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INSTITUTIONAL VISION AND MISSION

VISION:

Development of academically excellent, culturally vibrant, socially responsible and globally

competent human resources.

MISSION:

e To keep pace with advancements in knowledge and make the students competitive and
capable at the global level.

e To create an environment for the students to acquire the right physical, intellectual,
emotional and moral foundations and shine as torchbearers of tomorrow's society.

e To strive to attain ever-higher benchmarks of educational excellence

DEPARTMENT VISION AND MISSION
VISION:

To create Electrical and Electronics Engineers who excel to be technically competent and fulfill

the cultural and social aspirations of the society.

MISSION:

e To provide knowledge to students that builds a strong foundation in the basic principles
of electrical engineering, problem solving abilities, analytical skills, soft skills and
communication skills for their overall development.

e To offer outcome based technical education.

e To encourage faculty in training & development and to offer consultancy through
research & industry interaction.



PROGRAMME OUTCOMES:

Engineering Graduates will be able to:

PO1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

PO2. Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics,
natural sciences, and engineering sciences.

PO3. Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

PO4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of EXPERIMENTS, analysis and interpretation of data, and
synthesis of the information to provide valid conclusions.

PO5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex engineering
activities with an understanding of the limitations.

POG6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities
relevant to the professional engineering practice.

PO7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need
for sustainable development.

PO8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

PO9. Individual and team work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

PO10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive
clear instructions.



PO11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and
leader in a team, to manage projects and in multidisciplinary environments.

PO12. Life-long learning: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning in the broadest context of technological change.

Program Specific Outcomes (PSOs)

At the end of graduation, the student will be able,

PSO1: Apply the concepts of Electrical & Electronics Engineering to evaluate the performance
of power systems and also to control Industrial drives using power electronics.

PSO2: Demonstrate the concepts of process control for Industrial Automation, design models for

environmental and social concerns and also exhibit continuous self- learning.

Program Educational Objectives (PEOS)

PEOL: To produce competent and Ethical Electrical and Electronics Engineers who will exhibit

the necessary technical and managerial skills to perform their duties in society.

PEO2: To make graduates continuously acquire and enhance their technical and socio-eco-

nomic skills.

PEO3: To aspire graduates on R&D activities leading to offering solutions and excel in vari-

ous career paths.

PEO4: To produce quality engineers who have the capability to work in teams and contribute to

real time projects.



Module -1
BASIC CONCEPTS

Obijectives:
1. To familiarize the basic laws, source transformations, theorems and the methods of

analysing electrical circuits.
2. To explain the use of network theorems and the concept of resonance.

3. To familiarize the analysis of three-phase circuits, two port networks and networks with non-

sinusoidal inputs.

4. To explain the importance of initial conditions, their evaluation and transient analysis of R-L
and R-C circuits.

5. To impart basic knowledge on network analysis using Laplace transforms.
1.1 Introduction

Today we live in a predominantly electrical world. Electrical technology is a driving force
in the changes that are occurring in every engineering discipline. For example, surveying
is now done using lasers and electronic range finders.

Clirenit analysis is the foundation for electrical technology. An indepth knowledge of
circuit analysis provides an understanding of such things as cause and effect, teedback
and control and, stahility and oscillations. Moreover, the critical importance is the fact
that the concepts of electrical circuit can also be applied to economic and social systems.
Thus, the applications and ramifications of circuit analysis are immense.

In this chapter, we shall introduce some of the basic quantities that will be used
throughout the text. An electric circuit orv electric network is an interconnection
of clectrical elements linked together in a closed path so that an clectric current
may continuously flow. Alternatively, an electric circuit is essentially a pipe-line that
facilitates the transfer of charge from one point to another.

1.2 Current, voltage, power and energy

The most elementary quantity in the analysis of electric circuits is the electric charge.
Our interest in electric charge is centered around its motion results in an energy transfer.
Charge is the intrinsic property of matter responsible for electrical phenomena. The
quantity of charge g can be expressed in terms of the charge on one electron. which is

1.602 % 107 coulombs. Thus, —1 coulomb is the charge on 6.24 x 10 electrons. The
current flows through a specified area A and is defined by the electric charge passing
through that area per unit time. Thus we define ¢ as the charge expressed in coulombs.

Charge is the gquantity of electricity responsible for electric phenomena.



The time rate of change constitutes an electric current. Mathemetically. this relation
is expressed as

d,
it) = %f) (1.1)
or g(t) = /‘t i) dz (1.2)

The unit of current is ampere(A): an ampere is 1 coulomb per second.
Current is the time rate of flow of electric charge past a given point.
The basic variables in electric circuits are

current and voltage. If a current flows into i
. . . g a —_— b
terminal a of the element shown in Fig. 1.1, o o
then a voltage or potential difference exists - +
. - I
between the two terminals @ and b, Nor- ab
mally, we say that a voltage exists across Figure 1.1 Voltage across an element

the element.

The vollage across an element is the work done in moving a positive charge
of 1 coulombd from first terminal through the element to second termainal. The
unit of voltage is volt, V or Joules per coulomb.

We have defined voltage in Joules per coulomb as the energy required to move a
positive charge of 1 coulomb through an element. If we assume that we are dealing with
a differential amnount of charge and energy.

‘t‘
then o= % (1.3)

Multiplying both the sides of equation (1.3) by the current in the element gives

d: d;
Vi = i (@) = % =p (1.1

which is the time rate of change of energy or power measured in Joules per second or
watts (W),

p could be either positive or negative. Hence it ; .
is imperative to give sign convention for power. o— o)
If we use the signs as shown in Fig. 1.2.. the x v y

current flows out of the terminal indicated hy x, Figure 1.2 An element with the current

leaving from the terminal
with a positive voltage sign

which shows the positive sign for the voltage. In
this case, the element is said to provide energy
to the charge as it moves through. Power is then

provided by the element.
Conversely, power absorbed by an element is p = wi, when 4 is entering through the
positive voltage terminal.



Enerqgy is the capacity to perform work. Energy and power are related to each

other by the following equation:

i
Energy = w = / pdit

—

EXAMPLE N

Consider the circuit shown in Fig. 1.3 with i

—_ r . i . <= a —_— b
v =8tV and i = 20e™* A for ¢t > 0. Find o— 5
the power absorbed and the energy supplied - " +
by the element over the first second of oper-
ation. we assume that v and 7 are zero for Figure 1.3
t<0.
SOLUTION
The power supplied is

p=wi= (8€7t>(2(]67t)
= 160e™ W
The element is providing energy to the charge flowing through it.
The energy supplied during the first seond is
1 1
w = / pdi = / 160e™ > dt
40 40
=80(1 ~ e™?) = 69.17 Joules

1.3 Linear, active and passive elements
A linear element is one that satisfies the prin- a —Llm b
ciple of superposition and homogeneity. p =
In order to understand the concept of super- v
position and homogeneity, let us consider the Figure 1.4 An element with excitation
element shown in Fig. 1.4. 7 and response v

The excitation is the current, ¢ and the response is the voltage. v. When the element
is subjected to a current 4, it provides a response w1. Furthermore, when the element is
subjected to a current ég, it provides a response 9. If the principle of superposition is
true, then the excitation iy + 4o must produce a response o + 2.

Also, it is necessary that the magnitude scale factor be preserved for a linear element.
If the element is subjected to an excitation i where 8 is a constant multiplier. then if
principle of homogencity is true, the response of the element must be Gu.

We may classify the elements of a circuir into categories, passive and active, depending
upon whether they absorb energy or supply energy.



1.3.1 Passive Circuit Elements

An element is said to be passive il the total enerey delivered to it from the rest of the
circuit 1s either zero or positive.
Then for a passive element, with the current flowing into the positive (+) terminal as

shown in Fig. 1.4 this mcans that
t

w = / vi dt > 0
—

Examples of passive elements are resistors, capacitors and inductors.

1.3.1.A Resistors
Resistance is the physical property of an ele- R

ment or device that impedes the flow of cur- o AAA O
rent: it is represented by the symbol R.

. . . . Figure 1.5 Symbol for a resistor R
Resistance ol a wire element is calculated us- 9 4

ing the relation:

Rt 0
where A is the cross-sectional arca, p the resistivity, and [ the length of the wire. The
practical unit of resistance iz ohm and represented by the symbol (2.

An element is said to have a resistance of 1 ohm, if it permits 1A of
current to flow through it when 1V is impressed across ils terminals.
Ohm’s law, which is related to voltage and current, was published in 1827 as

v=Ri (1.6)
v
or R=-
i

where v is the potential across the resistive element, i the current through it, and R the

resistance of the element.
The power ahsorbed by a resistor is given by

y—vi= e (L) = 2 -

p=ul v (lf) R (1_,)
Alternatively,

p=vi—(iR)i = i’R (1.8)

Hence, the power is a nonlinear function ol current i through the resistor or of the
voltage v across it.
The equation for energy absorbed by or delivered to a resistor is
€ €
w = / pdr = / P*Rdr (1.9)
J—x o =X
Since i° is always positive, the energy is always positive and the resistor is a passive

element.



1.3.1.B Inductors

Whenever a time-changing current is passed through a coil or wire, the voltage across
it is proportional to the rate of change of current through the coil. This proportional
relationship may be expressed by the equation

di
o= L— 1.10
2 d?‘; ( )
Nep
Where I is the constant of proportionality known as induc- T

tance and is measured in Henrys (H). Remember v and 4 are

both funtions of time.
Let us assume that the coil shown in Fig. 1.6 has N turns and i
the core material has a high permeability so that the magnetic »
fluk ¢ is connected within the area A. The changing flux
creates an induced voltage in each turn equal Lo the derivalive Figure 1.6 Model of the
of the flux ¢, so the total voltage v across N turns is inductor
do
o= Nd_f (1.11)

Since the total flux N¢ is proportional to current in the coil, we have
No=1Ti (1.12)
Where L is the constant of proportionality. Substituting equation (1.12) into equa-

tion(1.11), we get

i
==
“ dt

(Y
p=wr= L 7 i

The energy stored in the inductor is

t
u = / pdr
—D

The power in an inductor is

'L{?‘.) 1
= L] i di = - T4% Joules (1.13)
i —oc) 2
Note that when # = —oo.i(—o0) = 0. Also note that w(¥) > 0 for all (), so the

inductor 5, passive element. The inductor does not generate energy, but only stores

energy.



1.3.1.C Capacitors

i
—
A capacitor is a two-terminal element that is a model ol a 1
device consisting of two conducting plates seperated by a di-

. . . . . sqs v v T ——
clectric material. Capacitance is a measure ol the ability ol C7
a deivee to store energy in the form of an electric field. _

Capacitance is defined as the ratio of the charge O—
stored to the voltage difference between the two con- 1.7 Circuit symbol for
ducting plates or wires, a capacitor
’l
==
1
The current through the capacitor is given hy
dg du .
i=—=0— (1.14)
i dt '
The encrgy stored in a capacitor is
1
w = / vi dr
—

Remember that 4, and ¢ are both functions of time and could be written as «(#) and

i(t).

du
Since P =
I ! ot
t
" d
we have w = / v O 4r
) dr
—x
u(?)
) 1. 5@
= / vdv==-Cv?,
. 2 ! i!(*OC)
w(—oc)
Since the capacitor was uncharged at ¢t = —oo, v(—00) = 0.
Tence w = w(t)
1
= E(va(t) Joules (1.15)
Since ¢ = Cwv, we may write
() = —=g2(2) Jonl (116
w(t) = —¢~(t) Joules .16
o )

Note that since w(t) > 0 for all values of »(t), the element is said to be 5 passive
clement.



1.3.2 Active Circuit Elements (Energy Sources)

An active two-terminal element that supplies energy to a circuit is a source of energy. An
ideal voltage source is a circuit element that maintains a prescribed voltage across the
terminals regardless of the current flowing in those terminals. Similarly, an ideal current
source is a circuit element that maintains a prescribed current through its terminals
regardless of the voltage across those terminals.

These circuit elements do not exist as practical devices, they are only idealized models
of actual voltage and current sources,

Ideal voltage and current sources can be further described as either independent
sources or dependent sources. An independent source establishes a voltage or current
in a circuit without relying on voltages or currents elsewhere in the circuit. The value of
the voltage or current supplied is specified by the value of the independent source alone,
In contrast, a dependent source establishes a voltage or current whose value depends on
the value of the voltage or current elsewhere in the circuit. We cannot specily the value
of a dependent source, unless you know the value of the voltage or current on which it
depends.

The circuit symbols for ideal independent sources are shown in Fig. 1.8.(a) and (b).
Note that a circle is used to represent an independent source. The circuit symbols for
dependent sources are shown in Fig. 1.8.(¢), (d). (e) and (f). A diamond symbol is used
to represent a dependent source.

o o o o Q o
<+>v (f)l <+ v=by, +> v=ri, <1> i=gu, f i=di,
(o) [e} O (@] (@] o

(a) (b) () (d) () (0

Figure 1.8 (a) An ideal independent voltage source
(b) An ideal independent current source
(c) voltage controlled voltage source
(d) current contralled voltage source
(e) voltage controlled current source
(f) current controlled current source



1.4 Unilateral and bilateral networks

A Unilateral network is one whose properties or characteristics change with the direction.
An exawple of unilaieral network is the semiconductor diode, which conducts only i one
direction.

A bilateral network is one whose propertics or characteristics are same in either direc-
tion. For example, a transmission line is a bilateral network, because it can be made to
perform the function equally well in either direction.

1.5 Network simplification techniques

Iu this section, we shall give the formula for reducing the networks cousisting ol resistors

connected in series or parallel.

1.5.1 Resistors in Series
When a number of resistors are connected in series, the equivalent resistance of the com-
bination is given by
FR=Ri+Ry+-.-+R, (1.17)
Thus the total resistance is the algebraic sum of individual resistances.

R, R, R,

Figure 1.9 Resistors in series
1.5.2 Resistors in Pardllel

When a number of resistors are connected in parallel as shown in Fig. 1.10, then the
cquivalent resistance of the combination is computed as follows:

1 1 1 1
= e AP (1.18)

R B Ity e i,

Thus, the reciprocal of a equivalent resistance of a parallel combination is the sum of
the reciprocal of the individual resistances. Reciprocal of resistance is conductance and
denoted by &' Consequently the equivalent conductance,

G=Gi+Got -+ Gy
R

— A

Figure 1.10 Resistors in parallel



1.5.3 Division of Current in a Parallel Circuit

Consider a two branch parallel circuil as shown in Fig. 1.11. The branch currents I; and

I5 can be evaluated in terms ol total current [ as follows:

IRy 1G,
7 — - 1.19
: Ity + Ro G+ Go ( )
1R 1G.
I — L - 72 (1.20)
I+ Rs G114 Ga
1 R,
—A\VWV
A R,
A\ VW
| Vi
I
il M
Il

Figure 1.11 Current division in a parallel circuit

That is, current in one branch equals the total current multiplied by the resistance of the

other branch and then divided by the sum of the resistances.

EXAMPLE W

The current in the 69 resistor of the network shown in Fig.

current in all branches and the applied voltage.

1.12 is 2A. Determine the

682 c 8Q2 D
—\VWY MWV ]
. 2A
4€2
8Q2 20Q
1 MWV % WV
- V
(applied voltage)
Figure 1.12
SOLUTION
Voltage across 602 =6x2

=12 volts



Since 60 and 8Q are connected in parallel. voltage C 8Q2

D
across 80 = 12 volts. VWWv
Therefore, the current through | _ 12 15 A 135A
8 (between A and B) 8 o0—

Total current in the circuit =2 +1.5=35 A

2082
Current in the 49 branch = 3.5 A MWV
Current through 8 (betwen C and D) = 3.5 % 20
N 20+8
=25 A
Therefore. current through 200 =35~ 2.5
=1A
Total resistance of the circuit =4+ 6x8 + m
6+8  8+20
= 13.1439
Therefore applied voltage, V=35x13.143 (- V=1IR)
=46 Volts
EXAMPLE I
Find the value of R in the circuit shown in Fig. 1.13.
Lo 209
50 MWV
AV . w0
A AAYAY
15 R
[=25A & 3
- YWWY
| |
| I
25 Volts
Figure 1.13
SOLUTION
Voltage across 5 = 2.5 x 5 = 12.5 volts
Hence the voltage across the parallel circuit = 25 - 12.5 = 12.5 volts
Carrent, through 200=1 or Iy
_ 125

10



Therelore, current through R=I=IT-1 -5

= 2.5 - 0.625 — 0.625
=1.25 Amps
12.5

Hence, R = — = [

1.25

1.6 Kirchhoff’s laws

In the preceeding section, we have seen how simple resistive networks can be solved

for current, resistance, potential ete using the concept of Ohm’s law. But as the network

becomes complex, application of Ohm’s law for
solving the networks becomes tedious and hence
time consuming. For solving such complex net-
works, we make use of Kirchhofl's laws. Gustav
Kirchhoff (1824-1887). an eminent German physi-
cist, did a considerable amount of work on the
principles governing the behaviour of eletrie cir-
cuits. He gave his findings in a set of two laws: (i)
current law and (ii) voltage law, which together
arc known as Kirchhofls laws. Before proceeding
to the statement of these two laws let us familar-
ize ourselves with the following definitions encoun-
tered very often in the world of electrical circuits:

Figure 1.14 A simple resistive network
for difining various circuit
terminologies

(i) Node: A node of a network is an equi-potential surface at which two or more cirenit
elements are joined. Referring to Fig. 1.14, we find that A.B,C and D qualify as

nodes in respect of the above definition.

(ii)

(iii)

Junction: A junction is that point in a network, where three or more circuit elements
are joined. In Fig. 1.14, we find that B and D are the junctions.

Branch: A branch is that part of a network which lies between two junction points.

In Fig. 1.14, BAD.BCD and BD qualify as branches.

Loop: A loop is any closed path of a network. Thus, in Fig. 1.14, ABDA,BCDB and
ABCDA are the loops.

Mesh: A mesh is the most elementary form of a loop and cannot be further divided
into other loops. In Fig. 1.14, ABDA and BCDB are the examples of mesh. Once
ABDA and BCDB are taken as meshes, the loop ABCDA does not qualify as a mesh,
becanse it contains loops ABDA and BCDB.

11



1.6.1 Kirchhoff's Current Law

The first law is Kirchhoff’s current law(KCL), which states that the algebraic sum of
currents entering any node is zero.
Let us consider the node shown in Fig. 1.15. The sum of the currents entering the
node is
—lg + i e + g =0
Note that we have —i, since the current 4, is leaving the node. I we multiply the
foregoing equation by -1, we obtain the expression

bq Ay b le g =0
which simply states that the algebraic sum of currents leaving a node is zero. Alternately.
we can write the equation as

th b ig =4, | ic
which states that the sum of currents entering a node
is equal to the sum of currents leaving the node. If the

sum of the currents entering a node were not equal
to zero, then the charge would be accumulating at a

node. However, a node is a perfect conductor and
cannot accumulate or store charge. Thus, the sum of

. . Figure 1,15 Currents af o node
currents i—‘:]ll’&"r']]']g a ]']()d(—“. 1= eqlml to zero.

1.6.2 Kirchhoff’'s Voltage Law

Kirchhoff's voltage law( K VL) states that the algebraic sum of voltages around any closed
path in a circuit is zero.
In general. the mathematical representation of Kirchhoff’s voltage law is
=) ta]

N

D o) =0

7=l

where v;(t) is the voltage across the 3 branch (with proper reference direction) in a loop
containing N voltages.

In Kirchhoff’s voltage law. the algebraic sign P _oov
is used to keep track of the voltage polarity. } [ }
In other words, as we traverse the circuit, it is

. + +
necessary to sum the increases and decreases "
in voltages to zero. Therefore, it is impor- vl Vg vy
tant to keep track of whether the voltage is _ -
. . . Vs
increasing or decreasing as we go th r:ouy,‘h cach —
clement. We will adopt a policy of consider- _ +

ing the increase in voltage as negative and a

decrease in voltage as positive. Figure 1.16 Circuit with three closed paths

12



Consider the circuit shown in Fig. 1.16, where the voltage for cach element is identified
with its sign. The ideal wire used for connecting the components has zero resistance.
and thus the voltage across it is equal to zero. The sum of voltages around the loop
incorporating vg, vg, vq and wvs is

—1g — w3+ vy +u5 =0

The sum of voltages around a loop is equal to zero. A circuit loop is a conservative
system, meaning that the work required to move a unit charge around any loop is zero.
However, it is important Lo note that not all electrical systeins are conservative. Ex-

ample of a nonconservative system is a radio wave broadcasting system,

DGR 1.4
Consider the circuit shown in Fig. 1.17. Find each branch current and voltage across

cach branch when f1 = 8Q,v9 = 10 volis 43 = 2A and f13 = 192, Also find Ro.

E N e 4 e v B

—\VVVV NV

+ v - ii;) + v, -
10V (*) v, R <+>12v
D C
Figure 1.17

SOLUTION

Applving KCL (Kirchhoft's Current Law) at node A, we get
i1 =i + i3
and using Ohm's law for Ry, we get
vy = Hytg = 1(2) = 2V
Applying K VL (Kirchhoff's Voltage Law) for the loop EACDE. we get

........ 10 | ] | 03 :O
= v = 10 - 0y = 8V

13



Ohm’s law for R is

v =14
m
= ip=—=1A
TR,
Hence, Io =11 — i3
=1-2=-1A
From the circuit, 1o = Raio
35 —1
= Ro=22= 10 g
23] -1
DV 1.5
Referring to Fig. 1.18, find the follow-
ng:
(a) i, ifi, = 2A and i, = 0A
(b) iy if i, = 2A and i. = 2i,
(¢) ivifi, =iy =i-
SOLUTION Figure 1.18

Applyving KCL at node A, we get

5+ ’;u f j.z:".;;: F3

(a) i, =2+ i, + 1,
=2+24+0=4A

(b) iy =3+ i,—5—1i,
= —242-2i,

> iy =0A

(¢) This situation is not possible, since i, and i. are in opposite directions. The only
possibility is ¢, = 0, and this cannot be allowed, as KCL will not be satisfied (5 # 3).

SNV 1.6
Refer the Fig. 1.19.

(a) Calculate v, if i. = —3A

(b) What voltage would you need to replace 5 V source to obtain v, — —6 V if
i. = 0.5A7

14



AAAAY
2Q
+ +
+
5V <_> 05, <?> 3o, Q>
Figure 1.19
SOLUTION
(a) vy =1 (3 v, +i)
Since  w, =5V and i, = ~3A,
we get vy, =3(H) - 3 =12V
(h) vy =130, + i) =6
=3wu, + 0.5
= 3 vy = ~6.5

TTence,

EXAMPLE W

v, = —2.167 volts

For the circuit shown in Fig. 1.20, find 41 and o1, given Rz = 6£).

4 6Q N R,
MM —AMAN———
+
v 1<+> v < R CT SA
_ * i
C
Figure 1.20
SOLUTION
Applving KCL at node A, we get
—iy =~ ig+5=0
From Ohm’s law, 12 =iy Ky
. 1212
= =5 == =2A
Hence, i1 =05 iy = 3A




Applying KVL clockwise to the loop CBAC, we get

—vp - 611 +12=0
= T = 12 - 6?1
=12 ~ 6(3) = ~6volts

SV 1.8

Use Ohm's law and Kirchhoff's law to evaluate (a) vz, (b) s, (¢) Iy and (d) the power

provided by the dependent source in Fig 1.21.

40
; —VVWN—
Lin + v, _
o
+ & .
v <00 (f)m 7. 20 §8V <1> v,
o
Figure 1.21
SOLUTION

(a) Applying KVL, (Referring Fig. 1.21 (a)) we get

24w, +8=0
= v, = —6V
KVL path E 462 E
i | AA% 5
el L 2|
B ) -
Y §29 (f) 6A T 20 §8VE f> 4,
o : 5

Figure 1.21(a)



(b) Applying KCL at node a, we get

I.+4v, + % = g
6
= I, —-24--15=4
= I.=295A

(¢) Applying KCL al node b, we get

. _ 2 U
%in. 9 + ]_q + Z - 6
= i = 14295 ""% ~ 6= 23A

(d) The power supplied by the dependent current source = 8 (dv, ) =8 x4x—6 =

EXAMPLE RS

Find the current i and voltage « for the circuit shown in Fig. 1.22.

3i
2
20
——AMA— >
e
+li2
21V (*) 3Q 6Q Sv
40
5 AAAAY i
Figure 1.22

SOLUTION
From the network shown in Fig. 1.22, i5 = E—
D

The two parallel resistors may be reduced to

3x6 .
szg_ﬁzzsz

Hence, the total series resistance around the loop is

R,=2+R,+4
=50

17



Applying KVL around the loop, we have
~21+ 8%~ 3ia =0

Using the principle of current division,

iy = iy ix3
Ri+R 346
3i i
T 93
= i=3?;2

Substituting equation (1.22) in equation (1.21), we get

........ 21+ 8(3da) — 3ia =10

(1.21)

(1.22)

Hence, ig = 1A
and v = 6ip = 6V
VSN 1.10
Find the current 72 and voltage » for resistor B in Fig. 1.23 when B = 160
Py

ORI b i3

20 -

Figure 1.23

SOLUTION
Applying KCL al node x, we gel

Also, ih=-—==1
4+2 6
p=2="1
"R 16
Hence, 4-Py3.r ¥ _)
o 6 16 16
= o = 96volts
o 96
and =2 = - —6A
11¢ h=7=1

18



EXAMPLE RN

A wheatstone bridge ABCD is arranged as follows: AB = 100Q. BC = 300. CD = 150
and DA = 2002, A 2V battery of internal resistance 20 is connected between points A
and C with A being positive. A galvanometer of resistance 4082 is conmected between 13
and D. Find the magnitude and direction of the galvanometer current.

SOLUTION

i, i

Applying KVL clockwise to the loop ABDA, we get
10i, + 40i, ~ 20i, =0
= 10i, ~ 204, 4+ 40i, =0 (1.23)
Applying KV clockwise to the loop BCDR, we get
30(2q — 42) = 15(dy +1iz) ~ 40i, =0
= 302, — 154, —~ 851, =0 (1.24)
Finally, applying KVL clockwise to the loop ADCA, we get
20i, + 15(5y + i2) + 2(ig +14,) - 2=0

= iy + 3Tiy + 157, = 2 (1.25)
Putting equations (1.23),(1.24) and (1.25) in matrix form, we get
[ 10 -20 40 ia 0
5 0

Using Cramer’s rule, we find that

i, = 0.01 A (Flows from B to D)

19



1.7 Multiple current source networks

Let us now learn how to reduce a network having multiple current sources and a number
of resistors in parallel. Consider the circuit shown in Fig. 1.24. We have assumed that
the upper node is v(t) volts positive with respect to the lower node. Applyving KCL 1o
upper node yields
ir(t) — ig(F) = ig(?) + ia(t) - i5(f) ~ i6(1) =0

i1(f) - i3(2) +ia(t) ~ dg(f) = i2(?) 1 i5(1) (1.26)

U

(1) i(t)

QOZEE SN OZOZINE SRIO

Figure 1.24 Multiple current source network

where i,(t) = i1(t) —ig(t) + ia(t) —ig(t) is the
algebraic sum of all current sources present
in the multiple source network shown in Fig. +
1.24. As a consequence of equation (1.27). the ofV <f> B el
network of Fig. 1.24 is effectively reduced to -
that shown in Fig. 1.25. Using Ohm’s law, the

currents on the right side of equation (1.27)
can be expressed in terms of the voltage and Figure 1.25 Equivalent circuit
individual resistance so that KCL equation
reduces Lo . .
in(t) = [E + —} u(t)
Thus, we can reduce a multiple current source network into a network having only one
current source.

1.8 Source transformations

Source transformation is a procedure which transforms one source into another while
retaining the terminal characteristics of the original source.

Source transformation is based on the concept of equivalence. An equivalent circuit is
one whose terminal characteristics remain identical to those of the original circuit. The
term equivalence as applied to circnits means an identical effect at the terminals, but not
within the equivalent circuits themselves.

20



We are interested in transforming the circuit shown in Fig. 1.26 to a one shown in
Fig. 1.27.

R, X X
—AANA o —
! 1 +
t‘n (D (A R is (f) R;) v R
y y
Figure 1.26 Voltage source connected Figure 1.27 Current source connected
to an external resistance R fo an external resisfance R

We require both the circuits to have the equivalence or same characteristics between the
terminals = and y for all values of external resistance R, We will try for equivanlence of
the two circuits between terminals  and g for two limiting values of B namely B = 0
and B = co. When B = 0, we have a short circuit across the terminals @ and y. Tt is
obligatory for the short circuit to be same for cach circuit. The short circuit current of
Fig. 1.26 is

The short eircuit current of Fig. 1.27 is 4.. This enforces,
Lo L] ?
Vg

i, = 8 1.29)
=g (1.29)

When B = 20. from Fig. 126 we have tay = vs and from Fig. 1.27 we have vy, = iR,
Thus, for equivalence, we require that

Vg — 'I:SR:;) (1'%0)
Also from equation (1.22)). we require ¢, = i Thercfore, we must have
5
g
Vg = (h_’) R?:
-}
= R.s- - R;r) (1'31)

Equations(1.29) and (1.31) must be true simulaneously for both the circuits for the two
sources to be equivalent. We have derived the conditions for equivalence of two circuits
shown in Figs. 1.26 and 1.27 only for two extreme values of R, namely R = 0 and R = oo.
However. the equality relationship holds good for all R as explained below.



Applying KVL to Fig. 1.26, we get
vy = il + v

Dividing by R, gives

vy o )
R, TR, (1.32)
If we use KCOL for Fig. 1.27. we get
. - iy -
is =17 (1.33)

Thus two circuits are equal when

. Ug
i,=— and I, = R,
A, '
Transformation procedure: If we have embedded within a network. a current source
i in parallel with a resistor R can be replaced with a voltage source of value « = iR in
series with the resistor R.

The reverse is also true: that is, a voltage source « in series with a resistor B can he

a1

- . “ .,} - - .
replaced with a current source of valuei = — in parallel with the resistor R. Parameters
within the circuit are unchanged under these transformation.

EXAMPLE NV

A cireuit is shown in Fig. 1.28. Find the current 7 by reducing the circuit to the right of

the terminals 2 - y to its simplest form using source transformations.

50 . 300
MWWV O ANN—
.
sV <+> 200 <+) 3V
y
Figure 1.28

22



SOLUTION
The first step in the analysis is to transform 30 ohm resistor in series with a 3 V source
into a current source with a parallel resistance and we get:

50

AMVWW—0

sv <+> 200 300 (1) %=O.IA

O
O
}

Reducing the two parallel resistances, we get:

50 B
ANV O
20=30
% <+> 20130 (f) 0.1 A
- =120
1

The parallel resistance of 120 and the current source of 0.1A can be transformed into
a voltage source in series with a 12 ohm resistor.

P50 .10
NMVWW—O0— MWW

O o~

Applying KVL, we get
5 +12i+12-5=0
17: = 3.8
1 =0.224A

U



EXAMPLE NE

Find current 7, using source transformation for the circuit shown Fig. 1.29.

.

l 3.3kQ

<>
il

—

ImA (D 47kQ 10KO2 (f) 20mA

Figure 1.29

SOLUTION

Converting 1 mA current source in parallel with 47k€ resistor and 20 mA current gource
in parallel with 10k{) resistor into equivalent voltage sources, the cirenit of Fig. 1.29
becomes the circuit shown in Fig. 1.29(a).

47KQ 4 3.3kQ 10kQ
il
—_—

47103 — -~ 20%10 3
-3 < 10107

:lix I‘O C*) (‘) =200V

=47V ’

Figure 1.29(a)

Please note that for each voltage source, “+" corresponds to its corresponding current
source’s arrow head.
Using K'VL to the above circuit,

AT + 47 x 10%4; ~ 4i7 + 13.3 x 1074, + 200 =0

Solving, we find that

i1 = ~4.096 mA

EXAMPLE RE
Use source transformation to convert the circuit in Fig. 1.30 to a single current source in

parallel with a single resistor.



+
9V (_

SOLUTION

402 o 40 a

AAAY NV O
(1) 9V A (l) 4Q

AAAAY ; O

4Q b b

Figure 1.30

The 9V source across the terminals o' and " will force the voltage across these two

terminals t he 9V regardless the value of the other 9V source and 8§ resistor to its
. . L

left. Hence, these two components may be removed from the terminals. o' and & without

affecting the circuit condition. Accordingly, the above cirenit reduces to,

Yo

a’

4Q

4Q

a
O

b’

O
b

Converting the voltage source in scrics with 18 resistor into an equivalent current

source, we gé‘t 3

we get the circuit shown in Fig. 1.30 (a):

O
a
4€2 SA (‘) 402
b
O
Adding the current sources in parallel and
reducing the two 4 ohm resistors in parallel,
5+2.25
=7.25A * 2Q

Figure 1.30 (o)
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1.8.1 Source Shift

The source transformation is possible only in the case of practical sources. j¢ B, # oo
and R, # 0, where R and R, are internal resistances of voltage and current sources
respectively, Transformation is not possible [or ideal sources and source shilting methods
are used for such cases.

R,
R4 E
—— 4 () b L
L | ) L |
R,
Ry
Ry

Figure 1.31(a) Basic network

Since node b is at a potential g with respect to node a, the network can be redrawn
equivalently as in Fig. 1.31(b) or (¢} depend on the requirements.

—E@—é—
R, P Ry
a -
| — -+
I O_:l_
R, L )E
b
R3
Figure 1.31(b) Networks after E-shift Figure 1.31(c) Network affer the E-shift

Current source shift (I-shift)

In a similar manner, current sources also can be shifted. This can be explained with an
example. Consider the network shown in Fig. 1.32(a), which contains an ideal current
source between nodes @ and ¢. The circuit shown in Figs. 1.32(b) and (¢) illustrates the
cquivalent circuit alter the 1 - shift.

26



Figure 1.32(b) and (c) Networks affer I--shift

SVIi=. 1.15

Lse source shifting and transtormation techiniques to find voltage across 28 resistor shown

in Fig. 1.33(a). All resistor values are in ohms.

3
—— AN
[ 4
AN AN

Figure 1.33(a)

27



SOLUTION
The circuit is redrawn by shifting 2A current source and 3V voltage source and further
simplified as shown below.

Thus the voltage across 202 resistor is

1
2-1 4471 4 4-

28



EXAMPLE RIS

Use source mobility to calculate vy in the circuits shown in Fig. 1.34 (a) and (b). All

resistor values are in ohms.

60V

3
A

o ]
b DR

E

Figure 1.34(c) Figure 1.34(b)

SOLUTION
(a) The circuit shown in Fig. 1.34(a) is simplified using source mobility technique, as
shown below and the voltage across the nodes a and b 15 calculated.

3 3
MV AAA%Y
15
NV
10
b ANV a
IA
©
Voltage across a and b is
. 1
Vap = 311 10-L+ 15-1 = 2 v

29



(b) The circuit shown in Fig. 1.34 (b) is reduced as follows.

60V
c C ) ¢
N4
3 2 § 2 (‘) 10A
12 § §15 - 15§
4A@
8
b b
Figure 1.34(c) Figure 1.34(d)

S U ONOZ

Figure 1.34(e)

From Fig. 1.34(e),

_ 127 x6 )
I/bc - 1271 + ]071 + ]5,1 X 12 =24V

Applying this result in Fig. 1.34(h), we get

Cah — Uge ™ Uhe

=60 - 24 =36V

EXAMPLE RV

Use mohility and reduction technigues to solve the node voltages of the network shown
in Fig. 1.35(a). All resistors are in ohms,

30



AYAVA'AY
2 3
) 9
1 434 C_) 30V
> 10 6
h AYAVA'AY
C

Figure 1.35(a)

SOLUTION
The circuit shown in Fig. 1.35(a) can be reduced hy using desired techniques as shown in
Fig. 1.35(b) to 1.35(e).

30V
30V
+
3
a 9
5 6
LLl 10
a——A\NVV e
Figure 1.35()
From Tig. 1.35(e)
.34 _
TTar=2A
Using this value of 7 in Fig. 1.35(c),
V,— - 9x2= 18V
and Ve=Ve ~2%x2-20= 42V
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7
X
3
a 9
6
e
o NVVvV ¢
Figure 1.35(c)
6A
N\ 10A
R
- | ¥ N\
ANV e 3 4 9
[ 0 . ANA—FAAAN—
ANN 6
15 —ANWN\—
iy _@_
15A

Figure 1.35(d)

34V 20V

Figure 1.35(e)
From Fig 1.35(a)
Vi=V,+30= 42 + 30 = ~ 12V

32



Then at node b in Fig. 1.35(b),
rj I
R Vi - Vi

=0
2 8

Using the value of ¥ in the above equation and rearranging. we get,

- V, = 69.6 V

2 445 =0
5 TP
11 12
vz Y= 45 =
‘ (5 RRTI BTY
= V.= 164V

SCWII=N 1.18

Use source mohility to reduce the network shown in Fig. 1.36(a) and find the value of V.

All resistors are in ohms.

Figure 1.36(a)

SOLUTION
The cirenit shown in Fig. 1.36(a) can be reduced as follows and V, is calculated.
Thus

Vv: = 2_5. ®x 18 = 3.6V
©)



!

18 18
AYAYAYAY, AN/
+ V\_ - T
3A ' 3A *

e
VWV

5 2
[ (3
5 2

15V 10V

1.9 Mesh analysis with independent voltage sources

Before starting the concept of mesh analysis, we want to reiterate that a closed path or
a loop is drawn starting at a node and tracing a path such that we return to the original
node without passing an intermediate node more than once. A mesh is a special case of
a loop. A mesh is a loop that does not contain any other loops within it. The network
shown in Fig. 1.37(a) has four meshes and they are identified as M;, where 4+ = 1,2, 3. 4.
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<
()
=
_____k_____
w

Figure 1.37(a) A circuit with four meshes. Each mesh is identified by a circuit

The current flowing in a mesh is defined as mesh R R
1 >

current. As a matier of convention, the mesh cur- AN AN
rents are assumed to flow in a mesh in the clock-

wise direction.

Let us consider the two mesh circuit of Fig. N ‘ )
PR ) (4 1l R, Iy
1.37(b). _ 3

We cannot choose the outer loop,» — Ry — Rg —
« as one mesh, since it would contain the loop » —
1 — Ry — v within it. Let us choose two mesh

currents iy and d2 as shown in the I'igm'(‘.. Figure 1.37(t) A circuit with two meshes

We may employ K V7 around each mesh. We will travel around each mesh in the
clockwise direction and sum the voltage rises and drops encountered in that particular
mesh. We will adpot a convention of taking voltage drops to be posiiive and voltage rises
to be negative . Thus, for the network shown in Fig. 1.37(b) we have

Mesh 1 .=+ ity + (i — ”i-g)h’g =0 (1’% 1)

Note that when writing voltage across Rg in mesh 1, the current in R3 is taken as
i1 - 49. Note that the mesh current 7; is taken as ‘+ve’ since we traverse in clockwise
direction in mesh 1, On the other hand, the voltage across Rg in mesh 2 is written as
Rs(is o 41). The current 72 is taken as +ve since we are traversing in clockwise direction
in this case too.

Solving equations (1.34) and (1.35). we can find the mesh currents 4y, 42

Once the mesh currents are known, the branch currents are evaluated in {46 of
mesh currents and then all the branch voltages are found using Ohims’s law. If we have
N meshes with N mesh currents, we can obtain N independent mesh equations. Lhis set
of N equations are independent, and thus guarantees a solution for the N mesh currents.
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VI 1.19

For the electrical network shown in Fig. 1.38. determine the loop currents and all branch
currents.

10V

Figure 1.38

SOLUTION
Applying KVEL for the meshes shown in Fig. [.38. we have

Mesh 1. 021 +2(hH - Iy)+3(hH - 1)~ 10=0
- 527, - 36, - 213 = 10 (1.36)

Mesh 2 3y — ) +4(fh — I3) + 021+ 15=0
- 31, 1 72Fy — 4l = 15 (1.37)

Mesh 3 : S5Is+2(3 ~ h) +4(I3 - 1) =0
= — 20 -4 +1143=0 (1.38)

Putting the equations (1.36) through (1.38) in matrix form, we have

52 .3 -9 7 10
3 79 -4 L | =1 - 15
2 -4 11 I3 0

Using Cramer’s rule, we get

I =0.11A
I, = ~2.53A
and I3 = ~09A
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The various branch currents are now calculated as follows:
Current through 10V battery = 11 = 0.11A

Current through 2Q resistor = F - I3 = 1.01A

Current through 3Q resistor = F -~ Iy = 2.64A

Current through 40 resistor = Ffy — I3 = ~1.63A
Current through 59 resistor = f3 = ~0.9A
Current through 15V battery = I = —~2.53A

The negative sign for fo and f3 indicates that the actual directions of these currents
are opposite to the assumed directions.

1.10 Mesh analysis with independent current sources

Let us consider an electrical circuit source

having an independent current source as
shown Fig. 1.39(a).
We find that the second mesh current io = —i,

R R,
.

—AMM—T—AA—

and thus we need ounly to determine the first

mesh current ¢y, Applying KV to the first - _ _
mesh, we ohtain v (_) h R, t2 CD g

(1 + H)ip — Hotg=n

Since ig = —ig,
we get (F1+ Ro)iy + iR =w
) o — gDl Figure 1.39(a) Circuit containing both inde-
= = B+ Ry pendent volfage and current sources
As a second example, let us take an electri- R, Ry
cal circuit in which the current source s is ANN N, AN

common to both the meshes. This situation
is shown in Fig. 1.39(h).

By applying KCL at node x, we recognize 1’<+> 3 <D i i Ry
that, i9g — i1 = i, —

The two mesh equations (using K VL) are

Mesh 1 : Ry + gy — 0 =0 -
Mesh 2. (Hy + R3)ig = vgyy =0 -
' Figure 1.39(k) Circuit containing an independent

current source commeon fo both meshes



Addill:%’ the above two (‘q_uati(lns, we get
Ryt + (Ho + Ry)iz = v
Substituting 49 = 41 | i, in the above equation. we find that
Riiy + (fy + R.‘%}(’il +ig)=w
v - (Ho + R3)i,
Ry + Ry | R3

[n this manner, we can handle independent current sources by recording the relation-

= i1 =

ship between the mesh currents and the current source. The equation relating the mesh
current and the current source is recorded as the constraint equation.

DN\ 1.20
Find the voltage V, in the circuit shown in Fig. 1.40.

4mA

)

2kQ2 6ke2

3V v,
2mA C‘) @ 4kQ
o
Figure 1.40
SOLUTION
Constraint equations:
Ti=4ax 1073 A

Applying KVL for the mesh 3, we get
4x10° I3~ T]+2x10°[I3 ~ T[] +6 x 10°/3 -3 =0
Substituting the values of 71 and 75, we obtain

I3 =0.25 mA

Hence, V,=6x10°I5 - 3
=6 x 107025 x 1073) - 3
- 1_5 V
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1.11 Supermesh

hll[)L‘I’ITl\th

A more general technique for mesh analysis method,
when a current source is common to two meshes,
involves the concept of a supermesh. A supermesh is
created from two meshes that have a current source
as a common clement; the current source is in the
interior of a supermesh. We thus reduce the number

of meshes by one for each current source present.

Figure 1.41 shows a supermesh created from the two

meshes that have a current source in common. Figure 1.41 Circuit with a supermesh
shown by the dashed line

EXAMPLE W4

Find the current 4, in the circuit shown in Fig. 1.42(a).

oV
: 1kQ
4mA
1k€2
—AAAA——

EIH-’\(A') gEkQ g KO

1]

0

Figure 1.42(c)

SOLUTION

This problem is first solved by the techique explained in Section 1.10. Three mesh currents
are specified as shown in Fig. 1.42(b). The mesh currents constrained by the current
sources are

i=2x 1073 A
ig —ig=4x 1073 A

The KVL equations for meshes 2 and 8 respetively are

6+ 1 % 10%3 + vgy + 13 10%(i3 — i) =

2 % 10%g + 2 x 10%(3g ~ i1) ~ gy = 0
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1k€2

-® ()

Figure 1.42(b)

Adding last two equations, we get
-------- 6+ 1 x 10%3 +2 x 10%9 +2 x 10% (49 - i1) + 1 x 10%(i3 — i1) = 0 (1.39)

Substituting iy = 2 x 1072A and 43 = iy — 4 x 107*A in the above equation,
we get

r

........ 6+1x 10" [ig ~ 4x 1077 4 9% 10%, + 2 x 10° [ig = 2% 1077
F1x 107 [ig - 4x 107 - 2x 1077 =0

Solving we get

. 10
79 = E{ mA
Thus, by =41 - i
10
_o 10
3
= _34 mA

The purpose of supermesh approach is to avoid introducing the unknown voltage vg,,.
The supermesh is created by mentally removing the 4 mA current source as shown in
Fig. 1.42(¢). Then applying KV equation around the dotted path. which defines the
supermesh, using the orginal mesh currents as shown in Fig. 1.12(h), we get

6+ 1 x 10%3 + 2 x 10%5 + 2 x 10%(ig —41) + 1 x 10%(d3 — 1) = 0

Note that the supermesh equation is same as equation 1.39 obtained earlier by introduc-
ing vgy. the remaining procedure of finding 4, is same as before.
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EXAMPLE e
For the network shown in Fig. 1.43(a). find the mesh currents 7, 4 and is.

Figure 1.43(a)

SOLUTION

The HBA current sowrce is in the common
boundary of two meshes. The supermesh
is shown as dotted lines in Figs.1.43(h) and 10V <+>
1.43(¢), the branch having the 5A current -
source is removed from the circuit diagram.
Then applying K Voaround the dotted path,
which defines the supermesh, using the orig-
inal mesh currents as shown in Fig. 1.43(c),
we find that

. . . . Supermesh
........ 10 + 1(]1 7.:5) € 3(12 ?:5) + 2?2 =0
Figure 1.43(c)

For mesh 3, we have
1(2g - '?:1) + 2ig+ 3(ig ~i2) =0

Finally, the constraint equation is

Then the above three eqations may be reduced to
Supemesh: lig + 5ig — 4ig = 10

Mesh 3. 147 — 3ig + 6ig3 =0

current source:  dip —ig =29

Solving the above simultaneous equations, we find that,

i1 = 7.5A,is = 2.5A, and i3 = 2.5A
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EXAMPLE N

Find the mesh currents 2, 4o and i3 for the network shown in Fig. 1.44.
142 3 5

1Q
AVAYAYAY,
‘;J
2Q 1Q
AYAVAYAY ANV
2V (:?::) i (::} 1A i §§ 2Q
Figure 1.44

SOLUTION

IHere we note that LA independent current source is in the common boundary of two
meshes. Mesh currents 41, 4 and 43, are marked in the clockwise direction. The supermesh
is shown as dotted lines in Figs. 1.45(a) and 1.45(b). In Fig. 1.45(b), the TA current
source is removed from the circuit diagram, then applying the K'VL around the dotted
path, which defines the supermesh, using original mesh currents as shown in Fig. 1.45(h).
we find that

20 1Q
ANV e AVAVAVAY AVAVAVAY

[éj
()
MM

ES

Supermesh Supermesh
Figure 1.45(0) Figure 1.45(b)
For mesh 3, the KVL equation is

2(?3 ?1) * 1,3 1 1(?3 ........ 72) :0
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Finally, the constraint equation is

Then the above three equations may be reduced to
Supermesh @ 24y + 3ig — 3izg = 2

Mesh 3 : 2i1 +i9 - 4ig =0

Current source: i1 d9 =1

Solving the ahove simultaneous equations, we find that
i1 = 1.55A,ia2 = 0.55A, i3 = 0.91A

1.12 Mesh analysis for the circuits involving dependent sources

The persence of one or more dependent sources merely requires each of these source
¢quantites and the variable on which it depends to bhe expressed in terms of assigned mesh
currents. That is, to begin with, we treal the dependent source as though it were an
independent source while writing the KV equations. Then we write the conlrolling
equation for the dependent source. The following examples illustrate the point.

SNVISI=E 1.24

(a) Use the mesh current method to solve for 4, in the circuit shown in Fig. 1.46.

(b) Find the power delivered by the independent current source.

(¢c) Find the power delivered by the dependent voltage source.

400Q 1kQ
MVV SAA%Y
2.5mA G) ,'”T 2 4k0 I | 50."(1
50062
NN
Figure 1.46

SOLUTION
(a) We mark two mesh currents i1 and és as shown in Fig. 1.47. We find that i = 2.5mA.

Applying KVL 10 mesh 2, we find that

2400(ig — 0.0025) + 1500iy — 150(d5 — 0.0025) = ("4, =9 — 2.5 mA)
= 3750ia =6 — 0.375
=5.625
= io = 1.5 mA

Gy =i9 — 2.5 = — 1.0mA
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(b) Applying KVL to mesh 1, we get 4000 1O

—U + 25“]—1) 24i, =0 AVAYAVAY AVAVAVAY

= 0, =25(0.4) - 2.4(~1.0) = 34V ,T

+
, _ - -3 A
Pind source = 3.4 % 2.5 % 10 2.5mA G)z i i <+> 150,

= 8.5 mW((iCliVCde) 2 4k

((') Rlop..—mm‘(‘(\ = 150z, (32) 500€2
= 150(~1.0 x 107%)(1.5 x 10~ MWV

= ~0.225 mW (absorbed)

EXAMPLE WS

Figure 1.47

F'ind the total power delivered in the circuit using mesh-current method.

1750
— AVWMNW—————
5Q 2,50
AAAAY MV
I
7.50Q
+ )
125V C) <‘ 0.2,
50V

SOLUTION

Figure 1.48

Let us mark three mesh currents q, 4o and i3 as shown in Fig, 1.49.

KVIL equations:
Mesh 1: 17541 + 2.5(¢1 - i3)

= 2511 — Big — 2.5i3 =0

Mesh 2: 125 4 5(ig — 1)
+7.5(¢g —43) +50=0

= —b5iy 4 12.5i9 ~ 7.5i3 = 75

Constraint equalions:

is = 0.2V,
Vi =5(ip ~ 1)

Thub, f3 =0.2 % 5(i2 ”.".1) = ’.f:2 ”.".1.

Figure 1.49
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Making use of i3 in the mesh equations, we get

Mesh 1 25i1 -~ big — 2.5(ig — 1) =0
- 27.5i1 — T7.big =10

Mesh 2 : 5ip + 12.5i9 — T.5(ig — i) =75
= 2501 +bia =75

Solving the above two equations, we get
i1=3.6 A.ig =132 A
and ig =19 — i1 = 9.6 A

Applying K VL through the path having 50 — 2.50 — v, — 125V source, we get,
5(g ~ i1) + 2.5(ig — i1) + vy — 125 =0
= Vps = 125 — B(ig — i1) — 2.5(ig — 1)
=125~ 48 - 2.5(9.6 - 3.6) =62V
Poes = 62(9.6) = 595.2W (absorhed)
Psov = 50(22 — i3) = 50(13.2 ~ 9.6) = 180W (absorbed)
Plogy = 125is = 1650W (delivered)

DV 1.26

Use the mesh-current method to find the power delivered by the dependent voltage source

in the cireuit shown in Fig. 1.50.

660V

§ 25Q

5002

Figure 1.50
SOLUTION

Applying KVL to the meshes 1, 2 and 3 shown in Fig 1.51, we have

Mesh 1: 5ip 4 15(2y — i3) 4+ 10(71 ~ i2) — 660 =0
= 3041 ~ 10dg — 1343 = GGO
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- 20, + 10(ig — i1) + 50(33 — i3) =0
10(ig — i1) + 50(3y — i3) = 20i,
— 10¢1 | 60ig — 50ig = 204,
15(i5 — i1) + 25ig + 50(ig — i2) = 0
— 15i1 — 50ig +90i3 =0

25Q

Mesh 2 :
=
=
Mesh 3
=
Also o =g — i3

Figure 1.51

Solving, t1 = 42A,42 = 2TA 43 = 22A,1, = HA.
Power delivered by the dependent voltage source = oy, = (204, )42

1.13 Node voltage anlysis

= 2700W (delivered)

In the nodal analysis. Kirchhoff's current law is nged to write the equilibrium equations.
A node is defined as a junction of two or more branches. If' we define one node of the
network as a reference node (a point of zero potential or ground), the remaining nodes of

the network will have a fixed potential relative to this reference. Equations relating to all

nodes except for the reference node can he written by applying K ('L,

Refering to the circuit shown
in Fig.1.52, we can arbitrarily
choose any node as the reference
node. However, it is convenient
to choose the node with most con-
nected branches. Hence, node 3 is
chosen as the reference node here.
1t is seen from the network of Fig.
1.52 that there are three nodes.

R, . R, 5 Ry
NV AVAVAVAY ANNNN——
i ¥
(_) v, R, R (_) U
3

Figure 1.52 Circuit with three nodes where the
lower node 3 is the reference node
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Hence, number of equations based on K1 will be total number of nodes minus one.
That is, in the present context, we will have only two KL equations referred to as node
cquations. For applying KCL at node 1 and node 2, we assume that all the currents leave
these nodes as shown in Figs. 1.53 and 1.54.

R, 0 R, 0, | R, " R,
Yq i 1 i 2 Uy
— —
Iy
%3
—— 3 ——— Rclerence node ——» ——3
Figure 1.53 Simplified circuit for Figure 1.54 Simplified circuit for
applying K C'L at node 1 applying K C'1, at node 2

Applying KCL at node 1 and 2, we find that

(i) At node 1: ip fig tig=0
B e Vg 01— tg w1 - 0
= + =0
Rl RQ . R4
1 1 1 1 0
= 1 |:— + i I R 9 — — o 11“
Iy 15_4} R, Iy (1.40)
(ii) At node 2: ig+ig+iz =0
Y 1 U9 — Up 9
= 29
Ry - B3 By
1 1 1 1 vy
= — - ) 4t — — = ’ 1.41
ARSI A A AR (40
Putting equations (1.40) and (1.41) in matrix form, we get
11 1 1 . V4
BT m o
1 RQ R4 R2 1
1 L1 | w
Hs Hs  Hs Hs 2 Hs

The above matrix equation can be solved for node voltages # and v using Cramer’s
rule of determinants. Once v and o are obtainted. then by using Ohm’s law, we can find
all the branch currents and hence the solution of the network is obtained.
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EXAMPLE VY

Refer the circuit shown in Fig, 1.55. Find the three node voltages o, v, and v,., when all

the conductances are equal to 1S.

—-
W AANNA—EZAAAA
G, G,
9A (}) G, G Gy 7A

Figure 1.55

SOLUTION
At node a: (G + G Gg)og — Goup — Gy =9 — 3
At node b: Govg + (Gy + Go + Gs)uy — Gave =3
At node ¢: ~ Gevg ~ Gup+ (G + G5+ Gg)r. =7
Substituting the values of various conductances, we find that
3, - vp = Ve =16
—u, + 3Jup - v =3
— 0 Up U =T

Putting the above equations in matrix form, we see that

E i
L, 0 ol 7]

Solving the matrix equation using cramer’s rule, we get
e = DDV, v, =475V, v, =575V

The determinant A nsed for computing o, vy and v, in general form is given by

E G - Gn.h - Gm"

o — ‘"Gn,b Z [ Gbc
b
- Gm" Gbc Z G

where 37 G is the sum of the conductances at node 4, and G is the sum of conductances
i
conecting nodes ¢ and j.



DV 1.28

Use the node voltage method to find how mmeh power the 2A source extracts from the

circuit shown in Fig. 1.56.

2 (D

Applying KCL at node a, we get
Ve  Up o~ DD
24—+ —=0
+ 4 + 5
= p, =20V

PZAsourcc - 20(2) =40W (absorbing)

O

2Q
ANNA—
+
§4Q C_) S5V
3Q
ANNN—
Figure 1.56
P 2Q
A
+
ZACD va§ 4Q
30
—— WY
Figure 1.57
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EXAMPLE W4

Refer the circuit shown in Fig. 1.58(a).

(a) Use the node voltage method to find the branch currents 71 ¢ 6.

(b) Test your solution for the branch currents by showing the total power dissipated equals

the power developed.

1oV

110V

SOLUTION
(a) At node 4y

v~ 110 0] — vy v — 3 -
> s 16 Loy C)
= 11w = 209 — vy = 880
30
At node v9: |||I ANV
I B o R
8 3 2 =
= 3+ 1219 - w3=0 110V
At node ws: 20
w3 4+ 110 w3 - w9 n 03 - 0 MWWV
a — -
2 24 16 iy
= — 31~ 209 + 2903 = 2640

2Q

(2

"4
v, 169

U3

Figure 1.58(b)

Solving the above nodal equations,we get

v = 74.64V,

vy = 11.79\-’7. vy = — 825V

110 . »
Hence, i = T’l — 17.68A
in = 2 — 393A
3
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vy + 110

.?:4 _ o1 09 — 7 R6A
8

. 0o 3

15 = = 3.93A

> 24

o o oL vy _ 0 82A
16

(b) Total power delivered = 110i; + 110i5 = 3457.3W
Total power dissipated =i} x 2443 x 3 +i3 x 2+ i*x 842 x 24+ 4% x 16
= 3457.3 W

EXAMPLE IS
(a)Use the node voltage method to show that the output volatage v, in the circuit of

Fig 1.59(a) is equal to the average value of the source voltages.
(b) Find v, if w1 = 150V, ©2 = 200V and w3 = —50V.

Figure 1.59(a)

SOLUTION
Applying KCL at node a, we get

Uy = V] Uy . Vg U, U3 L +'U,) U, N
R R R r -V —--- o
R R R R
= o, =11 +0vy+ -+ v,
1
Mence, v, = — [t + w2 + -+ + 0y) = v,
T 28 Uy L2 U”
- ; U Fo)
fed —
| 1 ] j
(b) vy = (150+200 - 50) = 100V Figure 1.59(5)
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EXAMPLE Y

Use nodal analysis to find #, in the circuit of Fig. 1.60.

60 20 68 v, 2Q

G © = o

Figure 1.60

Figure 1.61
SOLUTION

Referring Fig 1.61, at node o1:

no =0
6 3 2
_ My o
6 3 2
= v = 2.5V
Uy = L X 1
2+1
........ 25
= x 1
3
= —0.83volts

DNVISI=. 1.32

Refer to the network shown in Fig. 1.62. Find the power delivered hy 1A current sonrce.

1A
©
2Q 2Q
AVAYA'AY, ANNN—
4Q§ élzv §3Q
Figure 1.62
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SOLUTION

Referring to Fig. 1.63, applying K VL

to the path v, — 40 — 30, we get
Vo = V] — U3

wg = 12V

1 1 9

At le vy 1 — 1=0
node 1 5
v v - 12
- 24 =
4 + 2
m =933V
At node wg: %3 + 28 3 2 +1=0
3 73 12
= —+——4+1=0
3 2
= vy =06V
Hence, Vo =9.33 - 6=

1.14 Supernode

4Q

3Q

Figure 1.63

3.33 volts
PIA source — Vg X 1
3.33 x 1 = 3.33W (delivering)

Inorder to understand the concept of a supernode, let us consider an clectrical circuit as

shown in Fig. 1.64.

Applving K VL clockwise to the loop containing R, voltage source and Es, we get

Vy = U + U

=

3
r‘U.

To account for the fact that the source voltage
is known, we consider both v, and v, as part
of one larger node represented by the dotted
ellipse as shown in Fig. 1.64. We need a larger
node because v, and v, are dependent (see
equation 1.42). This larger node is called the
supernode.

Applying KCL at nodes a and b, we get

Ve
— e =0
Ry !
_ v
and R, iy = T

vy = v ( Constraint equation )

(1.12)

Supernode

R, g R, (D iy

—

Figure 1.64 Circuit with a supernode
incorporating v, and oy,
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Adding the above two equations, we find that

Uy, Un
+ = =i
Ry Ry ”°
= v T pGlo = i (1.43)

Solving equations (1.42) and (1.43), we can find the values of v, and v,

When we apply KC'L at the supernode, mentally imagine that the voltage source w,
is removed [rom the the circuit of Fig. 1.63, but the voltage at nodes g and b are held at
v, and vy, respectively. In other words, by applying KCL at supernode, we obtain

[”n.(;l + '”n.GQ =g

The equation is the same equation (1.43). As in supermesh, the KCL for supernode
eliminates the problem of dealing with a current through a voltage source.
Procedure for using supernode:
1. Use it when a branch between non-reference nodes is connected by an independent
or a dependent voltage source.

2. Enclose the voltage source and the two conmecting nodes inside a dotted ellipse to
form the supernode.

3. Write the constraint equation that defines the voltage relationship between the two
non-reference node as a result of the presence ot the voltage source.

4. Write the KCL equation at the supernode.

5. If the voltage source is dependent, then the constraint equation for the dependent
source is also needed.

EXAMPLE IS

Refer the electrical circuit shown in Fig. 1.65 and find w,.

oF

+ r
500€2 C_) 12V v, 50092

Figure 1.65
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Supernode

gle

SOLUTION - v -
The constraint equalion is, 7 T
P + - ~
o, — v, = 8 J‘ U .
= vy — Vg — 8 : ----------- v :
b | 125Q 2500 '\ K
| . =N \‘- 4 - ~ /’ !
The KCL cqualion at the supernode CPR AR Ty N VV VY VWVV B
is then,
( \ 5 12v v 500Q
Uy +8  (vg+8) 12 g, ~ 12 500Q LS s00¢
500 125 250 B
Ya =
500 Y i
B! '
Therefore, Vg = 4V Figure 1.66
EXAMPLE JIE
Use the nodal analysis to find v, in the network of Fig. 1.67.
k€2
AYAA'A"
12V
U VVV O
I

SOLUTION

Figure 1.67

Figure 1.68
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The constraint equation is,

np = 12
= ] — w9 12
KCL al supernode:
09 . 12 (U9 .. 12) . v ‘ 09 | 02 - 03
1 x 10? 1 x 10? Lx10% 1 x103
= 4x 100 - 2% 10 %0 = 24 x 1073
= dug — 203 = 24

At node wvg:

d et C RO )
Solving we get

TTence,

EXAMPLE IsSs]

03 . 19

73 . (’UQ ]2)

Ix 103~ 1x103
— 2% 10 P+ 2% 10 Py = —10 % 1073

Vo =103 = 2V

=2x 1073

Refer the network shown in Fig. 1.69. Find the current I.

SOLUTION

Constriant equation:

12V
m 3k 2kQ
U ANNN—
2kQ2 C‘ 4mA
I’“
Figure 1.69
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_____ / Supernode
e 7 ~ A

=12 SN KQ 2k
o @ L AAA——AAA—
3KQ § gzksz G>4mA ékg
\ ¥
Figure 1.70
KCL at supernode:
IR D) o] 0] 0y
3x10%  2x10%  3x10%
7 ) 1 ;
= —x 1073 ~ = x 1072y =4 x 1073
6 3
7 1
= —1 —19 =4
61 37
KCL at node 2:
e 2 4x103=0

3x 103 3% 103

1 , 2 ,
= T3 10 %0 3 * 10 %0y = —4 x 1073
N 1 N 2 A
4 S —
31737

Putting the above two nodal equations in matrix form, we get

Too1rw [
6 3 B
1 2
3 3 9 4

Solving the above two matrix equations using Cramer’s rule, we get

0 =2V
7] 9

= In: a7 —
2x 107 2x10

7 = 1mA
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VI 1.36

Refer the network shown in Fig. 1.71. Find the power delivered by the dependent voltage

source in the network.

59 10Q

AVAYAYAY, AVAYAAY
80V <> l 500 <> 75i,
— . 4
‘,ﬂ

15Q

VY
Figure 1.71

SOLUTION
Refer Fig. 1.72, KCL at node 1:

v - 80 e o+ T,

5 50 25 75i,
. o]
where i, = —
50
—= (V1
N g_@_g_liiﬁdzo
5 50 25
Solving we get n = 50V
Figure 1.72
1 50
= 0 — T~ — -, = 1!
' 50 50 1A
_ . ] — (—T5,)
Also, =
i T 0+ 15)
o1t 75i,
~ (10 + 15)
5( 75
_ )J+f)><1:'__)A
(10 4+ 15)

Prsia = (T5ia)%
=75 x1x5
= 375W (delivered)
EXAMPLE BRIV

Use the node-voltage method to find the power developed by the 20V source in the circuit

shown in Fig. 1.73.
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2Q 10 40
NV AVAYAYAY, AN
+ Vi —
+ r
209 _ ) 20v 40Q 00 ) 3.125v,
jh
Figure 1.73
SOLUTION
Supernode
_______________ -
g 354, )

'y e Qo 40| vy
~q4-_/ + va _ N4
5!:1 + i
20-§ C_) oy NS00 80Q <{ 3.1250,
Figure 1.74

Constraint equations:
W, = 20 - 19

v — 314y = 3

Node equations:

(i) Supernode:
' 7] U] e 2] vy g U3 _
20 + — +3.125¢, =0

80

0T T
] 71— 90 (o1 35-1:;,) -------- 1y (t1 35-2'5;) »
" + 4+ 3.125(20 — 4,) = 0
20 5 T 1 <0 3:125(20 - v,)
.9 9
) "o 352 ) v .. 3b—
) (“ 40) 2 ( 40) TR for
= = + 4 2+ 3.1925(20 — ) =
507 2 4 20 3125020 = ) =0



(i) At node wvo:

w 9 (’Ul 3)1—[)) vy 90
40 4 1

Solving the above two nodal equations, we get

v = —20.25V, vy = 10V

Then w3 = 01— 3D

Also, iy = 5 LEN .
_ 20 + 20.25 (20 10)
N 2 1
=30.125 A

Mgy = 204, = 20(30.125)
=602.5 W (delivered)

EXAMPLE [IsEs

Refer the circuit shown in Fig. 1.75(a). Determine the current 4;.

0.3 20
<> AN
3V C) (D 2A C) 4V
10 i
AVAVAYAY

Figure 1.75(a)



SOLUTION

Conslrainl equation:
Applving KV clockwise to the loop containing 3V source, dependent voltage source,
2A current source and 4€) resitor. we gef

—u 3 0.5’51 - 1y = 0

= 1~ g = 3 - 0.5y

Substituting iy =
doy ~ 3y = 8

. 'U] ‘

-

Figure 1.75(b)

KO eguation al supernode:

o vy 4
%_272 ........ 2 = ,r)1_2,”2:0

Solving the constraint equation and the KC'L equation at supernode simultancously,
we find that,

wo = 727.3 mV

0] = —2u9
= —1454.6 mV
19 4
Then, i1 = "2
2

= ~1.636A



EXAMPLE RS

Refler the network shown in Fig. 1.76(a). Find the node voltages vy and wv,.

a

Figure 1.76(a)

SOLUTION
\ . — . . .. U -Ue
From the network, shown in Fig. 1.76 (b), by inspection,u, =8V, i1 = 5
Constrainl equation: v, =611+ vy
Vg .. Up Ug, Ud .. Ve

=3,

KCI al supernode:

2 2 2

Figure 1.76(b)

(1.41)
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Substituting v, = 8 V in the constrained equation, we get

(v - ve) )
2 Ul
= 3(wy ’UC) —+ vy

_ 3((\’ ........ 'UC) + Ul

Vg —

Substituting equation (1.45) into equation (1.44), we get

1.
[3(8 'Uc) T 'Uri] 5(‘%) T % ['U(i - ‘UC] = 3w,

1 1
= 24 - Bvc+vg ~ 4+ gl ™ 5le = 3,
= — 6.5v. + 1.5¢, = —20
KCL g1 node c: Ve = Uh | Ve T Ud A
2 g 2
Substituting v, = 8V, we have Uc2 i Up - Ui _
= Ve = 8 + U, - v = 8

— 20, — vy = 16
= ve — 0505 =28
Solving equations (1.46) and (1.47), we get

1, = —1.14V

vy = —18.3V

SVISi=. 1.40

(1.45)

(1.46)

(1.47)

For the circuit shown in Fig. 1.7 7(a), determine all the node voltages.

10Q
AVAYAVAY
6 ()
) - 40 <+> sv
2A T
2 L
_/ =

AVAVAY;
=)
=~
[

—VVV\

Figure 1.77(a)
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SOLUTION

Refer Fig 1.77(h), by inspection, g = 5V Supernode
Nodes 1 and 3 form a supernode. 1
Constraint equation: r
R N e} 5
’ ~ NN N—
v ooy = 6 jr v “ v,
r‘ ! m
el ! o% T
KCL al super node: ; ()\,-CD | 4Q <> 5V
1 = | =
| i
v -y g \ LA
—+—+2=0 ' !
10 1 NN TR 1
o o O o4 =
Q : H T AN ¥ s -
Substituting #o = 5V, we get -] !
v 9 LB 10 §2_Q
10 1
= v - b+ 1003 = 20
= w1 + 1003 = 15

Figure 1.77(b)
Solving the constraint and the KC'L equations at supernode simultancously, we get

v1 =4.091V
vy = —1.909V

KCIL at node 4 .

Solving we get, wy = 4.333V.
1.15 Brief review of impedance and admittance

Let us consider a general circuit with two accessible terminals. as shown in Fig. 1.78. If
the time domain voltage and current at the terminals are given by

|
) + O—— Phasor
© = v, Sin{wt + &) v Circuit
. . . 5 -
7 = 4, sin{wt + ®;)
then the phasor quantities at the terminals are Figure 1,76 General phasor
circurt
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V=V, /b

I= I-.'rn, &

We define the ratio of 'V to I as the impedence of the circuit, which is denoted as Z.

That is,

Z=—

I

[L is very important Lo note that impedance Z is a complex quantity. being the ratio
of two complex quantities, but it is not a phasor. That is, it has no corresponding

sinusoidal time-domain function, as current and voltage phasors do.

complex constant that scales one phasor to produce another.
The impedence Z is written in rectangular form as

Z=R+;X

Impedence is a

where R = Real[Z] is the resistance and X = Im[Z] is the reactance. Both B and X, like

7., are measured in ohms.

The magnitude of Z is written as |Z| = V2?2 4+ X2

X
and the angle of Z is denoted as ¢z = tan—1 [— .

R

The relationships are shown graphically in Fig. 1.79.
The table below gives the various forms of Z for

different combinations of R, L and €.

171

R

Figure 1.72 Graphical representation
of impedance

Type of the circuit

Impedance Z

1. Purely resistive
2. Purely inductive

3.  Purely capactive

1. RL
5. RC
6. RLC

Z=Rr
Z = jwL =jXy,

Z — ;j — - jX(:,

w(
Z = R+ jwL=R+jXy
J .
Z=R-—=R v
s, FXe
Z =R+ jwLl - -

wC

= = R+ (X5, - Xc)

The reciprocal of impendance is denoted by

Y =

N| =
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is called admittance and is analogous to conductance in resistive circuits. Evidently. since
Z is a complex number, so is Y. The standard representation of admittance is

Y=0G+4B

The quantities G = Re[Y] and B = Tm[Y] are respectively called conductance and sus-
pectence. The units of Y, ¢ and B are all siemens.

1.16 Kirchhoff’'s Laws: Applied to alternating circuits

st +6)

If a complex excitation, say v.,e . is applied to a circuit, then complex voltages. such

FWtH81) 4o pd@1H62) 1 w0 o appear across the clements in the circuif. Kirchhoff’s

voltage law applied around a typical loop results in an equation such as

as e

Jwttoy) w0y P00
m e + 19 € + ... +woNne =0
Dividing by e7“* we get
o . 9 o

?Jlfi‘?gl + ‘.'Jgf.*?HQ +...+ ’r);\rc;-?gN =0

= Vi+Va+...+Vy=0
where V.= I/;‘&‘i: 1,2,--- N

are the phasor voltage around the loop.
Thus K VL holds good for phasors also. A similar approach will establish K C'L also.
At any node having N connected branches,
L+L+- - +In=0
where L=1I/¢ i=12---N

Thus, KC'L holds good for phasors also.

DAV 1.41
Determine Vi and Vo, the node voltage phasors using nodal technique for the circuit

shown in Fig. 1.80.

1
2[]
10 BOTO
2 v, v,
AV IF
1
I\

5c0s 2t \C § 1Q CD Scos2t A

\_/
Ay |
A
]~
s

|

Figure 1.80
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SOLUTION

First step in the analysis is Lo convert the circuit of Fig. 1.80 into its phasor version

(frequency domain representation).

5cos2t =  5/0° jw=2rad/s

1 1
SHO = jwl = j=0
1 jwL = j3
e o 2 _ 0 Fos 2o ibg
2 WO n oG 7y
Jile
Lo —— 000 —
14
I\

=
5/0°V C_

/
Y|
21
A
1_

AVAVAYAY,

)

N
=

= lo 7
2 A} 1 Vv,
AVAVAVAY —] } =
1Q

e I 1+/2Q
5/0°V 10 Zy| | —=—= 5/0°A
<—> ™ |:| 5 (*

Figure 1.80(b)

Fig. 1.80(a) and (b) are the two versions of the phasor circuit of Fig. 1.80.

L 1
Z, = j19|| (—jégg)
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1o
Z, = j50IN0

KCL at node Vi

o Vi Vi Vs
2(Vy -5/ + =
(Vi 0 )+—jl i1 0

KCL at node Va:
Vo -V V.

- _ =5.0°
—j1 - 1452 £
5
= JVo = 3V +Vy = 25Vy =35
N V(1 1)Va=5

Putting the above equations in a matrix form, we get
[ 24452 —j1 Vi 10
{ -1 141 Vs 5

Solving V| and Vo by Cramer’s rule, we get

[n polar form,

V,=v5/-266" V
V, = 25 /63.4° V

In time domain,

v = x/gcos(zt —26.6°) V
va = 24/5 cos(2t + 63.4°) V
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EXAMPLE R

Find the source voltage V, shown in Fig. 1.81 using nodal technique. Take I = 3 /45° A.

10Q 50 29 282
— VWA ——— AT €
I\
8Q
\,\(+> L 5o ll 10
j5Q
Figure 1.81
SOLUTION
Refer to Fig. 1.81(a).
KCL at node 1:
V..V, Vi V-V,
10 —i5 5+ 42
= (11 +712)V| — (5+ j2)V, = 10V, (1.18)
10 v, 520y, ‘-fIQKQ
 — 2
AYAYA'A" T { > 1€

Ay
/1
J

i5Q |1§ 4Q 84/5Q

KCL at node 2:

V-V V.
2 L 2
5+ 32 8+ 33
= (R+43)V = (13+ §5) Vo + (34 + 5311 (1.49)
Also, Vo =41 = 4(3 457 ) = 12 j15°

= 6v2 + j6/2 (1.50)



Substituting equations (1.48) and (1.50) in equation (1.49), we get

(8 + 43)V| = T4.24 + §200.62
300 /75.7°
8.51 /20.6°
=35.1/55.1°
=20.1+ j28.8 V

= V1=

Substituting V| and Vo in equation (1.48) yiclds

(54 j2)V, = —209.4 + j473.1

517.4 /113.9°
_BITAAIB ey /92.1° V

Therefore, 5= —
5.38 /21.8°

EXAMPLE RS

Find the voltage »(%) in the network shown in Fig. 1.82 using nodal technique.

J2 —2

| ¢

OO Ay
+

— A‘q §2 _};2 ;:])(]) <* .;(_:2.’._\,

Figure 1.82

V2cos(401+1359) <+>
volts &

M
4

SOLUTION
Converting the circuit diagram shown in Fig. 1.82 into a phasor circuit diagram, we get

V2/i3se=-1-j <+) 'fl —) 2 -2 ==V <1> 2
volts NI -

Figure 1.83
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At node V:
V. ( ........ 1—j) _V1 +V1 Va

72 2 —32
= Vi—jVa=1+]
VoV V:
At nodeVy : 2 . ! + ‘) ~-I.=0
—j2 —J2
A1 1 5
Also Ic:;gImz(—_j): ........ 1—j
42
_ Vo -V V.
Hencee, - L = 1—y
—j2 —j2
= — Vi +32Vy= -2 — 52

Solving equations (1.51) and (1.52) using Cramer’s rule we get

Vy=2/135° V
Therefore, v(t) = va(t) = V2 cos(4t +135°) V

EXAMPLE K%

(1.51

~

Refer to the circuit of Fig. 1.84. Using nodal technique, find the current 7.

3000/
50092
AN A\
l
1 g 2kQ
+ - ——
4cos5000¢ V C_) 2kQ ?;{F ~
~ _;;rF
Figure 1.84
SOLUTION
1 ) 1 )
Reactance of 5;1.17 capacitor = === — — _iko

1 .
45000 x x| 06
The parallel combinations of 2kQ and —j71k is

2 103 (~q10° 2
p=ox ) (=107 (1 20K0
2% 10° — j10° 5
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- '3(_](](}]_ - -~ -a— Supernode

S00Q 7 R
WO
T’- £

o

1

} %(I—.f‘Ele H (2 1kQ

Figure 1.85

The phasor circuit of Fig. 1.84 is as shown in Fig. 1.85.
Constraint equalion :
Va2 =V; + 30001

KCL al supernode .

V) -4/0° Vv, v,
*3 R

v, - 4&+ v, N V1 + 3000T o
o R R L

5 .

Also,
I 4/0° -1
3500
Hence,
13000 (A=
V- 420° Vi Vi 500

+ =0
- 2 ; § . ] 3
500 g(1 —§2) % 107 (2~ 41) x 10

(1.53)

Solving for V| and substituting the same in equation (1.53). we get I = 24 /53.1° mA

Henee, in time-domain, we have

i = 24 cos(5000f 4+ 53.1°)mA
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EXAMPLE RS

Use nodal analysis to find V, in the circuit shown in Fig. 1.86.

12/0°V

1Q 10
AVAYAYAY, AYAYAVAY 'e}
JF
J2€2 20 —4Q v,
0
Figure 1.86

SOLUTION

The yoltage source and its two connecting nodes form the supernode as shown in

Fig. 1.87.

, ; - O Al -— Supernode
/ U \f
L |
| vV v
N | 2 A g
N NV AYAVA'AY 0 +
~r 10 1Q ’
20 § 20 = 0 AP
o_
Figure 1.87
Constraint equation:
Applying KVL clockwise to the loop lormed by 12 /0° source, ;20
........ 12 {00 EV, -V, =0
= VvV, =V, 12/0°
KCL at supernode:
Vi V.V, N V,-V, V,
§2 1 1 —j4

and —j4Q we get



Substituting V| =V, - 12 in the above equation

we get, %J(VO 12) + (VO 12 - Vg) +V, Vo + ivozo
= V,;(%J—Fl—l—l—i)—vg( 1-1)=12~ j6
1 : . . .
= V. (2 17) ..... 2V, =12 — 56
) Va Vl Vo Vo - V()
KCL al V- i ] 2 _
v 2 1 0
Substituting Vi =V, - 12 /0% in the above equation
ge Y (Vo - L1 _
we get, Vy - (V, lzﬂ) §V2 F 'V, ~V, 0
5
= —2V, 5Va= 12/0°

Solving the two nodal equations,we get
V, =11.056 —38.09 = 13.7 /—36.2° V

EXAMPLE Nl

Find 41 in the circuit of Fig. 1.88 using nodal analysis.

10Q 7A€
oo
."4

+ M . A
2()%4;\-’(_) == 250 ? 2, 20

Figure 1.88
SOLUTION

The phasor equivalent circuit is as shown in Fig. 1.88(a).
KCL af node V.

Vi W0[0° Vi ViV

=0
10 st T
= (1+ §1.5)V| + j2.5V, =20
KCL at node Va:
Yo Vi Yoy
54 2
v
But I, = — L
—72.5
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10Q vV, j4€ v,

= 2.5Q <f 21, 729

n
20/0°V C_)

Figure 1.88(a)

Vo=V, 'V 2V,

Hence, ‘ I
— 035V, — j0.75V5 = 0

Multiplying throughout by 720, we get

11V + 15V =0
Putting the two nodal equations in matrix fornm, we get

1+ 3415 j2.5'| Vi 20

11 15 J Vs 0

Solving the matrix equation, we get

V,=1897/1843° V

V, = 161.56° V

Vi

I = = 7.59 /108.4° A

The current ;
—32.5

Transforming this to the time-domain, we get

i1 = 7.59 cos(4t + 108.4°) A

SV 1.47

Use the node-voltage method to find the steady-state expression for 0,(t) in the circuit

shown in Fig. 1.89 if
vg1 = 10 cos(5000¢ + 53.13°)V

Vg2 = 35in 5000t V



Figure 1.89

SOLUTION

The first step is to convert the circuit of Fig. 1.89 into a phasor circuit.

10 cos(5000t + 53.137)V, w = 5000rad/sec = 10 /53.13° =6+ 58V
Isin 50008 = 8cos(5000t — 907)V - = 8/-90" = —j8V
L.=04mH = juwl = 320
C=50uF = —— A
201t Wl = 110
The phasor cireuit is shown in 20 L e
Fig. 1.89(a). B0 |
KCL at node 1:

Vo— (6+48)  V,

72 6 vu.—m/sa.HC’C) V.S 60 C) v, =8V

=68V -

—j4
Solving we get 'V, =12/0°V

Figure 1.89(a)
Hence, the steady-state expression is

(1) = 12 cos 5000t

EXAMPLE [IREs

Solve the example (1.47) using mesh-current method.

SOLUTION
Refer Fig. 1.90.

KVL to mesh 1: [6+ 42]T; - 61, = 10 /53.13°
KVL to mesh 2 : ~ 6L + (6 — 34)I, =8 /-90°
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+
V, =618=10/53.13°V C) @\-’U 652@ <_> V., =—/8=8/90°V
& -— 4L B2
Figure 1.90

Putting the above equations in matrix form, we get

{64—;‘2 6 (14} {il}:lmﬁl

Solving for I} and Is. we get
5 =}

I, =4+33
I.=2+ ;3
Now, V,=(1, - I,)6 =12
=12/0> V
Hence in time domain, Ve = 12 cos 5000t Volts

AW/ 1.40
Determine the current I, in the circuit of Fig. 1.91 using mesh analysis.
4€2

h,

C) 20/90°v

5/0°A

Figure 1.91

SOLUTION
Refer Fig 1.92
KVL for mesh 1 .
(84310 — 32)I; -~ (—32)T» — 51013 =0
- (8 4+ 48T, + 5215 = 1015 (1.51)
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KVL for mesh 2 :
(4352
=

For mesh 3,

J2)s -

(—2)11 ~

G20 4 (4 — j4)Ts 4 j213 = —520

I,=5

(—32)I5 + 20/90° =0

(1.55)
(1.56)

Sustituting the value of Iy in the equations (1.54) and (1.55), we get

40
(8 4+ 78)T; + 521y = 550 AAAA— 1
3211 + (4 — §)Is = —520 — 710 . ‘ I
= 30 stoa (4 VA~
7109 n .
Putting the above equations in matrix — 0000 I, C) 20/90°
form,we get
g xsz§ @ =< 20
8+78 ;2 I, 330
2 454 I: —330
J J ’ J Figure 1.92

Using Cramer’s rule,we get

The required current:

DNV 1.50
Find V. using mesh technigue.
2V
60082 a
V,
ANN—— > o
i
+ - 30092
9/0°v (_) 300 § Vo
O

Figure 1.93

SOLUTION
Applying KVL clockwise for mesh 1:
GOOT; - 7300(1; ~ I,) - 9=0
(600 = 5300)I; + F300I, = 9



60022 v PN
NV — O
N2 -
0/0°V <+) @ oy _ I, 30082 A
- —130002
O
Figure 1.94
Applying KVL clockwise for mesh 2 :
2V, + 30015 — 7300(I, - 1) =0
Also, V.= —3300(1; ~ I
Hence, - 2(—=4300(I; — 1)) + 3001y — 3300 (I, - T;) =0
= 3L+ (1 - 43)1.=0

Putting the above two mesh equations in matrix form, we get

600 — 7300 7300 I, 9
3 1-3 || L | o

Using Cramer’s rule, we find that
(=]

I, =0.0124 /- 16° A
Ience, Voe = 30012 = 3.72 /—16° V

EXAMPLE HEs)
Find the steady current 71 when the source voltage is v, = 10v/2 cos(wt | 45°) V and
the current source is ¢, = 3coswt A for the circuit of Fig. 1.95. The circuit provides the

impedence in ohms for each element at the specified w.

Figure 1.95
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SOLUTION

7,529 74,29

Supermesh

=Y :
v =10v2 [45°V (_): I (D I | Z=—2Q

Figure 1.96
The first step is to convert the circuit of Fig. 1.95 into a phasor circuit. The phasor
circuit is shown in Fig. 1.96.
vs = 10V2cos(wt 4+ 45°) = V,=10v2/45° = 10(1 + §)
is=3coswt = I,=3/0°

7,=2Q 7,=2Q
I 1 |
| I | | I |

V=10(14)V C) ; @ L)

Figure 1.96(q)

Constraint equation:
L -1, =L,=3/0°

Applying KVL clockwise around the supermesh we get

LZ, +10(Zo+7Z3)~V.=0

Substituting I, =1 +1, (from the constraint equation)
we get, 1,7, + (I] | I.,)(ZZ } Z_‘j) =V,
= (Zy +Zo +Z23)1) =V, - (Lo + Z3)]1,
Vi (Zo+ 2L (104 510) . (2 —52)3
= I, = =
Zy + 2o+ 7y 2

=2+ 38 =8.25 /76" A
Hence in time domain,

i1 = 8.25 cos(wt + T6°) A
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EXAMPLE pEEs¥
Find the steady-state sinusoidal current ¢; for the circuit of Fig. 1.97, when vy = 10v/2 cos
(100¢ + 45°) V.

3i
3Q
A NANAN /\
+ —
\/
v, <+> @ 30mll O —_— SmF
Figure 1.97

SOLUTION
The first step is to convert the circuit of Fig. 1.97 int to a phasor circuit. The phasor
circuit is shown in Fig. 1.98.

v, = 10v2cos (100t | 45%)

= V.= 10v2 /45° . w = 100 rad/sec
L=30mll = X5 =juwlL

= 7100 x 30 x 1073 = 430
1

C=5mF = Xo=——+
je

1
4100 x5 x 1073

—j20
KVL for mesh 1:
(3 4+ §3)I; — 431, = 104 510

KVL for mesh 2 :
(3 =734 + (13 —-42)I. =0

Putting the above two mesh equations in matrix form. we get

[3+j3 43 [Il [ 10+ 410

[3—;‘3 i1 tI-,; - 0



Using Cramer’s rule.we get 30 31
1, = 1.05 /7L6° A ~
Thus the steady slate time re-
onse i - + sl ) L
sponse is, V=1032 2457 L, 2 AT
. =10+/10V
i1 = 1.05 cos(100f 4+ 71.6°)A
Figure 1.98
DGWIEI=E 1.53
Determine V, using mesh analysis.
21,
—
<’
1kQ2 1€
AVAYA'A" AAAYAY O+
4mA (f) 1kQ §2k£2 v,
O_
Figure 1.99
SOLUTION
21,
—
L
1k€2 1kQ
AYAYAVAY O~

4mA (?) L

Figure 1.100
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From Fig. 1.100, we [ind by inspection that,

I =21, = 2(1y — Iy)
I. =4 mA
Applying KV 1L clockwise [o mesh 3, we get
1< 103(T5 —To) + 1 x 10%(T3 — T;) + 2 % 10°T3 = 0

Substituting I} = 2(I, — Iy) and I = 4 mA in the above equation and solving for Iy,

we get,

I3 =2 mA
Then. V,=2x 10°T
=4V

EXAMPLE K%l

Find V, in the network shown in Fig. 1.101 using mesh analysis.

n
12/0°V C

SOLUTION

20 19

Figure 1.102
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By inspection, we find that I =2 /0% A.
Applying KVL clockwise to mesh 1, we get

12412~ 51) + (T, ~T)(4+352) =0

Substituting In = 2 /0° in the above equation yields,

........ 124+ 1(2—j14+4+352) - 2(4+342) =0

20+ 44 )
= I, = ——=335/1.85" A
! 6+ j1 ? 2
Hence V,=4(I, - I)

=542 /1.57° V
Wye = Delta transformation

For reducing a complex network to a single impedance hetween any two terminals, the
reduction formulas for impedances in series and parallel are used. However, for certain
conligurations ol network, we cannot reduce the interconnected impedances to a single
cquivalent impedance between any two terminals by using series and parallel impedance
reduction techniques. That is the reason for this topic.

Consider the networks shown in Fig, 1.103 and 1.104.

o
R, R,
¢ AN b
Ry
Figure 1.103 Delta resistance network Figure 1.104 Wye resistance network

Tt may be noted that resistors in Fig. 1.103 form a A (delta). and resistors in Fig.
1.104. form a Y (Wye). If both these configurations are connected at only the three
terminals e, & and ¢, it would be very advantageous if an equivalence is established be-
tween them. Tt is possible to relate the resistances of one network to those of the other
such that their terminal characteristics are the same. The relationship between the two
configurations is called ¥ — A transtormation.

We are interested in the relationship between the resistances REp, Rp and Hsz and the
resitances R, Ry, and R.. For deriving the relationship, we assume that for the two
networks to be equivalent at cach corresponding pair of terminals, it is necessary that
the resistance at the corresponding terminals be equal. That is, for example, resistance
at terminals b and ¢ with e open-circuited must be same for hoth networks. Hence, by
equating the resistances for each corresponding set of terminals. we get the following set
of equations :
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(1) Rmh(-r) = Ru.h(;\)
o (Hy + Ry)

= Rn. + []).}, = m (1.:)‘(’)
(11) Rbc(T) = Rbc(A)
Rs(Ry + Ro) |
R+ R, = 28T 1) 1.58
= hr B3~ T+ Ry (1.58)
(iii) Rca{T) = Rcu.(.A)
_ Bi(#ty + Ry “c
= Rc + Rn. - Rl i RQ i R3 (1-)})

Solving equations (1.57), (1.58) and (1.59) gives

Ry :
y = 2 (1.60)
Ri+ Ry + R3 \
o H
Ri+ Ro+ B3
R Hs o
R=——— 1.62
" Ry +Ry+ Rs (1.62)

Hence, each resistor in the T network is the produet of the resistors in the two adjacent
A branches. divided by the sum of the three A resistors.

To obtain the conversion formulas for transforming a wye network to an equivalent
delta network, we note from equations (1.60) to (1.62) that

RiBoRy (R + Ry + R3) Ryl

R.Ry,+ FRpR.+ R.R, = =
; ; (Ry + Ro + Ry)? Ry + Ry + R3

(1.63)

Dividing equation (1.63) by each of the equations (1.60) to (1.62) leads to the following
relationships :

o Rn. Rb + Rb Rc + JRH. Rc

R 1.64
! Rh ( : )
Rﬂ il il [ Rﬂ- C -

Ry = Hy R;ER o (1.65)
Ry = Ro Ry R;RC t B R (1.66)

Hence each resistor in the A network is the sum of all possible products of T resistors
taken two at a time. divided by the opposite T resistor.
Then Y and A are said to be balanced when

Rl RQ = Rg = R_\‘ and Rn, = R}, = RC = R‘_»(
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Under these conditions the conversions formula become

1
Ry ==
=3

A

and RBA =3R~y

SNV 1.55

Find the value ol resistance between the terminals a — b ol the network shown in

Fig. 1.105.

0k€2 18kQ

12k€2

Figure 1.105
SOLUTION
Let us convert the upper A to T
6k )(18k )
= OOUSk)
6k + 12k + 18k
Sk ) (12k ;
Ry = —— OHUZE 1
Gk + 12k + 18k
12k)(18k i
(121 (18k) =6 kQ

7 Gk + 12k + 18Kk

e 1

Ry=6k R =18k

R=12k

The network shown in Fig. 1.106 is now

Figure 1.106

reduced to that shown in Fig. 1.106(a)
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Mence, Ray=41+31787512
= 16.875kS2

3kE2+7.875k€Q2

14k€2[|18KkE2
2kQ

2kQ 14,
h

Figure 1,106(c)

EXAMPLE JRIKSe)

Find the resistance Hab using Y - A transformation.

18Q2

Figure 1.107

SOLUTION

Figure 1,108
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Let us convert the upper A between the points ap, by and ¢ into an equivalent Y.

6 x 18

Ry = ———— =3.60
G+ I8 +6

6 x6 ]

Ry = —2>25 150

W= 5 Te g = 120

6% 18 _

R,=——"" —340
611816

Figure 1.108 now hecomes

27.69

Ry =5+3.6-+72]27.6

7.2 x27.6
_&6+72-2?6

=14.3152

DYy 1.57

Obtain the cquvivalent resistance fi, for the circuit of Fig. 1.109 and hence find 4.

O

§ 30Q

>0

Figure 1.109
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SOLUTION
Let ug convert Y between the terminals a, b and ¢ into an

Rn. Rb T -Hh-Rc i RcRn.

Ru.hz RC
10 x204+20x 545 x 10 700
= — 700
5
RH-R)_ R;RF— RcRn,
Rbc: i J;%nl
_10x204+20x 545 x 10 o
N [0 = 350
RC(L = Rn Rb il RE’RC B Rc R(r
Rh
1 2 2 545 %1 _
_ 0 x 20+ 20x5+5x 0:17-552

equivalent, A.

a
10Q=R
SQ=R,
« ——NANN—7
§20£2—Rb
b

The circuit diagram of Fig. 1.109 now becomes the circuit diagram shown in Fig.
1.109(a). Combining three pairs of resistors in parallel, we obtain the circuit diagram of

Fig. 1.109(b).

+
IZOVC_

30Q

Figure 1.109(a)

70 x 30

70]/30 = =210
0130 = 7577
12.5])17.5 — 125 x17.5 = 7.2020)
125+ 17.5
15 = 35 ]
15]|35 = ———= = 10.50
A3 = 15 '
B, = (7.292 + 10.5)] 21 = 9.6320Q
Thus, = —* —12.458 A

ok

ao

éZIQ

10.5€2

hO
Figure 1.109(b)



Nodal versus mesh analysis

The analysis of a complex circuit can usually be accomplished by either the node voltage
or mesh current method. Oune may ask : Given a network to be analyzed, how do we
know which method is hetter or more efficient’? The choice is dictated by two factors.

When a circuit contains only voltage sources, it is probably easier to use the mesh
current method. Conversely, when the circuit contains only current sources, it will be
easier to use the node voltage method. Also, a circuit with fewer nodes than meshes
is hetter analyzed using nodal analysis, while a circuit with fewer meshes than nodes is
better analyzed using miesh analysis. In other words, the best technique is one which gives
smaller munber of equations.

Another point to consider while choosing between the two methods is, what informa-
tion is required. Tf node voltages are required, it may be advantageous to apply nodal
analysis. On the other hand, il you need to know several currents, it may be wise Lo
proceed directly with mesh current analysis.

It is often advantageous if we know both the techmiques. The first advantage lies in
the fact that the second method can verify the results of the first method. Also, both the
methods have limitations. For example, while analvsing a transistor circuit, only mesh
method is suited and while analysing an Op-amp circuit, nodal method is only applicable.

1

Mesh technique is applicable for planar® networks. However, nodal method suits to both

planar and nonplanar 2 networks.

Reinforcement Problems

1]

Find the power dissipated in the 80Q resistor using mesh analysis.

80Q

260V
260V 160

Figure R.P.1.1

YA planar network can be drawn on a plane without branches erossing cach other.

2] . . . . . e . . -

“A nonplanar network is one in which crossover is identificd and cannot be climinated by redrawing
the branches.
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SOLUTION
KVL clockwise (o mesh 1 -

141 - 4fy ~ 813 = 230
KVL clockwise to mesh 2 :

45 + 2215 - 1613 = 260

KVL clockwise to mesh 3 :

8 — 161+ 10413 =0

Putting the above mesh equations in matrix form, we get

I 4 - ] I 230
4 99 . G IL | =] 260
] - 16 104 I3 0

The current T3 is found from the above matrix equation hy using Cramer’s rule.

73 = 5A
Thus, o = I3Rgy = 57 x 80 = 2000W (dissipated)

1.2

[

Refer the circuit shown in Fig. R.P. 1.2. The current 4, = 4A. Find the power dissipated

in the 70 € resistor.

Figure R.P.1.2

SOLUTION
By inspection, we find that the mesh current i3 = 4, = 4A
KVL clockwise to mesh 1 . 7511 = T0ig - Hizg = 180
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Substituting ig = 4A, we get.  7di1 - T0ig =200

KVL clockwise to mesh 2 : 7001 + 88ig — 10ig =0
Substituting the value i3 = 4A, we get 7021 + 8819 = 40
Puling the two mesh equations in matrix from, we get

0 [a ] [ 200
70088 ||| | 40

Using Cramer’s rule, we get
”.".1 = ]2;’\, -2'2 = 10A
Do = (41~ 42)°70 =4 % 70
= 280 W (dissipated)
R.P 1.3

Salve for current I in the cirenit of Fig. R.P. 1.3 using nodal analysis.

20) J10
L ssrr—|
‘I
20/£90°V —= Pa Sae
Figure R.P.1.3

SOLUTION
KCL at node V| .

Vi -20/-90°  V, V-V,

5/0° =
2 —j2 * jl TAA
= (0.5~ J0.5)V1 4+ Vo = =5 -~ 510
KCL at node Vo -
Vo oV, V,
—Z 9T -5/0° =
i + 10°
Vi
Also, I=—

Vo~V V, 2 .
22 22V 500 =0

Hence, f ;
ence, i 1 o
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S/0°A

(D)
\_/
2Q v, J1Q v,
— T ——

+ |

20/-90°V

M
7
|
I
\/I
r2
VWV
.
o]

4
= (025~ §)Vo =5
= V. = ,L
0.25 3
NMaking use of Vo in the nodal equation at node Vi, we get
y FE
5 10 - —22  —0.5(1 - AV
7 0.25 ( P)Vi
N . 740
= 1 - Vi = 10 ~ 420 ~
(1-4)Vi Y, (1 — ,14)
= Vi =1581/-46.5° V
v 15.81 /~46.5°
Hence, = ,1 5.81/-46.5°
_'?2 2/ ........ Ik
=7.906/43.5° A
R.P 1.4

Find V, shown in the Fig. R.P. 1.4 using Nodal technigue.

Supernode

ro

=

Figure R.P.1.4 Figure R.P.1.4(q) |



SOLUTION

We find from Fig RP 1.4(a) that,

VL :Vo

Constraint equation:
Applying KVL clockwise along the path consisting of voltage sonrce. capacitor, and 20

resistor, we find that

or

_[2/0_” FVy -V, =0
= Vi=Vo+12/07
Vo=V, 12
KCL at Supernode .
Vi-V; Vi Vo VoV,

312 2 —j4 - 4

= (2-2)Vi+ 1+ Vo+ (-1+52)Vy =

KCL al node 3 :
Vy -V, ViV,
72 4

~02V,=0

Substituting V, = V1, we get

Subtracting equation (1.68) from (1.67), we get

1.2V, +35Va=0

Substituting Vo = V| - 12 (from the constraint equation), we get

1.2V + (V) = 12) =0

712
= V, = =V,
T 124
TTence V,=T7.68 /50.2° V

R.P 1.5

=0

0

(1.67)

(1.68)

(1.69)

Solve for i, using mesh analysis.

10cos2t V

Figure R.P. 1.5

6sin2r V

94



SOLUTION
The [irst step in the analysis is to draw the phasor circuit equivalent ol Fig. R.1P.1.5.

40 JA4Q

VVVV

Figure R.P. 1.5(a)

6 ,/90°= —j6V

w =2
10cos2t = 10/0°V
6sin2t = 6cos(2t - 90) = 6/-907 = —356V
L=2 = Xj=jwl=3j0
C=02F = Xe=——__1 _ .

el T 1
oL
2 (1)

10+ (4 3201 + 52T, = 0
= (2—-31)L1 +45I: =5

Applying KV clockwise to mesh 1 .

Applying KV clockwise to mesh 2 .

G20y + (4 — j2)Io 4+ (—j6) =0
L +1,=3

Putting the above mesh equations in a matrix form, we get
2-3 I, 5
1 1| L] |3

I, =2+ 305,

Using Cramer’s rule, we get

L =1~ 3505
L=T - Ty=1+j=1414/15
Hence io(t) = 1.414 cos (2 + 45°) A
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R.P 1.6

Refer the circuit shown in Fig. R.P. 1.6. Find I using mesh analysis.

20 £90°V

5/0°A

f -1 4Q

SOLUTION

I, Supermesh
20 j1Q2 ’
AV 000 7

20 C)@ =~

Constraint equation:

= 13 -

N

Also, for mesh 4,

I, = oI
L =21, - 1)
I,=2I - L
I,=5A

(1.70)
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Applying KVL clockwise for the supermesh :
(73— 52)I2 4 2L + ALy ~ 41, =0
Substituting I3 =2I; -Is and I, =5A
we get (8 + 52T ~ (4 + )L = 45 (1.71)

Putting equations (1.70) and (1.71) in matrix form, we get

1—3j g ]{Il}_[—jm}
8+ 72 ~(4+7) L | | 45

Solving for I and I, we get

I, = —(5.44 + j4.26) A
L = (11.18 + j9.7) A
I=1, - I,
=5.735 + j5.44
=17.9/43.49° A

R.P 1.7

Calculate V, in the circuit of Fig. R.P. 1.7 using the method of source transformation.

582 4Q —13Q

3€ |
n
20£-90°V _ 1022 V,

Figure R.P. 1.7

SOLUTION

Transform the voltage source to a Z,=4-7130
current source and obtain the circuit
shown in Fig. R.P.1.7(a). +

1=—4 5 Z,=34/4Q 109Qg
20 /-90°
132%24( 90° A -

Figure R.P.1.7(c)

I
I

_ 5 (34 44) o
Z, =593 4= _———"—=25+ 751250
p =03+ 54 (34 40) 21.25
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Converting the current source in Fig. R.P. 1.7(b) to a voltage source gives the circuit
as shown in Fig. R.P. 1.7(¢).

10 Z =2.5+71.25Q 7,=4—j130
£ ,=4-/13Q

| —
| S

+ ,
I=—4j 225 V=510V I 02> v,

Figure R.P.1.7(b) Figure R.P.1.7(c)

V.=172,= ~47(2.5 + 71.25)

=5 leV

V,=101
= [L} 10
Z,+ 72>+ 10
5 10
- J % 10

[25+ 41.25 +4 — j13+ 10]

=5.519/-28°V
1.8

Find v, and i, in the circuit shown in Fig. R.P. 1.8.

100
—VVWV
—
& 50
+
()
= 4i

SOLUTION
. . U,
Constraint equalion: iy i =3 ZT
= ; i1+ 3 e
ig =1 =
2 1 4

The above equation becomes very clear il one writes K 'L, equation at node B of Fig

g.
R.P. 1.8(a).
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Supermesh

Supermesh
™ 1
AR SUR. AVRR) AN Ny iy g s SR R —— '___-
1,'7\, E
I 50
Y
- ! 4i
____________________________________ Figure R.P. 1.8(0)
Figure R.P. 1.8(a)
Applying KVEL clockwise lo [he supermesh in Fig. R.P. 1.8(b), we get
----- 50 4 104y + big + 4i, =0
But i, = #1. Henee, —50 4+ 10i; + 5ig + 4i1 =0
= 1441 | Hig = 30 (1.72)
Making use of v, = (71 — i2) x 2 in the constraint equation, we get
i ig) X 2
=iy 434 L 12 x2
4
PR
= ig=i1 + 3+ ! 5 2
= 2“.5222?;1-6\7‘-1*—?;2
= 3ip ~ 3ig +6=0
- i g = 2 (1.73)
Solving equations (1.72) and (1.73) gives i; = 2.105 A iy =4.105 A
Thus, ty =2(4] —49) = -4V
and i, =11 = 2.105 A
R.P 1.9
ODbtain the node voltages vy, vg and w3 for the following circuit.
5kQ
——— WW——

O

ama (4 (*) 12V 10kQ
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SOLUTION
We have a supernode as shown in Fig. R.P. 1.9(a). By inspection, we find that Vo = 12V.
Reler Fig, R.P. 1.9(h) for lurther analysis.

5kQ
——AMM——
Supernode
0 v,0 v,
10V 20V
\“ I’/ "0 (\ ! m ovs
G) \ ! 10kQ AN / -
| !
1 | t s .
\I ,{ i‘l ()l-‘\ ;2
- o o
Figure R.P.1.9(c) Figure R.P.1.9(b) .

KV clockwise to mesh 1 :
-1~ 104+12=0 = v =2
KVI clockwise to mesh 2 :

........ 124+ 20+ w3=0

Hence, v1=2V,v0=12V,v3= -8V

Outcomes:
CO1: Understand the basic concepts, basic laws, and methods of analysis of DC and AC networks and

reduce the complexity of the network using source shifting, source transformation and network reduc-

tion using transformations.
CO2: Solve complex electric circuits using network theorems.

COa3: Discuss resonance in series and parallel circuits and also the importance of initial conditions and

their evaluation.
CO4: Synthesize typical waveforms using Laplace transformation.

CO5: Solve unbalanced three-phase systems and also evaluate the performance of two-port networks

Resources:

1. http://www.eie.polyu.edu.hk/~cktse/linear_circuits/main/nodel.html

2. http://www.facstaff.bucknell.edu/mastascu/elessonsHTML/Circuit/Circuitl.html

3. http://pami.uwaterloo.ca/”akrem/Basic%ZOConcepts%20and%ZOBasic%ZOCircuit%ZOAnaIysis100

%20Laws_MTE120.pdf
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