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Course Name: Diploma in Electrical and Electronics Engineering

Subject Code: 33031 Semester: 111l

Subject Title: ELECTRICAL CIRCUIT THEORY

Rationale:

1.

Electric circuit analysis is the process of determining the voltages across a component
in the circuit and the currents passing through it. There are different methods to
determine the voltage and current.

This course covers, introduction to network elements and methods for finding voltage
and current across desired network Component for DC, single phase AC and 3 phase ac
sources.

It aims at’' making“the'student conversant" with-different ‘techniques of solving the

problems in the field of Electric circuits and analysis.

Objectives:

The objective is to enable students to:

1.
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Understand the concept of electrostatics and capacitance effect and analyze different
Circuit Elements, Energy Sources and analysis of Network by Kirchhoff’s Laws.
Apply the concept of Node and Mesh methods for circuit analysis; apply superposition
theorem, Thevenin’s Theorem , Norton’s Theorem, Maximum Power Transfer theorem
and Star-delta conversion for simplification and analyzing dc circuits.

Analyze single phase circuits using Resistor, Inductor & Capacitor elements.
Understand and analyze series and parallel resonant behavior of a circuit.

Analyse balanced three phase ac circuit and three phase power measurement.
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Basic concepts of current, emf, potential difference, resistivity, temperature coefficient of
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[ UNIT 1 - (A) ELECTROSTATICS (B) D.C CIRCUITS ]

Syllabus:

(a) ELECTROSTATICS

Electric Flux - Electric Flux Density - Electric Field Intensity - Electric potential - Coulomb’s laws
of electrostatics - Concept of capacitance - Relationship between Voltage, Charge and
capacitance — Energy stored in a capacitor — Capacitors in series and in parallel — Problems in
above topics.

(b) D.C CIRCUITS

Basic concepts of current, emf, potential difference, resistivity, temperature coefficient of
resistance — Ohm’s Law — application of Ohm’s law — work, power energy — relationship
between electrical, mechanical and thermal units — resistance — series circuits — parallel and
Series parallel circuits — Kirchhoff’s laws —Problems in the above topics.

1.0 Electrostatics:

Electrostatics is the study of charges at rest. Electric charges are fundamental in
nature. There are two types of charges and,can be produced by friction. When a glass rod is
rubbed with a silk/cloth, some electrons from glass rod are migrated into the silk cloth. This
makes the glass rod positively charged due to loss of electrons inrit and the silk cloth negatively
charged due to excess of electrons in it. Similarly, when the plastic rod is rubbed with fur,
electrons migrate from the fur into the plastic rod making the rod negative and the fur
positive. Also there is a force of attraction between the glass rod and silk cloth. There is a force
of repulsion between similarly charged bodies and a force of attraction between oppositely
charged bodies.

1.1 Electrostatic force:

The forces between particles that are Electron

caused by their electric charges. It exists v Huge
between moving charges as well as *\ '
stationary ones. This force may be illustrated Electrostatic j -\ N

with lines as shown in Figure 1.1. e ; QG.)_Q\__

Protan Feaid tron

Figure 1.1 Electrostatic Force

M SCHEME_33031 COURSE MATERIAL 5
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1.2 Electric field:

An electric field is defined as the space in which an electric charge experiences a force.
The electric field is represented by electric flux lines.

1.2.1 Electric Field Line:

It is defined as the direction of electric
field. It leaves the positive charged conductor and

enters a negatively charged conductor. The field
configuration for isolated charges is shown in

figure 1.2.
Positive Charge Negative Charge
Figure 1.2 Electric Field Line

1.2.2 Properties of Electric field lines:

1. A line starts from a positive charge and ends on
a negative charge.

2. The lines enter or leave a charged body at a right
angle to the surface.

3. The lines go from more positive body towards
the more negative body

4. The lines do_not intersect.

FigureJ1i3"\Electric field around two unlike
charges

1.3 Electric Flux:

The total number of electric field lines is called electric flux. The unit of electric flux is
the coulomb. The symbol for electric flux is Y (psi)

One ‘line’ of flux is assumed to radiate from the surface of a positive charge of one
coulomb and terminate at the surface of a negative charge of one coulomb. Hence the electric
flux has the same numerical value as the charge that produces it. Therefore, the coulomb is
used as the unit of electric flux.

1.4 Electric flux density:

The electric flux density is defined as the amount of flux per square metre of the
electric field. This area (A) is measured at right angles to the lines of force. Electric flux density
is denoted by D.

Electric Flux Density: D = %coulomb/metre2

M SCHEME_33031 COURSE MATERIAL 6
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1.5 Electric field intensity:

Electric field intensity at any point in an electric field is the force on unit positive charge
placed at that point. It is expressed in Newton per coulomb (N/C). Electric flux intensity is
denoted by E.

F
Electric Field Intensity: E = 5 ; Newton/coulomb

1.6 Electric Potential:

The potential at any point in an electric field is the amount of work done in bringing a
charge of 1 coulomb of positive charge to that point against the electric field.

1.7 Permittivity of Free Space (&o):

When an electric field exists in a vacuum then the ratio of the electric flux density to
the electric field strength is a constant, known as the permittivity of free space.

&, = 8.854x 10712 farad/metre
b E,E
E ocr
where, &, = relative permittivity of the insulating material

1.7.1 Absolute permittivity: (&)

For a given system the ratio of the electric flux density to the electric field strength is
a constant, known as the absolute permittivity of the dielectric being used.

D
e = 7 ; farad/metre
£ = &¢& ; farad/metre

1.7.2 Relative permittivity: (g/)

The capacitance of two plates will be increased if, instead of a vacuum between the
plates, some other dielectric is used. Thus relative permittivity is defined as the ratio of the
capacitance with that dielectric to the capacitance with a vacuum dielectric.

Ca
& = C_1
where, C; = Capacitance with a vacuum dielectric
C, = Capacitance with other dielectric
1.8 Capacitor:
M SCHEME_33031 COURSE MATERIAL 7
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A capacitor is a passive electrical component that stores electrical charge in an electric
field. The effect of a capacitor is known as capacitance.

IFixed capacitor

-

Variable capacitor

Figure 1.4 Symbol of Capacitor
1.8.1 Basic Construction:

A capacitor is an electrical device that stores electrical charge and is constructed of
two parallel plates separated by an insulating material called the dielectric. Connecting leads
are attached to the parallel plates as shown in figure 1.5.

Dielectric Dielectric
|
D ©
Cgpanecting|lcads D © Leads
P | ® ©
D ©
| d O
‘onductive plates e Plate A Plate B

Figure 154 : Construction of Capacitor

1.8.2 Working of Capacitor:

In the natural state, both plates of a capacitor have an equal number of free electrons.
When the capacitor is connected to a voltage source, electrons are removed from plate A, and
an equal number are deposited on plate B. As plate A loses electrons and plate B gains
electrons, plate a becomes positive with respect to plate B. During this charging process,
electrons flow only through the connecting leads. No electrons flow through the dielectric of
the capacitor because it is an insulator. The movement of electrons ceases when the voltage
across the capacitor equal the source voltage. A charged capacitor can act as a temporary
battery.

M SCHEME_33031 COURSE MATERIAL 8
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1.9 Coulomb’s law of electrostatics:
First Law:

Like charges of electricity repel each other and unlike charges attract each other.
Second law:

The force (F) exists between two point-source charges (Qi1 and Q) is directly
proportional to the product of the two charges and is inversely proportional to the square of
the distance (d) between the charges.

d? F
TN O &
d2 |
1 » d g
Constant, k =
4me, €,
Where, F = Force between the charges (N)
Q;andQ, = Magnitude of two charges in coulomb
F = Force between the charges (N)
d = distance between the charges (m)
€, = || Permittivity of the free space
InS:':/ " g5/ = | 8854x 107'% farad/metre
g = relative permittivity of the medium
e, = 1 forvacuum or air
Therefore, Force: F = %
o Q Q
"~ 4mx8.854x 10712 x £,.d?
9x10%x
F = & ; for a medium
g.d?
9x10°xQ; Q, .
F = — ; for air

1.10 Capacitance:

The amount of charge that a capacitor can store per unit of voltage across its plates is
its capacitance. It is represented by C. The capacitance is a measure of a capacitor’s ability to
store charge. Farad is the unit of capacitance.

One farad is the amount of capacitance when one coulomb of charge is stored with
one volt across the plates.

M SCHEME_33031 COURSE MATERIAL 9
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1.11 Relationship between the voltage, capacitance and charge:

Capacitance: c = % ; farad
Charge: Q = CV ; Coulomb
Voltage: V = % ; Volts

1.12 Capacitors connected in series:

Consider three capacitors, C1, C; and Cs, are connected in series to a d.c supply of ‘V’ volts.

Let, C, C, Cs
C = Equivalent capacitance of series o L9 L9 |
combination | : 4l il
V1 = p.d. across capacitor C; & >!# >;: -
V7 = p.d. across capacitor C; Vi : Va Vs

V3 = p.d. across capacitor C3

Jk——————»()
Since the charging current at every point of the circuit ~ + ¥ -
is same and the charge stored on each capacitor is ‘Q’
coulombs.
Q Q Q
Vi= —" Vv, =—=": 2 Sy f §f RE X B ___
1 Cl ) 2 CZ ) V3 C3 (1)
= i+ V+V; e (2)

In series circuit, V
Substitute the value of equation (1) in equation (2)

Q _Q , Q Q

Where Cis the total equivalent circuit capacitance, then it stores the same charge (Q) when
connected to the same voltage (V).

Divide equation (3) by Q :

1 1 1 1
€, G G
If ‘n’ series-connected capacitors:
1 _1.1, 1
G GG
In case of two capacitors in series :
1 _ 1.1
G G
Cl . Cz . Product
c = i.e
G+ G, Sum
M SCHEME_33031 COURSE MATERIAL 10
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1.13 Capacitors connected in parallel:

Consider three capacitors, C1, C; and Cs, are connected in parallel to a d.c supply of ‘V’ volts.

Let, Q, c,

C = Equivalent capacitance of series combination
V =Voltage across each capacitor

Qu = Charge stored by C;

Q2 = Charge stored by C;

Qs = Charge stored by C3

+ v N
Inseriescircuit, Qp = Q;+ Qy;+ Q3 - (1)
Where, Q. = ¢V
Q = GV e (2)
Q3 = C3V

Where Cis the total equivalent circuit capacitance, then it stores the same charge (Q) when
connected to the same voltage (V).

Then, [ Qr -5=CV | . i o -wmmsen——- (3)

Substitute the value of equation (2) & (3) in equation (1)

CV = CV4+CV+CV - (4)
Divide equation (4) by V :
C = C+C+Cy
If ‘n’ number of capacitor in parallel:
C = Ci+Cy+..+Cy

1.14 Energy stored in a capacitor:

When a capacitor is charged, Energy is stored in it. In the charging process, the
potential difference across the plates in proportion to the charge stored.

During this process, the capacitor draws some current from the source called charging
current and energy is stored in it. When the capacitor is fully charged, no more current is
drawn from the source.

M SCHEME_33031 COURSE MATERIAL 11
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i — Where,

= v — voltage applied to capacitor in volts
+ C | — Current flow in amps
v P—- -~ W C- Capacitance of capacitor in farad
= P — power consumed by the capacitor
O
Power to the capacitor, p = vi
Cd
Current: i = =
dt
_ Cv.dv
P dt
o dw
P dt
Integrating both sides,
t
Energy stored in Capacitor, W = f p.dt
0
tC.v.dv
oo [ln
o dt
ty.dv
W = C| ——.dt
o dt

Example: 1
A capacitor supplied from 250 Volts DC mains, takes 25milli Coulombs. Find its capacitance.
What will be its charge if the voltage is raised to 1000V.

Given Data: To Find:
Supply Voltage (V) = 250V i) Capacitance
Charge (C) = 25mC=25x103C ii) Charge at 1000V
Raised Voltage = 1000V
Solution:
Capacitance: ¢ = 2= 2207 o
apacitance: = == — =
P V- T 250
For the supply voltage of 1000V:
Charge: Q = CV
Q = 107*x1000
Q = 0.1 Coulomb
M SCHEME_33031 COURSE MATERIAL 12
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Example: 2

Three capacitors have capacitance of 4mfd, 6mfd and 8mfd respectively. Find the total
capacitance when they are connected (a) in series (b) Parallel.

Given Data:
Capacitance (Cy) = 4 mfd
Capacitance (Cy) = 6 mfd
Capacitance (C3) = 8 mfd

Solution:
In Series Connection:

Equivalent Capacitance:

In parallel connection:
Equivalent Capacitance:

Example: 3

[0} [0} = o —= o =
K] K] Q ]

Ceq
Ceq

To Find:
i) Total Capacitance in series
ii) Total Capacitance in parallel

2t | 846 mfd
13~ orem

Ci+Cy+Cs
4+ 6+ 8=18mfd

Three capacitors have capacitance of 1mfd, 2mfdand 6mfd respectively. Find the total
capacitance when they are connected (a) in parallel (b).series.

Given Data:
Capacitance (C1) = 1 mfd
Capacitance (Cy) = 2 mfd
Capacitance (C3) = 6 mfd

Solution:
In parallel connection:

Equivalent Capacitance:

In Series Connection:

Equivalent Capacitance:

M SCHEME_33031 COURSE MATERIAL

To Find:
i) Total Capacitance in parallel
ii) Total Capacitance in series

Ci1+C:+Cs
1+2+4+6=9mfd

13
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Example: 4

If two capacitors having capacitance of 6mfd and 10mfd respectively are connected in
series across a 320V supply. Find (a) the p.d across each capacitor (b) the charge on each
capacitor.

Given Data: To Find:
Capacitance (C1) = 6 mfd i) the p.d across each capacitor
Capacitance (Cy) = 10 mfd ii) the charge on each capacitor
Supply Voltage (V) = 320V
Solution:
In Series Connection:
Equivalent C it ! ! + !
uivalent Capacitance: — = —+ =
1 P Cg G G
11
Ceq 6 10
1 10+6 16
Cqqg 60 ~ 60
C - 9 3.75 mfd
TR
Charge: Q = C.V
Q = 3.75x107° x320 = 0.0012 Coulomb
Ghargeonscapacitor Cs, Q1 p= 70:0012 Coulomb
Charge on capacitor C2:/ Q. = [0.0012 Coulomb
P.d across Capacitor C;: Vi = %
1
Vi = 00012 200 Volt
T ex1076 o
. Q>
P.d across Capacitor C2: V, = o
2
V, = 00012 _ 120 Volt
27 Tox106 o

Example: 5
Three capacitors 5mfd, 10mfd and 15mfd are connected in parallel across 250V supply. Find
the energy stored.

Given Data: To Find:

Capacitance (C1) = 5 mfd i) Energy stored

Capacitance (Cy) = 10 mfd

Capacitance (Cs) = 15 mfd
Solution:
In parallel connection:

Equivalent Capacitance: Cqq = C1+C2+Cs
Cqq = 5410+ 15=30mfd
M SCHEME_33031 COURSE MATERIAL 14
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Energy Stored: E

Example: 6

1
—_(CVv?
2V
1

0.9375 Joules

5 X 30x 107%x 2502

Two capacitors each of 3uf and 4uf are connected in series across 100V d.c supply. Calculate
(i) the voltage across each capacitor (ii) the energy stored across each capacitor and (iii)

the equivalent capacitance of the combination.

Given Data:
Capacitance (C1) = 3uf
Capacitance (Cy) = 4uf
Supply Voltage (V) = 100V

Solution:
In parallel connection:

Equivalent Capacitance:

3 |
1] =
Q0

(@)
- o =y
Q

@]
o
Ko

%)

Energy Stored: E

Charge: Q

Charge on capacitor C; :

Charge on capacitor C; :

Potential difference

across Capacitor Cy :

Potential difference

across Capacitor C; :

M SCHEME_33031 COURSE MATERIAL

Q2

Vi

To Find:

i) Voltage across each capacitor
ii) Energy stored across each capacitor

iii) equivalent capacitance

EX1.71X 107 x 1002

0.00855 Joules

C.V

1.71x107% x 100 = 1.71x10~* Coulomb

1.71x10~* Coulomb

1.71x10~*Coulomb

Q 171x107*

C,  3x1076

Q, 171x107*

C,

4x10~°6

www.binils.com
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= 57 Volts

= 42.8 Volts
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(B) D.C CIRCUITS

1.15 Introduction:

Matter is anything that has mass and occupies space; matter exists in three states
normally solid, liquid and gaseous form. All maters in the universe are made up of
fundamental building blocks called atoms. Figure shows the simplified structure of an atom.
All atoms consist of protons, neutrons and electrons. The protons, which have positive
electrical charges, and the neutrons, which have no electrical charge, are contained within the
nucleus.

The mass of proton is approximately 1840 times that of an electron. A neutron has a
mass equal to that of a proton but it has no charge. Electrons carry a negatives charge of -
1.602x10*° Coulomb. The electrons move round the nucleus in different orbit or shells.

The maximum number of electrons allowed
in each orbit is given by 2n%? where n is the
number of orbit. Thus first orbit can
accommodate 2x12 = 2 electrons; the second Electran
orbit has 2x22 =8 electrons, the third electrons

2x32 = 18 electrons and so on. i

Figure 1.6 Atomic Structure

1.16 Electrical Circuit;
Electrical circuit is an interconnection of electrical-devices which'has atleast one closed
path for current flow.

1.16.1 Conductors:

Conductors are materials that readily allow current. They have a large number of free
electrons. Most metals are good conductors. Silver is the best conductor and copper is next.
Copper is the most widely used conductive material because it is less expensive than silver.
Copper wire is commonly used as a conductor in electric circuits.

Examples: Copper, Aluminium, Brass, Platinum, Silver, Gold and Carbon etc.,

1.16.2 Insulators:

Insulators, or nonconductors, are materials with electrons that are tightly bound to
their atoms and require large amounts of energy to free them from the influence of the
nucleus.

Examples: Plastic, Rubber, Glass, Porcelain, Air, Paper, Cork, Mica, Ceramics and Certain oils

1.16.3 Semiconductors:
These materials are neither good conductor nor insulators. Their electrical conductivity
lies between good conductors and insulators.
Examples: Silicon and germanium

M SCHEME_33031 COURSE MATERIAL 16
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1.16.4 Super conductors:
Super conductors are a group of metals and alloys which have zero resistivity of infinite
conductivity.

1.16.5 Newton:

The Newton is defined as the force required to accelerate a mass of one kg, by one
metre per second squared (1m/s?). The unit of force is the Newton (N) where one Newton is
one kilogram metre per second squared.

Force: F =m.a;N
1.16.6 Joule:

The unit of work or energy is the joule (J) where one joule is one Newton Metre. One
joule is defined as the work done by the application of constant 1 Newton through a 1 metre
distance.

Workdone
w

Force x Distance
F xd ;N-—morjoule

1.17 Electricity:
It can be defined in terms of its behavior. It classified as either static or dynamic
depending on whether the charge carries either static or dynamic.

1.18 Electrical Charge:

Electrical charge, denoted by Q. “Chargé lis the characteristics property of the
elementary particles of/the matter. The elementary. particles,are 'electrons, protons and
neutron. Charge can be either positive or negative and is usually measured in coulombs. The
charge of an electron is called negative charge and charge of a proton is called positive charge.

The charge of an electron is equal to 1.602x10*° coulombs.

1.18.1 Coulomb:
The coulomb is the basic unit of electrical charge. It is denoted by C. One coulomb of
charge consists of approximately 6.24x102 electrons or protons.

1.19 Current:
The rate of flow of electric charges is called, “electric current”. The unit of current is

ampere (A). It is denoted by the letter ‘I’
Charges

Current =
Time

Q

[= =

t
Where, Q = electric charge; coulomb (C)

T =time; second (S)
1.19.1 Ampere:
An ampere is defined as the flow of one coulomb of charge in one second.
1 ampere = 1 coulomb per second

M SCHEME_33031 COURSE MATERIAL 17
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Example : 7
A charge of 35 mC is transferred between two points in a circuit in a time of 20 ms. Calculate
the value of current flowing.

Solution:

Q=35X103Ct=20Xx10"3s
_Q
=— amp

_35x10°3
~ 20x1073
I=175A Ans
Example : 8
If a current of 120puA flows for a time of 15s, determine the amount of charge transferred.
Solution:
I=120X 107%A;t = 15s

Q= It coulomb

=120X10"% X 15

Q=18 mCAns
Example : 9
80 coulombs of charge'were transferred by a carrent of 0.5 A. Calculate the'time for which the
current flowed.

Solution:
Q=80CI=05A

= % seconds

80

05
t=160s Ans

1.20 Electro Motive Force (E.M.F):
It is the force which causes the flow of electrons in any closed circuit. The unit of
electro motive force is volt. It is represented by letter E or V.

EMF = Workdone
~ Charge
EorV w
or = —
Q

1.21 Potential Difference (p.d):

Whenever current flows through a resistor there will be a potential difference (p.d)
developed across it. Essentially, emf causes current to flow; whilst a p.d. is the result of
current flowing through a resistor. The unit of potential difference is volt (V).

M SCHEME_33031 COURSE MATERIAL 18
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1.21.1 Difference between E.M.F and Potential difference (p.d):

S.No E.M.F Potential difference
1 It refers to source of electrical energy It exists between any points in a circuit
2 It is measured in open circuit It is measured in closed circuit
3 | ltis acause for current flow It is the effect of current flow
4 It is greater than the potential difference in | It is less than the E.M.F in the same
the same circuit. circuit

1.22 Electrical power:

Power is defined as the rate of doing work. It is represented by ‘P’.

_daw aw do _ .
“dat dQ fa %

Power = Voltage x current

Hence, the electrical power is given by the product of voltage and current. The unit of
power is the watt (W).

Note:

o 1KW =1000 Watts =10° W

o 1MW =1000000 Watts =10°W

o Wattmeter is used to measure the power

1.23 Energy:
It is defined as the capacity to do work. It is the total electrical energy consumed over
a period.
Electrical Energy = Power x Time
E=Pxt
Or E=VxIxt ;watt-hour
Note:

o 1KWH =1 Unit
= 1000 Watt Hour
= 1000 x 3600 Watt Second or Joules
=3 600000 Joules

e Energy meter is used to measure the Energy

1.24 Electrical Circuit Elements:

Electrical circuit elements are two terminal devices which are basic building blocks of
the electrical circuit. Figure shows the general form of two terminal device, where A and B
forms the terminals.

e I
M SCHEME_33031 COURSE MATERIAL 19
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1.24.1 Classifications of Electrical Circuit Elements:
1. Passive Elements (Resistor, Inductor and Capacitor)
2. Active Elements

1.24.2 Passive Elements:
v’ Passive elements stores or dissipates the energy.
v' Example: Resistor dissipates energy and capacitor stores energy.

1.24.3 Active Elements:
v" An element capable of supplying energy is called as active elements.
v An active element can be considered as source of energy.

1.25 Resistance:
It is defined as the property of a substance which opposes the flow of current through
it. It is represented by R. The unit of resistance is ohm (Q). One ohm is one volt per ampere.

1.25.1 Laws of Resistance:
The resistance of an electrical conductor depends upon the following factors:
(a) The lengthof the ,conductor,
(b) The cross=sectional'area of the'canductar,
(c) The type of material and
(d) The temperature of the material.
Resistance (R) is directly proportional to length (I), and inversely proportional to the

cross-sectional area (a).
1

i.e., Ra -
a
|
i.e, R = P
a

Where, ‘p’ is the resistivity of the material
1.25.2 Specific Resistance:
The specific resistance of the material is the resistance of a unit cube of the material
measured between opposite faces of the cube. Resistivity varies with temperature. It is
represented by the symbol ‘p’ (Greek rho) and the unit of ‘p’ is ohm metre (Q-m)

1.26 Conductance:
Conductance may be defined as the ability of the conductor to allow the current freely
through it. Conductance is reciprocal of resistance. It is represented by the letter ‘G’. The unit

for the conductance is siemen.

. G 1
i.e., 04 R
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Example: 10
A coil of copper wire 200 m long and of cross sectional area of 0.8 mm? has a resistivity
of 0.02 uQ m at normal working temperature. Calculate the resistance of the coil.

Solution:
£=200m;p=2X10"%0m;A=8 X 10""m?
R= ‘D—fohm
A
_ 2X 1078 X200
T 8x1077
R=50Q Ans
Example: 11

A wire-wound resistor is made from a 250 metre length of copper wire having a circular cross-
section of diameter 0.5 mm. Given that the wire has a resistivity of 0.018 uQ m, calculate its
resistance value.

Solution:
£=250m;d=5X10""m;p =18 X 1072Qm

¢ d?
R= Lt ohm, where cross-sectional area, A= HT metre?
¥ (5 1074)2
hanfe AN ¥ Ly 19635 % 10772
X 1078 x
—_— x 1.8x10 250
1.9635x 107

50, R=22.92 () Ans

1.27 Temperature coefficient of resistance:

The resistance of almost all electricity conducting materials changes with the variation
in temperature. This variation of resistance with change in temperature is governed by a
property of a material called temperature coefficient of resistance ().

The temperature coefficient of resistance can be
defined as the change in resistance per degree
change in temperature and expressed as a
fraction of the resistance at the reference
temperature considered.

Let,

=
i

=
iy

Ro = Resistance at 0°C
R1 = Resistance at t1°C
Rz = Resistance at t,°C
oo = temp. coefficient of resistance at 0°C 0°c
a1 = temp. coefficient of resistance at t1°C Temperature —

Resistance —»
=
(=]

tc t9c
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Temperature coefficient of resistance at 0°C:

Xp

Xp

Similarly, R,

Equation @,

0 e get :

Change in resistance

Original resistance x Change in temperature
Ri =Ry

Roxty

%o (Roxty) = R ty
oo Rg t; + Rg=Rp(xy t; + 1)
Ro (1+¢, t1)
Ro (14 t3)

Ry (1 4+ xq ty)

Ro (1 +x, t;)
(1 + % ty)

1+, tq)

Temperature coefficient of resistance at t{C:

g

Ry — Ry

R2
Ry
L.H.S of Equation (3)

R — Ry

(t; —tRy

o (2 —tRy

o (t2 —t)Ry + Ry
Ry [o¢p (tz —t1) + 1]
Ry [1 4o (tz — t1)]

[1+0¢ (t; = D]

L. H.S of Equation (4)

Hence, R.H.S of Equation (3) = R.H.S of Equation (4)
1+ ty)
- = 1+ (t,—t
(1 +0C0 t]_) [ 1 ( 2 1)]
Add — 1 on both sides:
1+ tp)
(1 +0C0 t]_) [ 1 ( 2 1)]
1+ tp)
—— =1 = o (-t
(1 +o¢ ty) 1 (2 —t9)
(1+ g ty)— (14, tq)
02 L= oy (t; —t1)
1+ tq)
Koty — KXoty o (t, —t))
1+ tq) B the oA
®g (t; —t1)
_— = X (t, -t
(1 +o¢ 1) 1 (2 —t)
Xo
1+ t) 1
Temperature coefficient of resistance at tJC:
Xp
1 (1 +cq ty)
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Example: 12
A copper coil has a resistance of 30 Q at 0°C. Find the resistance of the coil at 40°C. Temp
co-efficient of copper is 0.0043 at 0°C.

Given Data: To Find:
Resistance at 0°C (Ro) = 30Q i) Resistance at 40°C
Temp co-efficient at 0°C (to) = 0.0043

Solution:
Resistance at 40°C : Rt = Ro [1+a.t]

Rt=30[1+ 0.0043 x 40]
Rt=35.16 Q

Answer:
Resistance at 40°C=35.16 Q

Example: 13
An aluminium wire has a resistance of 25 Q at 20°C. What is the resistance at 50°C. Temp
co-efficient of copper is 0.00403 at 20°C.

Given Data: To Find:
Resistance at 20°C (R1) = 250 i) Resistance at 50°C
Temp co-efficient.at 20°C.(ta) =.-,0.00403

Solution:
Resistance at 50°C: Rz =Ri1[1+ a1 (t2—t1)]

R = 25 [1+ 0.00403 (50— 20)]
R, = 25 [1+ 0.00403 (30)]
R, = 25 [1+0.1209] = 25 x 1.1209 = 28.02 Q

Answer:
Resistance at 50°C = 28.02 Q

Example: 14
The field coil of a motor has a resistance of 250 Q at 15°C. Find the increase in resistance of
the field at a temperature of 45°C. Take a = 0.00428 at 0°C.

Given Data: To Find:
Resistance at 15°C (R1) = 2500 i) Resistance at 45°C
Temp co-efficient at 0°C (t1) = 0.00428

Solution:
Resistance at 45°C : Rz =Ry1 [1+ ag (t2—t1)]
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Qo
1+ agty
0.00428
1+ 0.00428 x 15
0.00428

a = = 0.0040218
0 1.0642

R, =250 [1+ 0.0040218 (45— 15)]
R, =250 [1+ 0.0040218 (30)]

ao =

R, =250 [1+0.1206] = 25 x 1.1206 = 280.15 Q

Answer:
Resistance at 45°C = 280.15 Q

Example: 15
If the temperature co-efficient of copper at 20°C is 0.00393 find its resistance at 80°C given
that resistance at 20°C is 30Q).

Given Data: To Find:
Resistance at 20°C (R1) = 30Q i) Resistance at 80°C
Temp co-efficient at 20°C (t1) = 0.00393

Solution:
Resistance at 80°C: /' Ra='Ry/[1+ o1 (t2—t1)]

R, = 30 [1+ 0:00393 (80— 20)]
R, = 30 [1+ 0.00393 (60)]
R, = 30 [1+ 0.2358] = 25 x 1.2358 = 37.07Q

Answer:
Resistance at 80°C =37.07 Q

Example: 16
An aluminium wire has a resistance of 3.6 Q at 20°C. What is its resistance at 50°C if the
temperature co-efficient of resistance is 0.00403 at 20°C.

Given Data: To Find:
Resistance at 20°C (R1) = 3.6Q i) Resistance at 50°C
Temp co-efficient at 20°C (t1) = 0.00403

Solution:
Resistance at 50°C: Rz =Ri[1+ a1 (t2—t1)]

R2 = 3.6 [1+ 0.00403 (50— 20)]
R2 = 3.6 [1+ 0.00403 (30)]
R2 = 3.6 [1+0.1209] = 3.6 x 1.1209 = 4.035Q
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1.28 Ohms law:

The relationship between Voltage, Current and Resistance in any DC electrical circuit

was explained by the German physicist Georg Ohm, (1787 - 1854). Georg Ohm found that, at

a constant temperature, the electrical current flowing through a fixed linear resistance is

directly proportional to the voltage applied across it, and also inversely proportional to the

resistance.

Statement:

It states that the current ‘I’ flowing in a circuit is directly proportional to the applied

voltage ‘V’ and inversely proportional to the resistance ‘R’, provided the temperature remains

constant.
Thus,

Current :

Voltage :

Resistance :

According to Ohm's Law :

Power :

Subsitute,

Substitue,

According to Ohm’s Law :
Energy :

Subsitute,

Substitue,

[
[

U T U U

P

M m < m o

p—
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§R

— <
<
—

Voltage x Current

Vel  wp (D
['R | inequation (1)

[.Rx1

IR

\Y%

= i tion (1
R in equation (1)

Voltage x Current x Time
VxIxt

LR inequation (1)
LRxIxt

IRt

v :
= in equation (1)
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1.29 Relation between Mechanical, Electrical & Thermal Energy:
1N-M  =1Joule =1watt-sec

1 calorie =4.186 joules

1.29.1 Electrical to Thermal energy:

1 KWH = 1000 x 60 x 60 watt-sec {KWH = Kilo Watt Hour}
=36 x 10° watt-sec (1 watt sec = 1 Joule)
=36x 10° joules (or)

1 KWH =8.6x10? Kilo calories (1 calorie = 4.186))

1.29.2 Mechanical Power to Electrical Power:

1 horse power = 75 kg. m/sec (1 kgm =9.81 m)
=75x9.81 Nm/sec
=75 x9.81 joules/sec
1h.p =7355watts or 736 watts (1 joule/sec =1 watt)
1.29.3 Electrical Power to Mechanical Power:

1 KW =1000 watts {KW = Kilo Watts}
1h.p =735.5 watts
1KW =133 hip

Example: 18

An electric heater is rated 1KW, 250V. Find the current drawn and the resistance of the
heating element.

Given Data: To Find:
Power (P) = 1KW =1000W Resistance (R) = ?
Voltage = 250V Current (1) =7
Solution:
2
Resistance: R = L
P
- 20 =6250
1000
\Y
Current: I = -—
R
I = 250 _ 4A
62.5
Answer:
Resistance of the heating element (R) = 62.5Q
Current drawn by the heater (I) = 4 Amps
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1.30 Resistors in series:
The circuit in which dissimilar ends are connected together is called as series circuit. In
series circuit the current through all the resistors are same.

Let, R, R, Rs

R1, R2 & Rs — Three resistances connected in series. ey Ny o E

E - Applied voltage across the circuit in volts | |

| —Circuit current in amps Vi Vs, Vs,
R - The equivalent resistance in ohms
V1, V2 & V3 —p.d across Ri, Rz & Rs respectively.

Pt

— FE—\ —

The sum of potential drops across each resistor is equal to the applied voltage.
E=Vi+Vy+V3 oo (1)

By applying KVL to the circuit,

Apply ohm’s law for individual resistors,

Vi=1R1 - - (2)
Vo=I1.Ry --—mm-- (3)
V3 =1R3 --mmmmmoooe- (4) [current is same]
Substitute equation (2), (3) &\(4) in’ equation (1)
= E=V1+V,#V;
E=IRi+I.R2+L.Rs
E=1(Ri+Ry+R3) -----omm- (5)
Where, E = .Req --------------- (6)

Equating equations (5) & (6)
l.LReq =1(R1+ R2+R3)
Req = R1+R2+R3 Q [Three resistance in series]

If there are ‘n’ resistance connected in series,
Then equivalent resistance, Req = R1+Ra+R3+......ccccceeveveeeeee. + Rn

1.31 Resistors in Parallel:

The circuit in which similar ends are connected together is called as parallel circuit. In
the given circuit R1, R2 and Rs are connected in parallel. There are many separate paths for
current flow. The voltage across all parallel branches is the same. Current in each branch is
different and depends on the value of resistance in the branch.
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Equivalent resistance of parallel connected resistances:

Let, I, Ry
R1, R2 & R3 — Three resistances connected in parallel — L
E - Applied voltage across the circuit in volts
| —Total current in amps . If % ®
R - The equivalent resistance in ohms
l1, I & I3 — current through R1, R2 & R3 respectively , Rs
e——1 | ®

Since all resistors are connected across battery, the p.d I

across all are same. ¢ = _‘ —0
E

VorE = V;+V,+ V3
By applying KCL in the circuit:

I = L+L+1L; e €))
Apply Ohm's law for individual Resistor:
Current: I, = E ———————— 2
Ry
E
b = R_2 """" 3)
E
I3 = R_3 """" 4)
Substitute equation (2), (3) & (4) in equation (1)
L=y 110 + 1
E E E
'TORCR R
1 1 1
I = E RYRTR
| 1 1 1
E - R R R
1 1 1 1
R~ RR R
Equivalent Resistance: i = i+ i+ i
Req R; Ry Rj
If 'n’ number of Resistors are connected in palrallel:
1 1 1
Equivalent Resistance: R_eq = R_1+ R—2+ R_3
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1.31.1 Two resistances in parallel:
This equation must be used when finding the total resistance R of a parallel circuit. For
the special case of two resistors in parallel.

In case of two Resistors in parallel:

1 1 4 1
R R; R,

Rl . RZ . Product
R = i.e

R; +R, Sum

1.32 Current Division in Parallel Connected Resistances:

Consider two resistances R1and R; in parallel and connected to a dc source of V Volts.
Let,
V- Supply Voltage
| - Circuit Current
I1 — Current through R
I, — Current through R3

R _ R;.R; i Product
“q R1 + R2 ’ Sum
vV = L Req
v ey [l ]
T IR ¥R,
\%
Current through R4 ; L, = —
R;:.R,
L, = " [R1 T Rz]
L = [ Rz ____________ )
! R, +R,
Similarly,
[.Ry
Current through R, ; [, = —— s 2
? ? R; + R, @

The equation (1) and (2) are called as current divide rule.

1.33 Voltage Division in Series Connected Resistances:

Consider two resistances Ri1and Ry in series and connected to a dc source of V Volts.
Let, R, R,
V- Supply Voltage

| - Circuit Current «— Vv, 4,\.7 V, —»

V1 —P.D across R Ta
V, —P.D across R3 ‘ |
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Circuit Current ;

Circuit Current ;

P.D across R; ;

P.D across R; ;
Similarly,

P.D across R, ;

Vi

V2

R; + R,
\'
Req
\'

R;+ R,

LRy [In series circuit: I=11 = I;]

v R 1
R,+ R, T )
\%

e - S 2
R+ R, 2 )

The equation (1) and (2) are called as voltage divide rule.

Example: 19

A 100Watt, 250 Volts lamp is connected in series with a 100W, 200Volts lamp across a 250
Volts supply. Find the value of current flows through the lamp and voltage across each lamp.

Given Data:
Power (P1) = 100W
Voltage (V1) = 250V
Power (P2) = 100W
Voltage (V2) = 200V
Solution:
Resistance:
Resistance :
Current:

R:

R>

Current flow through Lamp 1

Voltage across lamp L1

Voltage across lamp L,

Answer:

Current flow through Lamp
Voltage across lamp (L1)
Voltage across lamp (L)

M SCHEME_33031 COURSE MATERIAL

To Find:
Current (1) =7

Voltage drop across Lamp1l =?
Voltage drop across Lamp2=?

vz 2502_6259
P, 100
vz o 2002—4009
P 100

\% 250

= 0.243A

R, +R, 625+ 400

Current flow through Lamp 2
[xR;1=0.243 x 625 =152.4V
I[xR2=0.243 x400 = 97.2V

0.243A
152.4V
97.2V
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1.34 Comparison between series circuit and parallel circuit:

S.NO Series circuit Parallel circuit
1 There are only one path for the current to | There are as many paths as the
flow resistance are connected in parallel
Potential is same across all the
2 Same current through all the resistor resistor
i The voltage drop across each resistor is The current in each resistor is
different different
4 The sum of voltage drop is equal to the The sum of branch current is equal to
applied voltage. the total current applied
. ) The reciprocal of the total resistance
The total resistance is equal to the sum of | . )
i is equal to the sum of the reciprocals
5 all resistors )
R = RotRo4R4 R of all resistors
TR e " 1/R = 1/R1+1/Ro+1/Rs+ e t1/Re
. ) The total resistance is always less
The total resistance is always greater than . .
6 ) ] o than the smallest resistance in the
the greatest resistance in the circuit o
circuit.
. \ similar'ends ofresistors are
Dissimilar ends'of resistors are .econnected
7. o connected together to form a closed
together to form a closed circuit o
circuit
Uses: To operate low voltage devices with | All lamps, fans, motors etc.,are
8 high voltage source connected in parallel across the
Ex. Decorative lamps(serial set) supply in house wiring
Example: 20

Three resistances of values 8Q, 12Q and 24Q) are connected in series. Find the equivalent
resistance. Also find the equivalent resistances when they are connected in parallel.

Given Data: To Find:
Resistance (R1) = 8Q i) Equivalent resistance at series
Resistance (Rz) = 12Q ii) Equivalent resistance at parallel
Resistance (R3) = 24Q
Solution:
In Series Connection:
Equivalent Resistance (Reg) = R;+ R, +R;
Req = 8+12+24
Req = 440
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In Parallel Connection:

. . 1 1 1 1
Equivalent Resistance: — = —+4+ —+ —
Req Ri Ry Rs
1 1 1 1
-_— = —_ + N P
Req 8 12 24
_ 3+2+1 6
24 24
24
Req = ? = 4Q

Answer:
Equivalent Resistance in series connection =44 Q
Equivalent Resistance in parallel connection =4 Q

Example: 21

Two resistors are connected in parallel and a voltage of 200 volts is applied to the
combination. The total current is 25 amps and the power dissipated in one of the resistors

is 500 watts. What is the value of each resistance?

Given Data: To Find:
Two Resistors in parallel i) Value of Ry
Supply Voltage (V) 200 Volts ii) Value of R,
Total Current (I) = 25 Amps

Power Dissipated'in Ry (P1) /= 500 Watts
Solution:
vV 200
Equivalent Resistance: Req = 1= 38 = 8Q
VZ
Power dissipated in Ri: P1 = R_
1
Resist R vz 2007 800
esistance: = — = =
! P, 500
vV 200
Current throughRy: I1 = R_1 =30 ~ 2.5Amps
Current throughRz: I = [-11 = 25-2.5=22.5Amps
Resist R, = v_ 200 = 8.890
esistance: R, = L~ 225 ~ 8
Answer:
Resistance R1 =80 Q Resistance R2 = 8.89 Q
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Example: 22

A circuit consists of two resistors 20 Q and 30 Q connected in parallel. They are connected
in series with a resistor of 15 Q. If the current through 15 Q resistor is 3 amps find the
current in the other resistors, total voltage and total power.

Given Data: To Find:
i) Current through R1
Resistance (R1) = 20Q ii) Current through R»
Resistance (R2) = 30Q iii) Total Voltage
Resistance (R3) = 15Q iv) Total Power
Current through Rs = 3 Amps

Solution:
R:1 & R> in Parallel Connection:

R, xR,  20x30

Resi ‘Rz = = = 12Q
esistance: Rz R,+ R, 20 + 30

Equivalent Resistance: Reg = Riz+R3 =12+ 15=270Q

C hrough Ry: 1 [XR: _ _3x39 _ g4
urrent throughRi: 1 = R.+R, 20+30 T mps

Current through R, : | xR _ 3X20 _ 154
urrent throughR;: [, = R.+R, 20+30 U mps

Total Voltage:V = [xReg = 3x27 = 81 Volts
Total Power : Pev= Vx| =, 81 x3, =243 Watts

Example: 23
A resistor of 3.6Q is connected in series with another of 4.56 Q. What resistance should be
connected across 3.6Q) resistor so that the total resistance of the circuit shall be 6Q7?

Given Data: To Find:
i) Resistance R;
Resistance (R1) = 360
Resistance (Rs) = 4560
Equivalent Resistance (Req) = 60

Solution:
Ri1 & R in Parallel Connection:
) R; xR, 3.6xR,
Resistance: Riz+ Rz = m +R3 = m+ 4.56
3.6xR,
6 = m+4.56
3.6 xR, + 4.56 (3.6 + R,)
6 = 36 + R,
6(3.6+R) = 3.6xR, + 456 (3.6 + R,)
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21.6 +6R, = 3.6R:+16.41 + 4.56R;

21.6-1641 = 3.6R;+ 4.56R; - 6R;
519 = 2.16R;
216R; = 5.19
519
R, = 2 2=240
? 2.16

Example: 24
A resistor of RQ is connected in series with a parallel circuit consisting of 12 Q and 8 Q. The

total power in the circuit is 80Watts when the applied voltage is 20V. Calculate the value of
R.

Given Data: To Find:
i) Resistance R1
Resistance (Ra) = 120
Resistance (Rs) = 80
Total Power = 80 Watts
Supply Voltage = 20 Volts
Solution:

R, & R3 in Parallel Connection:

Resistance: Rys = = = 4.80

Current: I [ » 4 A
U 4 =i ==
Voo T S
v 20
Equivalent Resistance: Req = = 71° 50
Req = Ri+Rz
5 = Ri+48
Ri = 5-48=0.20Q

Answer:

Resistance R1=0.2 Q

Example: 25
A circuit consist of two resistances 10 Q and 5 Q connected in series across a supply of
60V.Calculate the voltage across each resistance.

Given Data: To Find:
i) Voltage across Resistance R1
Resistance (R1) = 10Q ii) Voltage across Resistance Ry
Resistance (Ra) = 50
Supply Voltage = 60 Volts
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Solution:
In Series Connection:
Equivalent Resistance (Req) = R1 + Rz

Reg =10+ 5
Req = 15Q
%4 60
Current: I = R_eq = 15 =4 Amps
Voltage across Resistance R1: V1 =1.R1 = 4 x 10 =40 Volts
Voltage across Resistance R>:V, =1.R; = 4 x5 =20 Volts

Answer:
Voltage across Resistance R: = 40 Volts
Voltage across Resistance R; =20 Volts

Example: 26
A circuit consist of two resistances 6 Q and 3 Q connected in parallel and takes a total circuit
of 12A from the supply. Calculate the current through each resistance.

Given Data: To Find:
i) Current through Resistance R1
Resistance (R1) = 60 ii) Current through Resistance R3
Resistance (Ra) = 30
Total Current = 12 Amps
Solution:

c h hR: I I[xR, _12X3_36_4A
urrent through R;: 11 = R, + R, 633 9 mps

I[xRq 12x6 72

h hR;:I; = = =—=8A
Current through Rz : I R, + R, 6T+ 3 5 mps

Answer:
Current through Resistance R; = 4 Amps

Current through Resistance R; =8 Amps

Example: 27
Two resistors 4 Q and 6 Q are connected in parallel. The total current flowing through the
resistors is 5A. Find the current flowing through each resistor.

Given Data: To Find:
i) Current through Resistance R
Resistance (R1) = 40 ii) Current through Resistance R;
Resistance (Ra) = 60Q
Total Current =  5Amps
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Solution:

IxR,  5x6 30 3 A
R+ R, 4+6 10 ~omps

IxRy  5x4 20 2 A
R,+R, 4+6 10 <0mPs

Current through Ry : I1

Current through Rz : I

Answer:
Current through Resistance R; = 3 Amps

Current through Resistance R; =2 Amps

Example: 28

The resistors of 1Q, 2Q and 4Q are connected in parallel. A 5 Q resistors is connected in
series with this parallel combination and a 24V batter is connected to the circuit. Find the
total current and power in each resistors.

Given Data: To Find:
Resistance (R1) = 10 i) Total Current
Resistance (Rz) = 20 ii) Power in each resistor
Resistance (R3) = 40
Resistance (Rs) = 5Q
Solution:
In Parallel Connection:
Equivalent Resist ! ! + ! + !
quivalent Resistance: = —+4—+—
Req R; Ry R3
1 1 1 N 1
Req 1 2 4
I 4+2+1 7
Req 4 4
4
Req = ? = 0.57Q
Equivalent Resistance: Reg = Riz+Rs =0.57+5=5.57Q
I v 24 43A
: = = ——= 4.3 Amps
Total Current : | Req Tty P
Voltage drop across Ra (Va) = I1xRs=4.3x5=21.5Volts
Voltage drop across R1 (V1) = Supply Voltage (V) - Voltage drop across Ra
Voltage drop across R1 (V1) = 24-21.5 =2.5Volts
Voltage drop: Vi =V, =V3 =2.5Volts
. : vz 252
Power dissipatedinRy = — = —— = 1.25 Watts
R, 1
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Power dissipated in R;

Power dissipated in R3

Power dissipated in R4

Example: 29

vz 252
T = 3.125 Watts

R,

V? 2.52

— = —— =1.5625 Watts
R;3

Vi 252—125w/u
R, 5 —oonams

The resistors of 2Q, 4Q and 12Q are connected in parallel across a 24 Volts battery. Find
the current through each resistor and the battery. Also find power dissipated in each

resistors.

Given Data:
Resistance (R1) = 20
Resistance (Ra) = 40
Resistance (Rs) = 120
Supply Voltage (V) = 24V

Solution:

Current through Resistor R; :

Current through Resistor R; :

Current through Resistor Rz :

I1

I

I3

Power dissipated in R;

Power dissipated in R

Power dissipated in R3

M SCHEME_33031 COURSE MATERIAL

To Find:
i) Current through each resistor
ii) Power in each resistor

\Y

Ry

i 12 Amps

Vv

R,

24

T =6 Am

Vv

R3

24

v 2 Amps

V2 242

R_1 = - = 288 Watts
vz o 242

R_z = T = 144 Watts
vz o 242

R_3 = 13 = 48 Watts
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Kirchhoff’s laws:

Kirchhoff’s laws are more comprehensive than ohm’s law and are used for solving
electrical networks.

The two Kirchhoff’s laws are:

1. Kirchhoff’s Current Law (KCL)

2. Kirchhoff’s Voltage Law (KVL)

Kirchhoff’s Current Law (KCL)
It states that “the algebraic sum of the currents in a junction of a circuit is zero.
(or)
The sum of current entering the junction is equal to the sum of the current leaving
the junction.

Explanation:
Consider 5 conductors carrying currents. Assume positive sign for the current flowing
towards the junction and negative sign for the current flowing away from the junction.

Let P is a junction
l1, I3, & I3 /= incoming current towards the junction P
I, & Is = outgoing current away from the junction P

By applying Kirchhoff ’ s current law at junction P,

li1-lh+1l3+13-15 =0

lh+l3+1l3 =+ 15
Sum of incoming current = sum of outgoing \
current

Kirchhoff’s Voltage Law (KVL):

It states that in any closed electrical circuit, “the algebraic sum of voltage is zero”.
(OR)

That is the sum of voltage rises (EMF) in a closed network is equal to the sum of
voltages drops (P.D)
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Explanation:

Consider a simple closed electrical circuit, R R Rs
Let,
E - Supply voltage
R1, R2 & R3 - Resistors in the circuit. Vi Va Vs
| - Current flow through the circuit 14
V1—p.d across R1
V2 — p.d across R; O | | O
V3 —p.d across Rs

Applying Kirchhoff’s voltage law to the closed circuit,
E-Vi-V2-V3 =0

E=Vi+Vo+V3 —-oomm- (1)
Substitute, Vi1=1R1, V2=1.R;& V3 =1.Rs in equation (1)
E= |R1+|R2+|R3

E-IR1-IR2-1R3=0 [Algebraic sum of voltages is zero]

Example: 30

Determine the currents in different branches of the circuit shown in figure by applying
Kirchhoff’s law.

3Q 4Q

Solution:
100V
Apply KVL in Loop ABEFA
Branch Potential Drop Potential Rise

AB 311 -

BE 20(11+12) -

EF - -

FA - 100
311 +20(11+12) 100
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According to KVL:
Sum of Potential Drop

Sum of Potential Rise

311 +20(11+12) 100
311 +2011+201; 100
231,420, = 100 - )
Apply KVL in Loop CBEDC:
Branch Potential Drop Potential Rise
CB 41 -
BE 20(I1+12) -
ED - -
DC - 110
41, +20(11+12) 110
According to KVL:
Sum of Potential Drop =  Sum of Potential Rise
41, +20(11+12) 110
41, +200,+201; 110
201; 4241, = 110 - 2
231,420, = 100 - (D
20114241z, =, 110,  _wz---mma-oos (2)
|23 20| _ 100
20 241, 110
b=y 2
A = (23x24)-(20x20) =152
1 2
A= 1(1)8 22
= (100x24)-(20x110) =200
L = % = @ = 1.315Amps
A 152
o= o 110
= (23x110)-(100x 20) =530
L, = Az 330 _ 3.486 Amps
A 152
Answer:
Current through 3Q resistor : It = 1.315Amps
Current through 4( resistor : I 3.486 Amps

Current through 20Q resistor: 11 + I,
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Example: 31
Find the current in the 3 ohm resistor in the circuit shown in figure.
1Q 2Q

Solution:
Apply KVL in Loop ABEFA:
Branch Potential Drop Potential Rise

AB 111 -

BE 3(L1+12) -

EE - -

FA - 10

111 +3(I1+12) 10
According to KVL:
Sum of Potential Drop = Sum of Potential Rise
1 +3(Lhi+) = 10
1 4+3L+3l; = 10
4143 = 10 e D
Apply KVL in Loop CBEDC:
Branch Potential Drop Potential Rise

CB 21, -

BE 3(1i+12) -

ED - -

DC - 20

21, +3(11+12) 20

According to KVL:
Sum of Potential Drop = Sum of Potential Rise

2I+ 3 (I1i+12) 20
21+ 311+ 312 20
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3i+5L = 20 e (2)

411+3IZ = 10 ------------ (1)
3ll+ 512 = 20 ------------ (2)
3 5L — 120
14 3
A= 3 5
A = (4x5)-(3x3)=11
_ 10 3
AL = |20 5

= (10x5) - (20x3) =-10

, = Ah_Z10_ 0.9094
1 A = 11 = . mps

4 10
3 20

= (4x20)-(3x10) =50

o= 22 30 4cun

2 7 Tp g eorames
Answer:
Current through 10 resistor ; I =,-0.909,Amps
Current through 2 resistor : I, =/4.54 Amps

Current through 30Q resistor : I; + I =-0.909 + 4.54 = 3.631 Amps

Example: 32

A wheat stone bridge ABCD is arranged as follows AB=1Q, BC=2Q, CD=3Q, DA=4Q. A
galvanometer of resistance 5Q is connected between B and D. A battery of 4 volt with internal
resistance 1Q is connected between A and C. Calculate current flow through 5Q.

Solution:

I].+IZ II+I2
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Apply KVL in Loop ABDA:

Branch Potential Drop Potential Rise
AB 114 -
BD 513 -
DA - 41
11: 4513 41,
According to KVL:
Sum of Potential Drop = Sum of Potential Rise
111 +513 41,
111 +51;5 - 41, 0
1I;-41;+5I3 = 0 e (D
Apply KVL in Loop BCDB:
Branch Potential Drop Potential Rise
BC 2(11-I3) -
CD - 3(Iz+13)
DB - 513
2(11-I3) 3(Ix+13)+ 513
According to KVL:
Sum of Potential Drop Sum ofPotentialRise
2(1L- 15) 3(2+13)+ 151z
2(11-I3) - 3(I2+13) - 513 0
2(11- I3) - 3(I2+13) - 513 0
214 - 213 - 312- 313- 513 0
21y - 31, -101I3 0 e (2)
Apply KVL in Loop ADCA:
Branch Potential Drop Potential Rise
AD 41, -
DC 3(12+1s) -
CA 1(1i+12) 4
41; + 3(IL+13)+ 1(1i+12) 4
According to KVL:

Sum of Potential Drop
41, + 3(I+13)+ 1(11+12)
412 + 31+313+ 111 +11;
111+ 8I; + 313
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111-4I,+5lz = 0 = ccmmmmmeeee- €))

211 -3I2-10Iz = 0 -eeeeeeeee- (2)
1+ 8 +3z = 4 - 3)
1 -4 5 |h 0
2 =3 10 || = |0
1 8 3 I3 4
1 -4 5
A = |12 -3 -10
1 8 3
A = 1[(-3x3)-(-10x8)] - (-4)[(2x3)-(-10x1)] +5[(2x8) - (-3)]
A= 1[(-9-(-80)] - (-[(6)-(-10)] +5[(16) - (-3)]
A = 1[-9+480] +4[6+10] +5[16+3]
A = 1[71] +4[16] +5[19]
A = 714+64+95
A = 230
1 -4 0
Al; = |2 -3 0
1 8 4
Al; = 1[(-3x4)-(0x8)] - (-4)[(2x4)-(0x1)] +0
Al; = 1[-12-0] + 4[8:0] +0
Al [N= 1]-12] +4[8]
Al; = 12432
Alg = 20
Al; 20
b = ==
A 230
I; = 0.087 Amps
Answer:
Current through 5Q resistor : I3 = 0.087 Amps
Example: 33

A wheat stone bridge consists of AB=10Q, BC=10Q, CD=4Q, DA=5Q. A galvanometer of resistance
20Q is connected across BD. Calculate the current through the galvanometer when a p.d of 10V
is maintained across AC.
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Solution:

10Q

A
L
L+1, 50
Apply KVL in Loop ABDA
Branch Potential Drop Potential Rise
AB 1014 -
BD 2013 -
DA - 51,
1011 +2013 5Iz
According to'KVL:
Sum of Potential Drop’ = »Sum’of Potential Rise
101 +20Is = 5I;
101 +20I3-5I; = O
10I;- 51,420z = 0 —mmeeeeeeee- (D
Apply KVL in Loop BCDB
Branch Potential Drop Potential Rise
BC 10(11- I3) -
CD - 4(12+13)
DB - 2013
10(11-13) 4(I2+13)+ 2013
According to KVL:
Sum of Potential Drop = Sum of Potential Rise
10(Ii-13) = 4(I:+I3)+ 2013
10(I:1-I3) -4(I+13)-20Iz = 0
10I:- 10I3-41,-413-201z = O
101:-41;-341z = 0
1011-41;-34Iz = 0 - (2)

M SCHEME_33031 COURSE MATERIAL

www.binils.com
Anna University, Polytechnic & Schools



Apply KVL in Loop ADCA:

Branch Potential Drop Potential Rise
AD 51, -
DC 4(12+13) -
CA - 10
5I; + 4(I2+13) 10
According to KVL:
Sum of Potential Drop = Sum of Potential Rise
51, + 4(Iz+l3) = 10
5L +4,+41; = 10
9 +4I3 = 10 ----momeeee- 3)
10[;- 512420z = 0  ----memeeee- (D
10[1-41;-34l3 = 0 --mmeeee- (2)
9 +4I3 = 10 ----mmeee- 3
10 -5 20| |4 0
10 —4 -=34| || = |0
0 9 4 I3 10
10 -5 20
A = |10 =4 -—-34
09 4
A" = #10(-4x4)-(-34x9) = (+5)[(10x4)-(-34x0)] +20[(10x9) - (0)]
A = 10[(-16)-(-306)] +5[40-0] +20[90 - 0]
A = 10[-164+306] +5[40] +20[90]
A = 10[290] +5[40] +20[90]
A = 2900 +200+1800
A = 4900
10 -5 0
Al; = |10 —4 0
0 9 10
Al; = 10[(-4x10)-(0x9)] - (-5)[(10x10)-(0x0)] +0
Al; = 10[-40-0] +5[100 - 0] +0
Al; = 10[-40] +5[100] = -400 +500
Al; = 100
Al; 100
b = —2=—
A 4900
I; = 0.0204 Amps
Answer:

Current through 20Q resistor : I3 = 0.0204 Amps
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Example: 34

A wheat stone bridge consist of AB=10Q, BC=30Q), CD=15Q, DA=20Q). A galvanometer of resistance
40Q) is connected across BD. Calculate the current through the galvanometer when a p.d of 2V is
maintained across A.C.

Solution:
10Q
L
A CG) 400 ¢
2
1+, 20Q L+,
|
vl g
Apply KVL in Loop ABDA
Branch Potential Drop Potential Rise
AB 1014 -
BD 4013 -
DA - 201z
10I; +4013 201;

According to KVL:
Sum of Potential Drop Sum of Potential Rise

101; +40I; 201,
10I;4+40I5-20I;, = O
100:- 201, +40I; = 0 W -ccemmmmmem- €))

Apply KVL in Loop BCDB:

Branch Potential Drop Potential Rise
BC 30(1:-13) -
CD - 15(I2+13)
DB - 4013
30(1:-I3) 15(Iz+13)+ 4013

According to KVL:
Sum of Potential Drop = Sum of Potential Rise

30(I1-13) = 15(:+13)+ 401
30(I1-13) -15(1+13) -40Iz = 0
3011-30I3- 151;-1513-4013 = O
30l;-151;-85l3 = 0 e (2)

M SCHEME_33031 COURSE MATERIAL 47

www.binils.com
Anna University, Polytechnic & Schools



Apply KVL in Loop ADCA:

Branch Potential Drop Potential Rise
AD 201 -
DC 15(Iz2+13) -
CA -
201z + 15(I2+13)

According to KVL:
Sum of Potential Drop = Sum of Potential Rise
201, + 15(Iz+l3) = 2
20I; + 151+151z = 2
35 + 151z = 2 = mememeeeee- 3
10I;- 2014403 = 0  ----emeeeee- (D
3011-151;-85l; = 0 --ememeeeee- (2)
35I; + 153 = 2 = e 3)
10 —20 40| |h 0
30 —15 85| [z|] = |0
0 35 15 | 113 2
10 —-20 40
A = [30 =15 -85
07\ 357115
Al = W10[(¢15x15)-(-85%35) |+ (=20)[(30x15)-(0)] +40[(30x35) - (0)]
A = 10[-225+ 2975] - (-20)[450 - 0] +40[1050 - 0]
A 10[2750] +20[450] +40[1050]
A 27500 +9000 +42000
A = 78500
10 =20 O
AlI; = |30 —15 O
0 35 2
Al; = 10[(-15x2)-(0x35)] - (-20)[(30x2)-(0x0)] +0
Al; = 10[-30- 0] +20[60-0] +0
Al; = 10[-30] +20[60]
Al; = 900
Al 900
I = —2=——
A 78500
I; = 0.0114 Amps
Answer:
Current through 40Q resistor : I3 = 0.0114 Amps
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REVIEW QUESTIONS
UNIT : | ELECTROSTATICS & D.C CIRCUITS

PART - A : 2 Mark Questions.

Define Electric flux.

Define flux density.

Define electric field intensity.

Define electric potential.

Define a capacitance.

Write the expression for energy stored in a capacitor.

State expression for the equivalent capacitance of two capacitors in series.
State expression for the equivalent capacitance of two capacitors in parallel.

Lo NOOU PR WN R

If a 2uF capacitor and 4 uF capacitor are connected in parallel. What is its equivalent
capacitance?

10. Define permittivity?

11. Define relative permittivity?

12. State the relation between electric flux density and field intensity?
13. Define electric current.

14. Define electromotive force.

15. Define potential difference:

16. Define Resistance.

17. Define electric power.

18. Define electrical energy.

19. State the unit of electric current and Resistance.

20. State the unit of electrical power and Electrical Energy.

21. Define Specific resistance or resistivity.

22. State ohm’s law.

23. Define temperature coefficient of resistance.

24, State Kirchhoff’s Current Law.

25. State Kirchhoff’s Voltage Law.

PART-B: 3 Mark Questions

Define: (i) Electric Flux (ii) Electric Flux Density

Define: (i) Electric field Intensity (ii) Electric Potential

State Coulomb’s law of electrostatics.

Define Capacitance and state its fundamental practical unit.

Derive an expression for energy stored in a capacitor.

Derive an equation for the equivalent capacitance of two capacitors connected in series.

No vk wNe

Derive an equation for the equivalent capacitance of two capacitors connected in parallel.
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10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

20.

21.

22.

Define: (i) Current (ii) E.M.F (iii) Resistance

Define power. What is the relationship between power, voltage and current?

Define resistance and conductance.

Define resistivity or specific resistance and state its unit.

What are the factors on which resistance of a material depend?

Define temperature co-efficient of resistance. Give its unit of measurements.

State ohm’s law and write its expression in 3 different forms

Prove that Power P = V.| Watts.

Define Electric power and energy. Mention the unit of measurement

State Kirchhoff’s laws.

A 100uF capacitance is charged to a steady voltage of 500V. What is the energy stored in
the capacitance?

Two resistors are connected in series and connected across a battery. The p.d across first
resistor is 10V and p.d across second resistor is 25V. The current through the resistors is
2 Amps. Find the value of each resistor.

A battery of 20V is connected across a resistor so that the current is limited to 0.2Amps.
Calculate he value of resistance and its power rating.

A resistor has a resistance of 150Q at 20°C and 166Q at 55°C. Find the temperature
coefficient of the resistance at 0°C.

Find the resistances in ohm of incandescent lamps of (a) 100W at 120V and (b) 60W at
12V.

PART — C : 10 Mark Questions

1.

o U s WN

N

10.

Define the following terms and state their units :
(i) Electric flux (ii) Electric flux density (iii) Field intensity (iv) Electric Potential
Show that Rt = Ro+(1+aot)
State and explain coulomb’s laws of electrostatics.
Derive equivalent capacitance of 3 capacitors in series.
Derive equivalent capacitance of 3 capacitors in parallel.
Define the following terms and state their units :
(i) Electric Current (ii) E.M.F (iii) Resistance (iv) Electrical Power
Derive equivalent resistance of 3 resistors in series.
Derive equivalent resistance of 3 resistors in parallel.
State and explain kirchhoff’s Laws.
For the given circuit, use Kirchhoff ’s Laws to calculate (a) the current flowing in each
branch of the circuit, and (b) the p.d. across the 5 Q resistor.

M SCHEME_33031 COURSE MATERIAL 50

www.binils.com
Anna University, Polytechnic & Schools



150 20

11. For the given bridge, calculate the current through 5 Q resistor, and the current drawn
from the supply.

10V

12. Capacitors of 3 pF, 6uF and 12uF are connected in series across a 400 V supply.
Determine the p.d. across each capacitor.

13. Three resistors of resistance 10Q, 15Q and 20Q are connected once in series and then
parallel. Find the equivalent resistance for each case. Also calculate the power dissipated
in each case, if the supply voltage is 15V.

14. Two incandescent lamps of 100W and 60W and rated voltage of 110V are supplied by a
source of 110V d.c. Determine the current drawn from the source (a) when the lamps are
connected in parallel, (b) when the lamps are connected in series.
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[ UNIT 2 - CIRCUIT THEOREMS ]

Syllabus:
Mesh equations — Nodal equations — star/delta transformations — Superposition theorem

— Thevenin’s theorem — Norton’s theorem — Maximum power transfer theorem. (Problems
in DC circuits only).

2.0 Introductions:

In unit 1, we analysed the various types of circuits using ohm’s law and Kirchhoff’s laws.
Some circuits are difficult to solve using only basics laws and require additional methods in
order to simplify the analysis. In this unit, we shall understand a variety of techniques such as
Mesh Current Analysis, Nodal analysis, the Superposition theorem, Thévenin’s theorem and
Norton’s theorem, which will speed up the analysis of the more complicated networks.

The theorems and conversions make analysis easier for certain types of circuit. These
methods do not replace Ohm’s law and Kirchhoff’s laws, but they are normally used in
conjunction with laws in certain situation.

Electric circuit theorems are always beneficial to find voltage and currents in multi loop
circuits. These theorems use fundamental rules or formulae and basic equations of
mathematics toyanalyze sbasic components of“electrical or electronics“parameters such as
voltages, currents, resistance, and so‘en. These fundamental‘theorems include the basic
theorems like Superposition theorem, Thevenin’s theorems, Norton’s theorem and Maximum
power transfer theorem.

Not all loads are connected in series or in parallel. There are two other arrangements
known as star and delta. They are not so common but, because they are interchangeable, we
can readily find a solution to any network in which they appear —so long as we can transform
the one into the other.

Because all electric circuits are driven by either voltage sources or current sources, it
is important to understand how to work with these elements. Source conversion technique
also useful to get the solution easily. The superposition theorem will help you to deal with
circuits that have multiple sources. Super position theorem is used only in linear networks.
This theorem is used in both AC and DC circuits wherein it helps to construct Thevenin and
Norton equivalent circuit

Thevenin’s and Norton’s theorems provide methods for reducing a circuit to a simple
equivalent form for ease of analysis. This theorem can be applied to both linear and bilateral
networks. The maximum power transfer theorem is used in applications where it is important
for a given circuit to provide maximum power to a load.
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2.1 Terms and Definition:

SI.No Term

Definition

1 Network Element

Any individual element which can be connected to some
other element is called network element.

2 Active Element

These are elements which can deliver electrical energy.
Example: Voltage source and Current source

3 Passive Element

by absorbing or storing in it.

These are elements which consumes electrical energy either

Example: R, L and C

4 Electric Network
networks.

Interconnection of elements like resistor or inductor or
capacitor or electrical energy sources are known as

5 Electric circuit

A closed energized network is known as circuit.

Node or Junction in
a network

is called node.

A point at which two or more elements are joined together

7 Simple Node
node.

A node where only two elements are joined is called simple

8 Principal Node

A node where three or more elements are joined is called
Principal Node.

9 Branch of a network

A branch is a path that connects two nodes.

10 | Loop in a'network
elements.

A closed-path.obtained-by starting.at a.nede and returning
back.to.the same nade_throughra.set of connected circuit

11 Mesh in a circuit

A loop that does not contain any other loops within it.

2.2 Active Network Vs Passive Network:

SI.No Active network Passive network
1 A network which contains a source | A network which contains no energy source
of energy is called active network. | of energy is called passive network.
Example: Voltage source and .
2 Example: It contains R, Land C
current source

2.3 Unilateral Circuit Vs Bilateral Circuit:

Unilateral circuit

Bilateral circuit

It is that circuit whose properties or
characteristics change with the direction of
A diode
because it

its operation. rectifier is a

unilateral circuit, cannot

perform rectification in both directions.

A bilateral circuit is one whose properties or

characteristics are the same in either

direction. The usual transmission line is
bilateral, because it can be made to perform

its function equally well in either direction.

M SCHEME_33031 COURSE MATERIAL

53

www.binils.com
Anna University, Polytechnic & Schools




2.4 Linear Circuit Vs Non-Linear Circuit:

SI.No Linear circuit Non-Linear circuit

A circuit or network whose parameters i.e.,

. . . A circuit whose parameters change
elements like resistances, inductances and

] their values with change in time,
capacitances are always constant .
] ) o temperature, voltage etc. is known
irrespective of the change in time, voltage, .

. . as nonlinear network.
temperature etc. is known as linear

network.

The ohm’s law can be applied to such | The ohm’s law may not be applied to
2 network. Such network follow the law of | such network. Such network does
superposition. not follow the law of superposition.

2.5 Ideal voltage source:
A voltage source which maintains a constant potential difference at a given magnitude
and a prescribed waveform across its terminals independent of the current supplied by it.

2.5.1 Characteristics of Ideal voltage source:

i) Itis the energy source whose output voltage remains constant whatever be the value
of the output current.

ii) It has zero internal resistance so_that voltage drop _in the source is zero.

Vi

—— Vi=V;5

Vs

. I
Symbol Circuit Characteristics

Figure 2.1: Ideal Voltage Source

2.5.2 Characteristics of Practical voltage source:

Vi
R, I
I Vy=V;s
Internal Resistance Vs Ideal
+ .
Ve v, H Ry VL < Vs Practical

I

Circuit Characteristics

Figure 2.2: Practical Voltage Source
M SCHEME_33031 COURSE MATERIAL 54

www.binils.com
Anna University, Polytechnic & Schools



Practically, every voltage source has small internal resistance in series with voltage source
and is represented by Rse as shown in figure 2.2. In this source, the voltage does not remain
constant, but falls slightly with addition of load.

2.6 Ideal Current source:
A current source is one which maintains a current of a given magnitude and a
prescribed waveform across its terminals independent of the potential difference appearing

across its terminals. Symbolically, we represent a general current source as a two terminal
device as shown in figure.

2.6.1 Characteristics of ldeal current source:

i) It produces a constant current irrespective of the value of the voltage across it.
ii) It has infinity resistance.

iii) Itis capable of supplying infinity power.
L
I

—_— . IL:IS

(1) (D vl |

L 0 0 0 @ '

Symbol Circuit Characteristics

Figure 2.3: Ideal Current Source

2.6.2 Characteristics of Practical current source:

Practically, every current source has high internal resistance in parallel with current
source and it is represented by Rsh. This is shown in figure 2.4. In practical current source, the
current does not remain constant, but falls slightly.

I
I 1
> L =1
I Is Ideal
St
Practical
Iy G) Rsy Vi | |Re I <Is
Internal
Resistance
» VL
Circuit Characteristics

Figure 2.4: Practical Current Source

2.6.3 Loading of sources:

The output voltage of a voltage source decreases as the load current increases. If the
source is loaded in such a way that the output voltage falls below a specified full load value,
then the source is said to be loaded and the situation is known as loading of source.
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2.7 Source Transformation:

Transformation of several voltage (or current) sources into a single voltage (or current)
source and a voltage source into a current source or vice-versa is known as source
transformation. This makes circuit analysis easier.

2.7.1 Ideal voltage sources be converted into ideal current sources:
A voltage source V with an internal resistance R can be converted into a current source |

in parallel with the same resistance R where, | = V/R.
R

Ifah

el I o .

Voltage Source Current Source

==
-

2.7.2 Ideal current sources be converted into ideal voltage sources:

A current source | with an internal resistance R can be converted into a voltage source V
in series with the same resistance R where, V = |.R.

— +—

—
w
B
L,
'|‘+

.Coi
‘[

I l V=LR
Current Source Voltage Source
Example: 1
Convert the given voltage source into an equivalent current source.
Given: Solution:
6Q V=12V
1 _
R=60Q G)IZA HR=6Q
T v 12
12V I=—-= —=2Amps
R 6
Current source
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2.8 Mech Equation:

This method is also called as mesh current analysis. In this method, we consider loop or

mesh current instead of branch current. For each loop, an equation is written based on

Kirchhoff’s Voltage Law KVL and there are a many equations as the number of loops. The

current directions are chosen arbitrarily.

Procedure:

i) Circulating currents are allocated to closed loops or meshes in the circuit.

ii) An equation for each loop of the circuit is then obtained by Kirchhoff ’s voltage law.

iii) Branch currents are found thereafter by taking the algebraic sum of the loop currents

common to individual branches.

Ao B
Loop 1 Loop 2 Loop 3
D C H G

By applying KVL in Loop 1 (ABCD):
Potential Rise

I; (Ri+ Ry)— 1R,

By applying KVL in Loop 2 (BEHC):
Potential Rise
0
0
0
—1; Ry + (R, + R+ Ry) — I3 Ry

By applying KVL in Loop 3 (EFGH):

Potential Rise

-1, Ry + 13 (R4 + Rg)

= Poténtial Drop
I; Ry £ = [;) R,
LR+ R, — LRy
I; Ri+ Ry)— 1R,

= 0

= Potential Drop
LR3+ (I,— )R+ (I — IR,
IbRs+ bR, — 3R, +I, R, — | R,
- R, +L,(R, +R3+Ry) — I3 R,

= 0 - (2)

= Potential Drop
I3Rs+ (I3 — [) Ry
IsRs + I3 R, — [, Ry
— I, Ry + 15 (R4 + Rp)

= -E,

The equation (1), (2) and (3) can be arranged in matrix form:

[R] 1]
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R, + R, —R, 0 I E,
_RZ R2+ R3 + R4 _R4 Iz —_ 0
0 -R, R, + Rsl 15 —E,

The resistance matrix and its formation is shown below:

Ri1 —Riz —Rys
—Rz1 Rzz —Rys
—R3; —R3z Rz

[R]

Where, Ri1 = Self-Resistance of Loop 1
Rz = Self-Resistance of Loop 2
R33 = Self-Resistance of Loop 3
Ri2=Rz1 = Common Resistance between Loop 1 & 2
Riz=R31 = Common Resistance between Loop 1 & 3
Rz3=R3; = Common Resistance between Loop 2 & 3
Example: 2
Find the current through 18Q resistor in the given circuit using mesh current analysis.
1Q 2Q Given Data:
I I Number of loops = 2

__q H /ﬁ___ To Find:

Lov | 13Q [ 20v  Current through 18Q Resistor = ?
Solution:
By inspection Method:
R1+R3 _R3 Il V1
_R3 R2 + R3 _12 = VZ
1+18 —-18 ||} 10
-18 2+18l|L[ = =20
_ |19 -18|_
A= 148 20177
_ |10 =18 _ _
My = | 0 50| = —160
o= 2710 e
17 Tp T e | 400AmPS
_ 119 10|_ _
My, = | Jg ol = —200
o= 22290 54
i
Current through 18Q Resistor = [; — I, = —2.86 —(—3.57) = 0.71Amps
Answer:
Current through 18Q Resistor = 0.71 Amps
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Example: 3

Find the current through 4Q load resistor using mesh current analysis.

602 18Q2
] 1
| | | |
50V
- Load
50 40 40
Given Data: To Find:
Number of loops = 3 i) Current through 4Q Resistance =?
Solution:
6Q) 18Q2
| I | |
50V 1 q q
T q H ? H“Q ’ Load
>Q 40
Loop 1 Loop 2 Loop 3
By inspection Method:
Ri; —Riz =Ry |y Vi Where, Ri1=6+5=11Q
—Rz1 Rog seResfilh = |V Rz =54 18+ 4 =270
—R31 —Rsal Rszilllg Vs Ryz=4+4+4=80Q
11 -5 0 I 50 Ri2 = Rz1 =50
-5 27 —4] |l = |0 R23 = R32 = 4()
0 —4 8 13 0 R13: R31=0
11 -5 0
A = -5 27 —4
0 —4 8
= 11[27x8-(-4x-4)]-(-5) [(-5x8)-(0x-4)] +0
= 11[216-16]+ 5[-40] + 0=11[200]-200
A = 2000
11 -5 50
Al; = -5 27 0
0 -4 0
Al; = 11[27x0-(0)]-(-5)[0- 0] + 50[(-5x-4) - (0x 27)]
Al 50[(-5x -4) - (0x 27)] = 50[20]
Al; = 1000
L = Al; 1000 05A
3 7 A T 2000 OOMPS
I; = 0.5Amps
Answer:
Current through 4Q Resistor = 0.5 Amps
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Example: 4
By mesh current method determine the current through 5Q, 4Q and 8Q Resistor.

50 40 S\ 80
i A
30 20 1
20V 1 20V
[ A
Solution:
50 40 SV 8n
I AAA
30 ) 3207 ) L
20V 20V
( I
By inspection Method:

Ri1 —Riz —Rys| |l Vi Where, Ri1=5+3=8Q
—Rz1 Ryz  —Rys||lz| = [V2 R2=3+4+2=90Q
—R3; —Rsz  Rsz |3 Vs Riz=2+8=100Q

8 —3 0 I1 15 R12 = R21 == 3Q
-3 9 =2/ |l = |15 Ruz = R3z = 20
0 -2 10 I3 _25 R12= R21= 0
8 -3 0
AV = —3 L9 =2
0 -2 10
A = 8[9x10-(-2x-2)]-(-3)[(-3x10)-(0x-2)]+0
A = 8[90-4]+3[-30]+0
A = 688-90
A = 598
15 -3 0
Al, = 15 9 -2
—25 -2 10
Al;, = 15[(9x10)-(-2x-2)]+3[(15x10)-(-2x-25)] +
Al; = 15[90-4]+3[150-50]+0
Al; = 15[86]+300+0
Al; = 1290+ 300
Al, = 1590
Al
b= 3
1590
L = ——
598
I, = 2.65Amps
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Answer:

Current through 5Q Resistor =
Current through 4Q Resistor =
Current through 8Q Resistor =

Example: 5

8 15 0
-3 15 =2
0 -25 10

8[(15x 10) - (- 2 x-25)] - 15[(-3 x 10) - 0] + 0]
8[150 - 50] - 15[-30] + 0
8[100] + 450 = 800 + 450

1250

Al

A

1250 o

598 = . mps
8 -3 15
-3 9 15
0 -2 —25

8[(9x-25) - (-2x 15)] + 3 [(-3x-25) - 0] + 15[ - 3x -
8[-225 +30] + 3 [75] + 15[6]

8[-195] + 225+ 90 =-1560 + 225 + 90

-1245

Al

A
—1245

598

—2.08Amps

2.65 Amps
2.09 Amps
-2.08 Amps

Find the current through 10Q load resistor using mesh current analysis.

Given Data:
Number of loops =

M SCHEME_33031 COURSE MATERIAL
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3 i) Current through 10Q =?
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Solution:

By inspection Method:

R11
_R21
—Ray

15

_RIZ
R22
_R32

-10

_R13
_R23
R33

-4

Iy
I
I3

Iy

-10 18 -3
-4 -3 7

I

>

> > B> B>

Current through 10Q Resistor

Answer:
Current through 100 Resistor

M SCHEME_33031 COURSE MATERIAL

0

10

15 —10 —4
-10 18 -3
-4 -3 7

15(126 -9) + 10 (-70 - 12) - 4 (30 + 72)

15(117) + 10(-82] -4(102)
1755 - 820 - 408

527

0 -10 -4
0 18 -3
10 -3 7

0 +10(0 + 30) -4( 0 -180)
10(30) - 4(-180) = 300 + 720
1020

Al

A

1020

527
1.94Amps
15 0 -4
-10 0 -3
-4 10 7

15 (0 + 30) -0 - 4(-100 +0)
15(30) - 4(-100)

450 + 400 = 850

Al, 850

A 527
1.61Amps

-1z
1.94-1.61
0.33 Amps

0.33 Amps
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2.9 Nodal Equations :

This method of circuit solution, also known as the Node Voltage method, is based on
the application of Kirchhoff ’s Current Law at each junction (node) of the circuit, to find the
node voltages.

Procedure:
i) Select a node as the reference node.
ii) Assign voltages V1, V2 .....Vn1 to the remaining n-1 nodes. The voltages are referenced
with respect to the reference node.
iii) Apply KCL to each of the n-1 non-reference nodes. Use ohm’s law to express the branch
currents in terms of node voltages.
iv) Solve the resulting simulatnetous equations to obtain the unknown node voltage.

Vi v,
Ra 1 Re 2 Re
[ 1 [ 1 [ —
I, I I

3
L
Let, V1 andV2'—Voltage 'of Node 1 and 2 with respect to Reference Node 3
Number of Node = 3
Independent Node = Node1land?2

By applying KCL at Node 1 (Junction of Ra,Rs & Rc):

Sum of Incoming Current =  Sum of Outgoing Current
[+ = I
Va-Vi V=V, Vi
Ra * R¢ N Rg
Va i vz Vg Vi
Ry Ry Rc R¢ Ry
Vi o v ViV Va
"Ry R R Rg Ry
Vi v Vi oV Va
Ry Rc R Ry Ry
1 1 1 1 Va
V1[R—A‘|'R—B+R—C]—V2[R—C] = RrR, T (1)

By applying KCL at Node 2:(Junction of R¢,Rp & Re):
Sum of Incoming Current = Sum of Outgoing Current
IE = IC + ID
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Rg R¢ Rp
Ve V2 V2 ViV
Re RE  R¢ R¢ Rp
v, V, Vi V, Vg
Re Rc Rc Rp Rg
v, V, ViV, Vg
Re Rc Rc Rp  Rg
V[1]+V1+1+1] Ve 2
"IRe] " PIR¢ T Rp ' Rg Re @)
Equation (1) & (2) can be put in matric form as follows:
(11 1 1 - A
Ra Rp Rc Rc Vi Ra
1 1 1 1| = |vg
Rc Rc Rp Rg Rg
The resistance matrix and its formation is shown below:
11 4 1 N 1 1
Ra Rp Rc Rc
6] = 1 1 1 1
—_ R _+_
Rc Rc Rp Rg

Where,
Diagonal elements (Top to bottom)

Conductance of resistors of Node 1 & 2

Other diagonal | |~ Conductance/of'resistor common to Nodes

(Bottom left to top-right) T 182

Note: For nodal analysis, the number of equations required to solve a network is less

than what we require in other methods.

Example: 6
Find by nodal analysis, the current Ia and Ic in the circuit shown.
Vi Vs
2Q 1 10Q2 2 40
L] I
— -« -«
+ I I Ig
v T IB¢ 8Q IJ 602 T
3
£
Given Data: To Find:
Number of Node = 3 i) Current | =?
Number of equation = 3-1=2 i) Current Ic =?
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Solution:

0.5+0.125+ 0.1
-0.1

Answer:

-0.1
0.1+ 0.167 + 0.25

0.725 -0.1

-0.1 0.517

Vi |
V2

>

AV,

AV,
AV,
AV,

Vi

AV,

AV,
AV,
AV,

V,

Ia

Is

I¢

Current through 8Q Resistor = I
Current through 6Q) Resistor = I

M SCHEME_33031 COURSE MATERIAL

75!
3.75

75l
3.75

0.725 —0.1
—-0.1 0.517
(0.725x 0.517) - (0.1 x 0.1)

0.375 -0.01
0.365

5 —0.1
3.75 0517
G x 0.517)=(-0.1,%x3.75)
2585, +,0.375
2.96
AV, 296
A 0365

0725 5 |

—-0.1 3.75
(0.725x3.75) - (-0.1x 5)
2.719 +0.5

3.219

AV, 3219 6.8V
A 0365

8.1V

V,—V, 10-81
R, 2

v, 81

R_B =3 " 1.01 Amps

V,-V, 88-81
Rc 10

= 0.95Amps

= 0.07 Amps

0.95 Amps
0.07 Amps
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Example: 7
Find by nodal analysis, the current |a and Ic in the circuit shown.

Vl VZ
025Q 0.5Q 5 0.2Q
—» - -
250V T IB¢ Hlﬂ IJ 1Q o220V
3
€L
Given Data: To Find:
Number of Node = 3 i) Current | =?
Number of equation = 3-1=2 i) Current Ic =?
Solution:
1 1 1 1 Va
R, Rg  Rg R¢ A R,
1 1 N 1 1| = v
Rc¢ Rc Rp  Rg Rg
1 1+ 1 1 250
025 _1_ 05 0.5 Vi 025
1 AV LA RS
0.5 05 1 02 0.2
44+1+2 -2 Vi 1000
-2 2+ 1451 (V] = 11100
7 =21 Vi 1000
-2 81Vl = 11100
_ |7 —2|
-2 8
56 -4
A 52
_ 11000 -2
AVi = 1100 8 |
AV, = 8000+ 2200
AV, = 10200
AV
v, = -1
A
10200
vV, = —~
52
Vi = =196.15V
7 1000
Av. —~2 1100
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AV, = 7700+ 2000

AV, = 9700
AV.
v, = —2
A
9700
Vv, =
52
V., = =186.5V
L = Va—Vy
A - RA
L = 250 -196.15 2154 A
A S e T 4 Amps
Vi
g = —
B RB
196.15
[z = T = 196.15 Amps
Va— Vi
e =
R¢
I = 186.5 - 196.15 193 A
c 05 = .3 Amps
Answer:
Current through 1Q Resistor=14 = 215.4 Amps
Current through 0.5Q) Resistor=1¢ = -19.3 Amps

2.10 Superposition Theorem:

Some circuits require more than one voltage or current source. For example, most
amplifiers operate with two voltage sources. When multiple sources are used in a circuit, the
superposition theorem provides a methods for analysis. Hence the superposition theorem is
a way to determine currents in a circuit with multiple sources, by considering one source at a
time and replacing the other sources by their internal resistances.

Statement:

In a linear, bilateral network having more than one source, the current and voltage in
any part of the network can be found by adding algebraically the effect of each source
separately.

Procedure:
i) Consider only one source E1 and replace the other source E; by its internal resistance.
(If it is voltage source open circuit it and Current source short circuit it.)
ii) Determine the current (I;) through load resistance.
iii) Then consider the other source E; and replace the source E1 by its internal resistance.
iv) Determine the current (I;) through load resistance.
v) Final load current is the algebraic sum of current supplied by E1and E; i.e I, and I;.
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Step 1: Voltage Source E1 is Working and E; is replaced by its internal resistance.

Ri 1, 1, R

| ——— CHl —
L L |
Is
E, | Ry
. . R, xRj
Equivalent Resistance Req = Rj+ (R TR )
2 3
Eq
Current [; = R
eq
Eq
I Rz xR;
RirH(g PR )
When E;is Working: =
Current through Load(Rj) - 3
I; xR,
So, 1 = —
3 R, + Rj

Step 2: Voltage Source E; is Working and E1 is replaced by its internal resistance.

— Ty

'

|:|R‘ | E,

. . ' R; xRz
Equivalent Resistance Rgq = R, + (R R )
1 3
C I 2
urrent I, = =
2 Rigq
Eq
Ié R1 X R3
Rp+ (R1 TR, )
When E,is Working:

Current through Load(Rj)
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I, xRy

So, 15 = ——
Ri+ Rj
When E; and E; are working: _ Current supplied by E; +
Current through Load Ry Current supplied by E,
= I;+15
When E; and E; are working: _ L1xR; I, xRy
Current through LoadR; R, + R;  R; + Rj

Example: 8

Find the current through Load Resistor (6Q) resistor in the following circuit by the
principle of superposition theorem
6Q) 6Q)

24V |

Given Data: ToFind:
Voltage source E1 =, 24V i) Currentthrough 6Q Resistor=?
Voltage source E; = 12V

Solution:

Step 1: Voltage Source E; is Working and E; is replaced by its internal resistance.

Equivalent Resistance R R+(R2XR3)
uivalent Resistance =
a e LTAR, + Rs
. . 6x6
Equivalent Resistance Req = 6+ ( ) =6+ 3 =90
6+ 6
1
Current I = -
1 Req
24
Current [; = 5 = 2.67 Amps
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When E;is Working:
Current through Load(Rj)

So, I3

Step 2: Voltage Source E; is Working and E1 is replaced by its internal resistance.

I3

I; xR,
R, + Rj
2.67x6
6+ 6

= 1.335 Amps

Equivalent Resistance Rgq
Equivalent Resistance Rgq
Current 15

Current 15

When E,is Working:
Current through' Load(R3)

So, I

So, 1§

When E; and E; are working:
Current through Load R3

When E; and E; are working:

Current through Load R;
Answer:
Current through 6() Load Resistor

M SCHEME_33031 COURSE MATERIAL

—=1.33A
5 mps

I3

I, xR,
Ry + Rj
1.33x6
6+ 6

= 0.665Amps

Current supplied by E; +

Current supplied by E,
I3 +13
1.335 + 0.665
2 Amps
2 Amps
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Example: 9

Find the current through 6Q resistor in the following circuit by the principle of

superposition theorem.

E,

200V |
40

Given Data:
Voltage source E1
Voltage source E;

Solution:

200V
200V

To Find:

Equivalent Resistance Req
Equivalent Resistance Req
Equivalent Resistance Req

Current I,

Current I,

When E;is Working:
Current through Load(R3)
So, I3
So, I3

M SCHEME_33031 COURSE MATERIAL

(Ry+1,3) xR5
(Ry+13) + Ry )
G+1Dx6
G+ + 6

(ri#+Ry) + (

(4+m+(

6+(6X6)—6+3—9Q
6+ 6/ B

E
Req
200

I3

[; x (Ry+ry)
(Ry4+13) + Ry
22.22x6

s =11.11 Amps

www.binils.com
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i) Current through 6Q Resistor=?

>=6+3=9Q

[Method -1]
Step 1: Voltage Source E; is Working and E; is replaced by its internal resistance.
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Step 2: Voltage Source E; is Working and E1 is replaced by its internal resistance.

2Q

I

o1, 5Q

T 200V

Equivalent Resistance qu

Equivalent Resistance qu

Current 15

Current I

When E,is Working:
Current through Load(R3)
So, I
So,/ 5

When E; and E; are working:
Current through Load R3

Answer:
Current through 6 Resistor

Example: 10

(Ry+ry) xR
(Ry+r) + R; )
(2+4)x6
Z+4)+ 6)

(r,+Ry) + (

(1+5)+(

6+(6X6>—6+3—9Q
6+ 6/ B

—— = 22.22Amps

15 x (Ry+11)
(Ry+ry) + R3
22.22%X 6

6+ 6
Current supplied by E; +

Current supplied by E,

= 1111 Amps

I3 +13
11.11 +11.11
22.22 Amps

22.22 Amps

Find the current through 6Q resistor in the following circuit by the principle of

superposition theorem.

E,

200V |
4Q

Given Data:
Voltage source E;
Voltage source E;

M SCHEME_33031 COURSE MATERIAL
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200V
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Solution: [Method -2]

Step 1: Voltage Source E1 is Working and E; is replaced by its internal resistance.

2Q 50
I )
A, B ™
E, —- 602 1Q
200V
4+2+6 —6 | 11| _|Es
12 -6 11| _ 200|
-6 121 || — 0
_ |12 -6
A= 1% 12
A = 144-36
A = 108
_ |200 -6
an o= |0
Al;, = 200x12=2400
Al; = 2400
T Al; 2400 2222 A
S By ol ) e mps
_ 71127 200
L = |—6 0 |
Al; = 200x6=1200
Al; = 1200
o= 22 129 5114
2 = =708 - 1L mps
When E; is working: Lo
Current through 69 Resistor e
= 2222-1111

11.11 Amps (downwards)

Step 2: Voltage Source E; is Working and E1 is replaced by its internal resistance.
2Q) 5Q

Eq
E;

4+2+6 -6 |
-6 6+5+1

Iy
I
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12 —6| |11| _ | 0 |
-6 1211, T 1=200
112 -6
A = -6 12
A = 144-36
A = 108
_ 0 -6
AL, = |—200 12
Al; = -200x6=-1200
Al = -1200
o= TR 1114
1 - A = 108 = . mps
12 0
AL = |—6 —200|
Al, = 12x-200 = -2400
Al, = -2400
Lo Al, —2400 _ 2222 A
2T A T 108 T ceesfimps

When E; is working:
Current through 6 Resistor = [, -],
= -11.11-(-22.22) =-11.11 + 22.22

=" 111.11 Amps (downwards)
When E; and E; are'working:

Current through 6} Resistor = hith
= 11.11+11.11
= 22.22 Amps
Answer:
Current through 6Q Resistor = 22.22 Amps
Example: 11

Find the current in the 150Q resistor and the power consumed in it by the by the principle
of superposition theorem.

8Q2 2Q
E,
= 30Q 150Q
240V
20
I
050 E
140V
Given Data: To Find:
Voltage source E; = 240V i) Current through 150Q Resistor="?
Voltage source E; = 140V
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Solution: [Method -1]

Step 1: Voltage Source E1 is Working and E; is replaced by its internal resistance.

150Q

0.5Q
R, + R4+ R
Equivalent Resistance Req = (r;+Ry) + ((; 2+ R :_ rz))_f R3 )
2 4TI 3
2+ 150+ 0.5)x30
Equivalent Resistance Req = (2+8)+ (((2 115040 5)): 30 )
Equivalent Resistance Req = 10+ (%)
D+
Equivalent Resistance Req = 35.07Q
Eq
Current [; = R
eq
240
Current [; = 3507 - 6.84 Amps
When E;is Working: s
Current through 150() Resistor 40K
s . [ xR;
% 2 T Ry¥ (R, +Retry)
S [ 6.84 x 30 1125 A
o, = ——=1.
2 30 + 152.5 s

Step 2: Voltage Source E; is Working and E1 is replaced by its internal resistance.
80 ;o 20

R, Iy R,
1
20 R:| 300 R | 1500
I
i
0.50Q E
140V
. . (Ry+r1) xR3
Equivalent Resistance R; = +R,+R,) + <—)
q eq (r2+R4+R3) (Rt + R,
Equivalent Resistance R’ 0.5 + 150 + 2 +(—(8+2)X30)
uivalent Resistance = .
1 °d ( ) (8+2)+ 30
10x 30
Equivalent Resistance R, = 152. (—)
q eq 52.5+ 10+ 30
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Equivalent Resistance Ryq =

Current [, =

Current I, =

When E,is Working:
Current through 150 Resistor

So, I, =

When E; and E; are working:
Current through 150Q

Power consumed by 150() Resistor =
P =

Answer:

Current through 150Q Resistor =

Power consumed by 150() Resistor

Example: 12

1525+ 7.5 = 1600

E,
Req

0 = 0.875A
160 O/>AmPS
I
0.875 Amps

Current supplied by E; +
Current supplied by E,
L, -1

1.125-0.875 = 0.25 Amps

I2R
0.252x 150 = 9.375 Watts

0.25 Amps
9.375 Watts

Find the current in the 150Q resistor and the power consumed in it by the by the principle

of superposition theorem.

8Q 20
—1__ 71
— 300 1500
240V
2Q
I
0.50 E,
140V
Given Data: To Find:
Voltage source E1 = 240V i) Current through 150Q Resistor =?
Voltage source E; = 140V

Solution:

[Method -2]

Step 1: Voltage Source E1 is Working and E: is replaced by its internal resistance.
8Q2
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2+8+30 -30 19
-30 30+ 2+ 150 + 0.5 |1,
40 =301 |4

—-30 182.5! |1,

A

A

A

A

Al

Al

Al

I

When E; is working:
Current through 150Q Resistor

Eq
E;

240
0l

40 =30
—-30 1825

= (40x182.5) - (-30 x-30)
= 7300 -900

= 6400

40
-30

= 240x30=7200

7200

Al, 7200

A 6400

240
0l

= 1.125 Amps

= I =1.125 Amps (downwards)

Step 2: Voltage Source E; is Working and E; is replaced by its internal resistance.

15002

40 =30 |1

—30 1825111,

40 -30| |1

—-30 1825111,
A =
A =
A =
A =
Al, =
Al, =
AL, =

M SCHEME_33031 COURSE MATERIAL

E;
E;
0
—140
40 -30
—-30 1825
(40 x 182.5) - (-30 x -30)
7300 - 900
6400
40 0
-30 —140
40 x -140 = -5600
-5600
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, AL,

I, =
2 A
o= 22990 gg7s5a
2.7 Tggo0 o/ AmpS
When E; is working:
Current through 150Q Resistor = I, = —0.875 Amps
= 1.125-0.875
= 0.25 Amps
Power consumed by 150Q Resistor = 12R
P = 0.252x150 = 9.375 Watts
Answer:
Current through 150Q Resistor = 0.25 Amps
Power consumed by 150Q Resistor = 9.375 Watts
Example: 13
Find the current through 8Q resistor and its direction for the network shown below.
26) 8Q
E,
o 40 2Q
10V S5A
Given Data: To Find:
Voltage source E1 = 10V i) Current through 8Q Resistor =?
Current source | = 5A
Solution: [Method -1]
Current source is converted into voltage source as follows.
2Q 8Q2
E, 2Q
o 40
10V E,
T 10V
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Step 1: Voltage Source E; is Working and E; is replaced by its internal resistance.

R, + R
Equivalent Resistance Req = Ry + (ﬁ)
21T 3
) . 8+2)x4
Equivalent Resistance Req = 2+ (m)
Equivalent Resistance Req = 2+ (1100: i) =2+ 2.86 = 4.860)
Eq
Current I; = R
eq
10
Current I, = 186 = 2.06 Amps
When E,is Working:
Current through 8(Q) Resistor = I
s I [ xRz
>z = Rz + (Ra+r7)
206 x 4
SO, 12 = m = 0.59 AmpS

Step 2: Voltage Source E; is Working and E1 is replaced by its internal resistance.

Equivalent Resist R +R +(R1XR3)
uivalent Resistance = —
q eq (r+R3) R, + R,
Equivalent Resistance R; = 2+8)+ ( Zx4 )
)a = @B+ (517
8
10 + (E =10+ 1.33 =11.33Q
C I B
urrent I, = =
2 Req
C t I, 10 0.88A
urren = ——=0.
2 1133 mps
When E,is Working: _
Current through Load(R,) T2
So, I; = 0.88 Amps
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When E; and E; are working:

Current through 8Q Resistor = Current supplied by E; + E,
= 12 - Ié
= 0.59-10.88
= —0.29 Amps
Answer:
Current through 8Q Resistor = -0.29 Amps
Direction of current through 8Q = Right to Left
Example: 14
Find the current through 8Q resistor and its direction for the network shown below.
2Q 8Q
] ]
L 1 | I |
E,
T 40 20
10V SA
Given Data: To Find:
Voltage source E; = 10V i) Current through 8Q Resistor =?
Voltage source E; = 1oV
Solution: [Method -2]
20 8Q
—L1 1
E, 20
v | a0 E,
T 10V

Step 1: Voltage Source E; is Working and E; is replaced by its internal resistance.

2Q 8Q
— "1}
E,
LoV 4Q 2Q
2+4 —4 | L _ |k
6 -4 L] _ 10|
-4 141, — 1o
_ |16 -4
A=y 14
A = 84-16=68
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Al
Al

When E; is working:
Current through 8Q Resistor

6 10
—4 0
40

AL, 40

A Tes- 0.59 Amps

2
0.59 Amps

Step 2: Voltage Source E; is Working and E1 is replaced by its internal resistance.

20

802
—

| IS |

P

h
L)
L

P D 20
il !; \\."
|:|4n :

| |

b

R, + R, —R, I
—R, R, +Rs+R,| L
6 —4| |

—4 14! |1,

A

A

A

AL,

AL

I
When E; is working:
Current through 8() Resistor

Answer:
Current through 8() Resistor

M SCHEME_33031 COURSE MATERIAL

T e
10V
Eq
E;
10
-10
6 —4
-4 14
84 -16
68
5 ol
-4 -10
-60
AT, =60 0.88A
A~ gg — —0.88Amps
I, =—0.88 Amps
L+
0.59 + (-0.88)
0.59-0.88
-0.29 Amps

-0.29 Amps (Direction: Right to Left)
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Example: 15
Find the current through 10Q resistor using superposition theorem.

10Q
] _
L |
E, E,
20V 40V
50 50
2Q 1Q
Given Data: To Find:
Voltage source E1 = 20V i) Current through 10Q Resistor =?

40V

Voltage source E;

Solution:
Step 1: Voltage Source E; is Working and E; is replaced by its internal resistance.

10Q
| I
E,
5Q 5Q 1Q
2Q
Ri1 5Ruw ;o Risphs £y
—Ra1 Rap2 [ =Ryl /= |E:
—R3; —R3;  Rs3lll3 E3
7 =5 0] |h 20
-5 20 5| |2 = |0
0 -5 61l I 0
7 =5 0
A = -5 20 -5
0 -5 6
A = 7[20x6-(-5x-5)]-(-5)[(-5x6)-0]+0
A 7[120 - 25] + 5 [-30]
A 7 [95]-150 =665 -150
A = 515
7 20 O
Al, = -5 0 -5
0 0 6
Al; = -20(-30) =600
o= 22 %9 4164
2 = & =g=1 mps
When E; is working: -
Current through 10Q Resistor 2
= 1.16 Amps
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Step 2: Voltage Source E; is Working and E; is replaced by its internal resistance.

10Q2
1|
E,
o e "V ot
2Q 50 5Q
1Q
7 -5 0|l 0
-5 20 5| [l = [ o
0 -5 6l —40
7 =5 0
A = |-5 20 -5
0 -5 6
A = 895
7 0 0
Al, = |-5 0 -5
0 —-40 6
Al, = 7(0-200)=7(-200)
Al, = -1400
I, = Al _ 71400 _ —2.72Amps
A 515
When E; is working: -7
Current through,10Q Resistor, »
= -2.72 Amps
When E; and E; are working: L4
Current through 10Q Resistor e
= 116+ (-2.72)
= 0.67-2.72
-1.55 Amps
Answer:
Current through 10Q Resistor = -1.55 Amps
Example: 16
Find the voltage drop in 3Q resistor by applying superposition theorem.
20 3Q 4Q
Given Data: To Find:
Voltage source E1 = 24V i) Current through 3Q Resistor =?
Voltage source E; = 36V
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Solution:
Step 1: Voltage Source E1 is Working and E; is replaced by its internal resistance.

4 -2 0] |k 24
-2 9 -4 |Iz] = |0
0 —4 811 0
4 -2 0
A = [-2 9 —4
0 -4 8
A = 4[9x8-(-4x-4)]-(-2)[(-2x8)-0]+0
A 4[72 -16] + 2 [-16]
A 4[56]-32 =224-32
A = 192
4 240
Al, = |-2 0 -4
0 0 8
Al; = -24(-16) =384
L, = Al, 384 2 A
S N T A
When E; is working:
Current through 3Q Resistor = 1 =2 Amps

Step 2: Voltage Source E; is Working and E1 is replaced by its internal resistance.

4 -2 o0 |1 0
2 9 4yl = 1o
0 -4 8l —-36
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4 =2 0
A = (-2 9 —4
0 -4 8
A = 192
4 0 0
AL, = |-2 0 -4
0 -36 8
Al, = 4(0-144) =4(-144)
Al, = -576
I = A—IIZ = ﬂ = —3Amps
A 192
When E; is working: -
Current through 10Q Resistor z
= -3 Amps
When E; and E; are working: - L+l
Current through 10 Resistor
= 2+(3)
= 2-3
-1 Amps
Voltage drop across 3(1 Resistor =  Current through 31 resistor x 3
-1x 3 =-3Volts
Answer:
Current'through 3Q Resistor, '=/ -1 Amps
Voltage drop across 3Q) Resistor = -3 Volts

2.11 Thevenin’s theorem:

Thevenin’s theorem provides a method for simplifying a circuit to a standard equivalent
form. This theorem can be used to simplify the analysis of complex circuits.

Statement:
Any linear bilateral network may be reduced to a simplified two-terminal circuit
consisting of a single voltage source (Vi) in series with a single resistor (Rth)

Procedure:
i) Remove the load resistance RL and put an open circuit across terminals.
ii) Find the voltage across open circuited terminals (Vih or Voc)
iii) Find the equivalent resistance R as seen from open circuited terminals by replacing
the voltage source by its internal resistance.
iv) Draw the thevenin’s equivalent circuit by a voltage Vi in series with the equivalent
resistance Rin
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v) Find the current through R by applying ohms law.

Vin

| —_—
) Ry, + R,

Explanation:

Step 2: Find Open Circuit Voltage (Vin)

Va = _ P.Dacross terminals A
P.D across terminals Aand B. = P.D across R; Resistor
Vim = IxR;
I E
(R +Ry)
v E.R,
" T R +Ry)
Step 3: Find Thevenin’s equivalent Resistance: R
R R,
— ] - A R, = J1XRe
R;+ R,
D 1{2 Rﬂ: @:,“
Rn = Riz+Rs
B
Step 4: Draw Thevenin’s equivalent circuit
M SCHEME_33031 COURSE MATERIAL
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Step 5: Find the Load Current (I.):

Vin
L = —/——
Rth + RL
Example: 17
Obtain the Thevenin’s equivalent circuit at terminals PQ of the following active network.
400 200
P
T 30Q
10V
20
~Q
Given Data: To Find:
Supply Voltage = 10V i) Draw thevenin’s equivalent circuit
Solution:
Step 1: Find Open Circuit Voltage (Vin)
40€2 2002
— ] P
.'r. I \‘.II’
— b 309
10V
20
*Q
Vim = P.DacrossterminalsPand Q (or)
P.D across terminalsPand Q =  P.D across 30 Q Resistor
Vo = 1x30
I 10 = 10 = 0.144
T @0+30+2) 72 orAmps
Vo = 0.14 x30
Viw = 4.2Volts
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Step 2: Find Rin

400 200 Riz = Ri+R;
P Rz = 2+40=420Q
o Ri; xRy 42x30 1260
R, 7 Ry,+ Ry 42430 72
20 30Q Rizzs = 175Q
Rn = Rus+Rsg
.0 Rn = 17.5+20
Rm = 375Q
Step 3: Draw thevenin’s equivalent circuit
R, = 37.5Q
—— 1 F————P
1 ovy=42v
*Q
Example: 18
Determine the current flowing through 5Q resistor by using Thevenin’s theorem.
8Q I ‘ -
] |
L 1 ‘ |
20V ;
- 12V
2Q 5Q
2Q
Given Data: To Find:
Load Resistance = 50 i) Current through 5Q Resistor = ?
Solution:
Step 1: Open Circuit Load Resistance (Ry)
8Q i ‘ )
] | e P
I ‘ I
20V ;
- 12V
2Q
2Q
*Q
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Step 1: Find Open Circuit Voltage (Vin)

+ -
w T
- 12v
2Q
*Q
Vin P.D across terminals Pand Q  (or)
P.D across terminals P and Q P.D across 2 Q Resistor -12V
Vin Ix30
I 20 20 -
(2+2) & oomps
Vin (5x2)-12
Vin 10-12
Vin -2V
Step 2: Find Rin
8Q R; xR, 2x2 4
1P Ro = = =2
R;+R, 2+2 4
R12 - 1 .Q
20 20 Ry Ra = Ryp+R3=1+8=90
Rarw = +#9(
*Q
Step 3: Draw thevenin’s equivalent circuit
Ry, =9Q

I R;=5Q
Va=2V
* Q
Step 3: Find the Load Current (I.):
Vin
IL -
Rth + RL
-2 -2
[ = — ==
9+5 14
I[. = -0.143 Amps
Answer:
Current through 5Q Resistor = -0.143 Amps
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Example: 19
Determine the current flowing through 10Q resistor by using Thevenin’s theorem.

4Q
I

6Q 6Q
10Q

9V T T6V

Given Data: To Find:
Load Resistance = 10Q i) Current through 10Q Resistor = ?
Solution:
Step 1: Open Circuit Load
4Q
{____———P
6Q 6Q
9V 6V
L 1 -
Step 1: Find Open Circuit
4Q
[ }+—~F—P

I
6Q /\ 6Q v,
oV T TGV

*Q
Viw = 9V- P.Dacross 60 (or)6V + P.D across 6Q
P.D across 6() Resistor = Ix6
I = o6 = i = 0.25Amps
(6+6) 12
P.D across 62 Resistor = 0.25x6=1.5V
Vo = 9-15 =7.5V (or)
Vo = 6+15=75V
Vi = 7.5V
Step 2: Find R
1 R, xR, 6x6 36
[ ] P Rn = = =—
R+ R, 6+6 12
H Ry Rz = 3Q
oe o Rn = R+ R3=3+4=7Q
Q Rn = 7Q
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Step 3: Draw thevenin’s equivalent circuit
Ry =7Q

Step 3: Find the Load Current (I.):
Vin
R, + Ry,
7.5 7.5
74+10 17
I. = 0.44 Amps

IL ==

IL =

Answer:
Current through 10Q Resistor = 0.44 Amps

Example: 20
Determine the current flowing through 6Q resistor by using Thevenin’s theorem.

12V
0.5Q

Given Data: To Find:
i) Current through 6Q Resistor = ?

Solution:
Step 1: Open Circuit Load Resistance (Ry)

3Q 20
[ P
12V ] 1 ev
0.5Q TQ 0.5Q
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Step 1: Find Open Circuit Voltage (Vin)

3Q 20
E I EP ;
12V Y T 6v
0.50 TQ 0.5Q
Vin = 12V - P.D across 3.5) Resistor (or)
6V + P.D across 2.5Q Resistor
P.D across 3Q) Resistor = 1x3.5
L 12-6 _5_1a
T (3+2+05+05) 6 mPS
P.D across 3Q2 Resistor = 1x3.5=3.5V
Viw = 12-35 =85V (or)
Viw = 6+4+25=85V
Vw = 8.5V
Step 2: Find Rin
30 e 35x2.5 875
L Rth — —
Lo 35+25 6
R 0.5Q
028 ) Ray = 1460
TQ
Step 3: Draw thevenin’s equivalent circuit
Ry = 1.46Q
L 1 P
— R;=6Q
V=85V
Q
Step 3: Find the Load Current (I.):
Vin
L = 35—
Rth + RL
— 85 85
g 146 +6 7.46
[, = 114 Amps
Answer:
Current through 6Q Resistor = 1.14 Amps
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Example: 21
Find the current through 10Q load resistor using Thevenin’s Theorem.

4‘ o
10V

Given Data: To Find:
Supply Voltage = 10V i) Current through 10Q Resistor = ?
Solution:

Step 1: Open Circuit Load Resistance (R()

10V 1ov
Step 1: Find Open Circuit Voltage (Vi)

Vin = Voltage at point A - Voltage at point B
Vth = VA - VB
Va = Supply Voltage - P.D across 1Q) Resistor
P.D across 1Q Resistor = I1x1
I = 10 _10_ 1.67A
YT 145 e MAmS
P.D across 1Q Resistor = 1.67x1=1.67V
Vs = Supply Voltage - P.D across 1() Resistor
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P.D across 4() Resistor = I;x4
L = i = E = 1.43 Amps
443 7
P.D across 4Q) Resistor = 1.43x4 =5.72V
Vin = Va-Vp
Viw = 1.67-5.72 =-4.05V
Vin = -4.05V

Step 3: Find Thevenin’s equivalent Resistance R

A
19 50
4Q 30
B
Step 2: Find Rin
wl 2 (1x5 )+(4x3)
LG T Ve
o= (5)+(5)
th — 6 7
Rm = 0.833+1.71
Rmn = 2.54Q
Step 4: Draw Thevenin’s equivalent circuit
Ry, = 2.54Q
—____——A

il R, =10Q
V=405V

Step 3: Find the Load Current (I.):
L = ———
R + RL
4.05 4.05
2.54+10 12.54
I[. = 0.32Amps

L =

Answer:
Current through 10Q Resistor = 0.32 Amps
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2.12 Norton’s Theorem:

Norton’s theorem is a method for simplifying a two terminal linear circuit to an
equivalent circuit with only a current source in parallel with a resistor. This basic difference
between Thevenin’s Theorem and Norton’s theorem is that, Norton’s theorem results in an
equivalent source in parallel with an equivalent resistance. The equivalent current source is
designated Iy, and the equivalent resistance is designated Rn. To apply Norton’s theorem, you
must know how to find the two quantities In and Rn.

Statement:
Norton's theorem states that any two terminal network can be replaced by a single
current source Iy in parallel with a single resistance Rn.

Procedure:

i) Remove the load resistance R, and put a short circuit across terminals.

ii) Find the short circuit current (In or Isc)

iii) Find the equivalent resistance Ry as seen from open circuited terminals by replacing
the voltage source by its internal resistance.

iv) Draw the Norton’s equivalent circuit by a current Isc in series with the equivalent
resistance R, or Ry

v) Find the current through R, by applying current divider rule.

I IN X RN
g Ry + Ry,
Explanation: Unit: 2
Rl R3
— L F—— A
I

B

Step 1: Remove the Load Resistor (Ri) and Short circuit its terminals.

T S A

I,

Y -
I or I
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Step 2: Find Short Circuit Current or Norton’s Current (Isc or In)

Iscorly = Current through branch A and B
Iscorly = I3
Equivalent Resistance Req = R;+ (%)
R, + Rj
E
Current [ = R_eq
Current through Shorted path(Igcor Iy) = I3
I xR,
SO, ISCOI‘ IN = m

Step 3: Find Ry (Equivalent Resistance between Terminal A and B)
R R,

— L 1+—a

B
R; xR
Ry = —— 2
Ri+ R,
Ry =) Rzt R;
Step 4: Draw Norton’s equivalent circuit
A
[gc or Iy Ip
Ry Ry,
B
Step 5: Find the Load Current (l.):
IN X RN
L = ——r
Ry + Ry,
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Example: 22
Find the current through 20Q load resistor using Norton’s Theorem.

6Q 4Q 1Q
| 1
o 120 12Q 20Q
96V
Given Data: To Find:
Supply Voltage = 96V i) Current through 20Q Resistor = ?
Solution:

Step 1: Remove the Load Resistance and Short Circuit its terminal.

6Q) 40
— q 120 q '
96V
B

4Q
[ F——A

120 q

Step 2: Find Current through'short ¢circuited Terminals-iy

Ri1
—Rz1
—Ray
18

-12
0

M SCHEME_33031 COURSE MATERIAL

_R12
RZZ
—Ra

—-12
28
-12

—Ry3

—Ry3

R33
0

—-12
16

Iy
I
I3
Iy
I
I3

> B> B> B

Al

Al,
Al,
Al

Vi
V2
Vs
96

0
0

18 —-12 0
=12 28 -—12

0 -12 16
18[28x16- (-12x-12)] + 12 [(-12x 16) - 0] + 0
18[448 - 144] + 12 [-192]

5472 - 2304
3168
18 —-12 96
=12 28 0
0 -1z 0

18 (0) -12(0) + 96 [(-12x-12) - (0 x 28)]
96 x 144
13824
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Al,

13 = A
13824
b = —
3168
I; = 4.36Amps
I3=1y = 436Amps

Step 3: Find Norton equivalent Resistance Ry

60 40 4Q
— — 1+
R, R, Rs
. R,
R, 12Q R, 12Q N
B
R, xR, 6x12 72
Riz R,+R, 6+1z 18
Riz3 Ri2 + R3
4+ 4 =8Q
Ri23 xRy 8x12 96
Ri234 Riy: + R, = 8112 = 20 = 4.8Q
Ry Riz234 Rs
Rin 48+ 4
Ry 8.80Q
Step 4: Draw Norton’s equivalent circuit
A
Iy b
R, =8.8Q R, =20Q
4.36A
B
Step 5: Find Load Current (I.)
In xRy
I S E——
Ry + Ry,
L 4.36x8.8 _ 38.37 — 1.33 Amps
8.8+ 20 28.8
IL 1.33Amps
Answer:
Current through 10Q Resistor 1.33 Amps
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Example: 23

Calculate the current flow through 10Q resistor by using Norton’s theorem.

| | A
| I
50Q
o 20Q
__ 40Q 10Q2
50V
] 100V
B
Given Data: To Find:
Voltage source E1 = 50V i) Current through 10Q Resistor = ?
Voltage source E; = 100V

Solution:

Step 1: Remove the Load Resistance and Short Circuit its terminal.

[ 1 A
50Q Iy
L 200 q
- I 40Q I I
50V
100V
B
Step 2: Find Current;through short circuited ;Terminals-hy
R11 _R12 _R13 I1 V1
_R21 R22 _R23 I2 = V2
_R31 _RSZ R33 I3 V3
40 —40 0 Iy 50
—-40 110 -20| |l = | 100
0 —-20 201 I3 —100
40 -—40 0
A = |-40 110 -20
0 —-20 20
A = 40[110x20 - (- 20 x - 20)] + 40 [(-40 x 20) - 0] + 0
A = 40[2200-400] + 40 (-800)
A = 72000-32000
A = 40000
40 —40 50
Al; = |-40 110 100
0 —-20 -100
Al; = 40 (-11000 + 2000) + 40(4000) + 50 (800)
Alg -360000 + 160000 + 40000
Al; = -160000
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Al,

13 == A

L = —160000

3 40000

I; = —4Amps
I3=1Iy = —4Amps

Step 3: Find Norton equivalent Resistance Ry

L T A
500
R,
40Q 200 B
_ B
R 50x20 1000 14290,
i 50+20 70
Rv = 14.290Q
Step 4: Draw Norton’s equivalent circuit
A
I
Iy b
Ry=1429Q R; =102
4A
B
Step 5: Find Load Current (I.)
IN X RN
L = —r
Ry + R,
o T4x1429 5716 o
' 1429+ 10 2429 o0 0mps
I. = -2.35Amps
Voltage across 10Q) Resistor Vi, = I xRy,
V. = -235x10
V. = -23.5Volts
Answer:
Current through 10Q Resistor = -2.35 Amps
Voltage drop across10Q Resistor = -23.5 Volts
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Example: 24
Find the current through 4Q resistance by using Norton’s theorem.

6Q) 8Q
E,
o 40 20
10V 5A
Given Data: To Find:
Voltage source E1 = 50V i) Current through 10Q Resistor = ?
Voltage source E; = 100V

Solution:
Convert the given current source into equivalent voltage source.

6Q) 8Q2 2Q
— 1  — 1
— q 4Q q —
10V 10V

10V]

10V
Step 2: Find Current through short circuited Terminals Iy
Rll _R12 I1 — V1
_R21 RZZ IZ VZ
|6 0 | L] _ |10
0 10l |, —10
16 0
A= 10|
A = 60
110 0
= -10 10
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Aly 100
I & = ﬂ = 1.67 Amps
A 60
a = o
Al —-60
I, & = _—60 = —1 Amps
A 60
I, 0.67Amps
Iy L—15
In 1.67 - (-1) = 2.67 Amps

Step 3: Find Norton equivalent Resistance Ry

602 80Q 2Q
A
Rx
B
Ry e (OHI0 60 o
YU e e 1T
Rv = 3.750Q
Step 4: Draw Norton’s equivalent circuit
A
I
Iy t
Ry=3.75Q2 R; =4Q
2.67A
B
Step 5: Find Load Current (I.)
IN X RN
I e EE—
Ry + R,
Lo 267x375 251
YT 37544 775 Co7OmPS
Current through 4Q Resistance [, = 1.29 Amps
Answer:
Current through 4Q Resistor = 1.29 Amps
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Example: 25

Using Norton’s theorem find the current in the load resistance R, of the circuit given

below.
10Q2 5Q
— 1
o 1002
120V

Given Data: To Find:

Voltage source E1 = 120V i) Current through

Load Resistance R, = 50

Solution:

Step 1: Remove the Load Resistance and Short Circuit its terminal.

120V

Step 2: Find Current through short circuited Terminals Iy

R,=5Q

10Q Resistor = ?

Rll _R12 I1 — Vl
_R21 R22 I2 VZ
20 =10 || _ 120|
—-10 151 |I, - 0
_ 120 =10| _ 400 _
A = 10 15 =300- 100 = 200
120 120] _
a, = |5, o |=1200
Lo A _ 1200
2.7 TpA T 00 T OAMPS
I, =Iy = 6Amps
Step 3: Find Norton equivalent Resistance Ry
10Q2 50
— ] 1+—a R - (A1), s
N 10 + 10 -
10Q Ry
Rv = 10Q
B
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Step 4: Draw Norton’s equivalent circuit

lT\"
o Ry=10Q

6A

Step 5: Find Load Current (I.)

I

IL

Current through 5Q Resistor I,
Answer:

Current through 5() Resistor

Example: 26

In xRy
Ry + R,
6x10 60
10+5 15 rAmps

= 4 Amps

= 4 Amps

Find the current through 10Q load resistor using Norton’s Theorem.

1Q

g

4Q
4‘|E_

5Q

1oV
Given Data: To Find:
Voltage source E = 10V i) Current through 10Q Resistor = ?
Load Resistance R, = 10Q
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Solution:

Step 1: Remove the Load Resistance and Short Circuit its terminal.

Step 2: Find Current through short circuited Terminals Iy

R11

—Rzs
—Rs;
5
-0
—4

—Rp2
R22
—Ra;

=0
8
-3

Rz

—Rys3

R33

—4

=3
7

Iy
I
I3
L
I3
I3

>

M SCHEME_33031 COURSE MATERIAL
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Vi
A
V3

0
= 0
10
5 -0 -4
-0 8 =3
-4 -3 7

= 5(56-9)+0-4(0+32)

= 5(47)-4(32)
= 235-128
= 107

0 -0 —4
0 8 -3
10 -3 7
= -4(0-80)

- 4(-80)
= 320
Al
A
320

107
= 2.99Amps
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5 0 -4
Al, = -0 0 -3
-4 10 7
Al, = 5(0+4+30)-0-4(0)
Al, = 150
Al
, = %
A
150
I, = —
107
I, = 1.4Amps
Shortcircuitcurrent Iy = I;— 1,
In = 299-14
In = 159 Amps

Step 3: Find Norton equivalent Resistance Ry

A R _ (1x5)+(4x3>
N 1+5  \a+3
10 5Q
5 12
Ry = (= il
N (6>+( 7)
Ry = 0.833+1.71
4Q 310
Ry | =5 2540

B

Step 4: Draw Norton’s equivalent circuit

A
I
Iy k
Ry=2.54Q R;=10Q
1.59A
B
Step 5: Find Load Current (I.)
IN X RN
L = ——
Ry + Ry,
I = 1.59 x 2.54 _ 4.04 — 032 A
' 254+10 1254 oo 0mps
I. = 0.32Amps
Answer:
Current through 10Q Resistor = 0.32 Amps
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2.13 Maximum Power Transfer Theorem:
Statement:

It states that maximum power will be transferred from source to load when load
resistance is equal to source resistance.

Procedure:

i) Remove the load resistance and find the Thevenin’s resistance R of the source
network looking through the open circuited load terminals.

ii) Calculate thevenin’s voltage Vih or Norton’s current Iy

iii) Draw thevenin’s equivalent circuit.

iv) As per maximum power transfer theorem this R is the load resistance of the network,
i.e., R.= Rth

v) Maximum power is given by,

4R,
Proof:
Consider the given circuit, which supplies power directly to the load.
Let,
E — Supply Voltage Rq
Rs — Internal Resistance of the Source 1 I
RL— Load Resistance
P.— Power delivered to the load — R,
E
| — Circuit Current
E
Current through Load (I) = m ----------- (2)
Load Power (P) = I?R;
E 2
Load Power (P) = (—) R,
Rs + R,
P = ﬂ ----------- (2)
(Rs + RL)2
The power delivery will be maximum when:
dP
dR, =0 (3)
Differentiating the equation (2) w.r.t R and equating to zero
d E?R,
dR; |(Rs + RL)Zl 0
E?[(Rs+ R.)?1—R..2(Rs + R.)] 0
(Rs + R.)*
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(Rs + R)(Rs + R,) — 2R, (Rs + R,) = 0
(Rs + R)(Rs + R,) — 2R Rs — 2R?, = 0
Rs®> 4+ RsR, + R, Rs + R, % - 2R, Ry — 2R,? = 0
Rs® —R,? = 0
R¢ = R, e (4)

Load Resistance

Source Resistance
Hence from the equation (4), the maximum power is transferred from the source to
load when the load resistance equals the source resistance.

Substitue, R¢ = R; in equation (1)

E
Imax = Z_RL
Substitue, Rg = R, in equation (2)
Maximum Power (Pmax) = ﬂ
(R, + R.)?
(2R.)?
EZ
Pmax = IR
The total power supplied is, thus
4R 2R

During maximum power transfer, the efficiency becomes

n= !'ﬂ x 100 = 50%
‘,lj

Example: 27
For the circuit shown below, find the value of R. for which the maximum power is
transferred from the source. Find the value of that power.

6Q 1Q
— ] ] A
— H 12Q Ry
36V
B
Given Data: To Find:
Supply Voltage = 36V i) Load Resistance (R() =?
ii) Load Power (P) =?
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Solution:
Step 1: Find Open Circuit Voltage (Vin)

& 1Q A Vi = P.Dacross 12Q Resistor
Vo = 1Ix12
/\ I 36 _ 36 o
— ! H 120 Viy = G6riz) 18 “OmPS
36V
Vo = 2 x12
B Vin = 24 Volts
Step 2: Find Thevenin Equivalent Resistance (Rwn):
6Q 4Q R 6x12 72
| = = = —
— = 1 6+12 18
Rizz = 4Q
H 120 R R = 4+4=8
B Rm = 8Q
According to Max. Power Transfer Theorem: R = Ra=8(Q
Step 3: Draw thevenin’s equivalent circuit
R = 8Q
|
Wi Ry = 8Q
V=24V

Step 4: Calculate Maximum Power:

V& 242 576
4R, 4x8 32
Pmax = 18 Watts

Maximum Power (Pmax) =

Example: 28
Calculate the value of load resistance for maximum power transferred from the circuit

shown below. Also find the value of that maximum power.

30Q 15Q2
A
— 30Q Ry
120V
B
Given Data: To Find:
Supply Voltage = 120V i) Load Resistance (R() =?
ii) Load Power (P) =?
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Solution:
Step 1: Find Open Circuit Voltage (Vin)

30Q 15Q
— — A
T 30Q Vin
120V
B
Viw = P.Dacross 30Q Resistor
Vo = 1Ix30
. 120 120 2 A
(30 +30) 60 -OTPS
Vi = 2 x30
Viw = 60 Volts
Step 2: Find R
3002 15Q
] — A
30Q R
B
30x30 900
Rizz = =—
30+30 60
Rizz = 15Q
Rm = 15+15
Rn = 30Q
According to Maximum Power Transfer theorem:
R = Ra=30Q

Step 3: Draw thevenin’s equivalent circuit
Ry =30Q

—

I H Ry = 30Q
V=60V

Step 4: Calculate Maximum Power:

V3, 602 3600
4R, 4x30 120
Pmax = 30 Watts

Maximum Power (Pmax) =
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2.14 Delta to Star Conversion:

Consider a three terminal network in which the resistors are connected in the form A.
Such a network is known as delta network. Let the resistor values are R12, R23 and R31. Now we
find its equivalent Y-network such that both the circuits are identical as far as the terminals 1,

2 and 3 are concerned. Let the resistor values are R1, Rz and Rs.
Star

Delta

1

In Delta (A) Connection:
Equivalent Resistance between 1 &2

In Star (Y) Connection:
Equivalent Resistance between 1 &2

Resistance betweéen terminal 1 &24un'Y

R; +R,

Similarly, R, +Rj

Rz + R4
Subtract Equation (2) from Equation (3):

Ri—R;

Ri =Ry
Add Equation (1) and Equation (4):

2R,

Ry

Similarly, R,

R3

M SCHEME_33031 COURSE MATERIAL

Ri2(Rz3 + R3q)

Rz + Ry3 +R3y

R; + R,
Resistance’betweentterminal 1 & 2 in A
R{7(R;5 +R3)

Riz+Ry3+Ry; @
Ras(Rs1 +Ryp) 2)
Ry, + Ry3 +R3

R31(Riz +Rp3) (3)

Ri2 + Ry3 +R3y

(R12R31 + R23R31 - R23R31 - R12R23)

Riz + Ry3 +R3;

Ri2(R31 —Ry3)
Riz + Ry3 +R3y

2R3 Rz

Riz + Rz +R3;
Ri2 Rz

Riz + Ra3 +R3q
R23 Ry

Riz + Rz +R3;
R31 Ry3

Riz + Rz +R3;
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2.15 Star to Delta Conversion:

Star
] .
R3 Rz
3
2

We know, R;
R,
R3

From the above relations:
O X@=> RyR,
@) X@B)=> Rz R3
3 X@=> Rs Ry

By adding Equation: (4) + (5) + (6)

R; Ry, + R, R3+R3 Ry

M SCHEME_33031 COURSE MATERIAL

Delta
1
Rs; Riy
3, 2
Ry
Rz2Reye
Riz + Rz +R3y
RgsRyp
Riz + Ry +R3y
R3q Ry3

Riz + Ry +R3y

Rz’ Ras R
Riz + Ra3 +R3
Riz Rp3” Ry
Ri2 + Rz3 +R3g
Riz Ras Rs”
Riz + Ra3 +R3

Ri2 Rz3 R3; (Ryz + Rp3 +R3q)

(R12 + Ry3 +R31)?

Ri2 R23 Rz
Riz + Ra3 +R34
Ry3 R3q
Riz + Ra3 +R3q

R; R, + R, R3+R3 Ry

R3

R, R, + R, R;+R3 Ry

Ry

R; Ry, + R, R3+R3 Ry

R>
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Example: 29
Find the DELTA Resistance for given STAR.

2Q
6Q 3Q
3 2
Given Data: To Find:
Resistance Ry = 20 i) Ri2 =?
Resistance R2 = 30 ii) Raz =?
Resistance R3 = 6Q iii) R31 =7?
Solution:
Ry R, +R, R3+R3R;  (2x3)+ (3x6)+ (6x2)
Ry = R = 6
3
R, . 6F18+12 36
7o 6 T 6
Ry R, + R, R3+R3 R, (2x3)+(3x6) +(6x2) 36
R23 = = = — =180
R 2
Ri R, +R3R3+R3 R (2x3)+(3x6)+(6x2) 36
R31 = = =—=120
R, 3 3
Answer: 1
R12 =GQ, R23 =180 and R31 =120 120 60
3 L
18Q 2
Example: 30
Find the STAR Resistance for given DELTA.
1
30Q 20Q
3 L ]
6092 2
Given Data: To Find:
Resistance Ri12 = 90Q i) Ry =?
Resistance R3 = 60Q ii) Ry =?
Resistance Rs31 = 30Q iii) R3 =?
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Solution:

Ry, Ray 90 x 30 2700
R, = = = =150
Ry, +Rys +Rs; 90+60+30 180
R,3 R 60x90 5400
R, = 22 = = =300
Ry, +Rys +Rs; 90+60+30 180
R3; R 30x60 1800
Ry, = 31 Ra3 _ _ — 100
Ry, +Ry3 +Rs; 90+60+30 180
Answer: 1
R1 =15Q, R»=30Q and Rz =
15Q
10Q 30Q2
2
Example: 31
Find the STAR Resistance for given DELTA.
109 20Q
3 L 5
Given Data: To Find:
Resistance Ri2 = 90Q i) Ry =?
Resistance Rz3 = 60Q ii) Ry =?
Resistance Rs1 = 30Q iii) R3 =?
Solution:
Step 1: Convert the Delta 123 into equivalent Star :
R, R 20x10 200
R1 —_ 12 31 = = == 3339
Ry, + Ryz +Rs;  204+30+10 60
R,3 R 20x30 600
R, = 23 R _ _ — 100
Ry, + Ryz +Rs;  204+30+10 60
R3; R 10x 30 300
Ry = 31 Ra3 _ _ —cQ
Ry, + Ryz +Rs;  204+30+10 60

Answer:

R1=3.33Q, R =10Q and R3 =5Q
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Example: 32

Determine the total resistance and circuit current of the given circuit.

| m

Given Data:
Resistance Riz
Resistance Ra3
Resistance Rsi

Solution:

— 1 R T
1000 5 — 1
30Q 20Q
— . R:| | 120
600 40Q ~1 3
H 88Q 80Q H ooV 880 80Q
To Find:
= 100Q i) Ry =?
= 40Q ii) Ry =?
= 60Q i) Rz =?
Step 1: Convert the Delta 123 into equivalent Star :
Ry, Ray 100 x 60 6000
R, = = = =300
Ry; + Rys +R3; 100+ 40+60 200
R23 RlZ 4‘0 X 100 4‘000
RZ = = = == ZOQ
Ry + Ry3+R3; 100+ 40+ 60 20
Rsq Rys 60 x 40 2400
Ry, = = =120

Total Resistance 'R/ =

Total Resistance R =

Total Resistance R =

Circuit Current I =

SIMULATED RESULT OF EXAMPLE PROBLEMS IN UNIT 2

Ryy + Ry +Rare 100440 +.60 -~ 200
300 +[(120 +880) 114 (200 +80Q)]
300 +[100Q [I 1000] = 30Q + 500
800
240

V_ =3A
R~ 8o COmps

Example: 3 Mesh Current Analysis
R1 R3
A AAA,
6Q 18Q
Vi R2 R4 R5
— 50V gsn gm 4Q

|||—-
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Example: 4 Mesh Current Analysis

Is
R3 V3| R6
|| .
R4
20 s
_— 20V
Va4
—5V

Mesh Current Analysis

Example: 5
R1 R3
1Q 50
R2
100
R4 RS
a0 ' 30
E
11 -
10 vV -
Example: 6 Nodal Voltage Analysis
|A lc
R1 R3 R5
— I, —— -
2Q 10Q 4Q
_L VA R2 R4 VB
=10V §SQ §BQ 515 v
Example: 7 Nodal Voltage Analysis
|a lc
R1 R3 R5
0.25Q 0.5Q 0.2Q
VA R2 R4
. VB
— 250V §1n §1Q %220\’

|||—-
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Example: 8

Superposition Theorem

R1

R2
AN AN
6Q 6Q
L ,
E1 pp—
—24v =12V
T R3
gso
=
Example: 9 & 10 Superposition Theorem
R1 R2
AN AN
20 50
rsel rse2
2 )
E2
1 E R3 -_—
—200V éﬁﬂ 200V
Rs

Example: 11 & 12 Superposition Theorem

R1 R2
w o<
8
rsel ¢ “ R4
150Q
$2 3
R3 __EZ
— 140V
| E gson =
—240V rse2
go.sn
=
Example: 13 & 14 Superposition Theorem
R1

R2
'\/V\, -_/\/\/\/
2Q 80

E1 R3 R4

I
k
=10V §49 gzn C>5A

|||—<
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Example: 15

R1

<

Superposition Theorem

R2

10Q

R3

<

v
— 40V

rse2

§1Q

=
Example: 16 Superposition Theorem
R1 R3 R5
-
20 30 40
| B R2 R4 Vi
—=24v gzn §4Q —38V
=
Example: 17 Thevenin’s Theorem
R1 R3 R1 R3
400 300 100 200 Multimeter-XMM1
rse 37.50hn
o Vth i 7 hm
R2 rse R2 [+
300 - 20 300 S ally -
E1 =
—1ov R
th -
. Set =
L m=
Example: 18 Thevenin’s Theorem
R3 V2
R3 |V2 1|1
12V L
- Vo T -3
— 20V th R1 |
20
rse ':Q‘ RL
20 5Q
T =
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Thevenin’s Theorem

Multimeter-XMM1

8.8 Ohm

||}—-
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Example: 19
R3 R3
AN A"
40 4Q
R1 R2 R1 R2
gsn $60 Vi gﬁﬂ S60
| - | "
V1 V3 1w v RL
—av —6V =9V =6V §109
= =
Example: 20 Thevenin’s Theorem
R1 R2 R1 R2
AM, A )
3Q 20 30 20
rsel rse2 rsel rse2
050 Vin 050 0.5Q | 0.5Q
| Vi v vi RL v
— 12V —6V %12V 60 ;GV
= e
Example: 21 Thevenin’s Theorem
R1 R3
AN, AAN, R1 R3
12 50 A A,
V 10 5Q
th
L3 v
10Q
R4 RS R4 R5
N NN
io 30 o 38
E E
| | I Il I
M = I =
10V - 10V -
Example: 22 Norton’s Theorem
R1 R3 R6
60 40 40 RN
XMM1
R2 R4 +}\
120 §120 °
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R1

R3 R6

AN AN AN I
60 40 40

1w R2 R4 R5
—9%V §129 2129 200
Example: 23 Norton’s Theorem

R2
AN | L
- —
R3
R1
v §4on §2°°

— 50V RL

T 1 v §1on
— 100V 9
R2
4% A%
50Q
RN
XMM1
R3
Rsh R1

gﬂQ

§4on gzon . +}

2 |

Multimeter-XMM1

14.286 Ohm

M SCHEME_33031 COURSE MATERIAL
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Example: 24

Norton’s Theorem

(DL-‘A

R1
AV
6Q
1w R3
— 10V gm
RL
§4ﬂ
R1 R2
Ay Ay
6Q 8Q
XMM1 3.75 Ohm
TS
15 Rn
Example: 25 Norton’s Theorem
R1 R3
AN A, |L
10Q 5Q
Vi R2
— 120V 100

M SCHEME_33031 COURSE MATERIAL
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R1

R3
10Q 50 Multimeter-XMM1
ol oo |
R2 L Tor
100 N &
=
a Set... =
Example: 26 Norton’s Theorem
R1 R3
AN, AAA
10 50 R1 R3
AN AN
1Q 5Q
L
R2
R2
10Q
R4 RS
A%AY AN R4 RS
40 ko] M A
40 30
E E
Il I I f
N N L=
10V - 10V =
Example: 27 Maximum PoewerTransfer Theorem
R1 R3
ANy A
6Q 40
Vin
v R2
%36 v §129
Example: 28 Maximum Power Transfer Theorem
R1 R3
AN ANy
300 15Q
Vth
v R2
—120v §3°°
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REVIEW QUESTIONS
UNIT : Il NETWORK THEOREMS

PART — A : 2 Mark Questions

WO N R WNRE

I e S
O s WNBR O

=
~

18.

19.
20.

21
22

Define circuit element and state the elements.
Define electric circuit and network.
Define node or junction in a network.
Define simple node and principal node.
Define branch of a network.
Define mesh in a circuit.
Define loop in a network.
Define active network.
What is meant by a bilateral circuit?
. What is meant by linear circuit?
. State the name of the law applied in mesh current analysis.
. State the name of the law applied in node voltage analysis.
. What is the potential of reference node in node voltage analysis?
. How many equations are required for mesh analysis?
. How many equations are required for node voltage analysis?
. A 10A current source has an internal resistance of 100Q. Draw the equivalent voltage
source.
. A Voltage Source has'a terminal voltage of 12V “with=an-internal resistance of 0.1
Ohms. What is its equivalent current source?
Convert a current source of 100A with an internal resistance of 0.2 ohm into an
equivalent voltage source.
State the condition for maximum power transfer theorem.
A source has an internal resistance of 8Q. What must be the value of load resistance to
transfer maximum power in it?
. 3 identical resistors of 12Q each are in delta. Find the equivalent value of resistors in star.
. Three identical resistors of 8Q each are in star. Find the equivalent value of resistor in delta.

PART - B : 3 Mark Questions

1.
2.

MS

Draw a network and show atleast two principal nodes.

Write the mesh equation in matrix form for the network shown below.

20) 1002 10
AW AW AW

0V =50 =40V

AT,
"1\"’("\.""-'
¥
ey
-
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3. Write the node equation in matrix form for the network shown below.

20 10€2 102
WMWY WA VY

>
WV > §0 <50 —— 40V

VWA
Vi
_

Write the equations to transfer Y to A.

Write the equation to transfer Ato Y.

State Superposition Theorem.

State Thevenin’s Theorem.

State Norton’s Theorem.

Show how a Thevenin’s circuit can be obtained from Norton’s form.
10. Show how a Norton’s circuit can be obtained from Thevenin’s form.
11. State maximum power transfer theorem.

© oo N w A

PART - C: 10 Mark Questions

Discuss mesh current analysis with an example.

Discuss node voltage analysis with an example.

Derive the equations needed for star to delta and delta to star transformations.

State and explain Thevenin’s theorem.

State and explain Norton’s Thedrem!

State and explain'Superposition theorem with'an example.

State Maximum power transfer theorem and derive the conditions for maximum power
transfer in a single source circuit.

8. Determine the current through 30Q resistor in the given circuit by using mesh analysis.

NoukwNeE

5Q 2Q

—
S0V — 300 60
20V

40 |

— | |
8Q

R )

9. Use the mesh analysis method to find the current through the 20Qresistance. Also find

the voltage drop it.

SVC) b 0.5A ’D ‘éﬁgz

M SCHEME_33031 COURSE MATERIAL

www.binils.com
Anna University, Polytechnic & Schools

124



10. Use nodal analysis method to find current through 30 ohm resistor in the circuit given

below.

EUC) 30 2
+

11. Determine the current through the 5Q resistance using Nodal analysis.

10 €2 20 €2 5L
M AW MAN—
mg§ éwg
100 Z 50
» 20 "
50V + (D1oov
= 25V —

12. Calculate the equivalent resistance of the network shown in figure across terminals A
and B using star delta transformation where necessary.

28
13. Determine the current through 6Q resistor in the given circuit by using superposition
theorem.
2Q 6Q 2Q
— 1 {1 I

- b

14. Determine current through load by using Thevenin’s Theorem.

VA A
20 20 10V 1,
%2{1 1Q
C_' 20V
B
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15. Determine the current through 50Q Resistor by using Thevenin’s Theorem.

B
300 600
A 50Q = c
60 L2 30482
D
108 5V
AW |1
16. Using Norton’s theorem, calculate the current through 10Q resistor in the given circuit.
A
A AW
4101 G L)
— gy § 100 ——12v
B
17. Using Norton’s theorem, calculate the current through 10Q resistor in the given circuit.
A

10A 80 le 4402

—A AN

18. Calculate the value of Load Resistance, at which the power transfer will be maximum in
the given circuit.

20 10
M WW—r A
AL
Source — 8V §4ﬂ Load
My B
20 1Q
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[ UNIT III - SINGLE PHASE CIRCUITS ]

Syllabus:

Y notations — rectangular and polar coordinates — Sinusoidal voltage and current —
instantaneous, peak, average and effective values — form factor and peak factor(derivation
for sine wave) —pure resistive, inductive and capacitive circuits — RL RC, RLC series circuits —
impedance —phase angle — phasor diagram — power and power factor — power triangle —
apparent power, active and reactive power — parallel circuits (two branches only) - Conductance,

susceptance and admittance —problems on all above topics.

3.0 Introduction:

A.C means Alternating Current. The current or voltage which alternates its direction and
magnitude every time. In dc circuits, Power = Voltage x Current. Everything was constant, so there
was no problem between instantaneous power and average power. Resistance dissipates power,
converting it to heat, light, sound or motion. It was simple and straight forward.

However in a,c circuits the voltage and current vary continuously. So taking the product
Vxl involves multiplying two sine waves at different angles and results in a sinusoid at twice the
frequency and shifted in dc level.

3.1’j’ notation:

A complex number represents a point in a two-dimensional plane located with reference
to two distinct axes. The horizontal axis is called the real axis, while the vertical axis is called the
imaginary axis. In the complex plane, the horizontal or real axis represents all positive numbers
to the right of the imaginary axis and all negative numbers to the left of the imaginary axis. All
positive imaginary numbers are represented above the real axis, and all negative imaginary
numbers, below the real axis.

In electrical circuit, a %j prefix is used to +]
designate numbers that lie on the imaginary axis in .
order to distinguish them from numbers lying on the :
real axis. The prefix is known as | operator. Negative Real Ads 2 posiive Real A
Jj= VvV —1 —— »>
ji=-1 B
3_ 2. _ _ |
=i =lh=
JP=iEEDED = J-
=i
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3.2 Rectangular and Polar Coordinates:
Rectangular and polar are two forms of complex numbers that are to represent phasor
guantities. A phasor quantities contains both magnitude and angular position or phase.

3.2.1 Rectangular Form:

A phasor quantity is represented in rectangular form by the algebraic sum of the real value
(A) of the coordinate and j value (B) of the coordinate, expressed in the following general form:

C=A+jB

3.2.2 Polar Form:

Phasor quantities can also be expressed in polar form, which consists of the phasor
magnitude (A) and the angular relative to the positive real axis (6), expressed in the following
general form:

C=As2+16

3.2.3 Rectangular to Polar Conversion:

A phasor can be visualized as forming a right triangle in the complex plane as shown in
figure below. The horizontal side of the triangle is the real value A and the vertical side is the j
value B. The hypotenuse of the triangle is the length of the phasor C, representing the magnitude
and can be expressed as follows:

€< A% B 4
Magnitude: C = \/m @
%
Phase angle 8 = tan™! (J‘r—B) % i
A
e
" >

3.2.4 Polar to Rectangular Conversion:
The polar form gives the magnitude and angle of a phasor quantity as shown in figure.
A= Ccosf s C

B = Csin@
B=Csin®
C+2+6°= A+jB

v

C4+6" = Ccos@ +jCsind A=CcosD
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Example: 1
Express the following in j form.
a) 154£30° b)15£-30° c)204225° d)5£-200°

Solution:
a) 15230°
Where,C = 15
6 = 30°
15230° = CcosO +jCsinB
15cos 30+ j15sin 30
15 (0.86) +j15 (0.5)
152430° = 129475 (Y form)
b) 15£-30°
Where,C = 15
6 = -=-30°
152-30° = CcosB+jCsinB
15 cos(—30) + j15sin(—30)
15(0.86) +j15(—0.5)
152-30° = 129—j7.5 (4 form)
c) 204225°
Where,C = 20
6 = 225°
20£225° = CcosB+jCsinb
20 cos 225 +j20sin 225
20(—0.707) +j15(—0.707)
204£225° = —-14.14-j10.6 (j form)
d) 5£-200°
Where,C = 5
6 = -=200°
5£-200° = CcosB+jCsinB
5cos(—200) + j5sin(—200)
5(—0.93) +j5(0.34)
5£-200° = —4.65+j1.7 (9 form)
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Example: 2

Express the following in polar form.
a) 3+j4 b)8—j6 c)8+j6 d)—6+j10

Solution:
a) 3+4+j4
Where, A
B

Magnitude
Magnitude

Phaseangle ©

0
In polar form

b) 8-—j6
Where, A
B
Magnitude
Magnitude

Phase angle 6

0
In polar form

c) 8+j6
Where, A
B
Magnitude
Magnitude

Phase angle 6

0
In polar form

d) -6+ij10
Where, A
B

Magnitude
Magnitude

Phase angle 6

M SCHEME_33031 COURSE MATERIAL
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= 3
j4
VTR
5

= tan~ 1 (i_B>
A

4
= t -1 (-)
an 3

= 53.13°
= 5£53.13°

= 8

= —j6

= JEr ey
= 10

= tan_l (ﬂ)
A

—6
7 ()
an 3

= -36.86°
= 10£-36.86°

= 8

= ]6

= ’/82 + 62
= 10

= tan_ 1 <g>
A

6
= = (g)
an™" (2

= 36.86
= 10436.86°

= -6
= j10

- JCor i

11.66
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0
In polar form

Example: 3

= -59.03°

11.66£-59.03°

Add the vectors A and B and give result in polar form.
A=16+j12 and B=-6 +j10

Solution:
A+B

Magnitude
Magnitude

Phase angle 6

0
In polar form A+B

Example: 4
Multiply the two phasor A and B.

(16 +j12) + (-6 +j10)
10 +j22
10+j22 (Vector form)

V102 4 222
24.16

tan~1 (ﬂ)
A

tan~1 (g)
10

65.55°
24.16465.55°

A=40+j30and B=4—j3

Solution:
A.B (40 +j30).(4 —j3)
(40x4) — (40 xj3) + j(30x4) — (j30xj3)
160-j120+j120 + 90
AB 250 +j0
Example: 5
Find the ratio of the two phasor A and B. (A/B) A=100+j60and B=8 —j6
Solution:
A 100 +j60
Ratio B = Tﬁ

M SCHEME_33031 COURSE MATERIAL

100 +j60 8+i6
8—i6 ~ 8+i6
(100x8) +j(100x6) + j(60x8) + (j60xj6)
(8x8) +j(8x6) —j(6x8) — (j6Xj6)
800 + j600 + j480 — 360
64 + j48 — j48 + 36
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A
B

Example: 6

440 +ij1080
100

440 .1080

100 T /700

44+ j10.8

Two phasors are given by A=5+j8 and B =7-j6.5. Find: i) A.B i) A/B

Solution:
A

Magnitude
Magnitude

Phase angle 6

In polar form: A

B
Magnitude
Magnitude

Phase angle 6

In polar form: B

i) Product A.B
AB

ii) Ratio —
A

B

M SCHEME_33031 COURSE MATERIAL

5+ 8
VT &
9.43

9.43457.99°

7.—j6:5
V724652
9.55

tan~1 (§>
A

—6.5
()
an 7

-42.88°
9.552-42.88°

(9.43257.06°) x (9.552-42.88°)
(9.43 x 9.55) £57.06° +(- 42.88")
90.05 £14.18°

9.43 £57.06°
9.552 —42.88°

943 £57.06° 42.88°
9.55 ' (=42.88)

0.987299.94°
0.987299.94°
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3.4 A.C Voltage: (Sinusoidal Voltage)
A.C voltage or alternating voltage changes its polarity periodically and also changes its
magnitude at every instant.

3.5 A.C Current: (Sinusoidal current)

An alternating current is a current which reverses its direction periodically and changes its
magnitude at every instant.

3.6 Alternator:
An alternating current generator is called alternator. It works on the principle of
electromagneticinduction. An alternator is also called as AC Generator or synchronous generator.

Working principle of alternator:

An alternator works on the principle of faraday’s law of electromagnetic induction. It
states that when there is a relative motion between magnetic field and a conductor an e.m.f is
induced in the conductor.

Alternating voltages / current may be generated by two ways:

++ By rotating a coil in a magnetic field.
++ By rotating a magnetic field within a stationary coil.

Rectarngigr Rotation oferil

I’L'rrnnnlnl-—j ol dptiglokwise
D M

o

o+ magnel
% t

T
i
T
S
turhine
CAUSES

loop to
rotate

Shatt Carbon brush

.Gclmnomeler N
The quantity of voltages / current generated depends upon:
¢ The number of turns in the coil.
«» Strength of the magnetic field
+» The speed at which the coil of magnetic fields rotates.
It is seen that the induced E.M.F. varies as sine function of the time angle wt. This curve is
known as sine wave and the E.M.F which varies in this manner is known as sinusoidal E.M.F.

Em sin ot

e
Where, e
Em = Maximum voltage

Instantaneous voltage

ot = Angular velocity of the coil
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The induced sinusoidal voltages produce sinusoidal current. These values are Im sin wt.
i = ImSin ot Where, Im = Maximum value of alternating

current.

3.7 A.C Waveform:

The shape obtained by plotting the instantaneous ordinate values of either voltage or
current against time is called an AC Waveform. An AC waveform is constantly changing its polarity
every half cycle and alternating between a positive maximum value and a negative maximum
value respectively with respect to time.

The sinusoidal waveform or sine wave is the fundamental type of alternating current and
alternating voltage. It is also referred to as a sinusoidal wave or simply sinu soid. The electrical
service provided by the power company (Electricity Board) is in the form of sinusoidal voltage or
current.

AC waveforms can also take the shape of either Complex Waves, Square Waves or Triangular
Waves and these are shown below.

Sine wave Complex wave
+W WV
«
=
= 0 + t t t = time ] = time
E
<
Y L\,
Tnangularwawe Squarewave
+W +V
@
=
= /\
= 0 4 t + = time ) = time
=
<<
v -\

Fig. Types of periodic waveform

3.8 Instantaneous value:
The value of an alternating quantity at any instant is called instantaneous value. They are

represented by small letters, i, v, e etc.,

Expression for instantaneous value of current:
i=1I,sin0d
i = I sin wt
i = I, sin 2mft
Expression for instantaneous value of voltage:
v =V, sin0
v =V, sin wt
v =V, sin 27ft
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3.9 Amplitude:
It is the highest value attained by the current or voltages in a half cycle either positive or
negative half cycle of an alternating quantity.

3.10 Cycle:
One complete set of positive and negative value of an alternating quantity is called a cycle.

3.11 Time period (T):
The time required for a sine wave to complete one full cycle is called Time period.
T=1/Fsec(or) msec. F=Frequency.
The period of a sine wave can be measured from a zero crossing to the next corresponding
zero crossing as shown in figure. The period can be also being measured from any peak in a given
cycle to the corresponding peak in next cycle.

— - - —

3.12 Frequency (F):
Frequency.is the number /of cycles that a wave completes per second. It is represented by
F. Its unit is Hertz.
One hertz = 1 cycles per second

3.12.1 Relationship between frequency and Time:
1 1

Frequency = — Time Period = ——
q y Time Period ! ! Frequency

1
F == T—l

3.13 Peak value or Maximum value:
The peak value of a sine wave is the value of voltage (or current) at the positive or the
negative maximum with respect to zero.
\,

+\", — e
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Since the positive and negative peak values are equal in magnitude, a sine wave is
characterized by a single peak value. It is represented by V; or Ip.

3.14 Peak to Peak value:
The peak to peak value of a sine wave is the voltage or current from the positive peak to

negative peak. It is always twice the peak value. It is represented by Vpp or Ipp.

f Peak
Average AMS l
(B

Peak to
Paak

3.15 Average value or Mean value:
This is the average of the instantaneous values of an alternating quantity over one
complete cycle of the a.c waveform. It is also known as Mean value.

To obtain the average, divide the period into ‘n’ equal intervals. At these individual
intervals let the current are iy, iz, i3 ...... in.

Thus the average value of the current and voltage are as follows:

i1+iz+ 13+‘+1n V1+V2+V3+"'...+Vn
v = Vav_ =
n n
Where, iy, i3 .... - instantaneous values Where, v, vy ... - instantaneous values

Average value can also be defined as the ratio of the total area under one half cycle to the base
period.

Area Under the curve of half cycle

Average Value = Base of half cycle

3.15.1 Expression for Average Value of Sine wave:

Instantaneous value of current i = [1,Sin6 Where, 0 = wt
Consider an elementary strip of width d0 in the first half cycle of current wave. Let i be the mid-ordinate

of this strip. Then,

Areaofstrip = id©
T
Area under the curve for half cycle = j I, Sin 6 d6
0
T
= Iy f Sin 6 d6
0
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= I, [—cos6]f
= Iy, [—cosmm— (—cos0)]
= In[-(=D+1]
= In[1+1]
Area under the curve for halfcycle = 21
A val I B Area of Half Cycle
verage value  lav = Base length of half cycle
21
I, = —2
T
I, = 06371,
Ly = 63.7%I,
Similarly,
Average Voltage, V,, = 2Vp
i
Vow = 0.637V,
Vow = 63.7%V,

3.16 RMS Value:

Root Mean Square value of an alternating current is given by the steady D.C current, which produce
the same heat as thatproducediby the alternating current in a'given time and,givenresistance.
To obtain the average; divide the period into ‘n’ equal intervalsy At these individual intervals let
the current are iy, iy, is ...... in.

Thus the r.m.s value of the current and voltage are as follows:

I T PRl PEE I i v I TR SR o PR R
Irms - n rms T n
Where, iy, iz .... - instantaneous values Where, v4, VU, .... - instantaneous values

R.M.S value is also defined as follows:

Area under the squared curve

RMS Value = J

Base length or period

3.16.1 Expression for RMS Value:

Instantaneous value of current i = [, Sin@ Where, 0 = wt
Consider an elementary strip of width d0 in the first half cycle of current wave. Let i2 be the

mid-ordinate of this strip.
Areaofstrip = i2d0
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Area under squared curve for full cycle

Area under squared curve for full cycle

RMS Valuglofiéurfent Ifns

Irms

Irms

Irms

Similarly,
RMS Value of voltage Vs

Vrms

Vrms

M SCHEME_33031 COURSE MATERIAL

2T

f (I, Sin ©)% d6
0

2T

f I,,% Sin26 d@

1,2 f Sin26 d
0
2

) 1 — Cos 260
()
0
2T

,[0 Sin 207"

I -

o [2 4 ]0

: Z[Z_n_Sinz.Zn_9+Sino]
m 2 4 2 4
I, 2[t— 0— 0+ 0]

I

Area under the squared curve
Base length or period
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3.17 Form factor:
It is defined as the ratio of RMS value to the average value of alternating current or

voltage.
RMS Value

Form Factor = ———
Average Value

Itn
G Im . T

C ZIm N2 2Im 24z

I

3.18 Peak factor: (Crest factor)
It is defined as the ratio of maximum value to the RMS value of alternating current or

voltage.
Maximum Value
Peak Factor = W
Im 2
= = Im» = 5 = 1414
Im Im
Sz
Example: 7

The alternating current passing through a circuit is being by i = 141.4 sin 314.2t. Calculate
(a) maximum value of current (b) r.m.swvalue=of current (c).the frequency. and (d) the
instantaneous value of the current when t=0.02 sec.

Given Data: To Find:
instantaneous value (i) =141.4sin314.2t i. maximum value of current (Im)
ii. RMS Current (lrms)
iii. Frequency (F)
iv. ‘I’ when t=0.02sec

Solution:

Maximum value: In = 1414A

Im

RMS Value: Ims = —

\/7

141.4

V2

Ims = 100A

Angular velocity: @ = 2uf
314.2

314.2

Frequency: F =
2T
F = 50Hz

When t = 0.02 sec
Instantaneous value of current: i = 141.4sin 314 x 0.02

— 141.4sin (?) X 314.2 X 0.02
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= 141.4sin 360
i =0
Answer:
i) Maximum value I,= 141.4 A ii) RMS Value I;ms = 100 A
iii) Frequency (f) = 50 Hz iv) Instantaneous value of currenti=0

Example: 8
What is the equation for a sinusoidal current of 25 Hz frequency having an RMS value of 40
Ampere?

Given Data: To Find:
RMS value of current  (lrms) = 40A Equation of sinusoidal current.
Frequency (F) = 25Hz
Solution:
Instantaneous value of current: i = Imsin 2mft
Im = lims xv2
= 40x+2
In = 56.57A

i = 56.57sin157t
3.19 Phase:

The phase of an alternating quantity at any time ‘t"is defined by the angle by which the
phasor makes with reference value.

3.19.1 Phase Difference:
The difference in angle (¢) between two voltages v '
or currents is known as phase difference. SN

{i) Phase Difference

3.19.2 In-phase:
If the phase difference between the two voltages is zero,

then that are said to be in-phase. In fig, Va and Vs start at the Y Yy vy
same point and reach the maximum value at the same time. .
s AN
The angle between Va and Vs is equal to zero. ¥ p
y:
) y;
N
(i In Phase
M SCHEME_33031 COURSE MATERIAL 140

www.binils.com
Anna University, Polytechnic & Schools



3.19.3 Out of phase: W Wy

/"\FB
AN
If the phase difference between two voltages is J;'( \\
180° then they are said to be out of phase. From the figure Va t / 4
and Vg are out of phase. Their starting points are same, but \‘\ If
when voltage Va reaches its positive maximum value, Vs AN

reaches its negative maximum value. .
{i Out of Phase

3.20 Phase angle (0):
It is defined as the angle between the voltage and current. It is represented by ‘0’.

3.20.1 Phase lag:

A lagging alternating quantity is one, which reaches its maximum (or zero) value later as
compared to another alternating quantity. From the figure the alternating voltage Vg reaches its
maximum value (or zero value) later by ¢ degrees when compared to Va.

Va =Vm sin ot and Ve = Vm sin (ot - ¢)
W I"',.:\
Y Y -~ B &
AN )
A M
£ \\
7 7=t
L - \, i
G A s Vg
R s
-
{ih Phase lag

The phasor diagram clearly shows that Vs lags Va by an angle ¢. A negative sign is used to
denote the lagging angle.

3.20.2 Phase lead:

A leading quantity is one which reaches its maximum (or zero) value earlier than the other
alternating quantity. From the figure, the alternating voltage Vs reaches its maximum or zero
value earlier by ¢ degrees when compared to Va. (Vs is leading than Va)

Va=Vmsin ot, and Vg = Vm sin(ot+d) Where, ‘+’ sign indicates leading

i
™ Ve vg sl '
J Y,
'\\ i !
i Y
3 7 ' j
",
E} b i &
W
S A
(i Phase Lead
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3.20.3 Phasor diagram:

So, far we have used phasor diagrams to solve problems on a.c circuits. A phasor diagram is
a graphical representation of the phasors (i.e voltages and currents) of an a.c circuits and may not
yield quick results in case of complex circuits. Engineers have developed techniques to represent
a phasor i an algebraic (i.e mathematical) form. Such a technique is known as phasor algebra or
complex algebra. Phasor algebra has provided a relatively simple but powerful tool for obtaining
quick solution of a.c circuits. It simplifies the mathematical manipulation of phasors to a great
extent.

In this chapter, we shall discuss the various methods of representing phasors in a
mathematical form and their applications to a.c circuits.

Consider a phasor V lying along OX axis. If we multiply this phasor by —1, the phasor is
reversed i.e, it is rotated through 180° in the counter clockwise (CCW) direction.

Suppose this factor is j multiplying the phasor by j? rotates the phasor through 180° in CCW
direction. This means that multiplying the phasor by j is the same as multiply by —1.

We arrive at a very important conclusion that when a phasor is multiplied by j, the phasor
is rotated through 90° in the CEW- direction. Each-successive multiplication.byjrotates the phasor
through an additional' 902 in'the' CCW direction. It is easy.to see that multiplying a phasor by,

ji=v-1 ... 90° CCW direction from OX axis
it=-1 ... 180° CCW direction from OX axis
i?=j%j=-j  .....270°CCW direction from OX axis

........... 360° CCW direction from OX axis

3.20.4 Reference Phasor:
The reference phasor is normally drawn horizontally along x-axis.

3.20.5 Angular velocity (®):
The angle of one full cycle is 2w radians. When one second is covered in ‘f’ cycles, the
angle covered per second is 2xf radians.
Angular velocity, ® = 2=f radians / second.
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3.21 Impedance (2):
It is the opposition offered by an AC circuit to the flow of AC current. It is denoted by the
letter ‘Z’. Its unit is Ohm (Q).

\Y
Impedance (Z) = T
Impedance in complex quantity: Z =R+ jX
Where, Realpart : R -Resistance
Imaginary part: X - Reactance.

3.22 Inductive Reactance (X.):
The opposition offered by an inductance to current flow is called inductive reactance.

It is denoted by the letter X, and its unit is Ohm (Q).
Inductive Reactance X; = 2mufL

3.23 Capacitive Reactance (Xc):
The opposition offered by a capacitance to current flow is called capacitive reactance.
It is denoted by the letter Xc and its unit is ohm (Q).

3.24 Admittance (Y):
It is defined as the reciprocal of impedance. It is represented by the letter ‘Y’ and its unit
is mho (O) or siemen.
y=l
Z
Admittance (Y) in complex quantity Y =G+ jB
Where, Real part : G - Conductance
Imaginary part : B - Susceptance

3.25 Conductance (G):
It is defined as the reciprocal of resistance. It is represented by the letter G and its unit is
mho (O) or siemen.

G 1
R
3.26 Susceptance (B):

Susceptance is defined as the reciprocal of reactance. Its unit is also mho. It is denoted by
the letter ‘B’ and its unit is mho (U) or siemen.

1
B=-
X
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3.27 Power (P):
Power is generally defined as the rate at which the work is done.

3.27.1 Real power (P):
It is a resistive power that is dissipated as heat. Its unit is Watts. It is always positive.
P = VI cos 9

3.27.2 Reactive Power (Q):
It is the product of the power developed in reactance of the circuit. Its unit is Volt-Ampere
Reactive (VAR).
Q=VIsin 6

3.27.3 Apparent Power (S):
It is defined as the product of magnitude of voltage and magnitude of current. It is
measured in Volt-Ampere (VA).
S=VI

3.28 Power Factor (cos 0):
Power actor is defined as the cosine value of phase angle between the voltage and current.
Or
Power factor is defined as themratio of real'powerto apparent-power. It has no unit. It is

always less than unity.
Real Power ~ VIcos®

Power Factor = =
Apparant Power VI

or
It is the ratio of resistance to the impedance of the a.c circuit.

R
Power Factor = 7

3.29 Voltage and Current Relationship in Pure Resistance:

Consider a circuit having a resistor of resistance R ohm and connected across a.c source.

ey
u]

T 27 — ==t
O
N, N

W :’v‘msin it

Fig. (i3 Circuit Arrangement Fig. (i Wisve form representation Fig. (iiiy Phasor representation
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Let ‘v’ be the AC voltage
flowing through the resistor.

According to ohm’s law :

v =
i =

vV =

i =

where, in =
Hence, i =

From equation (1):

From equation (3):

From equation (1) & (3):

applied across the pure resistance ‘R’ and ‘i’ be the current

[.R
\

R
Vi sin wt

Vp sinot 'V,
——— = —.sinwt

R
Vi
R
im.Sin ot

[=0whenv=0,

Instantaneous voltage (v)

Instantaneous current (i)

Phase angle between v & i

Power factor (cos 0)

Relationship between v & i

Instantaneous power : p

Instantaneous power:

The average power over one complete cycle

Average power:
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p

pav
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————————— 2)
--------- 3)
= V, sinwt
= [, sinwt
soi o v
= 0
cos 0 = cos 0 = 1 (unity)
= _inphase
vxi

Vi sinwt x [, sin(wt + 06)

9l

av

Al

f pd(wt)
0

Vi sinwt x [, sinwt d(wt)

Alr

Vi Iy sinwt d(wt)

Al

O\A:IO":I

Vin I [1 — cos 2wt]™
m_m [ d(wb)
m 2 0
Vi 1
I;T[m [1 — cos2wt]F d(wt)
Vi I [u)t _sin2 (ot]”
21 2 0
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v = S P 2
Vin 1

Py = n;T[m []
Vin [

Pav — m2m

poo— Ymlm

av \/7 \/E

Average Power Py, = V1

Where, V and I are rms values

3.30 Voltage and Current Relationship in Pure Inductance:

L . W
i
—— O — o~ i o Y W
5 =]

i Y /T? I 4

|/ 3 : R .,

u} i ‘\\ b ;'f an 1
@ [ o n s I
V=V sinot oA

Fig. (i) Circuit Arrangeent Fig. (i) Wav e farm representation Fige (i} Phasor representation

When an alternating voltage is applied to an inductive coil, the back emf produced due to
self-inductance opposes the rise or fall of current through it. Since there is no ohmic drop, the
applied voltage has to overcome this induced e.m.f only.

Let, v = V,sinot = - @Y
di
The voltage across the coil, v = Lé
vdt = Ldi = - 2
Where, L = Selfinductance of the coil
di

I = rate of change of current

By integrating the equation (2),
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Jvdt _ JLdi
—ijvdt - Jdi
—Ejvdt =
i :—i_[vdt

we know that v = W Sin oot

= J'v'mSin ot dt

| = 20[Sin et dt

L
- ‘»_"Lmlf Cos mt:l
- WN]

= Y-
i = OJL[ Cog it ]

Letm L = }{L: Inductive Reactance

L= v_m[— Cos it ]
AL
Since Sin {6—90°} = - Cos B, we can write,

i = “‘% Sin (et - 907

L
Let, \;ﬁ__m = Im= Max i value of cumrent
SE =TSNt =90 ) e (3

From the equations (1)and (3)it is very clear that the,current lags the voltage by 90°,
in a pure inductance.

From equation (1): Instantaneouswoltage (v) = "VpysSinwt
From equation (3): Instantaneous current (i) = I, sin(wt—90")
From equation (1) & (3): Phase angle betweenv & i = 90’
Power factor (cos 6) = cos0 = cos90 = 0 (lagging)
Relationship betweenv&i = Current lags the voltage by 90°
Average power (P) = vxi

=V, sinwt x I, sin(wt —90")

T
1
Average Power, P = — de {nt)

]
Ly 1"
P= o J-mam Zest dieot) = - ¥mim Jgin 20t det)
o- e T g
)
P - ¥l [- Cos Emt:| _ -¥mlm[-Cos2n + coso
2 2 n 2 2
Ml
p= 0m| =L+l —-¥Ymlm[o] = o
n 2 2 Pk

[&verage Power, P = 0O |

Thus the average power in a pure inductive circuit is zero.
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3.31 Voltage and current relationship in capacitance:

C . i
[ | Y f v I I
| ’r o
™, . .
i ey ? I A \
A 7 kS
B ¢ ({OR)
|:| o
K i [ i =ln]
) SN v v
b =T
v=N sinot \x;-'j
Fig. (i1 Circuit Arangement Fig. (i Wave form representation Fig. (il Phasor representation

Let ‘v’ is the instantaneous voltage applied across the capacitance ‘C’ and ‘i’ is the AC
current flowing through it.

Let, v = Vysinot = --meee- (D)
d
The current through capacitor, i = ( d_‘t] ......... (2)
Where, C = Capacitance
d
d_‘t, = rate of change of voltage
Substitue the value of v in equation (2),
i 2 dv
dt
. dV,, sinwt
1 = C—
dt
) d sin wt
1 = _
modt
i = CVycoswt. w
i = CwVycoswt
Vi
i = 1 cos wt
wC
Lett— = X = Capacitive Reactance
wC
: Vim
i = ——coswt
Xc
Since,sin(8 + 90) = cos®
or sin(wt+90) = coswt
V o
i = ——sin(wt+907)
Xc
Vim
Let, I, = X_C
i = Ipsin(wt+907) ---eeeee- 3)
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From the equations (1)and (3)it is very clear that the current leads the voltage by 90°,

in a pure capacitive circuit.

From equation (1): Instantaneous voltage (v)

From equation (3): Instantaneous current (i)
From equation (1) & (3): Phase angle betweenv & i

Power factor (cos 6)

Vi sin wt

I, sin(wt +90%)

90°

cos 0 = cos 90 = 0 (leading)

Relationship between v & i Current leads the voltage by 90°

Average power (P) vxi
P = V,sinotx I, sin(wt+90)
1"
Awverage Power, P = o |pd (eot)
O
1M [
0 2 2n
I o
p_ Mmlm Ech Emt:| _ Mm'm[-coszn + coso
Y o - 2n = o
o
P = Mi+L:|=VmI [0] = O
am = . 21

[&verage Pawer, P =0 |

Thus the'average power in a pure capacitive circuit.s zero.

3.32 SERIES RL CIRCUITS:

— L v L Yo
—=1 I i
R L 4
KL AT
i F%VR% HL%' o EAN o t
= -
=[x} o
P
()
\t:Vmsinmt

Fig. (i} RL Series Circuit Fig. (i} \Wave form representation

Y A i\‘\’
4 XL
"b//
g o0 . A
VR =3

Fig. (iiiy Phasor Diagram Fig. (iv) Irpedance Triangle
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Consider RL series circuit is shown in the figure (i), a pure resistance R and a pure inductive

coil of inductance L are connected in series.

r.m.s value of applied voltage
Current through Rand L

Reference phasor

Voltage drop across the resistance
Voltage drop across the inductive coil
Voltage V

Phase angle difference between V & I
From phasor diagram, V2

\

tan 6

tan 0

Average Power:

Instantaneous voltage (v)
Instantaneous current (i)

Phase angle between v & i
Power factor (cos 6)

Relationship between v & i
Instantaneous power :

Instantaneous power:

M SCHEME_33031 COURSE MATERIAL

T T T o

I (Same current )

I (Same current )

(in — phase with current )
(Ilags the Vby 90°)

Vector sum of Vi and V,

0

Vj?2 + V.2

=

242 = J(R)? 4+ (IXp)?

-
N

+ X2

RZ 4+ X °

HH

R2 4+ X2
Xy,
R
XL
tan (=
an (R)
Xy,
R

Vi sin wt

= I, sin(wt—0)
=0

cos [tan™! (%)]

= (Current lags the voltage by 6
= vxi
= V, sinwt x I, sin(wt —0)

= Vp Ih [sinwt x sin(wt — 0)]

cos 0 — cos(Zwt — 0)

Vin Im

Vin Im

cos 9 —

cos(Zwt — 0)

www.binils.com

Anna University, Polytechnic & Schools

150



The average power over one complete cycle = P,

2T
1
Average power: Py = o pdo
0
1 21TV [ Vi 1
Py = o mzm cos O — m2m cos(Zwt —0) do
0
1 Vol [
Pyy = o mzm f cosB — cos(Zwt—0)de
0
2T 2T
1 Vpln
Py = Pt fcose de — fcos(Zoot—G)dG
0 0
Vi 1
Py = “‘chose
Vin Im
P, = — —cosB
av \/i \/i

P,y = V IcosB

Where, V and I are rms values

3.33 SERIES RC CIRCUITS:
Consider RC 'series ‘circuit is shown in| the figure (i), a._pure resistance R and a pure
capacitance C are connected in series.

I
—% i YA ,-VR
—>1 v,
R < A Ve
| | A A
_ 11 4 N . ~t
' |‘:_"~"Rﬁ| IGVC _)i 0 n A 2x e~
> oW
="g) T,
h
) \
1.r=\.‘msh wt
F'lg. {I] RC Series Circuit Flg. {ll} Wave fl:lrr‘n r‘EprEsa’ltat‘iun
R,
R
> [ a
6 of
< Xe
WV W
*
+o
v o
C

Fig. (i) Phasor Didgram Fig. {iv) Impedance Triangle
Consider RC series circuit is shown in the figure (i), a pure resistance R and a pure capacitor
of capacitance C are connected in series.
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r.m.s value of applied voltage

Current through R and L

Reference phasor

Voltage drop across the resistance
Voltage drop across the capacitor

Voltage V

Phase angle difference between V & I

From phasor diagram, V2

\Y%

tan 0

tan0

Average Power:

Instantaneous current (v)
Instantaneous voltage (i)
Phase angle between v & i

Power factor (cos 6)

Relationship between v & i

Instantaneous power : p
Instantaneous power : p
p
p
p

The average power over one complete
cycle

M SCHEME_33031 COURSE MATERIAL

\Y
I (Same current )
I (Same current )
VR =IR (in — phase with current )
Ve =1X¢ (Ileads the Vby 90°)
Vector sum of Vi and V¢
0
VR?% + V2
R+ V2 = J(IR)? + (IXc)?

I [R2 + X2

:

R2 + X2

R2 + X2
Xc
R X
1. %c
tan 1(?)
Xc
R

HH

Vi, sin wt
Iy, sin(wt+ 0)

0

-1 Xc
cos [tan 1(?)]
Current leads the voltage by 6
vxi
Vi sinwt x I, sin(wt + 0)
Vin Im [Sinwt X sin(wt + 0)]

cos(—0) + cos(2wt + 0)
Vi

I V., 1
M cosg— =1

cos(Zwt + 0)

www.binils.com

Anna University, Polytechnic & Schools

152



2T

1
Average power : Py = o p do
i
0
1 21TV I Vin |
Py = o mzmcose— == cos(2wt + 0) do
0
1 VylI T
Py = o mzm f cos0 — cos(2wt+ 6) d6
0
2T 21
1 Vil
Py = P fcose de - fcos(Zoot+9)d9
0 0
Vin I
Py = m2 cos 0
Vin I
P,y = Tnzl\/—nlcose
P,y = V IcosB

Where, V and I are rms values

3.34 SERIES RLC CIRCUIT:

-

—/vv\/\/—fm\—{ }— V-V, ’

|
|
Akl v v E | .
YR
e
v y
\t=\1|‘_nsmcat C
Fig. (i) RLC Series Circuit Fig. (i} Phascr diagram (X = X )
L
R
Ve )
z K - X g i ! ¥ - %
L 'c . |
e o | z ¢t
|
S
R
We
Fig. (i} Impedance Triangle ( X > X ) Fig. v} Phastr diagram (X_» ¥ ] Fig. fv) Impedance Triange (X =X )

Consider RLC series circuit is shown in the figure (i), a pure resistance R, a pure inductance
L and a pure capacitance C are connected in series.
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r.m. s value of applied voltage =V

Current through R and L =1 (Same current )
Reference phasor =1 (Same current )
Voltage drop across the resistance = Vg =IR (in — phase with current )
Voltage drop across the inductor =V, =1X; (1lags the Vby 90°)
Voltage drop across the capacitor = Ve =1X¢ (1leads the Vby 90°)
Voltage V. = Vector sum of Vg,V and V¢
Phase angle difference between V&I = 6
Case—1: X > X¢
The netreactnace X = X — X¢

From phasor diagram, VZ = V%4 (VL — V)2

v =JVR2+(VL—VC)2 = V(R + (X, — IXc)?

= 1JR? + (X, — X)?

T = YR+ (XL—Xo)?

Z = JR?+ (X, —X¢)?

tan® = ——(XL T Xd
R
X, — X¢
e =t it Y .
an™! (—=—5)
Xy —X
tan® = L 2C
R
Instantaneous voltage (v) = V, sinwt
Instantaneous current (i) = Iy sin(wt—06)
Phase angle between v & i = 0
XL —X
Power factor (cos 6) = cos [tan‘l(%)]
Relationship betweenv &i = Current lags the voltage by 0
Case—1I: X > X
The netreactnace X = X — X.
From phasor diagram, VZ = V%4 (Vo —V)?
Vo= JVRZ +(Ve-V)?: = JRZ+ (IXc — IX)?

M SCHEME_33031 COURSE MATERIAL 154

www.binils.com
Anna University, Polytechnic & Schools



tan O

tan O

Instantaneous current (v)
Instantaneous voltage (i)

Phase angle between v & i
Power factor (cos 0)

Relationship between v & i

Average Power:

Instantaneous power:

Instantaneous power:

p
p

The average power over one complete cycle

Average power :

Pav

Pav

Pav

IVRZ + (X¢ — Xp)?

VRZ + (X¢ — X)?

VRZ + (X¢ — X)?
Xc—XL)

R
Xc — XL

t _1

an (—R )

Xe — Xy,

R

Vi sin wt

I, sin(wt + 06)

0

Xc — XL

cos [tan™1(

)]

Current leads the voltage by 6

= vxi
= Vp sinwt x I, sin(wt £ 06)
= Py
2m
1

0

2T
1
= Ef Vi sinwt x I, sin(wt+0) db
0

Vin Im
= 0
5 Cos

Vo, |
= 2 ZosO

V2 V2
= V Icos@

Where, V and I are rms values
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3.35 Power triangle:

The relationship among active power, reactive power and apparent power is illustrated by
a right angled triangle called the power triangle. Reactive power is the vertical axis of the triangle,
active power is the horizontal axis and apparent power or total power is the hypotenuse.

kW (Real Power)
kVA (Total Power)

Power Factor (pf) =

kW (Real Power)

D | pF = Cos L

kVAr (Rective Power)

3.35.1 Active Power:

When an active component of current is multiplied with circuit voltage, it results in active
or true power. This power produces torque innmotors, heat in heaters, light in lamps etc., Further
wattmeter indicates this power.

3.35.2 Reactive Power:

When a reactive component of current is multiplied with circuit voltage, it results in
reactive power. This power flows back and forth without doing any work. This power determines
the power factor of the circuit.

3.35.3 Apparent Power:

When the circuit current is multiplied with circuit voltage, it results in apparent power. i.e
product of voltage and current. In a.c circuit, there is phase difference between voltage and
current so that product of voltage and current does not give real power. To avoid confusion, it is
measured in volt-ampere.

3.35.4 Power Factor:

From power triangle, the power factor may also be determined by taking the ratio of
true power to apparent power.

True Power or Active Power
Power Factor =

Apparant Power
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Example: 9

Determine the impedance of a RL series circuit with R=20 () and L=0.1H when connected to

a 230V, 50Hz supply.

Given Data:
Circuit
Resistance (R)
Inductance (L)
Frequency (F)
Voltage (V)

Solution:

Inductive Reactance (X.)

X1

Impedance (Z)
Z)
Z)

Impedance (Z)

Impedance

Impedance

(
(
(
(

Answer:
i) Inductive Reactance (X.)

Example: 10

Find the impedance, current and phase angle of the series circuit having a resistance of 10Q

()

=31.420Q i)

To Find:
I. Inductive reactance (X.)
ii. Impedance (2)

R.L. Series
200
0.1H
50 Hz
230V

230V,50Hz Z=R+jX

2mfL ; Q
2x3.14x50x0.1; Q
31.42 Q)

RZ4 (X[)2'Q
V202 + (31.42)2
37.24 Q
20 +j37.24 ; Q

Impedance (Z) =37.24 Q

and inductance of 10millihenry. The applied voltage is 200V, 50Hz.

Given Data:
Circuit
Resistance (R)
Inductance (L)

Frequency (F)
Voltage (V)

M SCHEME_33031 COURSE MATERIAL

To Find:
R.L. Series i. Impedance (2)
10Q ii. Current (I)
10 mH iii. Phase angle (0)
10x1073H
50 Hz
200V
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Solution:

10Q2 10mH
I UUUU
R L

()
\___/200V.50Hz

Inductive Reactance (X)) = 2mfL ; Q
= 2x3.14x50x10x1073 ; Q
X, = 3.14Q
Impedance (Z) = R? + (Xp)?2 Q
Impedance (Z) = /102 + (3.14)2
Impedance (Z) = 10.48Q
Vv
Current (I) = -
Z
[ 200
1048
[ = 19.08 Amps
R
Power Factor |(Cos 68) = A
CosB = 10 _ 0.9541
T 1048 0T
Phase angle 0 = cos 10.954 = 17.44°
Answer:
i) Impedance (Z) =10.48 () ii) Current (l) =19.08Amps

iii) Phase angle (8) = 17.44°

Example: 11

A voltage of 125V at 60Hz is applied across a non-inductive resistor connected in series with
an inductance. The current is 2.2A. The power loss in the resistor is 96.8W and that the
inductor is negligible calculate the resistance and the inductance.

Given Data: To Find:
Circuit = R.L. Series i. Resistance (R)
Voltage (V) = 125V ii. Inductance (L)
Frequency (F) = 60Hz
Current (1) = 2.2A
Power loss (P) = 96.8W
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Solution:

Power = I?R
Resistance R = E
12
96.8
R = —=200Q
2.22
Power = VICos®H
P
Cosb = —
V.1
- 208 = 0.352
- 12522
8 = cos10.325
0 = 69.39°lag
\'
Impedance (Z) = T
125
Z = — =56.80
2.2
X
Sinp = =t
Z
X, = sin@xZ
= sin69.39x56.8
X, n= 53460
Inductive Reactance (X.) = 2mufL ; Q
L= X
2mf
_ 53.16
2x3.14x 60
L = 0.141H
Answer:
i) Resistance (R) =20 Q ii) Inductance (L)=0.141H
Example: 12

A coil of power factor 0.8 is in series with a 100uF capacitor and the combination is put
across a 50Hz supply. The potential across the coil is found equal to that across the

capacitor. Find the resistance and inductance of the coil.

Given Data:
Circuit
Power Factor (Cos 0)
Frequency (F)
Capacitor (C)

M SCHEME_33031 COURSE MATERIAL

To Find:
R.L.C Series i. Resistance (R)
0.8 ii. Inductance (L)
50 Hz
100uF
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Solution:

Voltage across coil
Also Z,,

Capacitive Reactance (Xc)

Zc
Zoil
Resistance of the coil (R)

Inductive Reactance (XL)

Inductive Reactance (X.)

Inductance L

Example: 13

A current of 10A flows in a circuit with a 45° angle of lag when the applied voltage is 100V.

Voltage across capacitor
Zc

1
2nic

1

2xmx50x100x107°
Xc=31.840Q
Zc=31.84 ()
Z.Cos 6
31.48 x 0.8 = 25.180Q
Z.Sin 6

31.48x 0.6 = 18.890

= 31.84 Q

2nfL ; Q

XL

2mf
18.89

2x3.14x 50
0.06 H

Find the resistance, reactance and impedance of the circuit.

Given Data:
Circuit
Current (A)
Phase Angle (¢)
Voltage (V)
Solution:

Impedance (Z)

Z

Power factor

Also cos 6

R
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To Find:
R.L. Series

230V

100

10
10 Q

Cos O
Cos 45°
0.707

7 cos O

www.binils.com

. resistance (R)
10A ii. Impedance (2)
45° iii. inductive reactance (X.)
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10x0.707

R = 7.07Q
Impedance (Z) = \/WQ
X, = +VZ2-R2Q
102 — 7.072Q
X, = 7.07Q
Answer:
l. Resistance (R) =7.07Q II. Impedance (Z)=10Q
M. Reactance (X)) =7.07Q
Example: 14

A resistor of 100Q is connected in series with 50uF capacitor to supply of 200V, 50Hz. Find
(i) impedance (ii) current  (iii) power factor (iv) voltage across the resistor and (v) voltage
across capacitor.

Given Data: To Find:
Circuit = R.CSeries i) Impedance (2)
Resistance (R) = 1000 ii) Current (I)
Capacitance (C) = 50uF iii) Power Factor (P.F)
=  50x107°F iv) P.DacrossR
Supply Voltage (V) = 200 Volts v) P:D,acrossi€
Frequency (F) =_ 50/Hz
Solution:
100€2 S0uF
— |
R C

1
Capacitive Reactance (Xc) = 5 ;
_ 1
~ 2xmx50x50x107°
Xc = 63.660
Impedance (Z) = /RZ + X2 Q
Impedance (Z) = /1002 + (63.66)2
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Impedance (Z) = 118.60Q
Current (I) = ;
_ 200
~ 1186
[ = 1.69 Amps
R
Power Factor (Cos0) = N
= 1090 = 0.843 lead
T 1186 o
Voltage across coil (Vg) = IR
= 1.69x100
= 169 Volts
Voltage across capacitor (Vi) = I1X¢
= 1.69x63.66
107.6 Volts
Answer:
i) Capacitive Reactance (Xc) = 63.66 ) ii) Impedance (Z) = 118.6()
iii) Current (I) = 1.69 Amps iv) Power Factor = 0.843
v) P.Dacross R (Vg) = 169 Volts vi) P.D across coil (Vc) =107.6 Volts
Example: 15

A circuit consisting of a resistor in series with a capacitor takes 80 watts at a power factor
of 0.4 from a 100V, 50Hz supply. Find the resistance and capacitance. Take the current as 2
Amps

Given Data: To Find:
Circuit = R.C. Series I. Resistance (R)
Frequency (F) = 50Hz ii. Capacitance (C)
Voltage (V) = 100V
Current = 2A
Power = 80W
Power factor = 04
Solution:
P = Vlicos6
. P 80
Vcos6 100x 0.4
= 2A
AlsoP = I°R
R = E = @ = 20 ohm
[2 22
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v_ 100

Impedancez = 1= 7 = 50 ohm
Z = / RZ 4+ X.?
Xc = lzz — R2
= 502 — 202 = 45.83 ohm
1
Xe = omfc
c 1
- 2mfX,
_ 1
4583 x2m x50
69.45x 10~ %farad
C = 69.45mfd
Answer:
i) Resistance (R) = 20 ohm ii) Capacitance (C) = 69.45 mfd
Example: 16

A resistance of 10 ohms and a capacitance of 400mfd are connected in series to a 60V
sinusoidal supply. If the current is 5A, find the frequency of the supply. Also determine the
phase angle betweenithe currentyand.thejapplied voltage and,thespower=factor of the

circuit.
Given Data: To Find:
Circuit = R.C. Series i Phase angle
Resistance (R) = 10Q ii. Power factor
Capacitance (C) = 400 mfd
Current (1) = 5A
Voltage (V) = 60V
Solution:
10Q2 400 mfd
— |
|
R (@

5A

Impedance Z

Z

Xc
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R? + X2

:

= ZZ_RZ
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122 —10% = 6.630Q

1
X = —
2mfC
¢ 1
~ 2mCX.
= ! = 60H
T 6.63x2mx400x106
P fact 0 R_10 0.833
ower ractor Ccos = —=—=0(.
Z 12
Phase angle 0 = co0s710.833 = 33.56°
Answer:
i) Power factor = 0.833 ii) Phase angle = 33.56°
Example: 17

A coil of resistance 10Q and inductance of 0.1H is connected in series with a 150uF capacitor
across a 200V, 50Hz. Calculate (i) inductive reactance (ii) capacitive reactance (iii)
impedance (iv) current  (v) power factor (vi) power in the circuit.

Given Data: To Find:
Circuit = "R.L:CSeries i) © Inductive reactance (X.)
Resistance (R) = 10Q ii) Capacitive reactance (Xc)
Inductance (L) = 0.1H iii) Impedance (2)
Capacitance (C) = 150 uF iv) Line Current (I)=7
= 150x10°F v) Power Factor (P.F)=?
Supply Voltage (V) = 200 Volts vi) Power (P)="7?
Frequency (F) = G50Hz
Solution:
10Q2 0.1H 150uF
— ({1 ||
R L C

()
\___/200V.50Hz

Inductive Reactance (X.) = 2nufL ; Q
= 2x3.14x50x0.1; Q
X, = 3142Q
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1

C itive React X = .
apacitive Reactance (Xc¢) SiC Q
_ 1
~ 2xmx50x150x1076
Xc = 21.220Q
Impedance (Z) = /RZ+ (X, — Xc)?Q
Impedance (Z) = /102 + (31.42 —21.22)2
= /102 + (10.2)2 = V100 + 104.04
= +204.04
Z = 14.280
\Y%
Current (I) = -
Z
200
~ 14.28
I = 14 Amps
Power Factor (Cos 0) R 10 0.7
W = _— —=
7 14.28
Power (P) = V]ICosH
= 200% 14x0.7
= 1960 Watts
Answer:
i) Inductive Reactance (X.) =31.42Q ii) Capacitive Reactance (Xc)=21.22Q
iii) Impedance (Z) = 14.280Q iv) Current(l)=14A
v) Power Factor =0.7 vi) Power (P) =1960 W
Example: 18

A coil of resistance 8Q and an inductance of 0.1 H is connected in series with a capacitance
of 75 uF with a voltage of 240V, 50Hz. Calculate (i) inductive reactance (ii) capacitive
reactance (iii) impedance (iv) current (v) power factor (vi) power in the circuit.

Given Data: To Find:
Circuit = R.L.CSeries i) Inductive reactance (X.)
Resistance (R) = 80 ii) Capacitive reactance (Xc)
Inductance (L) = 0.1H iii) Impedance (2)
Capacitance (C) = 75uF=75x107°F iv) Line Current (l)
Supply Voltage (V) = 240 Volts v) Power (P)
Frequency (F) = 50Hz
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Solution:

0.1H 75uF
||
Vv N
L ¢

Inductive Reactance (X1)

XL

Capacitive Reactance (Xc)

Xc

Impedance (Z)
Impedance (Z)
Z

Impedance (Z)

Current (I)

Power Factor (Cos 0)

Power (P)

Answer:
i) Inductive Reactance (X.)
iii) Impedance (Z) =13.61Q
v) Power Factor =0.58
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(o)
\__/ 240V,50Hz
= 2nfL ; Q
2x3.14x50x0.1 ; Q
= 3142Q

_ 1
= Zmc Y
1
2xTx50x75x10~6
= 42440

= JRZ+ (X, — X¢)2Q

= /82 +(31.42 — 42.44)2
= /8% (—11,02)2

= V64412144

= +185.44
= 13.610Q

\%
Z

240
13.61
= 17.6 Amps
R 8

7" 1361 008

VICos©
240x17.6x0.58
2450 Watts

=31.42Q ii) Capacitive Reactance (Xc) =42.44 ()
iv) Current (I)=17.6 Amps
vi) Power (P) = 2450 Watts
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Example: 19

A coil of resistance 10Q and an inductance of 0.1 H is connected in series with a capacitance
of 150uF with a voltage of 200V, 50Hz supply. Calculate (i) inductive reactance (ii) capacitive

reactance (iii) impedance (iv) current

capacitor.

Given Data:
Circuit
Resistance (R)
Inductance (L)
Capacitance (C)

Supply Voltage (V)
Frequency (F)

Solution:

(v) power factor (vi) voltage across the coil and

To Find:
R.L.C Series i) Inductive reactance (X.)
10Q ii) Capacitive reactance (Xc)
0.1H iii) Impedance (Z)
150 pF iv) Line Current (l)
150x10~°F v) Power Factor (P.F)
200 Volts vi) P.D across Land C
50 Hz
0.1H 150pF
||
L | |C

()

Inductive Reactance (XL)

XL

Capacitive Reactance (Xc)

Xc

Impedance (Z)
Impedance (Z)

Impedance (Z)

Current (I)

M SCHEME_33031 COURSE MATERIAL
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\{ [77.200V(50Hz

21l Q
2x3.14x50x0.1; Q
31.42Q

1 0
2nfC '
1

2x1mx50x150x10-¢
21.22 Q

JRZ + (X, — Xc)2 Q
V102 + (31.42 — 21.22)?2
{102 + (10.2)2
V100 + 104.04

V221.44
14.280

NN <

00
14.28
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Power Factor (Cos 6)

Voltage across coil (VL)

Voltage across capacitor (VL)

Answer:

i)  Inductive Reactance (X.)
iii) Impedance (Z) = 14.280Q
v) Power Factor =0.7

vii) P.D across coil (Vc) = 297.08 Volts

Example: 20

= 14 Amps

R
- Z
10

= 1228~ 0.7
= IXy

14 x31.42

439.88 Volts
= IXc

14 x21.22
= 297.08 Volts

=31.420Q ii) Capacitive Reactance (Xc) =21.22 Q

iv) Current () = 14 Amps
vi) P.D across coil (V.) =439.88 Volts

An inductor having an inductance of 0.4H and a resistance of 5Q is connected in series with
a capacitor across 50Hz Supply. Calculate.the capacitance.required to.give the circuit power
factor 0.5 lagging./Assume supply voltage to be sinusoidal

Given Data:
Circuit
Resistance (R)
Inductance (L)
Frequency (F)
Power factor

Solution:

M SCHEME_33031 COURSE MATERIAL

To Find:
= R.L.CSeries I. Capacitance
= 50
= 0.4H
= 50Hz
= 0.5 lagging
5Q 0.4H ?
||
— ] N
R L C
()
\___/ 0.8 lag.50Hz
XL = 27fL

Impedance, Z

= 2nX50x0.4=125.660Q
VRZ + (X[, — Xc)?
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Power Factor (Cos 6)

Rl

05 =
Z = =100
0.5
ie,10 = /RZ+ (X, —X()?
XL —Xc) V102 — R% = /102 — 52
125.66—X¢ 8.66 ohm
X = 125.66 — 8.66 = 117 ohm
1
But,Xc = 1c
1
C =
2mfX,
= — =27.2mfd
117 x 21 % 50 m
Answer:
i) Capacitance =27.2 mfd
Example: 21

A circuits takes a current of a 3 amps at a p.f of 0.6 lag, When connected to a 120V, 50Hz
source and another circuit takesa currentiofi5amps at p:fiof 0.707 lead whenconnected to
the same source. If the twocircuits are connected in seriesto.a 240V, 50Hz supply. Calculate
the current and power factor of the circuit?.

Given Data:
Circuit =
Current (A) =
Power factor (cosB) =
Voltage (V) =
Current (A) =
Power factor (cosB) =
Voltage (V) =
Voltage (V) =
Solution:
\%
Impedance (Z) = T
_ 120
3
= 40Q
Ra Zacos 0
40x0.6
= 240

M SCHEME_33031 COURSE MATERIAL

To Find:
R.L. Series . resistance (R)
3A ii. Impedance (2)
0.6 lag iii. inductive reactance (X.)
120V
5A
0.707 lag
120V
240V
\'%
Impedance (Zg) = T
120
5
= 240
Rg = ZpcosH
= 24x0.707
= 16970
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XL = Zasin0
= 40x0.8
= 320

Impedance (Z) =

Impedance (Z)

X, = Zgsin0
24 x0.707
16.97 Q

VRZ + (X, — X2 0
V(24 +16.97)2 + (32 — 16.97)2
\/40.972 + (15.03)2

Impedance (Z) 43.644
Voltage (V) = 240V
I = v_240 _ 55A
T 7 4364 VOTPS
Cos 6 R 40.97 0.94
oS = —=—=0.
Z 43.64
Answer:
l. Current () =5.5Amps II. Cos=0.94
Example: 22

A current of 5A flows through a non-inductive resistance in series with a choking coil when
supplied at 250V, 50Hz. If the voltage across the resistance is 125V and across the coil is
200V, calculate (a) the impedance, reactance, and resistance_of the coil, (b) the power
observed by the coil and (c) the total power. Draw the vector diagram. Take the phase angle

of the circuit as 52.4° lag.

Given Data:
Current (1)
Voltage (V)
Frequency (f)
Voltage across resistance Vg
Voltage across coil Vil
Phase angle

Solution:
AB
BC
CD
BD
AD

Vr

Impedance of the coil Zt,

M SCHEME_33031 COURSE MATERIAL

To Find:
5A i). resistance (R)
250V ii). reactance (X.)
50Hz iii). Impedance (2)
125V iv). power absorbed by the coil
200V v). total power

52.4° lag

= Vg - voltage drop across the non-inductive resistor R

V: - voltage drop across the resistance of the coil
V.. - voltage drop across the reactance of the coil
200V - voltage across the choking coil

= 250V - applied voltage to the series circuit

www.binils.com

IR=125V
Voltage across the coil
I

200

5
40 Q
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Power factor of the circuit is:

Cosb6 = cos 52.4° =0.61
AC
CosO = D
AC = AD cos 6
ButAC = AB+BC
BC = AC-AB
152.54-125 =27.54
BC = IX;
BC 27.54
X, = T = — = 5.510 A A B V, C
D
Sin® = C—
AD
Ch = ADX sin 6
250%sin52.4° =198
ButCD = IX;,
CD 198
XL = T = T = 39.6()

Power observed by the coil:
I’r = 52 x5.51=137.75 watts
Power of resistor R: = I2R
= 52 x 25 = 626 watts
137.75 + 625 = 762.75 watts

Total power

Answer:
|.Resistance of the coil = 5.51Q Il.  Reactance of the coil = 39.6Q)
[ll. Impedance of the coil Z.=40 Q IV. Power observed by the coil = 137.75 watts

V. Total power = 762.75 watts

Example: 23

When a voltage of 100V at 50 Hz is applied to chocking coil ‘A’ the current is 8A and the
power is 120 watts. When applied to a coil B the current is 10A and the power is 500W.
What current and power will be taken when 100V at 50Hz is applied to the two coils
connected in series.

Given Data: To Find:
Circuit = RL-RL Series i. Current
Voltage V = 100V ii. Power
Frequency = 50Hz
Coil A
Current = 8A
Power = 120W
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Coil B

Current = 10A
Power = 500W
Solution:
Coil A Coil B
V=100V, 50Hz V =100V,50Hz
I, = 8A Iz = 10A
Py = 120watts Pg = 500 watts
ie, 12Ry =120 Ig*Rp = 500
500
A= 120 _ 120 Rg =712
[2 82
Rgr = 5 ohm
Ra = 1.875 ohm
vV 100 Z v 100 10 oh
= —= ——=100hm
In=1 = 5 =1250 BT g 10
A
XLA — ’ZAZ _ RA2 LB 1’ B B
Xpa =+12.5% — 1.8752 X, = V107 —52
XLA = 12.36 ohm XLB = 8.66 ohm
When two coils are connected in series
Total R = RA + RB
1.875+ 5 = 6.875 ohm
Xy, Xpa + XiB
= 12.36+8.66 = 21.02 ohm
Z = /RZ +X,.°

J6.8752 +21.022

= 22.12 ohm
Circuit currentl = A & = 4.52A
Z 2212
Power = I?R=4.52% x 6.875 = 140.46 watts
Answer:
i) Circuit current =4.52 A ii) Power=140.46 W
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Example: 24
A two element series circuit of R= 10Q and =15Q has an effective voltage of 230Volts at
50Hz. Determine the active power, apparent power and reactive power.

M SCHEME_33031 COURSE MATERIAL
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Given Data: To Find:
Circuit = R.L. Series i. Active Power (P)
Resistance (R) = 10Q ii. Apparent Power (S)
Inductive Reactance (X.) = 15Q iii. Reactive Power (Q)
Frequency (F) = G50Hz
Voltage (V) = 230V

Solution:

10Q2 15Q
I VYV U
R L
()
\___/230V.50Hz
Impedance (Z) = /RZ+ (X.)2Q
Impedance (Z) = /102 + 152
Impedance (Z) 18.03 Q
\%
Current (I) = -
Z
_ 230 =1276 A
T 1803 ~roams
X 15
Ph 1 6 = 1= 1= .3°
ase angle tan R tan 10 56.3
cosf® = c¢o0s56.3=0.55
Active Power (P) = VICos6
= 230x12.76x0.55
= 1614 Watts
Apparent Power (§) = VI
230x12.76
= 2935VA
Reactive Power (Q) = VISin®
230x12.76x0.83
= 2436 VAR
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Example: 25
What is the equation for a sinusoidal current of 25 Hz frequency having an RMS value of 40
Amps.

Given Data: To Find:
RMS current lrms = 40A Equation of sinusoidal current.
Frequency = 25Hz

Solution:

Standard form of sinusoidal current is i=im sinwt
i = Imsin 2mft
ln = lrms X2
= 40 x\2
In = 56.57A
i = Imsin 2mft
i = 56.57sin 157t
Answer:
i) i=56.57 sin 157t

PARALLEL AC CIRCUITS:

In an AC circuit, when the'impedances'are connected in‘parallél, it is said to be a parallel
AC circuit. A parallel circuit can be solved by impedance method or Admittance method.

Iy

@ [ [

Impedance Method: A two branch parallel circuit is shown in fig. Let V be the applied voltage to

the circuit and | is the total current supplied by the source. |1, and I, are the currents flowing
through impedances Z1 and Z; respectively.

1 1 1
n T 57
1 7+ 27,
r Ll

7.7,

Total Impedance: Zr = 7 17
1T 42
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: = —= ;A
Total Current I 7. T REX, mps
\'
Total Current: [ = —
Ly
7, +Z,
I = ;A
[ 7.7, ] mps
\Y
Currentin Branch1: [; = 7
1
I 1[ : ] A
= L ; Amps
! 7y + 7,
\'
Currentin Branch 2: [, = 7
2
I 1[ 4 ] A
= L ; Amps
2 7.+ 7,
Also Total Current: 1 = I;+1,
Admittance Method:
1
Gonduetanee (G) 5= (E) i Siemens
1
Susceptance (B) = (}—() ; Siemens
) 1
Admittance (G) = (E) ; Siemens

[y
»

R
|mpedance Triang]e Admittance Triangle

Admittance has in-phase component as well as quadrature components. It can be represented
by a right angled triangle called admittance triangle as shown in figure.
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Conductance (G) = Y.cosB
1\ (R Ry |
B6) = () semens

R
Conductance (G) = (ﬁ) siemens

If a parallel circuit consists of several branches, then the total conductance of the parallel circuit
can be written as the sum of the individual conductances.

Total Conductance (G) = Gi+ Gz+ G3+......+ Gy

Where Gy, G2...Gn = Conductance of the individual branches

Susceptance (B) = Y.sinB
1\ (X X\
- () = () semens
X
Susceptance (B) = (ﬁ) siemens

If a parallel circuit consists of several branches, then the total susceptance of the parallel circuit
can be written as the sum of the individual susceptance.

Total Susceptance (B) = Bi+Bz+ Bz+.....+Bn
Where By, B2...Bi = Susceptance of the individual‘branches

Note: In a parallel circuit the inductive susceptance is considered as negative(-B.) and capacitive
susceptance is consider as positive(+B.).

Admittance (Y) = +/Conductance? + Susceptance?
Y = +G2+B?
B
Phaseangle: 6 = tan! c

Power in AC Parallel Circuit:

1 1 I R

Admittance: Y = Z_1=V_/I= v |1 1 Tﬁ!:
A
—WW— 000
Total Current: 1 = V.Y
1, R c
Branch Current: [; = V.Y; 2 WU I
I
Branch Current: [, = V.Y, !
v
Total Current: 1 = I;+1,
™
VY = V.Y +VY,
Parallel A C. circuit
Y - Y1+Y2
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In branch I:

Admittance :

In branch II:

Admittance :

Total Admittance:

Total Current:

Phase angle:

Power:

Y,

Y,

Y2

Y1

Y

et

D
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11
Z, Ry+X
1 R, — X,
Ry +jXL "Ry — XL
R; —jXy
R? + X2
Ry
RE+XZ
Ry  Xu
7z
Gy —jB;

XL
R? + X%

J

-

11
Z, R;—jXc
1 R, + jXc
R, —jXc "Ry +ijXc
R, +jX¢
R3 + X2
R,

Xc

+j
R2 +X&
Ry XL
3 13

G, +jB;

Rént X &

-]

Y. +Y,

(G1 —jBy) + (G; +jBy)
(Gy + G3) +j(—B1 + By)

\/(G1 + G3)? + (—=B; + By)?

VG2 + B2

V.Y
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Example: 26
Two impedances Z1 = 8+j6 ohm and Z; = 5-j12 ohm are connected in parallel across 200V,
50Hz supply. Find the total impedance.

Given Data: To Find:
Impedance (Z1) 8+j6 i)  Total Impedance (Z) =7
Impedance (Z2) 5-j12
Supply Voltage (V) = 200 Volts
Frequency (F) = G50Hz

Solution:

(o)
\___/200V. 50Hz
7,2,
74+ Z;
(8 +j6)x(5—j12)
(8Fj6) + (5—j12)
40 — j96 +j30 — j272
(13-6)
40 — j96 + j30 + 72
13 -6
112 — j66
13-j6
112 -j66 13 +i6
13—j6 13+i6
1456 + j672 — j858 — j2396
132 —j262
1852 — {186
205
= 9.034 —j0.907

= 9.082-5.73°

Total Impedance (Z) =

Answer:
i) Total Impedance (2) =9.082 — 5.73° Ohm
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Example: 27

In a coil of resistance 8 () and reactance of 6 Q) is connected in parallel with a resistance of
12 Q) and a capacitive reactance of 16 () across 200V mains. Calculate the current in each

branch, total current, total power factor and total power.

Given Data:
Circuit
Impedance (Z1)
Impedance (Z2)
Supply Voltage (V)

Solution: Method-I

To Find:

Branch Current (I & I5)
ii) Total Current (I)

iii) Power Factor (P.F)

iv) Power (P)

Parallel
8+j6

12 -j16
200 Volts

i6Q

! UUUH
L

()

Supply Voltage (V)
Zq
2,

Current (I;)

Current (I;)

Current (I,)
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\_/ 200V

200-+j0
8 +i6
12 —j16

V200

Z, 8+j6

200 8-i6

8+i6 " 8—i6

1600 — 1200
82 + 62

1600 — 1200

100
16 —j12
204 — 36.87°

\' 200

7, 12-il6

200 12 +j16

12—j16 * 12 +jl6

2400 +j3200
122 + 162
2400 +j3200
400
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Current (I,)
Current (I,)

Total Current (1)
|
I
I

Power Factor (Cos 0)

Power (P)

Answer:

6 +j8
10£53.13°

L+1,
(16 —j12) + (6 +j8)
22 — j4

22.36 £ — 10.30°Amps

Cos 10.3

0.98

VICos©
200x22.36x0.98
4382.5 Watts

i) Current (I;)=104£53.13° Amps ii) Current (I;) =10 £53.13° Amps
iii) Total Current (I) =22.36 £ — 10.30°Amps iv) Power Factor (P.F) =0.98
v) Power (P) =4382.5 Watts

Solution: Method-Il

Supply Voltage (V). /= 200+j0=20020°
A 84 j6 = 10.36.8°
7, = 12—j16= 202 —53.13°
C t (I = v = 20020 = 204 —36.8°
urrent () = 7= =10,368 '
Current (I;) = 202-36.87°
C t (I = v = 20020 =10453.13°
urrent (1) = - =50, "8313° '
Current (I,) = 10£53.13°
Total Current (I) = I, +1,

|

|
I
I

202 —36.8° 4+ 10£53.13°
(16 —j12) + (6 +j8)
22 — j4

= 22362 —10.30°Amps

Power Factor (Cos8) = Cos10.3
0.98
Power (P) = VICos®B
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= 200x22.36x0.98
= 4382.5 Watts
Answer:
i) Current (I;) =10£53.13° Amps ii) Current (I,) =10 £53.13° Amps
iii) Total Current (I) =22.36 £ —10.30° Amps iv) Power Factor (P.F) =0.98
v) Power (P) = 4382.5 Watts

Example: 28

A capacitor of 80 uF is connected in parallel with a coil that has a resistance of 20 {1 and
inductance of 0.08H. If this combination is connected across 230V, 50Hz supply calculate
current, P.F and power.

Given Data: To Find:
Circuit = Parallel v) Total Current (l)
Resistance (R) = 200 vi) Power Factor (P.F)
Inductance (L) = 0.08H vii) Power (P)
Capacitance (C) = 80uF
= 80x107°F
Supply Voltage (V) = 230 Volts
Frequency (F) = | 50\Hz
Solution:
20Q 0.08H
— WYy ﬂ
R L
|| S0
C
(o)
\__/ 230V, 50Hz
Inductive Reactance (X1) = 2ufL ; Q
2x3.14x50x0.08 ; Q
X, = 25130
Capacitive Reactance (X¢) = ! ; Q
P “ T mc
B 1
~ 2xmx50x80x10-°
Xc = 39.79Q
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V. 23020 23020
Z, 20+j25.13  32.122£51.49°

Current (I;) =

I, = 7164£—-51.49°
\' 230 20
Current (IZ) = Z = m
I, = 5.78£90°Amps
I = L+
I = 7164—51.49°+5.78 290°
445 —j5.49+ 0 +j5.78
4.45 —j0.29
I = 446+ —3.72°Amps
Power Factor (Cos8) = 0.9
Power (P) = VICos®H
230x4.46x0.9
= 923.2 Watts
Answer:
i) Current (l) =4.46 Amps ii) Power Factor=0.9

iii) Power (P) =923.2 Watts

Example: 29

Two impedances Z; = 8+j6 and Z; = 3-j4 are connected in parallel across 230V, 50Hz supply.
Calculate (a) Current in each branch (b) the total current of the circuit (c) power factor (d)
Power taken by the circuit.

Given Data: To Find:
Impedance (Z1) = 8+j6 i) Currentin each branch="?
Impedance (Z2) = 3-j4 ii) Total current="7?
Supply Voltage (V) = 230 Volts iii) Power factor (P.F)="7
Frequency (F) = 50Hz iv) Power (P)=7?
Solution:
8Q j6Q2
I Yy []
R, L
3Q | -14Q
— ||
Ry C
()
\__/230V.50Hz
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Z

7>

Conductance (G;)

Conductance (G;)

Susceptance (B,)

Susceptance (B,)

Admittance (Y;)

Admittance (Y,)

/Rlz +X.

V82 +62 =100

/RZZ +Xo

V32 +42 =50

— = 0.080

/Glz +B,

v0.082 + 0.062 = 0.10

/GZZ +B," Q

Vv0.122 + 0.16%2 = 0.20

Current in branch 1 : I, = VY,
= 230x.0.1 = 23Amps
Current in branch 2 : I, = V.Y,
= 230x.0.2 = 46Amps
Total Conductance (G) = G;+G,
= 0.08+0.12=0.20
Total Susceptance (B) = B;+B,

Total Admittance (Y)

—0.06 + 0.16 = 0.10

JETE O
v0.22+0.12=0.22 U
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Phase angle = tan’! g
= tan~lo2 = 26557
0.2
Power Factor: Cos & = Cos 26.57
= 0.89
Total Current (I) = V.Y
= 230x0.22 = 66.7 Amps
Power (P) = VICos®
= 230x66.7x0.89

= 13653.5 Watts

Answer:
i) Currentinbranch1(l1)) =23A ii) Currentinbranch2(l) =46A
iii) Total current (l) =66.7 Amps iv) Power factor =0.89
v) Power (P) =13653.5 Watts

Example: 30

An impedance (6+j8)sis connectedracross,220V;<50Hz mains in-paraliel with=another circuit
having an impedance of (8+j6) ohm. Calculate (a) the admittance; the conductance and the
susceptance of the combined circuit (b) the total current taken from the mains (c) power
factor (d) Total Power

Given Data: To Find:
Impedance (Z1) = 648 i)  Admittance, Conductance &
Susceptance = ?
Impedance (Z2) = 8-j6 ii) Total current="7?
Supply Voltage (V) = 220 Volts iii) Power factor (P.F)="7
Frequency (F) = 50Hz iv) Power (P)="7?
Solution:
602 18Q2
I Uy U
R L
8Q | -16Q2
. ||
R, C
(o)

\__/220V.50Hz
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Z

7>

Conductance (G;)

Conductance (G,)

Susceptance (B,)

Susceptance (B5)

Admittance (Y;)

Admittance (Y;)

/Rlz +X.
J6% +82 =100
/RZZ +Xo
/8% + 62 = 100
R, 6

77 = 107 = 006U

R, 8 = 0.080
222_102_ .

X8 008y
le - 102 - '

X,
yA

/Glz +B,

Vv0.06% + 0.08%2 = 0.10

/Gzz +B,

V0,082 + 0.06% = 0.10

_ 6 = 0.060
102

Current in branch 1% I/ = Vi
220x.0.1 = 22Amps
Current in branch 2 : I, V.Y,

220x.0.1 = 22Amps

Total Conductance (G) G1+G,
0.06 + 0.08 = 0.140
Total Susceptance (B) B,+B,
= —0.08+0.06 = —0.020
Total Admittance (Y) = +G2+B2Q
= +0.142+0.022=0.14 U
B
Phaseangle = tan 16
— tan-! 0.02 8.13
M 014”
Power Factor: Cos® = Cos8.13
= 0.98
Total Current (I) = V.Y
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= 220x0.14 = 30.8 Amps

Power (P) = VICos®
= 220x30.8x0.98
= 6640 Watts
Answer:
i) G=0.140,B=0.020 andY=0.140 ii) Total current (l) =30.8 Amps
iii) Power factor =0.98 iv) Power (P) = 6640 Watts
Example: 31

Two impedances Z1 = (10+j5) ohm and Z; = (8+j6) ohm are connected in parallel across 200V.

Find the total current taken and also the power factor of the circuit.

Given Data: To Find:
Impedance (Z1) = 10+j5 i) Total current="7?
Impedance (Z2) = 8+j6 ii) Power factor (P.F) =7
Supply Voltage (V) = 200 Volts
Solution:
102 15Q
L] vy {]
Ry L
30 16Q2
[ ] Uiy {]
R, L
()

\__/ 200V
/Rlz +X,.°

V102 + 52 = 11.18Q
/Rzz +Xc
= 82 +62 =100

Ri _ 19 _ 080
7,2 11182

YA

7

Conductance (G;) =

R, 8
—2 = _—_=0.080

Conductance (G;) = 7,7 102~
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_Xl_

Susceptance (B,) 72 11182 —0.040
1 .
—X; —6
Susceptance (B,) 7z =Tz —0.060
2

Admittance (Y;)

Admittance (Y,)

/Glz +B,

v0.082 + 0.042 = 0.080

/GZZ +B,

v0.082 + 0.062 = 0.10

Current in branch 1 : I V.Y,
200x.0.08 = 16Amps
Current in branch 2 : I, V.Y,
200x.0.1 = 20Amps
Total Conductance (G) G1+G,
0.08 + 0.08 = 0.16U
Total Susceptance (B) B:+B,
—0.04 = 0.06 = =0.10
Total Admittance’ (Y) VG624 B2Q

Phase angle

Power Factor: Cos 6

Total Current (I)

Power (P)

v0.162+ 0.1 =0.18 U

tan"1—

G
0.1

016
Cos 32
0.84

1

tan™ 32

V.Y

200x0.18 = 36 Amps
VICosH

200 x 36 x 0.84

6077 Watts

Answer:

i)  Total current (I) =36 Amps ii) Power factor =0.84
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Example: 32

A coil of resistance of 8 ohm and a reactance of 10 ohm are connected in parallel with a
resistor of 10 ohm. If the voltage across the combination is 200 volts a.c. Find the total current

taken from the mains. Also find the power factor of the circuit.

Given Data:
Impedance (Z1)
Impedance (Z2)
Supply Voltage (V)

Solution:

M SCHEME_33031 COURSE MATERIAL

To Find:
8+j10 i) Total current="7?
10+j0 ii) Power factor (P.F)="?
200 Volts
7110Q
I IRTRY {j
L
10Q
| |
Ry

Z1

7>

Conductance (G,) =

Conductance (G;) =

Susceptance (B;) =

Susceptance (B,) =

Admittance (Y;)

Admittance (Y;)

@ 200V

/Rlz X

V8%+10% =12.80Q

2
/RZZ +X¢

V102 = 10Q

R _ 8 _ 0.040
7,2 1282 7

R, 10 _ .

222 - 102 -

X _ 710 06w
7,2 1282 7

0

/Glz +B,

v0.04? + 0.06%2 = 0.070

/GZZ +B,

v0.12 + 02 =0.10

www.binils.com
Anna University, Polytechnic & Schools

188



Currentin branch 1: I, = V.Y,

= 200x.0.07 = 14Amps

Current in branch 2 : I, = V.Y,
= 200x.0.1 = 20Amps
Total Conductance (G) = G;+G,

= 0.04+0.1 =0.140

Total Susceptance (B) = B;+B,
= -0.060
Total Admittance (Y) = +G2+B2Q
= +0.142 + 0.062 =0.15 0O
B
Phaseangle = tan~! C
= tan1o20 _ 9319
= tan” oo =23
Power Factor: Cos® = Cos 23.19
= 091
Total Current (I) = V.Y
200%0.15=30Amps
Power' (P) = #VI\Cos®
200x30x0.91
= 5460 Watts
Answer: i) Total current (I) =30 Amps
ii) Power factor =0.91
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RESULT OF SIMULATION OF PROBLEMS IN UNIT Ili

Problem : 10
R1 L1
Current
v1
O
200 Vrms
50 Hz
Problem : 11
R1 L1
Current
V1
O
125 Vrms
60 Hz
Problem: 14
Result of Simulation:
R C
AN }
100Q 50pF
Current
\')
@ i
200 Vrms
50 Hz
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Problem: 15

Result of Simulation:

R C
20Q 69.45pF
Current
Vv
)=
100 Vrms
50 Hz
Problem: 18
Result of Simulation:
L1 ﬁ
'VW faTaatyl
3
20 0.1H 780F
Vv
ey I
o/ L
240 Vrms
50 Hz

Problem: 19

Result of Simulation:

R L1 ﬁ
ANN e
- 10Q 0.1H A

150pF
Current

200 Vrms
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Problem: 28

R L
A yH
C
BOpF
Current ;\\
)T
230 Vrms
s0 Hz
Problem 30:
R1 R2
=
30 40
V2
V1 —
1 — 1oV
—-100v R3 T
200
_;l_
Problem 31:
R1 R2
V2
L4, =T

|||—~
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REVIEW QUESTIONS
UNIT : Il SINGLE PHASE AC CIRCUITS

PART-A: 2 Mark Questions

W oo NOU e WN R

N NN NNRRRRRRRR R
B W N R, O WOWOWOWNOUDPDAWNBNIERERO

Define A.C Voltage.

Define Cycle.

Define frequency and state its unit.

Define time period.

State the relationship between frequency and period.

Define instantaneous value of a.c voltage.

Define maximum or peak value or crest value?

Why average value for a symmetrical wave is computed for half cycle only?
Define form factor.

. Define peak factor or Amplitude or crest factor.

. Define power factor.

. State the value of form factor and peak factor for sinusoidal a.c. quantity?
. Define Phase difference?

. What is meant by reference phasor?

. Define in-phase quantities.

. Define inductive reactance.

. State the expression for inductance reactance.

. What is the unit of inductive reactance?

. Draw the phasor diagram for a pure inductor.

. Define capacitive reactance.

. State the expression for capacitive reactance and its unit.

. Convert the following current in polar into rectangular form. 5 130°
. Define admittance and state its unit.

. What do you mean by conductance, admittance and susceptance.

PART - B : 3 Marks Questions

No vk wbnpe

M SCHEME_33031 COURSE MATERIAL

Define alternating quantity, amplitude and cycle.

Draw a sinusoidal voltage waveform and mark the cycle, time period and peak value.
Define: (i) Cycle (ii) Frequency (iii) Time period

Define : (i) Instantaneous value (ii) time period (iii) frequency

Define average value and RMS value of a.c quantity.

Derive an expression for average value of a.c quantity in terms of maximum value.
Define Instantaneous value of a.c current and write the equations in 3 different forms.
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8.
9.

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.

Explain the terms: (i) Form factor (ii) Peak factor

Prove that power drawn by a pure inductor connected across AC supply is zero.
Show that active power in pure capacitor connected across AC supply is zero
Draw impedance triangle and phasor diagram for RC series circuit.

Draw impedance triangle and phasor diagram for RL series circuit.

Draw the impedance triangle for a RLC series circuit and write the expression for
impedance.

Define Power factor.

Explain what is meant by leading and lagging p.f?

Briefly explain about power triangle.

Explain the terms: (i) apparent power (ii) active power (iii) reactive power.
Draw admittance triangle and phasor diagram for RL Parallel circuit.

Draw admittance triangle and phasor diagram for RC Parallel circuit.

PART — C : 10 Mark Questions

X NoOUL PR WN R

10.

11.

12.

M SCHEME_33031 COURSE MATERIAL

Define and derive average value of alternating voltage.

Define and derive RMS value of alternating current.

Draw the vector diagram of a seriesiR-L circuit and derive the impedance.

Draw the vector diagram of a series R-C circuit and derive the impedance.

Draw the vector diagram of a series R-L-C circuit and derive the impedance.

Show that the power in an R-L series circuit is P= V.l.cos® watts.

Show that the power in an R-C series circuit is P=V.l.cos® watts.

Show that the power in an R-L-C series circuit is P=V.l.cos® watts.

An alternating voltage is given by e = 100 sin314 t. Find a) Max value b) Frequency c) Time
period and d) value of current after t=0.01 sec.

The equation for a voltage is written as E = 100 sin 314 t. find a) Frequency b) max value c)
Average value d) RMS value and e) voltage at time 1/200 sec after passing first zero.

An ac voltage of 50 Hz frequency has a peak value of 200 V. a) Write an equation to calculate
the instantaneous value of the voltage b) write an equation for a current having a max value
of 20 A and lagging the voltage by 45° and e) Find average effective values of voltage and
current.

An alternating voltage v=200sin 314 t is applied to a device which offers an ohmic resistance
of 250 to the flow of current in one direction while entirely preventing the flow of current in
the opposite direction. Calculate the RMS value, average value.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

M SCHEME_33031 COURSE MATERIAL

A 50 Hz alternating voltage of 250 V sends a current of 2.5A through the pure inductive coil.
Find a) inductive reactance of the coil b) Inductance of the coil c¢) power absorbed and d)
write down the equation for voltage and current.

An alternating current of maximum value 10A flows through a capacitor of 31.8 mfd.
Calculate a) capacitive reactance b) RMS value of applied voltage and c) RMS value of current.

A current 20A flows in a circuit with 45° angle of lag. When the applied voltage is 200V 50Hz.
Find a) Resistance b) Inductance and c¢) Impedance of the circuit.

A coil has a resistance of 20Q and an inductance of 0.2 H, connected 230 V, 50 Hz supply.
Calculate a) the circuit current b) phase angle power factor & d) power consumed.

A coil of resistance of 8 Q, an inductance of 0.1 and a capacitance of 75 mfd across a 230 V
50 Hz supply. Find a) current in the circuit b) power factor c) power and d) voltage across coil
and capacitor.

A resistance of 15Q and a coil of inductance 30 mH and negligible resistance are connected
in parallel across 240V 50Hz supply. Find a) the line current b) power factor and c) power
consumed by the circuit:

A coil having a resistance of 5Q and an inductance of 0.02H is connected in parallel with
another coil having a resistance of 1 Q and an inductance 0.08H. Calculate the current
through the combination and the power absorbed when a voltage of 100V 50 Hz is applied.
Draw the phasor diagram.

A circuit having a resistance of 6 Qand inductive reactance of 8 Q is connected across 230 V
50 Hz mains in parallel with another circuit having a resistance of 8 Q and a capacitive
reactance of 6 Q. Find a) Total current b) phase angle between current supply voltage.

A voltage of 200 + j 100 volts applied to a circuit causes a current of 10 + j2 ampere to flow.
Find the impedance and power factor of the circuit.

A coil of resistance 15 Q and inductance 0.1 H is in parallel with a resistor of 2.5 Q. A voltage
of 220V at 50 Hz is applied to the parallel combination. Determination the total current and
the power factor.

www.binils.com 195

Anna University, Polytechnic & Schools



23. A 10 Q resistor, 12.5 mH inductor and 150 mfd capacitor are connected in parallel to a 230V
50 Hz source. Calculate the supply current and power factor.

24. A chocking coil of resistance 5 and inductance 0.6 H is in series with a capacitor of 10 mfd. If
a voltage of 200 V is applied and the frequency is adjusted to resonance, find the current and
the voltage across inductance and capacitor.

25. A circuit having a resistance of 5 Q an inductance of 0.5 H and a variable capacitor in series is
connected across 200V 50Hz supply. Calculate a) the capacitance to give resonance b) voltage
across inductance and capacitance c) ‘Q’ factor of the circuit.

26. A coil 10 Q resistance and 0.2 H inductance is connected in parallel with a variable capacitor
across a 230V 50Hz supply. Determine a) capacitance required for parallel resonance b)
Effective impedance of the circuit and c) Power absorbed.
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[ UNIT IV - RESONANT CIRCUITS ]

Syllabus:
Series resonance — parallel resonance (R,L &C; RL&C only) — quality factor — dynamic

resistance — comparison of series and parallel resonance — Problems in the above topics -
Applications of resonant circuits.
4.1 Introduction:

When introducing a.c. circuits in unit- lll, a supply was defined by its voltage and frequency.
For many applications, they are constant; for example, the source of supply to our homes.
However, many communications systems involve circuits in which either the supply voltage or
input signal operates with a varying frequency.

Circuits with both inductance and capacitance can exhibit the property of resonance, which
is important in many types of applications. Resonance is the basis for frequency selectivity in
communication systems. For example, the ability of a radio or television receiver to select a
certain frequency that is transmitted by a particular station and, at the same time to eliminate
frequencies from other stations is based on the principle of resonance. The conditions in RLC
circuits that produce resonance and characteristics of resonance circuits are covered in this unit.

4.1 Resonance:

Inductive reactance increases as the frequency is increased, but capacitive reactance
decreases with higher frequencies. Because of these opposite characteristics, for any LC
combination there must be a frequency at which the X, equals the Xc as one increases while other
decreases. This case of equal and opposite reactance is called resonance and this circuit is called
as resonance circuit.

4.2 R.L.C Series Resonance Circuit:

YL
R L |C| o
CE | |
vl vl v . : - :
R
@ 0
*}J‘ e

Resonance is a condition in a series RLC circuit in which the capacitive reactance and
inductive reactance are equal in magnitude. When they are equal, they cancel each other and
total reactance is zero and result is a purely resistive impedance. And also the p.f is unity.

Impedance (Z) = +R%+ Xy —Xc)2Q
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When, X. = Xc
Impedance (Z) = VR? =R
4.3 Resonance frequency:

The frequency at which the inductive reactance and capacitive reactance are equal is the
resonant frequency.
At resonance:

Inductive Reactance = Capacitive Reactance
XL = Xc
2Tt L !
e T T
£ =
r 4m2LC
f ! H Wh f.-R f
= ——— ;Hz ere, f; — Resonance frequenc
' 2m/LC aeney
Resonance Frequency:
f ! H
= —_— ; HZ
' 2m/LC

At the resonance frequency (fi), the voltage across C and L are equal in magnitude but
180°out of phaseland they cancel ieach other!

4.4 Effect of varying frequency on Inductive reactance (Xy) :

[

XL
X, = 2mfL Inductive Reactance (X)) = 2nfl
When frequency = 0; XL =
When frequency increase = X alsoincreases
When frequency = «; XX =0
;r =f Hence, X, varies linearly with frequency and it is a

straight line passing through origin.

4.5 Effect of varying frequency on Capacitive reactance (Xc) :

rf Capacitive Reactance Xc = anfc
/)‘e"”"' 1 When frequency = 0; Xc = 0
’ 7 Xe= mfC When frequency increase = Xc decreases
/ When frequency = «; X = «
Xc | } Hence, Xc varies indirectly with frequency and it is a

rectangular hyperbola.
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4.6 Effect of varying circuit resistance:

current.

The resistance value does not affect the frequency at which resonance occurs, but the
magnitude of current is decided by the resistance value. When R is increased, the current

becomes less.

[ o< —=
'_I.

]
o M

4.7 Characteristics of series resonance:

/I\I

Ipb————

Current Mg Frequency

— f
1. The impedance at resonance frequency is minimum, current is maximum.

2. Above f;, X, > Xc and the circuit behaves as Ry circuit with lagging power factor.
3. At frequency less than f;, Xc < X, and the circuit behaves as RC circuit drawing a leading

Impedance Vg Frequency

frequency

R _____
I I
oy f, — = wp (o) f — f
Resonance Effect on Effect on Behavior of Effect on | Effect of power
frequency (f) reactance | impedance circuit current factor
Below resonance o Less than unity
Xc > Xu Z>R Capacitive | < Imax .
frequency (leading)
At resonance o .
Xc=Xo Z=R Resistive | = Imax p.f =1 (unity)
frequency
Above resonance ) Less than unity
Xc < XL Z>R Inductive | < Imax

(lagging)
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4.8 Q-factor (or) Quality factor:

At series resonance, the p.d across L or C builds up to a value many times greater than the
applied voltage. The voltage magnification produced by series resonance is termed as Q-factor of
the series resonance circuit. It is also called as voltage magnification.

vi=Qv Voltage magnification (or) _  Voltage across L or C
4 Q-factor Supply Voltage
Vv
At resonance, I = R
P.DacrossLorC = I1X; (or) IXc
v 1 Supply Voltage V = IR
Where,
LXL
| — Current at resonance Q_factor = W
WV — Supply Voltage
W, — P.D across Inductor — ﬁ
Ve=QV V¢ —P.D across Capacitor R
Q - Qfactor 2m fr]-‘
Q-factor = R
Wh f ! H
ere, r = ——;Hz
2myLC
2n L
Q-factor = R2 VL C
1 |L
Q-factor = Z |2
R ,/C
(or)
Resonance Frequency
Q-factor = Bandwidth

Q-factor is large only when the value of L is large.

The value of Q —factor depends upon the design of the coil because resistance arises in this rather
in a capacitor. With a well-designed coil, the quality factor can be 200 or more.

4.8.1 Importance of Q-Factor:

The Q-factor of series a.c circuit indicates how many times the p.d across L or C is greater than the
applied voltage at resonance. For example, consider an R.L.C series circuit connected to 240V a.c source.
If Q-factor of the coil is 20, then voltage across L or C will be 20x240 = 4800V at resonance

i.,eVc=V.=QVr=20x240=4800V.
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4.8.2 Q- Factor and Resonance curve:

At series resonance, the current is maximum and the current is limited by circuit resistance only.
The smaller the circuit resistance, the greater is the circuit current and sharper will be resonance curve.
Smaller circuit resistance means large value of Q-factor (=X./R). Therefore, the greater the Q-factor of
resonance RLC circuit, the sharper is the resonance curve.

4.9 Bandwidth (BW):
The bandwidth is defined as the range of frequency at the limits of which the current is
equal to or greater than 70.7% of maximum current. Thus
Bandwidth = f, —f;

= 0707

The frequency f1and f,are called as half power points or frequency. They are also referred

to as cut-off frequencies. The bandwidth is an indication of sharpness or degree of tuning.
Resonance Frequency

Q factor

Bandwidth =

ol»-g'_"’

4.9.1 Derive Q factor from Bandwidth and Resonant frequency:

Resonance Frequency

Q-factor = -
Bandwidth

f

-factor = d

Q BW
f

Q-factor = J
fo—fi

At smaller bandwidth, there is high Q-factor
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4.10 Selectivity:
The ability of resonant circuit to reject the frequency other than the resonant frequency
is known as selectivity. It is also defined as the ratio of bandwidth and resonant frequency.

o Bandwidth
Selectivity = Resonance Frequency
BW

TR
Selectivity = fzf_fl
r

A circuit is said to be selective if the response has a sharp peak and narrow bandwidth and is
achieved with a high Q factor. Q is therefore a measure of selectivity.

4.10.1 Importance of Selectivity:
1. Fine-tuning
2. To avoid the interference of adjacent channel
3. Toreject the image frequency

4.11 Acceptor Circuit:
An RLC series circuit accepts maximum currentifrom the source at resonance and for that
reason is called an acceptor circuit.

4.12 Properties of Series Resonance:
1. ImpedanceZ=R

2. Voltage across L and C are equal (i.e.) Vi= V¢
3. Current in the resonance circuit is maximum.
4. It magnifies voltage.
5. It also called as acceptor circuit.
6. Power factor is unity.(i.e.) cos 6=1

Example: 1

A coil having a resistance of 8 {) and an inductance of 20mH is connected in series with a
10 MFD capacitor. Calculate i) Resonance frequency ii) Q-factor of the coil iii) Bandwidth
and iv) Half power frequencies.

Given Data: To Find:
Connection = Series i) Resonance Frequency =?
Resistance (R) = 80 ii) Q-Factor =?
Inductance (L) = 20mH =20x10 iii) Bandwidth =?
3
Capacitance (C) = 10 MFD iv) Half power frequencies =?
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Solution:

1
Resonance Frequency (F,) =
quency (Fr) Vic
1
B 2X3J4VM31

2)(&14V%QX10‘3X10X10‘6

2x3.14x4.47x10~*
Resonance Frequency (F) = 356.06 Hz

Q- Factor = 1 E

R ,/C

_ 1 [20x1073
8 .[10x10-6

- 2 44.72
8X .

Q- Factor = 5.59

Half Power Frequencies:
R

ey
= 356.06 —

Lower cut-offifrequencies (F1) /=

4mx 201073
= 356.06-31.84

= 324.22Hz

R
Upper cut-off frequencies (Fz) = F,+-—
4L

= 35606+ o 0x10-3

= 356.06 + 31.84
= 3879Hz

Bandwidth = F;-F;
= 387.9-324.22

= 63.68 Hz

Answer:
i)  Resonance Frequency (F) =356.06 Hz ii) Q- Factor =5.59
iii) Half power frequencies: iv) Bandwidth =63.68 Hz
F1=324.22Hz and F, =387.9Hz
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Example: 2

A series RLC circuit has resistance of 5 Ohm, inductance of 10mH and capacitance of 1mfd
with an applied voltage of 100V, variable frequency. Calculate the resonant frequency,
circuit current and voltage across inductor and capacitor. Also find the quality factor.

Given Data: To Find:
Connection = Series i) Resonance Frequency =?
Resistance (R) = 50 ii) Circuit Current (1) =?
Inductance (L) = 10mH = 10x103 iii) P.D across Land C
Capacitance (C) = 1MFD iv) Q-Factor =?
Voltage (V) = 100V
Solution:
1
Resonance Frequency (F,) =
quency (Fr) 2n¢i§
B 2x344df€1

2)(&14¥1OX10‘3X1X10‘6

2x3.14x1x10~*
Resonance Frequency (F,) = 1592 Hz

V. 100
Circuit Current (I) = RoT5 T 20 Amps

[ = 20Amps

Q- Factor = 1 E

R ,/C

_ 1 [10x1073
5. 1x10-6

! 100
_SX

Q- Factor = 20

P.D across inductor (V) = LX.
= Ix2mnf.L

= 20x2x3.14x1592x10x10-3
= 2000 Volts

P.D across Capacitor (Vo) = V. (= Vi=Vo)
= 2000 Volts
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Example: 3

A series circuit contains a resistance of 4 Ohms and inductance of 0.5H and a variable
capacitor across 100V, 50Hz supply. Find (i) the capacitance for getting resonance (b) the

p.d across inductance and capacitance (iii) the Q- factor of the series circuit.

Given Data:
Connection
Resistance (R)
Inductance (L)
Voltage (V)
Frequency (F)

Solution:
At resonance:
XL

2nFL

2nFC

Circuit Current (I)

Q- Factor

Q- Factor

P.D across inductor (VL)

P.D across Capacitor (V.)
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To Find:
Series i) Capacitance (C) =?
40 ii) P.D across Land C
0.5H iii) Q-Factor =?
100V
50Hz

412 f2],
1

4x3.142x502x0.5
20028uF

100
=7 = 25 Amps

L
C
0.5
20.28x10°
x 157

<

e i S

. X¢

[ x 2mf.L
25x2x3.14x50x0.5
3925 Volts

= V.

3925 Volts
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Example: 4

In a RLC series resonance circuit a resistance of 10 £} and an inductance of 20mH is
connected in series with a 0.5 MFD capacitor. Calculate i) Resonance frequency ii) Q-factor
of the coil iii) Half power frequencies iv) Bandwidth and v) Power consumed at resonance
if applied voltage to circuit is 200V a.c.

Given Data: To Find:

Connection = Series i) Resonance Frequency =?

Resistance (R) = 10Q ii) Q-Factor =?

Inductance (L) = 20mH =20x103 iii) Bandwidth =?

Capacitance (C) = 0.5 MFD iv) Half power frequencies =?

Voltage (V) = 200V v) Power consumed =?
Solution:

1
Resonance Frequency (F,) =
quency (Fr) - \/L—%
~ 2x3.14VIC .

2 X 3.14\1/20X10_3 x 0.5x1076

2x3.14x1x1074
Resonance Frequency (F) = 1592 Hz

Q- Factor = 1 E

R ,/C

_ 1 [20x1073
10 ./0.5x10-6
1

= —x200

10
Q- Factor = 20

Half Power Frequencies:

Lower cut-off frequencies _ P i
(F1) T 4mL
_ 10
= - Sox10-3
= 1592-39.8
= 1552 Hz
Upper cut-off frequencies  _ P
(F2) T 4nL
_ 10
- Y e S0x10-3
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= 1592 +39.8
= 1632 Hz

Bandwidth = F;-F;
= 1632 -1552
= 80Hz

Power (P) = VxIxCosH

_ Vv
= 200X§x1
B 200
= ZOOXWX].
= 200x20x1
P = 4000 Watts
Answer:
i) Resonance Frequency (F;) = 1592 Hz ii) Q-Factor =20
iii) Half power frequencies: iv) Bandwidth =80

F1=1552Hz and F; = 1632Hz
v) Power (P) = 4000 Watts

Example: 5

An R.L.C series circuit consists of a resistance of 10 () an inductance of 100mH and a
capacitance of 10uF. If a voltage of 100V is applied across the combines find i) Resonance
frequency ii) Q-factor of the circuit and iii) Bandwidth iv) Half power points v) Power.

Given Data: To Find:

Connection = Series i) Resonance Frequency =?

Resistance (R) = 10Q ii) Q-Factor =?

Inductance (L) = 100mH = iii) Bandwidth =?

100x103

Capacitance (C) = 10uF = 10x10° iv) Half power frequencies

Voltage (V) = 100V v) Power consumed
Solution:

1
Resonance Frequency (F,) =
quency (Fr) - @
T 2x3.14VIC

2x 3.14\1/100)(10‘3 x 10x10-6

2x3.14x1x1073
159 Hz

Resonance Frequency (F;)
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Q- Factor = 1 E

R ,/C
1 [100x10-3
10 | 10x10-°

=1 100
T 10"

Q- Factor = 10

Half Power Frequencies:
R

T4mL
= 159

Lower cut-off frequencies (F1) = F

10
 4mx100x10-3

= 159-7.96
= 151 Hz

R
Upper cut-off frequencies (F;) = F.+-—
4mL

= 159 1 4 100x10=3
= 1159 + 7.96

= 167 Hz

Bandwidth = F,-F;
= 167 -151
= 16 Hz

Power (P) = VxIxCos6

_ \%
= 100 X—R x1
100
= 100 XW x1
= 100x10x1
P = 1000 Watts
Answer:
i) Resonance Frequency (F;) =159 Hz ii) Q-Factor =10
iii) Bandwidth =16 Hz iv) Half power frequencies:

F1=151Hz and F,=167Hz
v) Power (P) = 1000 Watts
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4.13 PARALLEL RESONANCE:

Consider a RLC circuit in which resistor, inductor and capacitor are connected in parallel to each
other. This parallel combination is supplied by voltage supply. In parallel resonance circuit, the voltage
across each element remains the same and the current gets divided in each component depending upon
the impedance of each component. The total current, Is drawn from the supply is equal to the vector sum of
the resistive, inductive and capacitive current.

g A
> L D
Y g \4 \a
L C
L A I _
Ve (™) R 2L —C

Consider coil of inductance L and a low resistance R shunted across a pure capacitor C.

Iy

A variable frequency is applied across the
circuit. At particular frequency, the reactive
component of the line current becomes zero.
This frequency is called resonant frequency.

Y When total current is in phase with supply
voltage parallel resonance is said to occur. This is
true, only if reactive component of inductive

branch current is equal to capacitive branch

L current.
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4.14 Q-factor:
At resonance, the current in the branches of the parallel circuit can be many times greater
than the supply current. The factor of magnification in the parallel circuit, is called as Q factor. It

is also called as the current magnification.
Current in the inductive or Capacitive branch

Q — Factor or Current Magnification = -
Current in supply at resonance

]

Q- Factor = TC
I—V—1V—2fV— Ccv
c = Xo X = (2.m.f.0).V= w.
V.V VCR
L= 7 T
CR
Ic
Q- Factor = T
Q-Factor = w.CV L 2mf,L
VCR =~ R R
L
Substi f 1
ubstitute, = —
° 2.m/LC
QF Fatt 2.1 L
- Factor |=""~—+—=—
2. m/LCR
1 L
~ RYLC
_ 14LYL
R VLC
1 |L
Q-Factor = — |—
R,|C

4.15 Condition for Parallel Resonance:
Reactive component of inductive branch current is equal to capacitive branch current.

4.16 Resonance Frequency:

Atresonance, I = I, Sin &,
\%
We, Know that, [ = —
Xc
I \%
L = 7L
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Sin®d, = —
1n @, ZL
v vV X
X I I
XpXe = 7.2
2.m.f..L ! 2
Theleoqpe T A
L
— = Z 2
C L
7, _ L
- C
L
RZ+ X2 = =
L C
2 2 L
R* + (2nf,L)s = C
) L
(2nf.L)* = c R?
1 R2?
2nf)? = —_
(2rtr) LC 12
2
2nf, = i_ R_
LC k2
2
Resonance Frequency: f. = L i_ R_
2nJLC 12

4.17 Impedance at Resonance:

The effective resistance of the RLC parallel circuit at resonance is called dynamic impedance or dynamic

resistance.
Atresonance, I} = I, Cos @,
We, Know that, [, = X
Ly
\%
IL - Z_L
R
Cosd, = Z_L
\% V R
L L L
1 R
. z?
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R
/
R

L

CR

The entire circuit behaves as a non-reactive resistor of L/CR ohms under resonance. The quantity L/CR

ohm is often called dynamic impedance or dynamic resistance.

4.18 Graphical Representation:
Line current Vs Frequency curve

i

Grionf. = 5
At parallel resonance, the line current I-is minimum and‘is given by:

" \'

r - Zr

L
Where, Z, = —
CR

The small current is only the amount needed to supply the resistance losses in the circuit.

4.18.1 Characteristics of Parallel Resonance:

Qurrent Wy Freguency v Admittance v Frequency

fr — f
Characteristic of Parallel Resonance
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4.19 Rejector circuit:

The lowest current from the source occurs at the resonant frequency of a parallel circuit

hence it is called a rejector circuit.

4.20 Properties of parallel resonance

1. Atresonance the net reactance is zero.

It magnifies current.

oA WN

At resonance the impedance is maximum
At resonance the current is minimum
At resonance the power factor of the circuit is unity

Line current is in phase with voltage

4.21 Comparison of Series and Parallel Resonant circuit:

Criterion for comparison

Series circuit

Parallel circuit

Impedance at resonance Minimum Maximum

Current at resonance Maximum Minimum

Effective impedance at resonance R L/CR

Resonant frequency (f;) 1 11 Rre
2. mVLC mlic” 2

It magnifies Voltage Current

Power factor at resonance 1 (unity) 1 (unity)

Q-factor oL/R ol/R

Other name Acceptor circuit Rejector circuit

4.22 Application of Resonance

1. Used in oscillator circuit to provide different frequencies.

2. Used in tuning circuit of Radio and TV to obtain the required station.
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Example: 6

A coil of 10 Ohms resistance and 0.1H inductance is connected in parallel with a capacitor
of 100mfd capacitance. Calculate the frequency at which the circuit will act as a non-
inductive resistance of R ohm. Find also the dynamic resistance.

Given Data: To Find:
Connection = Parallel Circuit i) Resonance Frequency =?
Resistance (R) = 10Q ii) Dynamic Resistance =?
Inductance (L) = 0.1H
Capacitance (C) = 100mfd = 100x10®
Solution:
1 1 R2

Resonance Frequency (F,) = — |[—_ _
y (£ 2 JLC 1?2

_ 1 1 102
2m 0.1x100x 1076 0.12

1
= — /100000 — 10000
2T
! 90000
2T
1
= — x300

2Tt
= 47.77 Hz

Resonance Frequency (Fr) = 47.77 Hz

L
Dynamic Resistance (Rp) = R
_ 0.1
~ 100x1076x 10
Dynamic Resistance (Rp) = 100 Q
Answer:
i)  Resonance Frequency (F;) =47.77Hz ii)  Dynamic Resistance (Rp) =100 Q
Example: 7

A coil of 20 Ohms resistance and 0.2H inductance is connected in parallel with a capacitor
of 100mfd capacitance. Calculate the frequency at which the circuit will act as a non-
inductive resistance of R ohm. Also find the dynamic resistance.

Given Data: To Find:
Connection = Parallel Circuit i) Resonance Frequency =?
Resistance (R) = 20Q ii) Dynamic Resistance =?
Inductance (L) = 0.2H
Capacitance (C) = 100mfd = 100x10°®
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Solution:

2
Resonance Frequency (F,) = 1 i_ R_

2m JLC 12

_ 1 1 202
2m [0.2x100x 1076 0.22

1
= — /50000 — 10000
2T

1
= — V40000
21
- 2 200
2m x
Resonance Frequency (F) = 31.84 Hz
. . L
Dynamic Resistance (Rp) = R

0.2
100x1076x 20
Dynamic Resistance (Rp) = 1000

Answer:
i) Resonance Frequency (Fy) =31.84Hz ii)s y Dynamic Resistance (Rp) =100 Q)

Example: 8

A parallel circuit consists of a 2.5uF capacitor and a coil whose resistance and inductance
are 15Q and 260mH respectively. Determine (i) Resonant frequency (ii) Q-Factor of the
circuit at resonance (iii) Dynamic resistance of the circuit.

Given Data: To Find:
Connection = Parallel Circuit i) Resonance Frequency =?
Resistance (R) = 15Q ii) Q-Factor =?
Inductance (L) = 260mH =260x103H iii) Dynamic Resistance =?
Capacitance (C) = 2.5 uf=2.5x10°F
Solution:
1 1 R2

Resonance Frequency (F; [
a y (F) 2t JLC L2

1 1 152
2m |260x1073x2.5x 1076 (260x 10~3)2

1
= — 1/1538461.5 — 3328.4
2T

. 1239
B 21'tX
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Resonance Frequency (Fr) = 197.3 Hz

1 |[L
Q- Factor = = e
_ 1 260x1073
15 . 2.5x10¢
1
= EXBZZ.S
Q- Factor = 21.49
L
Dynamic Resistance (Rp) = CR
260x 1073
T 25x10°6x15

Dynamic Resistance (Rp) = 6933 Q

Answer:
i) Resonance Frequency (F/) =197.3Hz ii) Q-Factor=21.49
iii) Dynamic Resistance (Rp) =6933 Q

Example: 9

A coil of resistance 12Q and inductance 0.12 H is connected in parallel with a 60uF capacitor
to a 100 Volt variable frequency supply. Calculate (i) the frequency at which the circuit will
act as a non-inductive resistor (ii) the value of dynamic impedance at resonance.

Given Data: To Find:
Connection = Parallel Circuit i) Resonance Frequency =?
Resistance (R) = 12Q ii) Dynamic Resistance =?
Inductance (L) = 0.12H
Capacitance (C) = 60mfd = 60x10°°F
Solution:
1 1 R?

Resonance Frequency (Fr) - | ——
2 LC L2

_ 1 1 122
2 0.12x 60 x 107©  0.122

1
= — /138889 — 10000
2T

-1 359
an

57.16 Hz

Resonance Frequency (Fr)
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L

Dynamic Resistance (Rp)

CR
_ 0.12
60x 107°x 12
Dynamic Resistance (Rp) = 167 Q
Answer:
i) Resonance Frequency (F;) =57.16Hz ii)  Dynamic Resistance (Rp) =167 Q)
Example: 10

An inductive circuit of resistance 2 Ohms and inductance of 0.01H is connected to a 250V,
50Hz supply. What capacitance placed in parallel will produce resonance? Find the total
current taken from the supply and the current in each branch circuits.

Given Data: To Find:
Connection = Parallel Circuit i) Capacitance =?
Resistance (R) = 20 ii) Total Current =?
Inductance (L) = 0.01H iii) Branch Current = ?
Voltage (V) = 250V
Frequency (F) = b50Hz

Solution:

1
Resonance Frequency (F,) = o ’ —
50 = L
2m 0.01xC 0012
50 = ! 40000
2 /0.0
50x2n = — 4
\/O.lec 0000
! 40000
(G0x2m? = jo1xc
1
98596 +40000 = 0.01x C
1
138596 = 0.01xC
1
C = 0.01x13859%
C = 721pF
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L

Dynamic Resistance (Rp) = CR

0.01

721x1076x 2
Dynamic Resistance (Rp) = 6.93Q

|4 250
Total Current (It) = Rp = %03 36 Amps
Branch Current:
Inductive Reactance (X.) = 2mFL
= 2x3.14x50x0.01
X, = 3.140Q
1
Capacitive Reactance (X¢) = m
_ 1
~ 2x3.14x50x721x 1076
Xc = 4420Q
vV
Current through coil = —
Zy
Impedance (Z) .= /RZ + X,
= /224 3.142
= 3.72Q
C tth h coil = V_25 = 67.2A
urrent through coil = Z, " 372 % mps
%4
Current through Capacitor = X_c
250
T 442
= 56.56 Amps
Answer:
i) Capacitance (C) =721 pF ii) Total Current (I) = 36 Amps
iii) Current through coil = 67.2Amps iv) Current through capacitor = 56.56A
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RESULT OF SIMULATION OF PROBLEMS IN UNIT IV

Problem : 2

Result of Simulation:

R L1 ﬁ
AN rren
_- 50 10mH ::'

1
Current H
\'J
T L
100 Vrms
1592 Hz
Problem: 3

Result of Simulation:

A" 32,
‘ 0.5H ]
40 20:28F
Current
\'J
T L
100 Vrms
50 Hz
Problem : 4
Result of Simulation:
R L1 Fn
AN Aidd
_- 100 20mH 3
0.5uF
Current
Vv
N A
200 Vrms
1592 Hz
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Problem :5

Result of Simulation:

R L1 ﬁ
AN ree
m 10Q 100mH "

10pF

Current

v
S
o/ —

100 Vrms
159 Hz

REVIEW QUESTIONS
UNIT : IV RESONANT CIRCUITS

PART - A : 2 Mark Questions

Lo N kR WN R

N NNPPRPRPRPRRRRRP R
N R O OVOOWNOOUDNWNIERO

N
w

24.
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What is resonance?

State the condition for resonance in R.L.C series circuit.

What is resonance frequency?

Write the expression for resonance freguency in R.LIC series circuit.
What is the power factor of the R.L.C series circuit at resonance?

What is meant by voltage magnification'in R.L.C series resonance circuit?
Define voltage magnification factor in R.L.C series resonance circuit.
Why the series resonance circuit is called as acceptor circuit?

Define Q - factor in series resonance.

. Write the expression for quality factor of a series RLC circuit.

. Define half power frequency.

. Define band width of an RLC series circuit.

. Write the expression for band width of an RLC series circuit.

. Define Selectivity.

. What are half power frequencies?

. Write the expression for lower cut off frequency.

. Write the expression for upper cut off frequency.

. Write the expression for resonance frequency in the circuit R.L parallel with C.
. Draw the frequency response of an RLC parallel circuit.

. Define Q factor in parallel resonance circuit.

. Write the expression for quality factor of a parallel RLC circuit.

. What is dynamic resistance? Write the expression for dynamic resistance of an RL circuit parallel

with C.

. Draw a curve showing the relationship between current and frequency in a parallel resonance

circuit.
Draw the curve for impedance versus frequency in parallel resonance circuit.
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PART - B : 3 Mark Questions

HwnNPRE

17.

18.

19.

20.

Draw the phasor diagram and state the condition for series resonance.

Derive an expression for resonance frequency in RLC series circuit.

Draw the frequency response of RLC series circuit.

Sketch the response of RLC series circuit and mark (i) Bandwidth (ii) Both cut off frequencies (iii)
resonance frequency.

Define Selectivity and state its importance

Define “Q” factor in series resonant circuit and derive its expression.

Define half power frequencies and band width.

Write the expression for half power frequencies of an RLC series circuit.

Write the properties of series resonance.

. Draw the frequency response of RLC parallel circuit.

. Draw the phasor diagram and state the condition for parallel resonance.

. Define “Q” factor in parallel resonant circuit and derive its expression.

. Define dynamic impedance and derive its expression for parallel resonance.

. Write the properties of parallel resonance.

. A circuit has the resonant frequency of 60Hz and lower half power frequency of 40 Hz. What is the

band width?

. A coil having an inductance of 0.5mH and resistance 10Q) is connected in series with 10uF capacitor

across a 200V AC supply. Calculate the resonance frequency of the circuit.

A coil having an inductance of 50mH and resistance 10Q is connected in series with 25uF capacitor
across a 200V'AC supply. Calculate the resonance frequency of the circuit.

A coil having an‘inductance of 5Hand resistance 90Q) is connetted-in series'with 100uF capacitor
across a 10V AC supply. Calculate the Q factor.

An RLC series circuit consists of Resistance of 16 Q, an inductance of 5mH and capacitance of 2 uF.
Calculate the quality factor.

Parallel circuit consists of a coil of 50mH and 0.01uF capacitor are connected across a 100V AC
supply. Calculate the resonance frequency of the circuit.

PART - C : 10 Mark Questions

M SCHEME_33031 COURSE MATERIAL

What is resonance frequency. Derive the expression to find the resonance frequency in series RLC
circuit.
Compare series and parallel resonance.
Define the following terms:
(i) Q- factor (ii) selectivity (iii) half power frequency (iv) band width.
Derive the expression to find the resonance frequency in parallel RLC circuit.
Define quality factor. Derive the expression to find the quality factor in parallel resonance circuit.
A series RLC circuit consists of R=5Q, L=40mH and C = 1pF. Calculate the Resonance frequency, Q
factor, Bandwidth and half power frequencies.
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7. A series RLC circuit consists of R=100Q), L=10mH and C = 1uF is connected to a 20V a.c supply. Find
the the Resonance frequency, Q factor, Bandwidth and half power frequencies.

8. An inductive coil having a resistance of 20Q and an inductance of 0.02H is connected in series with
0.01pF capacitor. Calculate (q) Q —Factor (b) Resonant frequency and (c) Bandwidth.

9. Aseries RLC circuit has an impedance of 40 Q at a frequency of 200rad/sec. When the circuit is made
to resonate by connecting a 10V source of variable frequency the current at resonance is 0.5A and
the quality factor at resonance is 10. Determine the circuit parameters.

10. A series circuit consists of a 10Q resistor, a 30 mH inductor and a 1 uF capacitor, and is supplied from
a 10V variable-frequency source. Find the frequency for which the voltage developed across the
capacitor is a maximum and calculate the magnitude of this voltage.

11. A coil of 5 Q resistance and 15mH inductance is connected in parallel with a capacitor of 160 pF.
Calculate the frequency at which resonance occurs. Also calculate the dynamic impedance of the
circuit.

12. A coil of 1 kQ resistance and 0.15 H inductance is connected in parallel with a variable capacitor across
a 2.0V, 10 kHz a.c. supply. Calculate:(a) the capacitance of the capacitor when the supply current is
minimum; (b) the effective impedance Zr of the network at resonance; (c) the supply current.

13. A coil of resistance/1Q and inductance 0.12 H is connected'in parallel with a 60uF capacitor to a 100V
variable-frequency supply. Calculate the frequency at which the circuit will behave as a non-reactive
resistor, and also the value of the dynamic impedance.
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[ UNIT V - THREE PHASE CIRCUITS ]

Syllabus:

Three phase systems-phase sequence — necessity of three phase system — concept of balanced
and unbalanced load - balanced star & delta connected loads — relation between line and
phase voltages and currents — phasor diagram — three phase power and power factor
measurement by single wattmeter and two wattmeter methods — Problems in all above topics.

5.1 Three Phase Systems:

In general, generation, transmission and distribution of electrical energy are in three phase.
Three phase system can be viewed as the combination of three single phase systems with a phase
difference of 120° between each winding. Hence, a three phase generating system is formed by
three separate windings with 120° phase difference between them. As the windings are made to
rotate in a common magnetic field in a three phase generator, three voltages of the same
magnitude and frequency but 120° phase difference between each other are produced. The
convention adopted to identify each of the phase voltages is: R-red, Y-yellow, and B-blue.

Consider three coils RR1, YY1 and' BB; placed inja magnetic field of maximum value of flux
Om Weber is shown in'figure/(i). Let/all the coils rotate in the anticlockwise direction at an angular

velocity w.
Fig. (i} Generation of three phase emf Fig. (i} waveform of hduced emf
T
F.

N

x@\(
L2

Ry

6/,—-
B

According to Faradays law of electromagnetic induction, emfs are induced in the coils RRj,
YY1 and BB1. The induced emf in coil YY1 lags behind the induced emf in coil RR1 by 120° and the
induced emf in coil BB1 lags behind that in coil by 240°.

All the three induced emfs have the same amplitude, same period and frequency. Thus,
the above sets of voltages are called three phase-balanced system of voltages. The waveforms
of the induced voltages are shown in figure.
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5.1.1 Expressions for Voltage and Current in a three phase system:

Er=Em sinwt
Ev= Em sin(wt-120°)
Es = Em sin(®t-240°)

5.1.1 Expressions for Voltage and Current in a three phase system:

[r=Im sinomt
ly = Im sin(®t-120°)
lg = Im sin(®t-240°)

5.2 Necessity of Three Phase system:

For resistive loads (Lamps and Heater etc.,) single phase supply works satisfactorily.
However, when a.c motors were developed, it was found that the single phase a.c supply did not
work properly as it was not able to produce the starting torque. Hence three phase system is
necessary to power large motors and other heavy loads. A three-phase system is usually more
economical than an equivalent single-phase at the same line to ground voltage because it uses
less conductor matetrial to transmit/three phase electricalpower.

5.2.1 Advantages of three phase system:

The three phase system has the following advantages compared to a single phase system:

i)  The amount of copper or aluminium wires required to transfer the given amount of power
is minimum in a three phase system than that is required in a single phase system.

ii) A 3 phase machine gives more output compared to a single phase machine of the same size.

iii) Three phase motors have uniform torque whereas most of the single phase motors have
pulsating torque.

iv) A three phase motor produces more torque as compared to a single phase motor.

v) Domestic power and industrial or commercial power can be supplied from the same source.

vi) Three phase motors are self-starting whereas single phase induction motors are not.

vii) In three phase system has better voltage regulation.

viii) Three phase machines have better power factor and efficiency.

ix) Generation, transmission and utilisation of power is more economical in three phase systems
compared to single phase system.

X) In athree phase system power never falls to zero.
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5.3 Terms and Definition:
5.3.1 Phasor Representation:

Fig. (jiiy Phasor Representation Let the emf induced in R phase, Eg
Eg=Em be taken as reference. Ey lags ER by 120°
and Es lags ER by 240°. The three

phasors are represented in figure (iii).

5.3.2 Phase sequence:

In three phase system the order in which the three phase emfs or currents attain their
maximum value is called Phase Sequence. The three phases are generally represented as R (Red),
Y (Yellow) and B (Blue).

5.3.3 Positive sequence:

If the phase sequence is given as RYB then the
convention is R phaserreaches its maximum value first, Y

phase follows ‘R"and ‘B" phase'follows Y.in reaching the \ éj
12[]

maximum value. The RYB sequence in the anticlockwise

anticlockwise

direction defines the positive sequence. 120°(}3 >
/ 120° R
/f
v/
5.3.4 Negative sequence:
A three-phase system in which the voltages and Y sitclbekwe
currents in each of the three phases reach their
maximum values in the reverse order to conventional é} RBY
phase sequence, ie R,BY as opposed to R, Y,B is called as
negative sequence. g i .
120° R
B
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http://thesciencedictionary.org/three-phase/
http://thesciencedictionary.org/sequence/

5.3.5 Phase voltage:

The voltage between one of the phase terminal and the neutral terminal is known as phase
voltage and is represented by Vph.

V
BN Van - P.D between ‘R’ phase and Neutral
Vyy - P.D between 'Y’ phase and Neutral
Vgy - P.D between ‘B’ phase and Neutral
120°
120° >
120° VRN

VYN

Vrn, Vyn and Ven are the phase voltages.

5.3.6 Line voltage:

A line voltage is the phasor difference between the.appropriate pair of phase voltage. Thus
Vry is the phasor difference between Vgn and Vyn.

(or)

The voltage between any two phase terminals of a three phase system is known as line
voltage and is represented by V..

Van Vi . Vey

VRN
Vgy - Line voltage between ‘R’ phase and ‘Y’ Phase

Van, Vyn, Vey - Phase Voltage
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5.3.7 Phase current:

The current flowing through any one of the phase windings of the system is called phase
current and is denoted by Iph

5.3.8 Line current:

Line current means the current flowing through the AC supply lines and it is denoted by I,
5.4 Concept of balanced and unbalanced load:
5.4.1 Balanced load:

The balanced load is a load in which each phase have identical impedances. i.e each
impedance has the same magnitude and phase angle. Hence each impedances draws equal
current and power factor.

5.42 Unbalanced load:

The unbalanced load is a load in which each phase have unequal impedances. i.e each
impedance has the different magnitude and phase angle. Hence each impedances draws unequal
current and power factor.

5.5 Methods of three phase connection:

In a three phase alternator, there are three independent phase windings or coils. Each
phase or coil has two terminals, viz start and finish. The coil ends are interconnected to form a
star (Y) or delta (A) connected three phase system.

5.5.1 Star or Why (Y) connection:

R 7

IIIIII.L
¥ v
E.-
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In star connection, similar ends of the three phase windings are jointed together within the
alternator and three lines are run from the other free ends as shown in fig. The common terminal
so farmed is referred as Neutral point (N) or Neutral terminal. The terminals R, Y and B are called
the line terminals. The voltage between any line and neutral point is called the phase voltage (Vrn,
Vyn and Ven), while the voltage between any two lines is called line voltage (Vry, Vys and Vgr). The
current flowing through the phases are called the phase currents, while those flowing in the lines
are called the line currents.

5.5.2 Delta (A) connection:

|IL

e
Vi

Y —T—p
B* >

If the start end of one winding is connected to the finish end of the next, and so on until all
three windings are interconnected, the result is the delta or mesh connection. Hence in delta
connection, dissimilar ends of the phases are jointed to each other to form a closed mesh. Here
there is no common terminal. Hence only three line voltages (Vry, Vys and VgRr) are available.

5.6 Relationship between line current and phase current, line voltage and phase voltage in a
star connected system.

In star connection, the three phases are joined together to form a common junction N. N is
the star point or neutral point. When three phases supply feeds a balanced load, the current in
three phase conductors will be equal in magnitude and displaced 120° from each other.
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Line 1

Ling 3

Phasor Diagram

Line Voltage and Phase Voltage:

The potential difference between any two line terminals is the phasor difference between

the potentials of these terminals w.r.t neutral point.
Ven = Vyn = Vegny = Vpp, 5 Phase Voltage
Vay = Vyg = Vg =V, || ; Line Voltage
P.D betweenlinesRandY: Vry = Vgn+ Vny = Vany — Vyn
P.D betweenlinesYand B: Vyg = Vyy+ Vyg = Vyn — Vin
P.D between lines B and R: VBr = Ven+ Var = Ven — Vrn
From Phasor Diagram: VrRy = VRn — W

Vry = 2xV,, x Cos 30°

V3
VRY = 2X Vph X 7
VRY = \/:)_) X Vph
Slmllarly VYB = VYN - VBN = \/ngph

Ver = Ven — VRn = \/§XVph
VRY = VYB = VBR = VL ;Line VOltage

Hence in star connection, V, = V3x Von
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Line Current Vs Phase Current:

It is seen from Fig. the line current in each line is the same as the current in the phase
winding to which the line is connected.

Currentinline 1 =Ig
Currentinline2 =1y
Currentinline3 =1g
Since lr=Ily=1Ig=1pn  ; Phase Current
Line Current = Phase Current
IL = lpn
Power:
Total Power = Sum of three phase powers

Total power = 3 x Phase Power

P =3 x Vpp [pn Cos @

Vi,
Vph = ﬁ and VL, = \/ngph
Von = 7¢ andl = I

%
Total Power = P = 3x T§ x Iy, x Cos ¢

P =+3x VL, xI  xCos @

5.7 Relationship between line current and phase current, line voltage and phase voltage in a

delta connected system.

In delta connection, the three windings are joined in series to form a closed mesh as shown
in fig. If the system is balanced then sum of the three voltages around the closed mesh is zero. It

has no common point.

Line Voltage and Phase Voltage:

In delta connection, Line voltage is equal to phase voltage.
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Vry = Vyg = Ver = VL = Line Voltage

Ven = Vyn = Ven = Vph = Phase Voltage

Line Voltage

VL = Vph

(IR_ IB)

Phase Voltage

AT

Line Current and Phase Current:

The current in any line is equal to the phasor difference between the potentials of currents in the

two phases attached to that lines.

Current in line 1: I = Igy — Igr
Current in line 2: Iy = Iyg — Iry
Current in line 3: Ig = Igp — Iyr

From Phasor Diagram:

M SCHEME_33031 COURSE MATERIAL

Ig = Igy — Ipr

[g = 2x Iy, x Cos 30°

I = 2xI —
R XphXZ

I = V3xIpp
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Similarly
Iy = Iyp — Iry = V3xIpy

Ig=Igr — Iyr = \/§leh
I = Iy=Ig =1, ;Line Current
Hence in delta connection, I, = V3x Ion
Power:
Total Power = Sum of three phase powers
Total power = 3 x Phase Power

P =3 xVpy, [pn Cos @

I
Substitue Iy = \/_% and Vp, = Vi,
—p — L
Total Power = P = 3x V. x 7 x Cos @

P = vV3x V, xI xCos @

5.71 Advantages of star connection:

i) Instar connection, phase voltage Vph=V|/V3. Hence a star connected alternator will require
less number of turns than a A - connected alternator for the same line voltage.

ii) For the same line voltage, a star connected alternator requires less insulation than a delta
connected alternator

iii) In star connection, we can get 3-phase 4-wire system. This permits to use two voltages
viz., phase voltages as well as line voltages.

iv) Single phase loads can be connected between any one line and neutral wire while the 3-
phase loads can be put across the three lines. Such flexibility is not available in A -
connection.

v) In star connection, the neutral point can be earthed.

5.72 Advantages of delta connection:

1. Most of 3- phase induction motors are delta connected.
2. Delta connection is most suitable for rotary convertors.
3. High Reliability

M SCHEME_33031 COURSE MATERIAL 232

www.binils.com
Anna University, Polytechnic & Schools



5.73 Floating neutral point:
The isolated neutral (star) point of a load is called floating neutral point.
5.8 Power Measurement by single wattmeter method:

This method can be only used for balanced three phase load. Wattmeter must be
connected in such a way that its current coil must carry lpn and its voltage coil must be Vpn. When
the load is balanced, total power can be calculated as :

P =3 Vpnlph Cos ¢
P =3 x Wattmeter reading

Hence one wattmeter is to be used to measure single phase power and then reading is to be
multiplied by 3.

5.9 Power Measurement by two wattmeter method:

The connection diagram (a) and/phasor diagram (b) for.a three phase balanced load is shown
in figure. The three phase voltages Vrn, Vyn and Ve displaced by an angle of 120° are shown in
phasor diagram. The phase currents lags behind their respective phase voltage by an angle ®.

Reading of Wattmeter Wi :

Current through current coil of W1 =Ir
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P.D across potential coil of W1 = VRgy
VRy = Ven - Vi
From phasor diagram, phase angle between Vgry and Iz is (30° +®)
W1 =Vgy. Ir.Cos (30° +®) ....... (1)
Reading of Wattmeter W.:
Current through current coil of W, =1g
P.D across potential coil of W> = Vpy
Vey = Ven - Vyn
From phasor diagram, phase angle between Vgy and Iz is (30° - @)
W; = Vay. Is. Cos (30° - D) ....... (2)
Since the load is balanced
Vry = Vgy = Line Voltage (Vi) and
Ig/ =/ Ig/ =/Line Current (Iy)
From equ. (1) and (2)
Wi1=V.. I .Cos (30" +D)

W32 =V,. I .Cos (30° - D)

W1+ W;2=VL.I..Cos (30°+®) + V..l .Cos(30°-®)

Wi+W;=V.Il..(2Cos30°+Cos D)
Wi+ W, = VL.|L.(2X§ XCOS(D)

Wi+ Wz= /3 V.. I.Cos®
Wi + W = Total Power in the 3 phase load.
Now

W3- W1 =[VL. Il Cos (30°-®)-V..Il Cos (30° +D)]
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W - W1 =V,. I [Cos 30° Cos @ + Sin 30° Sin @) —
(Cos 30° Cos @ — Sin 30° Sin @)]
Wa-Wi=V,.I..(2.Sin30° Sin ®)
Wo-Wi=VL.IL.Sin®
Power Factor:
W2 +Wi= V3 V.. I.Cos ®

Wy-Wi=V..IL .SinCD

Wz — Wl _ VL ILSln®
W+ Wy V3V, I, Cos®

W, — W; tan@
W, + W; V3

W, - W

tan@ = \/§{W W
2 1

}

W, — W
— —1 2 1
¢ =tan \/§{W——2 i W1}

Advantages of two wattmeter method:

i) Access to the star point is not necessary

ii) The power dissipated in both balanced and unbalanced load is obtained, without any
modification to the connections.

iii) For balanced loads, the power factor can be determined.

5.10 Effects of Load P.F on Wattmeter Readings:

) 0’ 60° More than | 90°
60°

Cos 0 1 0.5 <0.5 0

W; Positive Positive Positive Positive

W1 Positive 0 Negative Negative

Conclusion | W1=W; Wi1=0 W, > W, W2 =-W;
Total Power | Total Power | Total Power | Total Power
=Wy +W> =W, =W,-W; =0
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5.11 3 phase, 4 wire star connected system:

Red Line

L 3

LUrN

Meutral

b 4

Len

Blue Line

Yellow Line

The three phase loads are directly connected across the three lines while single phase
loads are connected between one of the lines and the neutral wire. Three phase loads are mostly
balanced and the single phase loads introduces the imbalance or unbalance.

If the load is unbalanced, then the three lines currents will be unequal. Consequently the
line currents I, Iv.and lg will be different in magnitude and displaced from one another by unequal
angles. In this case the neutral has'to carry the resulting out-of-balance current. This current is
simply obtained by calculating the phasor sum of the line currents.

Current in neutral wire, IN=Ir+ Iy + I
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Example:

1

A balanced delta connected load of (8+j6) ohms per phase is connected to a 3 phase 230V
supply. Find the line current, power factor, power and total volt ampere.

Given Data:
Connection
Resistance (Rpn)
Inductive Reactance (Xiph)
Line Voltage

Solution:

M SCHEME_33031 COURSE MATERIAL

Impedance (Zpp)

Impedance (Zpy)

Impedance (Zy)

Phase Current (Ipp)

Phase Voltagen(Vin)

Phase Current (Ipp)

Ion

Line Current (I.)

IL

Power Factor (Cos 0)

Power (P)

Volt -Ampere (VA)

To Find:
DELTA Line Current (I.) =?
80 Power Factor (Cos 8) = ?
6 Q) Power (P) =7
230 Volts Volt-Ampere (VA) =?

= Rpn2 + Xppn~ Q
= J8zte2

= 64 +36

= /100

= 100

Von

Zph

= VL =230V~ [~ Delta Connection]

Von _ 230

= —=—=23A

Zpn 10

= 23A

= VBlIp
= 3x23=3984A
= 39.84A

= 3V I, Cosb
= 1/3x230x39.84x0.8
= 12696.5 Watts

= \/§VL IL
= +/3x230x39.84
= 15870.6 VA
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Example: 2

Each branch of a delta connected load has an impedance of (16+j12) Q. Calculate the line
current and total power when connected to a 400V, 3 phase 50Hz mains.

Given Data:
Connection
Resistance (Rpn)
Inductive Reactance (Xiph)
Line Voltage (V1)
Frequency (F)

Solution:

Impedance (Zy)

Impedance (Zpp)

Impedance (Zy)

Phase Current (I,p)

PhaseVoltage (Vyn)

Phase Current (I Yon _ 200 o0a
ase Current (Ip,p) = Zon =50 =
Ioh = 20A
Line Current (I.) = \/glph
= V3x20=34.64A
I, = 3464A
o Rph 16 08
Power Factor (Cos 0) = Zon =50-0
Power (P) = V3 VLI, Cos 6
= V3x400x34.64x0.8
— 19198.8 Watts
Answer:
i) LineCurrent(ll) =34.64A i) Power =19198.8 Watts
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To Find:
DELTA Line Current (I.) =?
16 Q Power (P) =7

12 Q)
400 Volts
50Hz

2
= /Rphz + Xppn Q
= 162 + 122
= /256 + 144

= V400
— 200

Voh

Zph

= »Vp.=400V | ([ Delta Connéction]
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Example: 3

A balanced three phase load consists of three coils each of resistance 6 2 and an inductive
reactance of 8 () . Determine the line current and power absorbed when the coils are delta
connected across a 400V 3 phase supply.

Given Data: To Find:
Connection = DELTA i) Line Current (I.) = ?
Resistance (Rpn) = 60 i) Power (P) =7
Inductive Reactance (Xiph) 80
Line Voltage (V1) 400 Volts

Solution:

Impedance (Zpy,) /RphZ + XLphz Q
Impedance (Zpp) V6% + 82
V36 + 64
V100
Impedance (Zpy) 100
Von
Phase Current (I,p) —
Zpn
PhaseVoltage (V,n) Vi =400V | [~ Delta Connection]
Phase Current (I Von _ 200 _ 404
ase Current (Ipp) Zon =10 =
Iph 40A
Line Current (1) V3 Ioh
V3x40 = 69.28 A
I 69.28 A
0 Ron_ 0 _ 6
Power Factor (Cos 0) Zon 10 =0.

Power (P)

Answer:
i) Line Current (I.)

=69.28 A

V3V, I, Cos 6
V3 x400x69.28x 0.6
28798.3 Watts

ii) Power

=28798.3 Watts
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Example: 4

A load in each branch of delta connected balanced 3 phase circuit consists of an inductance
of 0.0318H in series with a resistance of 10 Ohms. The line voltage is 400V at 50Hz. Calculate

(i) the line current and (ii) the total power in the circuit

Given Data:
Connection
Resistance (Rpn)
Inductance (Lpn)
Line Voltage (V1)
Frequency (F)

Solution:

Inductive Reactance (Xiph)

XLph
Impedance (Zpp)

Impedance (Zy)

Impedance/(Zpn)

Phase Current (I,p)

Phase Voltage (Vyn)

Phase Current (I,p)
Ion

Line Current (1)

IL
Power Factor (Cos 0)

Power (P)

Answer: i) Line Current (I.) =48.98A
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To Find:
DELTA i)
10 Q i)
0.0318 H
400 Volts
50 Hz

Power (P) =7

2mnfL ; Q
2x3.14x50x0.0318 ; Q
9.980=100Q

[Rpn? + Xppn” 0
J102 + 102
V100 + 100 = v200
1414

Voh
Zpn
Vi, =400V [+ Delta Connection]

Vo _ 400 _ 0 8a
Zon 1414 77

28.28A

V3 Ipn
V3x28.28 = 4898 A
48.98 A

R 10
e LV
Zon  14.14

\/§VL IL COS 9
V3 x400x48.98x0.7

23753.3 Watts
ii) Power =23753.3 Watts
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Example: 5
Three similar coils each having a resistance of 15Q and inductance of 0.5 H are connected
in delta to a three phase 415V, 50Hz supply. Find the i) Line Current ii) P.F and iii) Power.

Given Data: To Find:
Connection = DELTA i) LineCurrent (I)=7?
Resistance (Rpn) = 150 ii) Power Factor (Cos 0) =7
Inductive Reactance (Xiph) = O05H iii) Power (P)="
Line Voltage (V1) 415 Volts
Frequency (F) 50 Hz
Solution:
Inductive Reactance (Xiph) 2mfL ; Q
2x3.14x50x0.5; Q
Xiph 157 Q
Impedance (Zpp) /RphZ + XLph2 Q
Impedance (Zy) /152 + 1572

Impedance (Zpp)

Phase Current (I,,)

Phase Voltage (Vyn)

V225 + 24649 = V24874
157.7%

Von

Zpn

Vi, = 415V [+ Delta Connection]

Phase Current (I Yo o 15 o 63a
ase Current (Ip) Zon = Tg77 = %
Ion 2.63 A
Line Current (1) V3 Ioh
V3x2.63 =456A
I 456 A
Rpn 15 0.09
Power Factor (Cos 0) Zon = 1577
Power (P) V3V, I, Cos 6
V3 x415x4.56 x 0.09
295 Watts
Answer:
i) Line Current (I.) =4.56A ii) P.F =0.09 iii) Power =295 Watts
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Example: 6

A balanced star connected load of (8+j6) ohms per phase is connected to a 3 phase 230V
supply. Find the line current, power factor, power and total volt ampere.

Given Data: To Find:
Connection STAR Line Current (I.) = ?
Resistance (Rpn) 81 Power Factor (Cos 8) = ?
Inductive Reactance (Xiph) 6 Q) Power (P) =7
Line Voltage 230 Volts Volt-Ampere (VA) = ?
Solution:
Impedance (Zyy) /RphZ + XLphz Q
Impedance (Zpy) /82 + 62
V64 + 36
v100
Impedance (Zpy,) 100
VL, .
Phase Voltage (Vpn) ﬁ [+ Star Connection]
23
Phase Voltage (Vyn) ﬁ =132.8V
Phase Current (I Yon _ 13280 o6a
ase Current (Ipp) Zon =5 =13
Lon 13.28A
Line Current (I.) I,bh = 13.28A [+ Star Connection]
I, 13.28 A
R

Power Factor (Cos 0)

Power (P)

ph 8
Pho — _ o8l
Zon 10 8

V3V, I, Cos 6
V3x230x13.28x0.8

4232 Watts
Volt ~-Ampere (VA) V3V I
V3 x230x39.84
5290 VA
Answer:
i) LineCurrent(l.)) =13.28A ii) Power Factor =0.8
iii) Power = 4232 Watts iv) Volt Ampere =5290 VA
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Example: 7

Each phase of a 3 phase wye connected load has an impedance of (100 — j120)Q. It is
connected to 440V, 3 phase, 50Hz supply. Calculate the line current and power factor.

Given Data:
Connection
Resistance (Rpn)
Inductive Reactance (Xiph)
Line Voltage (V1)
Frequency (F)

Solution:

Impedance (Zpy)

Impedance (Zpy)

Impedance (Zpy)

Phase Voltage (Vpn)

Phase Voltage (Vpn)

Phase Current (I,)
Ion
Line Current (1)

I,
Power Factor (Cos 6)

Power (P)

Answer:
i) Line Current (I.)
iii) Power
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=1.63A ii)
=795 Watts

To Find:
STAR (Y) Line Current (I.) = ?
100 Q Power factor (Cos 6) = ?
120 Q
440 Volts
50Hz

2
/Rph2 + Xpph Q
V1002 + 1202

v/10000 + 14400

V24400
156.20Q

Vi, :
— [+ Star Connection]

Ibh = 1.63A [+ Star Connection]

1.63 A

Rpn _ 100 _ 1 64 Lead
—=——==0. ea
Zon 1562
\/§VLILCOSB

V3 x440x1.63 x0.64

795 Watts

Power Factor =0.64
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Example: 8

Three similar coils each having a resistance of 20Q and reactance of 15Q are connected in
star to a three phase 400V, 50Hz supply. Determine the i) Phase current ii) Line Current c)
Power factor and d) Total power.

Given Data: To Find:
Connection = STAR Phase Current (lph) = ?
Resistance (Rpn) = 200 Line Current (I.) =?
Inductive Reactance (Xiph) = 150 Power Factor (Cos ) =?
Line Voltage (V1) = 400 Volts Power (P) =7
Frequency (F) = B50Hz

Solution:

Impedance (Z,,) = mﬂ

Impedance (Z,n) = /202 + 152

= 400 + 225
= V625
Impedance (Zp,) = 250
VL .
Phase Voltage (Vpn) = V_g [*-IStar Connection]
PhaseVoltage (V,n) 2007 o31v
ase Voltage £ = Bs
g ph \/§
Phase Current (I Yo _ B oan
ase Current (I,p) = Zon =5 =9
lbn = 9.24A
Line Current (I.) = Iy = 9.24A [+ Star Connection]
I, = 9.24A
Rpn 20
Power Factor (Cos0) = -—= --=0.8Lag
Zon 25
Power (P) = +/3V_I, Cos®
= /3x400x9.24x0.8
= 5121 Watts
Answer:
i) Line Current (I.) =9.24 A ii) Power Factor =0.8
iii) Power =5121 Watts
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Example: 9

Three identical impedances are connected in delta to a 3 phase 400V supply. The line
current is 34.65A and the total power taken from the supply is 14.4KW. Calculate the
resistance and reactance values of each impedance.

Given Data:
Connection
Line Current (I.)
Total Power (P)
Line Voltage (V1)

Solution:

Phase Current (Ipn)

Phase Voltage (Vpn)

Impedance (Zpy,)

Zoh

Power (P)

Cos 06

Cos 0
Cos O

Rpn

Resistance (Rpp)
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To Find:

DELTA Resistance (Rpn) = ?
34.65 A Reactance (Xpn) = ?
14.4 KW

400 Volts

L [ Delta C tion]
— ~» Delta Connection

V3

34.65 [+ Delta C tion]
—_— *+ Delta Connection
V3

20A

VL, = 400V [+ Delta Connection]
Von

Ioh

400 - Dae

20 |

V3V, I, Cos 6

P
V3 VLI,
14.4x 103

V3 x 400 x 34.65

14400
24005.5

0.6

-

ph

Zpn
Zon xCos B

20x0.6

120
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Impedance (Zpy)

Reactance (Xpp)

Xph
Answer:
i) Resistance (R,p)

Example: 10

Three similar coils are connected in star taken at a total power of 1.5KW at a P.F of 0.2
lagging from a 3 phase 400V, 50Hz supply. Calculate the resistance and inductance of each

phase.

Given Data:
Connection
Total Power (P)
Power Factor (Cos 0)
Line Voltage (Vi)
Frequency (F)

Solution:

Power (P)

Line Current (I})

IL

Phase Voltage (Vyn)

=120 ii)

2
/Rph2+XLp,1 Q

2
/zphz—-Rph

202 — 122
V400 — 144
16 Q

Reactance (X,,) =16 Q

To Find:
STAR Resistance (Rpn) = ?
1.5 KW Inductance (Lpn) = ?
0:2
400 Volts
50'Hz

\/§VL IL Cos ©
P

V3 V;, Cos @

1.5x 103
V3 x400x0.2
1500
138.56

10.8A

Vi
V3

[+ Star Connection]

199 _ 231 vole
—_ = olts
V3

231 Volts

[+ Star Connection]
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Impedance (Zpp)

Impedance (Zpp)

Cos O

Rpn

Resistance (Rpp)

Impedance (Zyy)

Reactance (Xpp)

Inductive Reactance (Xipn)

Answer:

i)

Example: 11
Three similar resistors are connected in star across 400V, 3 phase supply. The line current
is 5A. Calculate the value of each resistor. To what value should the line voltage be changed

Inductance (Lph)

Lph

Resistance (R,p)

Von

Iph
231—2139
108

2130

Rph

Zoh
Zpn x Cos B

21.3x0.2
4.265)

2
/Rph2+XLph Q

2 2
Zpn”™ — Rpn

V21.3%2 — 4.262

v453.7 —18.15

20.87 Q

2nfL ; Q
XL,
2mf
20.87
2xmx50

0.06H

=4.260Q ii)

Inductance (L) = 0.06 Q

to obtain the same line current with the resistors are in delta connected?

Given Data:

Connection
Line Voltage (V1)
Line Current (IL)
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STAR To DELTA

400 Volts
5 Amps

To Find:
Line Voltage (Vi) =7?
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Solution:

Phase Current (In) = I = 5A [+ Star Connection]
Vi
Phase Voltage (Vpn) = L [+ Star Connection]
V3
200 231 Volt [+ Star C tion]
= —= olts *+ Star Connection
V3
Ven — 231 Volts
Impedance (Zp,) = Resistance (Rpn)
V,
Impedance (Zp,) = b
Ioh
231
Zoh = — =46.20
5
= 46.20Q
Impedance (Zp,) = 46.20Q
Impedance (Zp,) = Resistance (Rpn)

If same resistors are connected in delta

Phase Voltage (Vpn) /= _ V. /= 400V [ Delta Gonnection]
Vph = Iph X th
I,
= —x46.2
V3
> 46.2
= —x46.
V3
= 133.34V
Phase Voltage (Vo) = 133.34V
Line Voltage (V;) = 133.34V
Answer:
i) Resistance (R,,) =4.26Q ii)  Inductance (L,p) =0.06 Q

iii) Line Voltage (Vi) = 133.34V
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Example: 12

A balanced three phase star connected load of 150KW takes a leading current of 100A with

a line voltage of 1100V, 50Hz. Find the circuit constants of the load per phase.

Given Data:
Connection
Line Current (I.)
Total Power (P)
Line Voltage (V1)

Solution:
Phase Current (Ipn)

Iph

Phase Voltage (Vpn)

Impedance (Zpy,)

Zph

Power (P)

Cos 0

Cos 0

Cos 0O

Rpn

Resistance (Rpp)
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To Find:
STAR Resistance (Rpn) = ?
100 A Reactance (Xpn) = ?
150 KW
1100 Volts

I, = 100A
100 A

[+ Star Connection]

Vi,
V3

1100
—— =635 Volts

V3
635 Volts

[+ Star Connection]

[+ Star Connection]

Vbh
Iph
635

—— =6.350
o0 = 635

V3V, I, Cos 6
P

V3 V1,
150 x 103
V3 x1100x 100
150 x 103
190520

0.79

Rpn

Zoh
Zpn x Cos ©

6.35x0.79
50
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Impedance (Zpy)

Reactance (Xpp)

Xph

Capacitive Reactance (Xcph)

Capacitance (Cpn)

Cph
Answer:
i) Resistance (R,p)

Example: 13

A balanced connecteditora three phase-supply-comprises, three-identical-coils in star. The
line current is 25 Amps. KVA input'is 20 and KW inputlis, 11 Find KVAR input, phase voltage,

2
/Rphza-prh 0

2
/zphz—-Rph

V6.352 — 52
V403 —25 =4+/15.3

3940

21TfXC
1

2xmx50x3.9
812 MFD

=50 ii) Capacitance (C) =812 MFD

line voltage, resistance and reactance of each coil of the load.

Given Data:
Connection
Line Current (I.)
KW
KVA

Solution:
KVA

KVAR

Reactance (Xpph)

KVAR

KVA
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To Find:
STAR Resistance (Rpn) = ?
25A Reactance (Xph) = ?
11
20

VKW?2 + KVAR?2

VKVAZ —KwW2?
202 — 112
V400 — 121
V279 =16.7
16.7
V3 VLI,
1000
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Line Voltage (VL)

Phase Voltage (Vpn)

Vph

Phase Current (Ipn)

Iph
Impedance (Zpy,)

Zoh

Cos O

Cos 0

Cos©

Rpn

Resistance (Rpp)

Reactance (Xpph)

Xph
Answer:
i) Resistance (R,p)

M SCHEME_33031 COURSE MATERIAL

=5.86 Q ii)

KVA x 1000
V3 vy

20x 1000
V3 1

20x1000
V3 x 25
461.89 Volts

Vi

V3
461.89

V3
266.6 Volts

[+ Star Connection]

= 266.6 Volts [+ Star Connection]

I, = 25A
25 A

[+ Star Connection]

KVA

20
0.55

Rpn

Zoh
Zon xCos B
10.67 x 0.55

5.86 ()

2 2
Zon”™ — Rpn

Vv10.672 — 5.86%

\V113.8 — 34.3
8.9 Q0

=+/79.5

Reactance (X,,) =8.9Q
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Example: 14
A 440V, three phase delta connected induction motor has an output of 14.92KW at p.f of
0.82 and efficiency 85%. Calculate the readings on each of the two wattmeters connected

to measure the input

Given Data: To Find:
Connection = DELTA Wi="7?
Line Voltage (V1) = 440 Volts W,=7?
Output Power = 1492 KW
Power factor (Cos 0) = 0.82
Efficiency (n) = 85%=0.85

Solution:

Output Power
W+W, = ———mm
Efficiency
3
WotW, = 14.92x10
0.85
W,+W; = 17553 Watts ------ (D
Power Factor (Cos @) = 0.82
¢ = Cos™10.82
= 35.92°0
tang = tan35.92°
= 0.698
ang = Y3(W2— W)
(W; + W)
0698 = Y3(Wo— Wy
17553
0.698x 17553 = 3 (W,— W)
0.698 x 17553 - W W)
\/'3—) - 2 1
0.698 x 17553
Wom W -3
12252
Wom R
W, — W, = 7074W - (2)
W;+W; = 17553 ------ D
W, =Wy = 7074 ------ (2)
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By adding equ (1) and (2)

2W, = 24627
24627
w, = ———
2
W, = 12313.5 Watts

Substitute the value of W, in equ (1)

123135+ W; = 17553 ------ (1)
W; = 17553 -12313.5=52395W
W; = 5239.5Watts
Answer:
i) W1 =5239.5 Watts i)  W2=12313.5 Watts
Example: 15

A 500 volts, 3 phase motor has an output of 3.73KW and operates at a power factor of 0.85
with an efficiency of 90%. Calculate the reading on each of the two wattmeter connected
to measure the input.

Given Data: To Find:
Line Voltage (Vi) = 500 Volts Wi= ?
Output Power = 3.73 KW W=7
Power factor (Cos 0) = 0.85
Efficiency (n) = 90%=0.9

Solution:

WotW: = Output Power
= Efficiency
3
WotW, = 3.73x10
09
Wot+W;: = 4144 Watts ------ 6))
Power Factor (Cos @) = 0.85
@ = Cos™10.85
= 31.79°
tang = tan31.79°
= 0.619
ang = Y3W2— W)
(W + W)

M SCHEME_33031 COURSE MATERIAL 253

www.binils.com
Anna University, Polytechnic & Schools



0.619

0.619x4144.4
0.619x4144.4

V3

W, — Wy
W, - W,
W, - W,

W2+ W,

W, = W,

By adding equ (1) and (2)

2W,

W,

W

V3 (W, — Wy)
17553

V3 (W, — W)
(W, — W)

0.619x 4144

V3
2565

2813 Watts

Substitute the value of W in equ/(1)

2813 + W,
W1

W1

Answer:
i) W1 = 1331 Watts

Example: 16

4144 ------ (D
4144 -2813 =5239.5W
1331 Watts

i) W, =2813 Watts

A 3 phase motor delivers an output of 46KW and operated within efficiency of 90% at 0.85
lagging power factor. Calculate the line current and total power drawn if the supply voltage

is 400V.

Given Data:
Line Voltage (V1)
Output Power
Power factor (Cos 0)
Efficiency (n)

Solution:

W2+W,

M SCHEME_33031 COURSE MATERIAL

To Find:
400 Volts Wi=7?
46 KW W=7
0.85
90% =0.9

Output Power
Efficiency
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46x 103

W+W; = 09
W2+W; = 51111 Watts ------ (D
Power Factor (Cos @) = 0.85
@ = Cos™10.85
= 31.79°
tang = tan31.79°
= 0.619
ang = Y3W2— Wy
(W1 + W)
0619 = Y3(W2= W)
51111
0.619x51111 = 3 (W, — W;)
0.619x51111
G = (Wy— Wp)
W, — W, _ 0.619x51111
V3
W, — W, _ 31637.7
V3
W, — W; = 18267W  ----- (2)
W:+W; = 51111 ------ (D
W,— W, = 18267 ------ (2)
By adding equ (1) and (2)
2W, = 69378
W; = 34689 Watts
Substitute the value of W; in equ (1)
34689 +W; = 51111 ------ (D
W; = 51111 - 34689 =16422W
Wi = 16422 Watts
Answer:
i) Wi = 16422 Watts i) W>=34689 Watts
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Example: 17

A three phase 440 volts motor operates with a power factor of 0.4. Two wattmeters are
connected to measure the input power, and the total power taken from the mains is 30KW.
Find the readings of each wattmeter.

Given Data: To Find:
Line Voltage (V1) = 440 Volts Wi=7?
Output Power = 30KW W=7
Power factor (Cos 0) = 04
Efficiency (n) = 90%=0.9

Solution:

Wk W — Output Power
W= Efficiency
3
Wotw, = S0x107
0.9
W,+W; = 33333 Watts ------ (D
Power Factor (Cos @) = 0.4
¢ = Cos™104
= 66.42°
tan @/ '= tan 66.42°
= 2.29
tan (p = M
(W; + W)
229 = Y3(W,— Wy
33333
2.29x33333 = V3 (W,— W)
2.29x 33333 W= W)
\/g - 2 1
2.29x 33333
W2 - W1 = T
76332
Wz - W1 = T
W, — W, = 44072W - (2)
W+ W; = 33333 - (1)
W, — W, = 44072 ------ ()

M SCHEME_33031 COURSE MATERIAL WWW. bl N | IS .COm

Anna University, Polytechnic & Schools

256



By adding equ (1) and (2)

2W, = 77405
77405
w, = -
2
W, = 38702.5 Watts

Substitute the value of W in equ (1)

387025+W; = 33333 ----- (1)
W; = 33333 -38702.5=-5369.5W
W; = -5369.5 Watts
Answer:
i) W1 =-5369.5 Watts i)  W2=38702.5 Watts
Example: 18

The power input to a 400 volts, 50Hz, 3 phase motor is measured by two wattmeters which
indicate 300KW and 100KW respectively. Calculate (a) the input power (b) power factor
and (c) the line current.

Given Data: To Find:
Wattmeter (W2) = 300KW i) The input Power (P) = ?
Wattmeter (W) = 100KW ii) Powenfactor (Cos ¢) = ?
Line Voltage (V1) = =400V olts iii)’Line“Current (It) ='?
Frequency (F) = B50Hz
Solution:
Input Power (P) = W2+W;
= 300+ 100
W2+W; = 400KW

Power Factor (Cos ¢):

¢ = tan? V3 (W, — W)
| (W2 + W)
3 _,[V3 (300 - 100)]
= tan
7300+ 100)
R [/3 x 200]
" 400
= tan”! %]
| 400
= tan~1[0.866]
© = 4089
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Cos¢@ = Cos40.89

Cosp = 0.76
Power (P) = +/3V_I, Cos®
. P

Line Current (1) = m
_ 400x10°
~ V3 x400x0.76
_ 400x103
~ 5265

I, = 759.7A
Answer:
i) Input Power = 400 KW ii) Power Factor (Cos ¢) =0.76

iii) Line Current (I.) = 759.7 A

Example: 19

Two wattmeters are connected to measure the power of a 3 phase circuit indicated 2500W
and 500 W respectively. Find the power factor of the circuit when (a) both the readings are
positive and (b) the later reading is obtained after reversing the connection of the current
coil of the wattmeter.

Given Data: To Find:
Wattmeter (W2) = 2500W Power factor (Cos ¢) when
Wattmeter (W1) = 500W i) Both the readings are positive
ii) Later reading is negative
Solution:
Power Factor (Cos ¢): When both the readings are positive
Wattmeter (W2) = 2500w
Wattmeter (W1) = s5oow
@ = tan_l _\/§ (WZ - Wl)
| (W, + W)
_, [V3 (2500 — 500)
= tan
| (2500 + 500)
_,[V3(2000)
= tan"!'|——
| (3000)
= tan"![1.154]
@ = 49.08
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Cos¢@ = Cos49.09

Cosp = 0.66
Power Factor (Cos ¢): Later wattmeter reading is negative
Wattmeter (W2) = 2500w
Wattmeter (W1) = _s5oow
o = tan-1[ VB W2 W)
| (W, + Wy)
_, [V3 (2500 — (—500))
= tan
| (2500 + 500)
_, [V3 (2500 + 500)
= tan
| (3000)
C et /3 x 3000
¢ = RITR000
= tan"![2.59]
¢ = 6888
Cos@_ = (o0s/63.88
Cosip "=/ 0.36

Answer:
i)  Power factor when both readings are positive = 0.66
ii) Power factor when later reading is negative = 0.36

Example: 20

Two wattmeter are connected to measure the power in a 3 phase balanced load. Determine
the total power and power factor if the two wattmeters read 1000Watts each (i) both
positive and (ii) Second reading is negative.

Given Data: To Find:
Wattmeter (W,) = 1000 W Power factor (Cos ¢) when
Wattmeter (W1) = 1000 W i)Both the readings are positive
ii) Second reading is negative
Solution:
Power Factor (Cos ¢): When both the readings are positive

Wattmeter (W2) = 1000w
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Wattmeter (W)

©

®
Cos @

Cos @

Power Factor (Cos @):
Wattmeter (W>)

Wattmeter (W)

©®

0]
Cos @

Cos @

Answer:

1000 W
V3 (W, — W)

| (W2 + W)

V3 (1000 — 1000)

tan~1

171000 + 1000)
tan~?! V3x 0]
2000
tan~1[0]
0
Cos 0
1

Later wattmeter reading is negative

1000 W
-1000 W
tan_l _\/§ (WZ - Wl)
| (W + W)

-l /3 (1000 — (—1000))
My |77 (1000721000)

L V3% 2000]
tan —0-

tan~*[v3 x 2000]
tan~1[3464]
89.98

Cos 89.98
0.00035

iii) Power factor when both readings are positive = 1
iv) Power factor when later reading is negative = 0.00035

Example: 21

The power input to a 3 phase induction motor is read by two wattmeters. The readings are
860W and 240W. What is the input power and power factor of the motor?

Given Data:
Wattmeter (W2)
Wattmeter (W1)

M SCHEME_33031 COURSE MATERIAL

To Find:
860 W i) Theinput Power (P) = ?
240 W ii) Power factor (Cos ¢) = ?
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Solution:

Input Power (P) = W2;+W;
= 860 + 240
W+W; = 1100W

Power Factor (Cos ¢):

[V3 (W, — W.
@ = tan_1 ( 2 1)
[ (W, + W)
_, [V3 (860 — 240)
= tan
| (860 + 240)
R [V/3 x 620
® = B0
_ a1 [1074
- P {1100
= tan1[0.976]
@ = 443
Cos¢@ = Cos44.3
Cosgp = 072
Answer:
i) Input Power = 1100 W ii) Power Factor (Cos ¢) =0.72
Example: 22

Three identical coils each having a resistance of 10 ohms and reactance of 10 ohms are
connected in delta across 400 volts, 3 phase supply. Find the line current and the readings
on each of the two wattmeters connected to measure the power.

Given Data: To Find:
Connection = DELTA Line Current (IL) =?
Resistance (Rpn) = 10Q Wy =?
Inductive Reactance (Xiph) = 10Q W, =?
Line Voltage = 400 Volts
Solution:

Impedance (Zpy) = Wﬂ
Impedance (Zp,) = \/m

= /100 + 100

= 200
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Impedance (Zpp)

Phase Current (Ipp)

Phase Voltage (Vpn)

Phase Current (I,)
Ioh

Line Current (1)

IL

Power Factor (Cos 6)

Power (P)

Wo+W;

Power Factor (Cos @)

@
tan ¢
tan ¢

1

1x 23952
23952
V3
W, = Wy
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14.14Q

Von

Zpn

VL, =400V [~ Delta Connection]

Yoh 400 _ 56084
Zon 1414 77

28.28A

V31,
V3x28.28 =489A
489 A

R 10

ph
- =0.707
Zpn 1414
V3V, I, Cos
VB x 400 x 48.9 X0.707
23952 Watts

23952 Watts  ------ (D

0.707
Cos~10.707
450

tan 45°

1

V3 (W, — Wy)
Wy + W)

V3 (W, — Wy)
30x103
V3 (W, — Wy)
(W, — W)

23952
V3
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By adding equ (1) and (2)
2W,
W,

W,

= 13829W - )

= 23952 - (1)
= 13829 ------ 2)

= 37781

37781

2

= 18891 Watts

Substitute the value of W in equ (1)

348325+ W,
Wi

Wi

Answer:
i) W1 =5061 Watts
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= 23952 ------ (D
= 23952 -18891 =5061W
= 5061 Watts

i) Wz=18891 Watts
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REVIEW QUESTIONS
UNIT : V THREE PHASE CIRCUITS

PART - A : 2 Mark Questions

1. What is phase sequence?

2. Define phase voltage.

3. Define Line voltage.

4. Define phase current.

5. Define Line current.

6. Define balanced load.

7. Define unbalanced load.

8. What is a star connection?

9. What s a Delta connection?

10. Write the expression for 3 phase power in Star connection.

11. State the relationship between line current and phase current in a balanced star connected load.
12. State the relationship between line voltage and phase voltage in a balanced star connected load
13. State the relationship between line current and phase current in a balanced delta connected load.
14. State the relationship between line voltage and phase voltage in a balanced delta connected load.
15. Write the expression for calculating real power in a three phase circuit.

16. Write the expression for calculating apparent power in a three phase circuit.

17. Write the expression for calculating reactive'power in a three phase circuit.

18. Write down the expression of power factor in two wattmeter method of power measurement.
19. What is the p.f of 3 phase load if W,=W..

20. What is the p.f of 3 phase load if W1 = -W,;

PART - B : 3 Mark Questions

List the advantages of 3-phase system.

Write the voltage expressions of a three phase sinusoidal voltage.

Define positive sequence.

Define negative sequence.

Show that in a balanced 3 phase star connected system, the neutral current is zero.

What is meant by balanced and unbalanced load?

Show that the line voltage in a balanced star connected system is 3 times of phase voltage.
Derive an expression for line current in terms of phase current in a three phase delta connected
system.

9. How can you determine the phase angle from two wattmeter readings?

10. Prove that 3 phase power is given by v3 VI cos® in delta connection.

11. Discuss the effect of unbalanced loads in star connected system.

12. Write the relation between the power factor and wattmeter readings in two wattmeter method of
power measurement.

©® N Uk wWNRE
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13.

14.

15.

A star connected load has 6+j8Q impedance per phase. Determine the line current if it is connected
to 400V, 3 phase , 50Hz supply.

A delta connected load has 30-j40Q impedance per phase. Determine the line current if it is
connected to 415V, 3 phase , 50Hz supply.

A star connected balanced load draw a current of 35A per phase when connected to a 440V supply.
Determine the apparent power.

PART - C : 10 Mark Questions

1.

10.

M SCHEME_33031 COURSE MATERIAL

Establish the relationship between line current and phase current, line voltage and phase voltage in
a star connected system.

Establish the relationship between line current and phase current, line voltage and phase voltage in
a delta connected system.

Prove that the sum of the readings on two single-phase wattmeter’s connected in 3-phase circuit
give 3-phase power.

Explain the two wattmeter method of 3-phase power measurement in a 3 phase star or delta
connected load.

A balanced star/connected load of (4+j3)Q) per phase is connected to a balanced 3 phase 400V, AC
supply. The phase currentis 12A. Find (1) the total active power (2) reactive power and (3) apparent
power.

A three phase, balanced delta connected load of (4+j8)Q per phase is connected across a 400V, AC
supply. Determine the phase current, line current and power consumed by the load.

Athree phase, balanced star connected load of (15+j20)Q per phase is connected across a 400V, 50Hz,
AC supply. Determine the line current and power consumed by the load.

Each phase of a delta connected load consists of a resistance 10Q and a capacitance 100 uF. A supply
of 440V, 50Hz is applied to the load. Find (i) line current, (ii) Power factor (iii) Power consumed by
the load.

The power consumed in a three phase balanced star connected load is 2KW at a power factor of 0.8
lagging. The supply voltage is 400V, 50Hz.Calculate the resistance and reactance of each phase.

A delta connected balanced 3 phase load is supplied from a 3 phase, 400V supply. The line current is
20A and the power taken by the load is 10,000W. Find (i) impedance in each branch, (ii) line current,
power factor and power consumed if the same load is connected in star.
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11.

12.

13.

14.

15.

16.

17.

18.
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The input power to a three phase load is 10KW at 0.8 p.f. Two wattmeters are connected to measure
the power. Find the individual readings of the wattmeters.

The readings of the two wattmeters used to measure power in a capacitive load are 3000W and
8000W respectively. Calculate (i) the input power and (ii) the power factor at the load.

The power input to a 2000V, 50Hz, three phase motor is measured by two wattmeters which indicate
300KW and 100KW respectively. Calculate the input power, power factor and line current.

A 500V, 3 phase induction motor has an output of 3.73KW and operates at a power factor of 0.85,
with an efficiency of 90%. Calculate the reading on each wattmeter connected to measure the input
power.

The input power to a three phase motor was measured by two wattmeter method. The readings are
5.2KW and 1.7KW. The later reading has been obtained after reversing the current coil connections.
The line voltage was 400V. Calculate a) The total power b) Power factor and c) Line current.

Two wattmeters are used to measure power in a three phase load. The wattmeter readings are 400W
and -35W. Calculate a) Total active power b) Power factor c) Reactive Power and d) Volt-ampere.

Calculate the total power input and reading of the two wattmeters connected to measure power in a
three phase balanced load,.if the reactive power.inputlis 15KVAR and the load power factor is 0.8.

A 3v phase star connected load draws a line current of 25A. The load KVA and KW are 20 and 16
respectively. Find the readings on each of the two wattmeters used to measure the three phase
power.

* % %k
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