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Course Objectives:

To make the student learn about

e Basic characteristics of R, L, C parameters, their Voltage and Current Relations and Various
combinations of these parameters.

e The Single Phase AC circuits and concepts of real power, reactive power, complex power,
phase angle and phase difference

e Series and parallel resonances, bandwidth, current locus diagrams

e Network theorems and their applications

o Network Topology and concepts like Tree, Cut-set , Tie-set, Loop, Co-Tree

Unit- 1
Introduction to Electrical & Magnetic Circuits

Electrical Circuits: Circuit Concept — Types of elements - Source Transformation-Voltage - Current
Relationship for Passive Elements. Kirchhoff’s Laws — Network Reduction Techniques- Series, Parallel, Series
Parallel, Star-to-Delta or Delta-to-Star Transformation. Examples

Magnetic Circuits: Faraday’s Laws of Electromagnetic Induction-Concept of Self and Mutual Inductance-Dot
Convention-Coefficient of Coupling-Composite Magnetic Circuit-Analysis of Series and Parallel Magnetic
Circuits, MMF Calculations.

Learning Outcomes:

At the end of this unit, the student will be able to
e To know about Kirchhoff’s Laws in solving series, parallel, non-series-parallel configurations in DC
networks
e To know about voltage source to current source and vice-versa transformation in their representation
e Tounderstand Faraday’s laws
e Todistinguish analogy between electric and magnetic circuits
e To understand analysis of series and parallel magnetic circuits

Unit- 2
Network Topology

Definitions — Graph — Tree, Basic Cutset and Basic Tieset Matrices for Planar Networks — Loop and Nodal
Methods of Analysis of Networks & Independent Voltage and Current Sources — Duality & Dual Networks.
Nodal Analysis, Mesh Analysis.

Learning Outcomes:

At the end of this unit, the student will be able to
e To understand basic graph theory definitions which are required for solving electrical circuits

e To understand about loop current method



e To understand about nodal analysis methods
e To understand about principle of duality and dual networks
o Toidentify the solution methodology in solving electrical circuits based on the topology

Unit- 3
Single Phase A.C Circuits

R.M.S, Average Values and Form Factor for Different Periodic Wave Forms — Sinusoidal Alternating
Quantities — Phase and Phase Difference — Complex and Polar Forms of Representations, j-Notation, Steady
State Analysis of R, L and C (In Series, Parallel and Series Parallel Combinations) with Sinusoidal Excitation-
Resonance - Phasor diagrams - Concept of Power Factor- Concept of Reactance, Impedance, Susceptance and
Admittance-Apparent Power, Active and Reactive Power, Examples.

Learning Outcomes:

At the end of this unit, the student will be able to
e To understand fundamental definitions of 1-¢ AC circuits

e To distinguish between scalar, vector and phasor quantities

e To understand voltage, current and power relationships in 1-¢ AC circuits with basic elements R, L, and
C.

e To understand the basic definitions of complex immittances and complex power

o Tosolve 1-¢ AC circuits with series and parallel combinations of electrical circuit elements R, L and C.

Unit- 4
Network Theorems

Superposition, Reciprocity, Thevenin’s, Norton’s, Maximum Power Transfer, Millmann’s, Tellegen’s, and
Compensation Theorems for D.C and Sinusoidal Excitations.

Learning Outcomes:

At the end of this unit, the student will be able to
e To know that electrical circuits are “heart’ of electrical engineering subjects and network theorems are

main part of it.
e To distinguish between various theorems and inter-relationship between various theorems
e To know about applications of certain theorems to DC circuit analysis
e To know about applications of certain theorems to AC network analysis
e To know about applications of certain theorems to both DC and AC network analysis

Unit-5
Three Phase A.C. Circuits

Introduction - Analysis of Balanced Three Phase Circuits — Phase Sequence- Star and Delta Connection -
Relation between Line and Phase Voltages and Currents in Balanced Systems - Measurement of Active and
Reactive Power in Balanced and Unbalanced Three Phase Systems. Analysis of Three Phase Unbalanced
Circuits - Loop Method - Star Delta Transformation Technique — for balanced and unbalanced circuits -
Measurement of Active and reactive Power — Advantages of Three Phase System.



Learning Outcomes:

At the end of this unit, the student will be able to

To know about advantages of 3-¢ circuits over 1-¢ circuits

To distinguish between balanced and unbalanced circuits

To know about phasor relationships of voltage, current, power in star and delta connected balanced and
unbalanced loads

To know about measurement of active, reactive powers in balanced circuits

To understand about analysis of unbalanced circuits and power calculations

Text Books:

1. Fundamentals of Electric Circuits Charles K. Alexander and Matthew. N. O. Sadiku, Mc Graw Hill, 5th

Edition, 2013.

2. Engineering circuit analysis William Hayt and Jack E. Kemmerly, Mc Graw Hill Company, 7th

Edition, 2006.

Reference Books:

1. Circuit Theory Analysis & Synthesis A. Chakrabarti, Dhanpat Rai & Sons, 7th Revised Edition, 2018.

2. Network Analysis M.E Van Valkenberg, Prentice Hall (India), 3rd Edition, 1999.

3. Electrical Engineering Fundamentals V. Del Toro, Prentice Hall International, 2nd Edition, 2019.

4. Electric Circuits- Schaum’s Series, Mc Graw Hill, 5th Edition, 2010.

5. Electrical Circuit Theory and Technology John Bird, Routledge, Taylor & Francis, 5th Edition, 2014.

Course Outcomes:

After completing the course, the student should be able to do the following

Given a network, find the equivalent impedance by using network reduction techniques and determine
the current through any element and voltage across and power through any element.

Given a circuit and the excitation, determine the real power, reactive power, power factor etc,.

Apply the network theorems suitably

Determine the Dual of the Network, develop the Cut Set and Tie-set Matrices for a given Circuit. Also
understand various basic definitions and concepts.



UNIT-1
INTRODUCTION TO ELECTRICAL & MAGNETIC CIRCUITS

BASIC DEFINITIONS:

Voltage(V) : The potential difference between force applied to two oppositely charged particles to bring
them as near as possible is called as potential difference .( in electrical terminology it s voltage).
V=W/Q (V)

v=dw/dq(v)

Units- volts ,

Current(l) : The flow of electrons develops the current.

I=Q/t (A)

i= dqg/dt(A)

A = Ampere, units of current.

Power(P): It is defined as product of voltage and power in electrical circuits orRate of change of energy.
P =dw/dt = dw/ dq. dg/dt = v.i (W)W = watts, units of power.

Energy : It is the capacity to do work or it is defined as power consumed overGiven interval of time.(w)
W =[P dt.(J)

J = Joules, units of energylJ = 1 watt-sec.

Q 1. Types of Network Elements

We can classify the Network elements into various types based on some parameters.
Active Elements and Passive Elements

Linear Elements and Non-linear Elements

Bilateral Elements and Unilateral Elements

Lumped and Distributed Elements

Active Elements and Passive Elements
Active Elements deliver power to other elements, which are present in an electric circuit.. Examples:
Voltage sources and current sources.

Passive Elements can’t deliver power (energy) to other elements, however they can absorb power.
Examples: Resistors, Inductors, and capacitors.

Linear Elements and Non-Linear Elements
Linear Elements are the elements that show a linear relationship between voltage and current.
Examples: Resistors, Inductors, and capacitors.

Non-Linear Elements are those that do not show a linear relation between voltage and current.
Examples: Voltage sources and current sources.

Bilateral Elements and Unilateral Elements
Bilateral Elements are the elements that allow the current in both directions.

Examples: Resistors, Inductors and capacitors.

Unilateral Elements are those that allow the current in only one direction.



Examples: Diode , SCR

Lumped- Distributed Element:
* Physical dimensions of circuit are such that voltage across and current through conductors connecting
elements does not vary. Example :Resistor

Distributed Circuits:

* Current varies along conductors and elements;

* Voltage across points along conductor or within element varies
Example: Long transmission lines

Q 2. Explain Basic Parameters of Electrical Circuits

or
Write the properties of RLC elements
or
Explain V-1 Relation ship in Passive elements
or

Derive the Energy storied in Inductor and Capacitor

Resistor: resistor is the element which restricts flow of electrons and thisProperty of opposing
electrons is called as resistance.

OHM’s Law : ohm’s_law states that current flowing through circuit isDirectly proportional to
potential difference applied. ( at conStant temperature)

| oV, atconstant T.
LR =V.

R = V /1, hence resistance can be calculated as ratio of
Volatge to current in any element or circuit.

= OHMS Q, units of resistance.

Y\

Inductor: An length of wire twisted forms the basic inductor.(L). when Alternating current is allowed
through such a element it inducesVoltage in it.

LE
e ¢

Where, e =emfinduced ; ¢ = flux developed in it for current i.
Hence, e = L di/dt (v).

L= is the inductance of the coil(H)

H = henry units of inductance.

Energy stored in inductor,
W = fe.idt = Ldi/dt idt. = (1/2) L i

Properties:



e Inductor doesn’t allow sudden changes in current.
e |f DC supply is provided to inductor it acts as short circuit.
e stores energy in the form of magnetic field.

Capacitotr . two parallel plates oppositely charged separated by an dielectric medium constitutes an
capacitor.
I Vv, i

when some voltage v is applied , i is thecurrent flowing through capacitor, given as

C

i = cdv/dt
c = capacitance of the capacitor.(F)
Farad is the unit of capacitance,
Voltage across capacitor is given as, v =(1/c) fidt + v(0+).
Energy stored in capacitor is , w = [v.i dt = [ ¢ dv/dt. i dt. = (1/2) cv?
Properties:

e Capacitor doesn’t allow sudden changes in voltage.
e If DC supply is provided to capacitor it acts as open circuit.
e Stores energy in the form of electric field.
Q3. Explain Kirchoff’s Laws
Or
Explain Voltage Division & Current Division Rules

Kirchoff’s voltage law(KVL): States that algebraic sum of voltages in an loop is equal to zero.

+

Vi _ o, W
—’\NW\N\/—'\,’\MNVV—L
3

o ) ]

Vs

Y Vv=o.
V=V1+V2+V3
Where, V1 =i.R1
V2 =i.R2
V3 =i.R3,

Voltage division rule:

V1=iR1
We know that,i=V/(R1+R2+R3) =Vs/Rt
Substituting i in V1, V1=Vs/Rt *R1

Similarly, V2 =Vs /Rt * R2.
V3=Vs/Rt *R3.



Kirchoff’s current law(KCL): States that sum of the current entering junction is equal to sumof the
leaving the junction

Applying KCL:-
li+l2-13-l4a-15=0
li+l2=I3+la+ 15

According to KCL:-

>I=0

Current Division Rule :

Whenever current has to be divided

among resistors in parallel, use current
divider rule principle.

b =3

R,

[ owll wll "TReRC
. C) R1§ R2§ lRI

i, = i

TR R

Q4. Explain Star-to-Delta or Delta-to-Star Transformation

x
[Deita] * [Star]
Rb Rc
= WA V
R

R _ RyR;+ R;Rs+ R3Ry R — R,R,
@ R, 1" R_+R,+ R,
R,R,+ R,R;+ R3R, R.R,

Rb= R:=
R, R,+R,+R,
R,R,+ R.R.+ R-R R_R
R.:: 142 243 = REI aith

Ry ~“R_+R, +R,

Above figure shows elements connected in star and other elements connected in delta.
In star connection,

Ry = (R1+ R2)
Ryz = (R2 + R3)



Rx = (R3+Ry)

In delta connection,

Rxy = Re(Rat+Rb) / (RatRb)

Ryz = Ra(Rc+Rb) / (Re+Rb)

Rz = Rp(Ra+Re) / (RatRe)

Now for transformation resistance between the terminals should be equal

(Rl + R2): Rc(Ra+Rb) / (Ra+Rb) """"""""""""""" 1
(RZ + R3)= Ra(Rc+Rb) / (Rc+Rb)) """"""""""""""" 2
(R3 + Rl) = Rb(Ra+Rc) / (Ra+Rc) """""""""""""""" 3

Delta to star transformation:

By solving (1+3-2) we can find Ry in terms of Ra,Rb and Rc.
R1=RbR¢/ (RatRptRc)

Similarly, for Rz solve (1+2-3) and Rs solve (2+3-1)
R2=RaR¢/ (RatRp+Rc)

R3= RpRa/ (RatRp+Rc)

Star to Delta Transformation:

Ra =( R1 Re+R2Ra+R3 R1 )/ R1

Rp =(R1 R2+tR2R3+R3 R1 )/ R2

Rc =( R1 R2+R2R3+R3 R1 )/ R3

Q5. Explain Source Transformation Technique
Voltage Source to Current Source Conversion
Assume a voltage source with terminal voltage V and the internal resistance r. This resistance is in series.
The current supplied by the source is equal to: I = %

when the source of the terminals are shorted. This current is supplied by the equivalent current source and
the same resistance r will be connected across the source. The voltage source to current source conversion
is shown in the following figure.

B —
Voltage Source Equivalent Current Source

Current Source to Voltage Source Conversion

Similarly, assume a current source with the value | and internal resistance r. Now according to the Ohm’s
law, the voltage across the source can be calculated as V=I*R

Hence, voltage appearing, across the source, when terminals are open, is V.


https://www.electrical4u.com/voltage-source/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/ideal-dependent-independent-voltage-current-source/
https://www.electrical4u.com/ohms-law-equation-formula-and-limitation-of-ohms-law/
https://www.electrical4u.com/ohms-law-equation-formula-and-limitation-of-ohms-law/
https://www.electrical4u.com/voltage-or-electric-potential-difference/

(I\J CeveIr f\ f/\.w

Lo )
Current Source Equivalent Voltage Source
Q6.Explain Faraday’s Laws of Electromagnetic Induction

Faraday’s First law:

it states that
Whenever a conductor is placed in a varying magnetic field, an electromotive force is induced.

Faraday’s second law

it states that
The induced emf in a coil is equal to the rate of change of flux linkage
do
=—N—
emf i

N-Turns

Self Inductance
Self-induction means the coils induce the emf themselves. There is a change in the
magnetic flux through that coil and because of this, the current will be induced in the coil

by itself. So once the current get induced, the current tries to oppose the flux.

Induced emf = —NZ—?

. di
Voltage across inductance = Ld—;
From above equations
dagp
L=N— Self Inductance

Mutual Inductance
Here, there are two coils placed near each other. The first coil will make turns and carry the
current which results in the magnetic field. As both the coils nearly close to each other, the

magnetic field through one coil will all pass through the other coil. So one coil causes the



change in magnetic flux because of which current is induced in the other coil.

di
Mutuallly Induced emf = —M%

Q8. Importance of dot convention

Dot convention is a technique, which gives the details about voltage polarity at the dotted
terminal. This information is useful, while writing KVVL equations.

o If the current enters at the dotted terminal of one coil (or inductor), then it induces a voltage at
another coil (or inductor), which is having positive polarity at the dotted terminal.

o If the current leaves from the dotted terminal of one coil (or inductor), then it induces a voltage at
another coil (or inductor), which is having negative polarity at the dotted terminal.

M M
i & Y § oy af
| & + ‘ ‘
- . o | ‘
i 2 5 .
= =M1 vy = iz =
7 dt dr .
|
(a) ©)
M MM
g € ¥ T )
+ -
.
4i e
:fll'j‘ ,7Auﬂ: =
= dr dr & -
b) (d)

Q9. Importance of dot convention

The amount of coupling between the inductively coupled coils is expressed in terms of the

coefficient of coupling, which is defined as
M

JI1iL2

Coefficient of Coupling k =

where

M = mutual inductance between the coils

L1 = self inductance of the first coil, and

L. = self inductance of the second coil

Coefficient of coupling is always less than unity, and has a maximum value of 1 (or

100%). This case, for which K = 1, is called perfect coupling, when the entire flux of one
coil links the other.

M
—— iy '/’ - iz —=t
| |
! LooJ }
w4 L = St wm
= =
| H 1
\ ! i
=Y = o ) :,4,,i_d

For a pair of mutually coupled circuits shown in Fig. let us assume initially that iy, i> are
zeroatt=0.



. 7 (¢ diy (1
00 =L, -f-"‘;fl + !LI————I;Z( )

-(‘,2()*) = Ll ﬂg) + M_dl_l(i)
dt dt

Initial energy in the coupled circuit at t = 0 is also zero. The net energy input to the system

shown in Fig. at time t is given by
W(6)= [ [oy0) inle) + vy(e) ix(0] dt
0

Substituting the values of v1(t) and v2(t) in the above equation yields

ai @)

4 di (1)
dt

+ L, =
262(t) dt

w = | [L, i (0)
0

+ MG,() di:it(l) +iy(0) "’;’1 g’ ) } P

From which we get

W)= o LInOF + 5 LIOF + Ml @)s0)
If one current enters a dot-marked terminal while the other leaves a dot marked terminal,
the above equation becomes

W)= % L))+ é Lu[iy () = M[i\(8) ,(0))

According to the definition of passivity, the net electrical energy input to the system is
non-negative. W(t) represents the energy stored within a passive network, it cannot be

negative.

2
1 oM ) M 2
Wi = | JLily =y | # | g
@ 2( £ Vi 12] 2(2 Li)lz

The first term in the parenthesis of the right side of the above equation is positive for all

values of i1 and iz, and, thus, the last term cannot be negative; hence

i&if_"‘ﬁ> 0
LI -
LiL,—M?*=>0
Nl 2 M
M< L L,

Obviously the maximum value of the mutual inductance is \LiLo. Thus, we define the

coefficient of coupling for the coupled circuit as

M
VI L

K=



Q10. Distinguish analogy between electric and magnetic circuits

Electric Circuit

Magnetic Circuit

i

Electric Circuwirn

e —— R

Path traced by the current is known as
electric current.

Path traced by the magnetic flux is called as
magnetic circuit.

EMF is the driving force in the electric
circuit. The unit is Volts.

MMEF is the driving force in the magnetic
circuit. The unit is ampere turns.

There is a current | in the electric circuit
which is measured in amperes.

There is flux ¢ in the magnetic circuit which
Is measured in the weber.

The flow of electrons decides the current
in conductor.

The number of magnetic lines of force
decides the flux.

Resistance (R) oppose the flow of the
current.
The unit is Ohm

Reluctance (S) is opposed by magnetic path
to the flux.
The Unit is ampere turn/weber.

R=p.la

Directly proportional to I.
Inversely proportional to a.
Depends on nature of material.

S =1/ (uopra).

Directly proportional to I. Inversely
proportional to u = pop.

Inversely proportional to a

The current | = EMF/ Resistance

The Flux = MMF/ Reluctance

The current density

The flux density

Kirchhoff current law and voltage law is
applicable to the electric circuit.

Kirchhoff mmf law and flux law is applicable
to the magnetic flux.
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{0y example?
VoIl - curvent
ResPat ance (@) - Conduclane (€

Mesh — Nede
Some dual elements:

1) Voltage (V) €= Current (I)

2) Resistor (R) € = Conductance (G)

3) Inductor (I) € = Capacitor (C)

4) KVL € 9 KCL

5) V(t) € 2 1(1)

6) Mesh € = nodal

7) Series € = parallel

8) Vsinwt € - Icoswt

9) Open circuit € = short circuit

10) Thevenin € - Norton

11)Link € - twig

12) Cut set € = tie set

13) Tree € = co-tree &

14) Switch in series (getting closed) € = switching in parallel (
Procedure to Obtain a Dual Network:
These rules illustrated below are only for planar or flat networks which do not have any of
their branches crossing other branches.

1) Place a dot in every loop of the network whose dual is obtained and a dot outside the
network. Each dot is numbered according to the loop in which it is placed. The outside dot is
called the reference node and give number as 0.

2) Connect two dots by a line through each branch. The dots are the nodes of the dual
network between two nodes; the element to be connected is the dual of the element crossed
by the line.

3) When sources are included, then the line joining the dots should intersect the sources also;
between these two nodes the dual of the source is included.

4) The polarity of the source is decided by the fallowing rule. A voltage or current source
which drives a current in clockwise in j loop, then place a positive polarity at j™ the dual
network. Negative if it is opposite



Classification of Electrical Energy Sources

Electrical energy sources are majorly classified into two classes i.e. Independent sources and
Dependent sources.

The independent sources are further divided into two types namely voltage source and

the current source. There are four types of the dependent sources. They are as follows

1. Voltage Controlled Voltage Source (VCVS)

2. Voltage Controlled Current Source (VCCS)

3. Current Controlled Voltage Source (CCVS)

4. Current Controlled Current Source (CCCS)

Independent
Sources

Independent Sources

Ideal Voltage Source

Voltage source is an active circuit element which delivers energy to the electrical circuit with
a specified terminal voltage. If the voltage of such a voltage source is independent of the
current due to the absence of internal resistance it is said to an ideal voltage source.

In ideal voltage source, the load voltage is independent of load current.

Practical Voltage Source

Practically, all the voltage sources have some internal resistance in contrast to its ideal case.
A practical voltage source is modelled as, an ideal voltage source in series with its internal
resistance indicated by a resistor.

Due to the presence of the internal resistance, the voltage delivered by a practical voltage
source is no more constant as in the ideal case, but it changes as the current changes and is
dependent on the current it delivers. The voltage will drop as the current delivered by it
increases.

Circuit of a practical voltage source

VAA———

Rs

(ip va vt




The fig. 1 show the practical voltage source in which the voltage delivered from the source is
indicated by V; and its internal resistance with a resistor R,. V, is the actual terminal voltage
across the source. Hence, the terminal voltage can be obtained by applying the Kirchhoff's
voltage law (KVL) as below,

If I is the current in the loop. Then the loop equation is,

Vs + IR+ V=0

5 V= Vg = IR,

Thus, as the value of current, I increase the terminal voltage decreases.

V-I characteristics

The fig. 2 shows the V-I characteristics of a practical voltage source along with its
comparison with the characteristic of an ideal source. One can observe the drop in the voltage
is due to the internal resistance.

Vi

Practical

! Fig. 2 Characteristic of a practical voltage source
Practically, the current sources don’t have infinite resistance across them but have some finite
and high resistance. Due to the finite resistance, the practical current source shows some
dependency on the voltage across it. So the current delivered by a practical current is not a
constant as in case of the ideal one.
Ideal Current Source
Current source is a circuit element which delivers energy with a specified current through it.
If such a source maintains constant current for any voltage then it is called as an ideal
current source. An ideal current source has infinite resistance (or impedance) across it.
In ideal current source, the load current is independent of load voltage.
Practical Current Source
A practical current source is modelled as an ideal current source in parallel with its internal
resistance indicated by a resistor.
Circuit of a practical current source
The Fig. 1 shows the practical current source in which the current delivered from the source
is indicated by I and its internal resistance with a resistor R.. It is the current delivered to the

external circuit.
|

A
-y

D 3o |

®
Fig. 1 Practical current source
The current to delivered to the external circuit It is given by,
I=1+V/Rs)
V-I characteristics
The Fig. 2 shows the V-I characteristics of a practical current source along with its
comparison with the characteristic of an ideal current source. The reduction of the current is
due to the internal resistance R,.




Practical

v Fig. 2 Characteristics of a practical current source

Dependent Sources

The voltage or current delivered by these sources are dependent on other circuit parameters
and hence they are called as dependent sources. These are classified into four types as given
under along with their circuit diagrams.

Voltage Controlled Voltage Source (VCVS)

In the voltage controlled voltage source, the voltage of the source depends on the voltage
across the another branch element or terminal. It is denoted by the following symbol. Here k
is the controlled variable,

1.9%

Voltage Controlled Current Source (VCCS)
In the voltage controlled current source, the current of the source depends on the voltage
across the another branch element or terminal. It is denoted by the following symbol.

<T> kv

Current Controlled Voltage Source (CCVS)
In the current controlled voltage source, the voltage source is dependent on the current of the
another branch. It is denoted by the following symbol.

%

Current Controlled Current Source (CCCS)
In the Current Controlled Current Source, the current source is dependent on the current of
the another branch. It is denoted by the following symbol,

QE

Note: Dependent sources are linear with respect to their controlled variables,
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UNIT-V
THREE PHASE A.C. CIRCUITS

3k 3k 3k 3k 3k 3k 3k ok ok 3k 3k 3k 3k ok ok 3k 3k 3k 3k 3k ok 3k 3k %k %k 3k ok %k ok 3k %k %k kK

Three Phase Voltages

Phase voltage : The voltage across each phase is called Phase Voltage Vph (or ) Voltage between phase
and neutral

Line Voltage : The voltage across two line conductors is known as the Line Voltage VL.

Phase Sequence
In a three-phase system, the order in which the voltages attain their maximum positive value is
called Phase Sequence. There are three voltages or EMFs in the three-phase system with the
same magnitude, but the frequency is displaced by an angle of 120 deg electrically.

24a0°

e >
R B8
-
/ f \\
60° \/ \
- > \ /
\ / A Y /

Phase Sequence

if phase sequence if RYB, the line voltages are
Vry =V, sin(wt)
Vyg =V, sin(wt — 120°)
Vgr = V,, sin(wt — 240°)

120" Y

Advantages of Three Phase System
1. For transmission of electrical power three phase supply requires less copper or less conducting

material than that of single phase system for given volt-amperes and voltage ratings. Hence 3 phase
system is more economical compared to single phase system.

2. Single phase machines are not self starting machines. On the other hand three phase machines are self
starting due to rotating magnetic field. Therefore in order to start a single phase machine an auxiliary
device is required which not in the case of 3 phase machine.

3. Power factor of single phase machines is poor compared to three phase machines.

4. In single phase system the instantaneous power is function of time. Hence fluctuates with respect to
time. The fluctuating power will cause significant vibrations in the single phase machines. Hence
performance of single phase machines is poor. While instantaneous symmetrical three phase system is
always constant

5. Three phase system gives steady output

6. Single phase system can be obtained from three phase supply system, vice-versa is not possible

7. For converting systems like rectifiers, the dc voltage waveform becomes more smoother with the
increase in the number of phases of the system. Hence three phase system is advantageous compared to

single phase system

Derive the voltage and current equations of a balanced star connected system
or
Relationship of Line and Phase Voltages and Currents in a Star Connected System
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As we have considered that the system is perfectly balanced, the magnitude of current and voltage of each phase is the same. Let us
say, the magnitude of the voltage across the red phase i.e. magnitude of the between neutral point (N) and red phase terminal
(R) is Vr. Similarly, the magnitude of the voltage across yellow phase is Vv and the magnitude of the voltage across blue phase is Vs.
In the balanced star system, magnitude of phase voltage in each phase is Vjn.

“Ve=Vy=Vp= Vph

Voltage Relation

Now, let us say, the voltage across R and Y terminal of the star connected circuit is Vrr.

From the diagram, it is found that

Viry=Vr + (— Vv)

Similarly, V= Vv + (= Vi)

And, Vir= Vs + (— VR)

Now, as angle between Vrand Vvis 120°, the angle between Vr and — Vv is 60°

ey
>

¥ = V] = \/V,g + Vi + 2VgVy cos 60°

1
—\/V;iJpriJF?V}»h‘GhX—

2
= \/gl/ph
SV = \/3 Vph
Current Relation
From diagram it is clear that line current is same as phase current. The magnitude of this is same in all three phases and say it
is L.

~ Ie=Iv=1Is= I, Where, Ix is line current of R phase, Iy is line current of Y phase and Is is line current of B phase. Again, phase current,
L+ of each phase is same as line current L. in star connected system.
wlrk=Ty=Ts= T =TI

Thus, for the star-connected system line voltage = V3 phase voltage.

Line current = Phase current

As, the angle between voltage and current per phase is &, the electric power per phase is

V
Vornlpncosg = T%IL cos ¢

So the total power of three phase system is

\%
3x —LIL cos¢ = /3Vy I cosd
V3


https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/

Derive the voltage and current equations of a balanced Delta connected system
or
Relationship of Line and Phase Voltages and Currents in a Delta Connected System

(Ig ~Ig) 1
- T i oR

'7 \'R Wy VR

L |,
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‘B

- ' 3B
(Ig =ly)
Line Voltages (VL) and Phase Voltages (Ven) in Delta Connection

It is seen in fig that there is only one phase winding between two terminals (i.e. there is one phase
winding between two wires).

Vry =Vyg=Ver=VL ... (Line Voltage)
Then
VL = VpH

I.e. in Delta connection, the Line Voltage is equal to the Phase Voltage

Line Currents (1) and Phase Currents (Ipn)
It will be noted from the above fig. that the total current of each Line is equal to the vector difference
between two phase currents in Delta connection flowing through that line. i.e.;

Currentin Line1=1L=1.—1.
Currentin Line2 =L =1,—1.
Currentin Line3=L=1.—1,

The current of Line 1 can be found by determining the vector difference between Iz and Ig
we know that Ir = Iy = Ig = Ipy .... The phase currents

Then;

The current flowing in Line 1 would be;

ILor 11 =2 X Ipn X Cos (60°/2)

=2 X Ipn X Cos 30°

=2xIpux (V3/2) ...... Since Cos 30° = \3/2

I.= V3 IpH

i.e. In Delta Connection, The Line current is V3 times of Phase Current.



Measurement of active power in balanced and unbalanced three phase systems
Or

Explain Two Wattmeter method of measurement of three phase power
Or

Explain in detail about the measurement of reactive power in balanced and unbalanced
three phase systems

Real and Reactive power in balanced (or unbalanced ) 3 phase circuits can be measured by using two
wattmeters connected in any two lines of a three-phase three wire system. In Fig
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From the figure, it is obvious that current through the Current Coil (CC) of Wattmeter W1 = Ir, current
though Current Coil of wattmeter W> = Ig whereas the potential difference seen by the Pressure Coil
(PC) of wattmeter W1= VRry (Line Voltage) and potential difference seen by Pressure Coil of wattmeter
W> = Vgy. The phasor diagram of the above circuit is drawn by taking VR as reference phasor as shown
below.
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From the above phasor diagram,

Angle between the current Irand voltage Vrs = (30° — @)

Angle between current Iy and voltage Vys = (30° + @)

Therefore, Active power measured by wattmeter W1 = Vrylr Cos (30° — @)

Similarly, Active power measured by wattmeter W- = VeylgCos(30° + @)

As the load is balanced, therefore magnitude of line voltage will be same irrespective of phase taken i.e.
VRy, Vve and Vrg all will have same magnitude. Also for Star connection line current and phase current
are equal, say Ir=1y =Ig = |

Let VrRy = Vv = Vre = VL

Therefore,



W1 = VrylrCos (30° — @)
= VI Cos(30° — @)
In the same manner,
W> =V IL.Cos(30° + @)
Active Power
Hence, total power measured by wattmeters for the balanced three phase load is given as,
W=W;+W:
= VLIL.Cos(30° — @) + VLI.Cos(30° + @)
= VLI [Cos(30° — @) + Cos(30° + D]
= 2V ILxCo0s30°Cos@d
Wi+ W2 =V3VLILCOSD ..o, (1)
Therefore, total power measured by wattmeters W = V3V I .Cos@
Reactive Power
Similarly,
W1 — Wo= VILxCos(30° — @) + ViLILxCos(30° + &)
= VLI [Cos(30° — @) + Cos(30° + )]
= 2V 1.xSin30°Sin@
= VLI .Sin@
Hence,
Wi—-Wo=VLILSING ... 2)
by multiplying above value with /3 we will get total reactive power
Power Factor
To find the power factor of the load when individual power measured by the wattmeters are given, then
we should proceed as
Dividing equation (2) by equation (1),
Wy —W, VI sin®d tan®
Wi+ W, 3VI,cos@ 3

9 = tan? <\/§ (M))

w,+Ww,

Hence,

ANALYSIS OF BALANCED THREE PHASE CIRCUITS

1.3.1 Balanced delta connected load:
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Fig16

Let us consider a balanced 3-phase delta connected load
Determination of phase voltages:
Vag=V20°, Ve =V£-120° Vep = Ve — 240°%= V1200

Determination of phase currents:
Phase current = Phase voltage/ Load impedance

IAB=V?AB : IB(F% : Ica=va
Determination of line currents:
Line currents are calculated by applying KCL at nodes A B.C

In=Iag—Ica:Is =Inc - Iag : Ic = Ica - Inc

Note: Line currents are also balanced and equal to \[3phase current.



Balanced star connected load
@ O

b

Fig.1.7

Let us consider a balanced 3-phase star connected load.
For star connection. phase voltage= Line voltage/(V3)
For ABC sequence. the phase voltage is polar form are taken as
\;AN = 1\‘7}:]14 — 900 X \;CN = \‘?phL 1500 X -'\'7]33] = ‘\-"rphL 300
For star connection line currents and phase currents are equal

—Van o _Ven . _Ven
z BT Tz ¢T3

To determine the current in the neutral wire apply KVL at star point
IN+I3+IB +IC:0
In=-(Ian+1Ig +Ic) (since they are balanced)

5.4 UNBALANCED STAR CONNECTED LOAD WITHOUT A
NEUTRAL CONNECTION:

In the case of a balanced Star connected load we have shown that the neutral current is

zero, so even though there is no neutral connection,

Vas
Vap = —=2£-30"
ab Nel
However if the load is not balanced this equation does not apply. An alternative method
should be used. In this case we will apply Kircoffs laws to the circuit. (Boylestad 2007,

p. 1054)
We define the three circulating currents in the circuit to be Iy, I and Iz as shown in Figure 5.4.

It is assumed that the supply voltage is balanced and the magnitude is known. It is also

assumed that the values of Z1, Z> and Zs are known.
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We then apply Kirchoffs voltage law o the three curent loops:

Loop 1:
Vag = (Z:)(h — 1) + (Z2)(h — 12}

From Figure 5.4 it can be scen thar;

(h— 1) =l

= 1) =~1,

(= 1) = ~Ln
And so;

Vio = Zilan = Zalm Eqn (1)
Loop 2:

Vae = (Z)U; — 1) + (Z) 0 — 13)

VoE = e = ik Eqn (2)

Loop 3:

Vea = (Za)(la — I2) + (Z1)(la — 1)

Vea = Zalen = Zidan Eqn (3)
In these three equations the unknowns are L., Ty, and Ly, By solving these three simulraneous
equations it can be shown that;

b Vi Vals
Ty + L, + LI,

VacZy — VanZs

T =
b 2y + Z123 + 2323

i YeaZa~ VacZy
i T P
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