters which do not ideally transmit the pass band signal
unattenuated due to absorption, reflection or due to other loss. This results in loss
of signal power. These filters do not completely suppress the signal in attenuation
bands.
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Practical Filter Characteristics



The response of some commonly used practical filters are shown in the colored lines.
If the pass band gain is not flat or exhibits ripples, this response may scale the
fundamental signal.
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Flgure 2, Idegl filter vs. practical Tifters amplitide response.

APPLICATIONS:-

0 Radio communications :Filters enable radio receivers to only "see" the
desired signal while rejecting all other signals (assuming that the other signals
have different frequency content).

« DC power supplies: Filters are used to eliminate undesired high frequencies
(i.e., noise) that are present on AC input lines. Additionally, filters are used on a
power supply's output to reduce ripple.

« Audio electronics: A crossover network is a network of filters used to channel
low-frequency audio to woofers, mid-range frequencies to mid range speakers,
and high-frequency sounds to tweeters.

« Analog to digital conversion: Filters are placed in front of an ADC input to
minimize aliasing.

PASS BAND, STOP BAND & CUTOFFFREQUENCY

A filter is an electrical network that can transmit signals within a specified frequency
range. This frequency range is called pass band and other frequency band where the
signals are suppressed is called attenuation band or stop band. The frequency that
separates the pass and attenuation bands is known as cut-off frequency. There may
also be two cut off frequencies in the entire zone of operation of the filter (i.e. upper
cut off frequency & lower cut off frequency)

Cut off frequency (also known as corner frequency, or break frequency) is defined as
a boundary in a system’s frequency response at which energy flowing through the
system begins to be attenuated (reflected or reduced) rather than passing through.
Most frequently this proportion is one-half the pass band power, also referred to as



the 3 dB point since a fall of 3 dB corresponds approximately to half power.

voltage ratio, this is a fall to approximately 0.707.
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7.2 Classify filters- low pass, high pass, band pass, band stop filters & study

their Characteristics.

Active Filters:

Filter Circuit which consists of active components like Transistors and Op-amps in

addition to Resistors and Capacitors is called as Active Filter.



Passive Filters:

Filter circuit which consists of passive components such as Resistors, Capacitors and
Inductors is called as Passive Filter.

The filter can be further categorized based on the operating frequency of a particular
circuit. They are:

o Low Pass Filter

« High Pass Filter

« Band Pass Filter

« Band Stop or Band Reject or Notch Filter

o All Pass Filter

Low Pass Filters:
It is a type of Filter which attenuates all the frequencies above the cut-off frequencies.
It provides a constant output (gain) from zero to cut-off frequency.

High Pass Filters:
It is a type of Filter which attenuates all the frequencies below the cut-off frequencies.
It provides a constant output (gain) above the cut-off frequency.

Band Pass Filters:
It is a type of filter which allows specific band of frequencies to pass through and all
other frequencies outside the band are attenuated.

Band Stop Filters:
It is a type of filter which rejects specific band of frequencies and allows passing of
frequencies outside the band.
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7.3 Butterworth Filter Design

Butterworth Active Filter

The Butterworth active filter is also named as flat filter. The implementation of the

Butterworth active filter guarantees a flat response in the pass bandandanampleroll-
off. Thisgroupoffiltersapproximatestheperfectfilterfitinthe
response curves of different kinds of filters are shown. This filter includes essentially
flat amplitude, frequency response up-to the cut-off frequency.
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https://www.elprocus.com/butterworth-filter-formula-and-calculations/

7.4 Attenuation and Gain, Bel, Decibel & Neper and their relations

Attenuation: It is the process that refers to any reduction in the strength of a signal.
Attenuation occurs with any type of signal, whether digital or analog. Sometimes
called loss, attenuation is a natural consequence of signal transmission over long
distances. Attenuation is expressed either in decibels (dB) or in nepers. Attenuators
weaken or attenuate the strong signal.

Attenuation (dB)= 10 X log(P\/Po)
Where P, is input power and Po is the output power. P;is the power applied at one
end of the cable, while Po is the wattage at the end of the cable.

Gain: It is a measure of the ability of a two-port circuit (often an amplifier) to increase
the power or amplitude of a signal from the input to the output port by adding energy
converted from some power supply to the signal. It is the ratio of output signal power
to the input signal power of an amplifier. Gain is expressed in db.

Gain (dB)= 10 X log(Po/Pi)
Where P, is input power and Po is the output power.

Bel:
The bel is a unit for comparing two power levels, equal to the logarithm to the base

ten of the ratio of the two powers.
Nds=l0g10(P2/P1)
One bel = 10 decibels (dB)

Decibels:
The decibel is the base-10 logarithm ratio used to express an increase or decrease in

power, voltage, or current in a circuit.
The deciBel formula or equation for power is given below:

Nag=10 logio(P2/P1)

Where:

Ndb IS the ratio of the two power expressed in deciBels, dB

P2is the output power level

P1 is the input power level or reference power level
If the value of P2 is greater than P, then the result is given as a gain, and expressed
as a positive value, e.g. +10dB. Where there is a loss, the deciBel equation will return
a negative value, e.g. -15dB. In this way a positive number of deciBels implies a gain,
and where there is a negative sign, it implies a loss.

Although the deciBel is used primarily as comparison of power levels, deciBel current
equations or deciBel voltage equations may also be used provided that the impedance
levels are the same. In this way the voltage or current ratio can be related to the power
level ratio.

Nge=10log10(V22/V1?)

Or Ngg=20log10(V2/V1)



Where:
Nab is the ratio of the two powers expressed in deciBels, dB
V2 is the output voltage level
V1 is the input voltage level

Neper:

The neper is a logarithmic scale based on natural logarithms to base e. Although
decibels are the main unit for expressing the ratios of gain and loss for quantities
like electrical power in electronic and other systems, the neper is also used.

One neper Np =20/ (In10) = 8.685889638 dB.

Attenuation in dB =8.686 / attenuation in nepers.

one neper = 8.686 dB

7.5 Attenuators & its applications. Classification-T-Type & Pl-Type
attenuators

Attenuators:

Attenuators are simple active or passive two-port electronic devices used for
attenuation or to reduce the strength of signals without causing disturbance to its
waveform. The passive type is often just a resistor divider but could also be followed
by a buffer (a type of op amp). The active type of attenuator can be an inverting op
amp attenuator or fully differential op amps.

They are used at the input of an electronic instrument to minimize a voltage or current
to a value that can be handled by the device. An Attenuator is well the opposite of an
amplifier, though the two work by different methods. In an amplifier, the gain is usually
much higher than 1, while an attenuator provides loss or gain less than 1.

Applications:
. To control the volume of electronic equipment such as speakers, electric

guitars, etc.

. In some digital or analog circuits, a surge in voltage may damage the courses,
which can be avoided using attenuators to reduce high voltages.

. In microwave communication, radar, sonar etc.

. Used in medicine, physics, acoustics, fiber optics, nuclear power, materials
science, biology, seismology, radiology, and many other disciplines.


http://www.biopharminternational.com/developing-and-manufacturing-attenuated-live-bacterial-vaccines
https://link.springer.com/chapter/10.1007/978-3-319-06841-1_7
https://www.acousticfields.com/what-is-attenuation/
https://www.elprocus.com/attenuation-in-optical-fibre-types-and-its-causes/
https://www.researchgate.net/publication/289523159_The_attenuation_capability_of_selected_steel_alloys_for_nuclear_reactor_applications
https://www.ncbi.nlm.nih.gov/pubmed/22585280
https://www.ncbi.nlm.nih.gov/pubmed/22585280
https://bio.libretexts.org/Bookshelves/Microbiology/Book%3A_Microbiology_(Boundless)/7%3A_Microbial_Genetics/7.19%3A_RNA-Based_Regulation/7.19B%3A_Attenuation
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Classification of Attenuators:

The attenuator should match source and load impedances in addition to the desired
attenuation. There are commonly used attenuators: T attenuators and Pi attenuators.
Besides T- and Pi attenuators, other types of fixed passive attenuators are laid out in
L, H, and O configurations, too. Other attenuator types include continuously variable,
programmable, DC passing, DC blocking, waveguide, and optical attenuators.
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T Attenuator
Figure 2: T-attenuator, a passive resistor divider circuit, looks like a “T”.
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Pi Attenuator

Figure 3: The Pi attenuator is also a passive resistor divider circuit. It looks like the
Greek letter “T1”.
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