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Preface to the Series

For almost a decade, we have been receiving tremendous responses from GATE aspirants for our earlier books:
GATE Multiple Choice Questions, GATE Guide, and the GATE Cloud series. Our first book, GATE Multiple
Choice Questions (MCQ), was a compilation of objective questions and solutions for all subjects of GATE
Electronics & Communication Engineering in one book. The idea behind the book was that Gate aspirants who
had just completed or about to finish their last semester to achieve his or her B.E/B.Tech need only to practice
answering questions to crack GATE. The solutions in the book were presented in such a manner that a student
needs to know fundamental concepts to understand them. We assumed that students have learned enough of
the fundamentals by his or her graduation. The book was a great success, but still there were a large ratio of
aspirants who needed more preparatory materials beyond just problems and solutions. This large ratio mainly
included average students.

Later, we perceived that many aspirants couldn’t develop a good problem solving approach in their B.E/B.Tech.
Some of them lacked the fundamentals of a subject and had difficulty understanding simple solutions. Now,

we have an idea to enhance our content and present two separate books for each subject: one for theory, which
contains brief theory, problem solving methods, fundamental concepts, and points-to-remember. The second book
is about problems, including a vast collection of problems with descriptive and step-by-step solutions that can

be understood by an average student. This was the origin of GATE Guide (the theory book) and GATE Cloud
(the problem bank) series: two books for each subject. GATE Guide and GATE Cloud were published in three
subjects only.

Thereafter we received an immense number of emails from our readers looking for a complete study package

for all subjects and a book that combines both GATE Guide and GATE Cloud. This encouraged us to present
GATE Study Package (a set of 10 books: one for each subject) for GATE Electronic and Communication
Engineering. Each book in this package is adequate for the purpose of qualifying GATE for an average student.
Each book contains brief theory, fundamental concepts, problem solving methodology, summary of formulae,
and a solved question bank. The question bank has three exercises for each chapter: 1) Theoretical MCQs, 2)
Numerical MCQs, and 3) Numerical Type Questions (based on the new GATE pattern). Solutions are presented
in a descriptive and step-by-step manner, which are easy to understand for all aspirants.

We believe that each book of GATE Study Package helps a student learn fundamental concepts and develop
problem solving skills for a subject, which are key essentials to crack GATE. Although we have put a vigorous
effort in preparing this book, some errors may have crept in. We shall appreciate and greatly acknowledge all
constructive comments, criticisms, and suggestions from the users of this book. You may write to us at rajkumar.
kanodia@gmail.com and ashish.murolia@gmail.com.
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SYLLABUS
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Networks:

Network graphs: matrices associated with graphs; incidence, fundamental cut set and fundamental circuit matrices.
Solution methods: nodal and mesh analysis. Network theorems: superposition, Thevenin and Norton’s maximum
power transfer, Wye-Delta transformation. Steady state sinusoidal analysis using phasors. Linear constant coefficient
differential equations; time domain analysis of simple RLC circuits, Solution of network equations using Laplace
transform: frequency domain analysis of RLC circuits. 2-port network parameters: driving point and transfer
functions. State equations for networks.

IES Electronics & Telecommunication

Network Theory

Network analysis techniques; Network theorems, transient response, steady state sinusoidal response; Network
graphs and their applications in network analysis; Tellegen’s theorem. Two port networks; Z, Y, h and transmission
parameters. Combination of two ports, analysis of common two ports. Network functions : parts of network
functions, obtaining a network function from a given part. Transmission criteria : delay and rise time, EImore’s and
other definitions effect of cascading. Elements of network synthesis.
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CHAPTER 5

51

52

CIRCUIT THEOREMS

INTRODUCTION

In this chapter we study the methods of simplifying the analysis of more
complicated circuits. We shall learn some of the circuit theorems which are
used to reduce a complex circuit into a simple equivalent circuit. This includes
Thevenin theorem and Norton theorem. These theorems are applicable to
linear circuits, so we first discuss the concept of circuit linearity.

LINEARITY

A system is linear if it satisfies the following two properties

Homogeneity Property

The homogeneity property requires that if the input (excitation) is multiplied

by a constant, then the output (response) is multiplied by the same constant.

For a resistor, for example, Ohm’s law relates the input I to the outputV,
V =IR

If the current is increased by a constant k, then the voltage increases

correspondingly by k, that is,

KIR =kV

Additivity Property

The additivity property requires that the response to a sum of inputs is the
sum of the responses to each input applied separately. Using the voltage-
current relationship of a resistor, if

Vi = LR (Voltage due to current 1,)
and V; = I,R (Voltage due to current 1,)
then, applying current (I, + 1) gives
V=(+I)R =LR+ LR

=Vi+V,
These two properties defining a linear system can be combined into a single
statement as

For any linear resistive circuit, any output voltage or current, denoted by
the variable y, is related linearly to the independent sources(inputs), i.e.,

Yy =aXi+a&Xe+ ... + & X
where x,% .... X, are the voltage and current values of the independent
sources in the circuit and & through a. are properly dimensioned constants.

Thus, a linear circuit is one whose output is linearly related (or directly
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Page 212 proportional) to its input. For example, consider the linear circuit shown
Chap 5 in figure 5.2.1. It is excited by an input voltage source V., and the current
Circuit Theorems through load R is taken as output(response).

I
Linear i

+ ircuit, no
v C) circuit, g R
\s independent L

sources

Fig. 5.2.1 A Linear Circuit

Suppose Vs =5V gives I =1A. According to the linearity principle,
V=10V will give 1=2A. Similarly, 1 =4mA must be due to V; =20 mV.
Note that ratio V./1 remains constant, since the system is linear.

5.3 SUPERPOSITION

The number of circuits required to solve a network. using superposition
theorem is equal to the number of independent sources present in the
network. It states that

In any linear circuit containing multiple independent sources the total
current through or voltage across an element can be determined by
algebraically adding the voltage or current due to each independent source
acting alone with all other independent sources set to zero.

An independent voltage source is set to zero by replacing it with a 0
V source(short circuit) and an independent current source is set to zero by
replacing it with 0 A source(an open circuit). The following methodology
illustrates the procedure of applying superposition to a given circuit

M ETHODOLOG.Y

1. Consider one independent source (either voltage or current) at a time,
short circuit all other voltage sources and open circuit all other current
sources.

2. Dependent sources can not be set to zero as they are controlled by
other circuit parameters.

3. Calculate the current or voltage due to the single source using any
method (KCL, KVL, nodal or mesh analysis).

4. Repeat the above steps for each source.

5. Algebraically add the results obtained by each source to get the total
response.
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5.4 SOURCE TRANSFORMATION

It states that an independent voltage source V; in series with a resistance
R is equivalent to an independent current source I, = V. /R, in parallel with

a resistance R.

or

An independent current source I; in parallel with a resistance R is equivalent
to an independent voltage source V. = IR, in series with a resistance R.

Figure 5.4.1 shows the source transformation of an independent source.
The following points are to be noted while applying source transformation.

Fig. 5.4.1 Source Transformation of Independent Source

1. Note that head of the current source arrow corresponds to the +ve

terminal of the voltage source. The following figure illustrates this

S

V=1

R,

s

Fig. 5.4.2 Source Transformation of Independent Source

2. Source conversion are equivalent at their external terminals only i.e. the
voltage-current relationship at their external terminals remains same.
The two circuits in figure 5.4.3a and 5.4.3b are equivalent, provided
they have the same voltage-current relation at terminals a-b

a

20

10 V

vh

S50 3ao

0

bh

a

5AC

D 203

X

S50

I

S50

Fig. 5.4.3 An example of source transformation (a) Circuit with a voltage source (b)
Equivalent circuit when the voltage source is transformed into current sources

3. Source transformation is not applicable to ideal voltage sources as
R, =0 for an ideal voltage source. So, equivalent current source value
I, =W./R - . Similarly it is not applicable to ideal current source

*Shipping Free*
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Page 214 because for an ideal current source R, = «, SO equivalent voltage source

Chap 5 value will not be finite.
Circuit Theorems

5.4.1 Source Transformation For Dependent Source

Source transformation is also applicable to dependent source in the same
manner as for independent sources. It states that

An dependent voltage source V, in series with a resistance R is equivalent
to a dependent current source Ik =\ /R, in parallel with a resistance R,
keeping the controlling voltage or current unaffected.

or,
A dependent current source I, in parallel with a resistance R is equivalent
to an dependent voltage source Vi = kR, in series with a resistance R,
keeping the controlling voltage or current unaffected.

Figure 5.4.4 shows the source transformation of an dependent source.

ANA——o o
R
v, <t> i, §R
Lo Lo
V.=LR I,=V,/R

Fig. 5.4.4 Source Transformation of Dependent Sources

5.5 THEVENIN'S THEOREM

It states that any network composed of ideal voltage and current sources,
and of linear resistors, may be represented by an equivalent circuit consisting
of an ideal voltage source, Vi, in series with an equivalent resistance, R
as illustrated in the figure 5.5.1.

I I
a —p a —»
° AA'A% °
Ry,
Linear — -
circuit V Load — C_) Vo, V Load
b b
Thevenin’s
equivalent

Fig. 5.5.1 Hlustration of Thevenin Theorem

where Vi, is called Thevenin’s equivalent voltage or simply Thevenin voltage
and Ry, is called Thevenin’s equivalent resistance or simply Thevenin
resistance.

The methods of obtaining Thevenin equivalent voltage and resistance
are given in the following sections.
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5.5.1 Thevenin’s Voltage Page 215
Chap 5

The equivalent Thevenin voltage () is equal to the open-circuit voltage Circuit Theorems

present at the load terminals (with the load removed). Therefore, it is also
denoted by Vi

Ry, a
———© —NMW\——o
+ . +
Linear 1=0
circuit Ve p— Von (_) Vie=Vm
I L 5
b b

Fig. 5.5.2 Equivalence of Open circuit and Thevenin Voltage

Figure 5.5.2 illustrates that the open-circuit voltage, V.., and the
Thevenin voltage, V&, must be the same because in the circuit consisting of
Vi and Rm, the voltage V.. must equal 4, since no current flows through Ry,
and therefore the voltage across R is zero. Kirchhoff’s voltage law confirms
that

Vi = R (0) + Voe = Vac

The procedure of obtaining Thevenin voltage is given in the following

methodology.

METHODOLOGY 1

1. Remove the load i.e open circuit the load terminals.
2

3

Define the open-circuit voltage V.. across the open load terminals.

. Apply any preferred method (KCL, KVL, nodal analysis, mesh analysis
etc.) to solve for V..

4. The Thevenin voltage is Vi = V.

If a circuit contains dependent sources only, i.e. there is no independent
source present in the network then its open circuit voltage or Thevenin
voltage will simply be zero.

5.5.2 Thevenin’s Resistance

Thevenin resistance is the input or equivalent resistance at the open circuit
terminals a,b when all independent sources are set to zero(voltage sources
replaced by short circuits and current sources replaced by open circuits).

We consider the following cases where Thevenin resistance Ry, is to be
determined.
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Chap 5 If the network has no dependent sources, we turn off all independent sources.

Circuit Th . . . . . .
Ireutt Theorems Rm IS the input resistance or equivalent resistance of the network looking
between terminals a and b, as shown in figure 5.5.3.

Linear circuit

(all independent Ry,

sources set to
zero)

Fig 5.5.3 Circuit for Obtaining Ry,

Case 2: Circuit With Both Dependent and Independent Sources

Different methods can be used to determine Thevenin equivalent resistance
of a circuit containing dependent sources. We may follow the given two
methodologies. Both the methods are also applicable to circuit with
independent sources only(case 1).

Using Test Source

M ETHODOLOGY 2
1. Set all independent sources to zero(Short circuit independent voltage
source and open circuit independent current source).

2. Remove the load, and put a test source Vi across its terminals. Let
the current through test source is l:. Alternatively, we can put a test
source lex across load terminals and assume the voltage across it iS Vies
. Either method would give same result.

3. Thevenin resistance is given by Ry = Viest / kst -

\/test =1V lest = 1A

Using Short Circuit Current

__open circuit voltage _ V.

Rm = — =
" short circuit current ls

M ETHODOLOGY 3

1. Connect a short circuit between terminal a and b.

2. Be careful, do not set independent sources zero in this method because
we have to find short circuit current.

3. Now, obtain the short circuit current I, through terminals a, b.

4. Thevenin resistance is given as R = Vi /I Where V. iS open circuit
voltage or Thevenin voltage across terminal a,b which can be obtained
by same method given previously.

5.5.3 Circuit Analysis Using Thevenin Equivalent

Thevenin’s theorem is very important in circuit analysis. It simplifies a
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circuit. A large circuit may be replaced by a single independent voltage Page 217
source and a single resistor. The equivalent network behaves the same way Chap 5
externally as the original circuit. Consider a linear circuit terminated by Circuit Theorems

a load R., as shown in figure 5.5.5. The current I through the load and
the voltage V. across the load are easily determined once the Thevenin
equivalent of the circuit at the load’s terminals is obtained.

RTh a
° LIL AN ° i I
Linear - an
circuit Vi g R, — Vi, (_) 14 g Ry
b b

Fig. 5.5.5 A Circuit with a Load and its Equivalent Thevenin Circuit

Current through the load R,

l, = \/I'h
" T Rm+RL

\Voltage across the load R,

V. =R.IL = RThF} RV

5.6 NORTON’S THEOREM

Any network composed of ideal voltage and current sources, and of linear
resistors, may be represented by an equivalent circuit consisting of an
ideal current source, Iy, in parallel with an equivalent resistance, Ry as
illustrated in figure 5.6.1.

1 I
a —» a —p
2 2
Linear —
circuit |4 |:| Load - Iy CD szg Vv |:| Load
b b
Norton's
equivalent

Fig. 5.6.1 Hlustration of Norton Theorem

where Iy is called Norton’s equivalent current or simply Norton current
and Ry is called Norton’s equivalent resistance. The methods of obtaining
Norton equivalent current and resistance are given in the following sections.

5.6.1 Norton’s Current

The Norton equivalent current is equal to the short-circuit current that
would flow when the load replaced by a short circuit. Therefore, it is also
called short circuit current I.
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a a
Chap 5 o o
Circuit Theorems L L
inear o T I
circuit llst Iy C) RNg i NT"“sc
b b

Fig 5.6.2 Equivalence of Short Circuit Current and Norton Current

Figure 5.6.2 illustrates that if we replace the load by a short circuit, then
current flowing through this short circuit will be same as Norton current Iy

IN = Isc
The procedure of obtaining Norton current is given in the following
methodology. Note that this methodology is applicable with the circuits
containing both the dependent and independent source.

M ETHODOLOG.Y
Replace the load with a short circuit.

Define the short circuit current, I, through load terminal.
Obtain I, using any method (KCL, KVL, nodal analysis, loop analysis).
The Norton current is Iy = Is.

=W N =

If a circuit contains dependent sources only, i.e. there is no independent
source present in the network then the short circuit current or Norton
current will simply be zero.

5.6.2 Norton’s Resistance

Norton resistance is the input or equivalent resistance seen at the load
terminals when all independent sources are set to zero(voltage sources
replaced by short circuits and current sources replaced by open circuits)
i.e. Norton resistance is same as Thevenin’s resistance

Ry = Rm

So, we can obtain Norton resistance using same methodologies as for
Thevenin resistance. Dependent and independent sources are treated the
same way as in Thevenin’s theorem.

5.6.3 Circuit Analysis Using Norton’s Equivalent

As discussed for Thevenin’s theorem, Norton equivalent is also useful in
circuit analysis. It simplifies a circuit. Consider a linear circuit terminated
by a load R, as shown in figure 5.6.4. The current I_ through the load
and the voltage V. across the load are easily determined once the Norton
equivalent of the circuit at the load’s terminals is obtained,
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a Page 219

+ Vi + 83 Chap 5
Linear s Y » Circuit Theorems
circuit Vi gRL — N () Ry g Vi g L

Fig. 5.6.4 A circuit with a Load and its Equivalent Norton Circuit

Current through load R, is,

L= RN
- RL+R. ™
\Voltage across load R, is,

V|_ - RLIL:%IN

5.7 TRANSFORMATION BETWEEN THEVENIN & NORTON’S EQUIVALENT
CIRCUITS

From source transformation it is easy to find Norton’s and Thevenin’s
equivalent circuit from one form to another as following

Rpy=Ry
—AN\/\,——o0 O
Vi C_) Iy (D g Ry= Ry,
I —— Y O
Vi =LyRy Iy= VT}I/ Ry,

Fig. 5.7.1 Source Transformation of Thevenin and Norton Equivalents

58 MAXIMUM POWER TRANSFER THEOREM

Maximum power transfer theorem states that a load resistance R, will
receive maximum power from a circuit when the load resistance is equal to
Thevenin’s/Norton’s resistance seen at load terminals.

i.e. R. = Rm, (For maximum power transfer)
In other words a network delivers maximum power to a load resistance R.
when R is equal to Thevenin equivalent resistance of the network.

PROOF :
Consider the Thevenin equivalent circuit of figure 5.8.1 with Thevenin

voltage V& and Thevenin resistance Rqy.

R Th
A'A'A%

Vi C_) v, gRL
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Page 220 Fiig. 5.8.1 A Circuit Used for Maximum Power Transfer
Chap 5
Circuit Theorems We assume that we can adjust the load resistance R.. The power
absorbed by the load, P, is given by the expression
P =I2R, (5.8.1)
and that the load current is given as,
__Vm
IL = ROLR. (5.8.2)
Substituting 1. from equation (5.8.2) into equation (5.8.1)
_ Vi
PL - (RL+ RTh)2 RL (5.8.3)

To find the value of R, that maximizes the expression for P. (assuming that
Vi and Ry are fixed), we write

dP. _
ar. 0

Computing the derivative, we obtain the following expression :

dPL o V'I'zh (RL + RTh)2 — 2V'|'2h R, (RL + RTh)

dRL - (RL+ RTh)4
which leads to the expression
(RL+Rm)?—2R.(RL+Rm) =0

or R. = Rm

Thus, in order to transfer maximum power to a load, the equivalent
source and load resistances must be matched, that is, equal to each other.

R. = Rm

The maximum power transferred is obtained by substituting R. = Rm,

into equation (5.8:3)

__V#&Rm V4
Pmax - (RTh + RTh)2 - 4RTh (5.8.4)

OI’, Pmax = 4—R|_

If the Load resistance R, is fixed :

Now consider a problem where the load resistance R, is fixed and Thevenin
resistance or source resistance R; is being varied, then
__ V4
(RL+ Rs)?
To obtain maximum P_. denominator should be minimum or R, = 0. This
can be solved by differentiating the expression for the load power, P, with
respect to R, instead of R, .
The step-by-step methodology to solve problems based on maximum
power transfer is given as following :

P Ru

M ETHODOLOG.Y

1. Remove the load R. and find the Thevenin equivalent voltage & and
resistance Ry, for the remainder of the circuit.

2. Select R, = Ry, for maximum power transfer.

3. The maximum average power transfer can be calculated using
Prax = V4 /4R,
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Chap 5
Circuit Theorems

5.9 RECIPROCITY THEOREM
The reciprocity theorem is a theorem which can only be used with single
source circuits (either voltage or current source). The theorem states the
following

5.9.1 Circuit With a Voltage Source

In any linear bilateral network, if a single voltage source V; in branch a
produces a current I, in another branch b, then if the voltage source V. is
removed(i.e. short circuited) and inserted in branch b, it will produce a

current I, in branch a.

In other words, it states that the ratio of response(output) to excitation(input)
remains constant if the positions of output and input are interchanged in
a reciprocal network. Consider the network shown in figure 5.9.1a and b.

Using reciprocity theorem we my write

Vi_Ve
Y (5.9.1)
a b a b
Linear Linear
vi(+ resistance I I resistive () V.
1(-) network i ! 2¢ network = 2
a' b’ a' b’

(a) (b)
Fig. 5.9.1 Hlustration of Reciprocity Theorem for a Voltage Source

When applying the reciprocity theorem for a voltage source, the following

steps must be followed:
1. The voltage source is replaced by a short circuit in the original

location.
2. The polarity of the voltage source in the new location have the same

correspondence with branch current, in each position, otherwise a —

ve sign appears in the expression (5.9.1).
This can be explained in a better way through following example.

5.9.2 Circuit With a Current Source

In any linear bilateral network, if a single current source I, in branch a
produces a voltage V4 in another branch b, then if the current source I, is
removed(i.e. open circuited) and inserted in branch b, it will produce a

voltage 4, in open-circuited branch a.
R, Iy

! C) g R, R g v, v, g R, R3§ CD I,

Fig. 5.9.2 Hlustration of Reciprocity Theorem for a Current Source

Buy Online: SNOP.NOdia.co.in

*Shipping Free* *Maximum Discount*



GATE STUDY PACKAGE 10 Subject-wise books by R. K. Kanodia Electronics & Communication
- General Aptitude  Engineering Mathematics =~ Networks ~ Electronic Devices ~ Analog Electronics -
- Digital Electronics ~ Signals & Systems ~ Control Systems ~ Communication Systems  Electromagnetics

Page 222 Again, the ratio of voltage and current remains constant. Consider the
Chap 5 network shown in figure 5.9.2a and 5.9.2b. Using reciprocity theorem we my
Circuit Theorems Write

Vi _Ve (5.9.2)

|1 - |2
When applying the reciprocity theorem for a current source, the following
conditions must be met:
1. The current source is replaced by an open circuit in the original
location.
2. The direction of the current source in the new location have the same
correspondence with voltage polarity, in each position, otherwise a —
Ve sign appears in the expression (5.9.2).

5.10 SUBSTITUTION THEOREM

If the voltage across and the current through any branch of a dc bilateral
network are known, this branch can be replaced by any combination of
elements that will maintain the same voltage across and current through
the chosen branch.

For example consider the circuit of figure 5.10.1 .

4Q
NNV

10v(®) 6Q§nfﬁv

b

a

Fig 5.10.1 A Circuit having Voltage Va,, =6V and Current | = 1 A in Branch ab

The voltage V., and the current I in the circuit are given as
_(_6 _
wb—<6+4yo_6v

_ 10 _
I =672=1A

The 6Q resistor in branch a-b may be replaced with any combination
of components, provided that the terminal voltage and current must be the
same.

We see that the branches of figure 5.10.2a-e are each equivalent to the
original branch between terminals a and b of the circuit in figure 5.10.1.

a9 a + a + a ao
jraA jra j1a TNA 1A
+ +
20 80
Oev 6V sv 1a(D 3Q§6V OEXA
4V 2V
b b R - bl bo
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Fig. 5.10.2 Equivalent Circuits for Branch ab Page 223
_ _ o _ Chap 5
Also consider that the response of the remainder of the circuit of figure Circuit Theorems

5.10.1 is unchanged by substituting any one of the equivalent branches.

5.11 MILLMAN’S THEOREM

Millman’s theorem is used to reduce a circuit that contains several branches
in parallel where each branch has a voltage source in series with a resistor
as shown in figure 5.11.1.

o---- o
n eq

§RL gRL

n eq

o-——— o

b b

Fig. 5.11.1 Hlustration of Millman’s Theorem

Mathematically

Vi :V161+V2G2+V363+V4G4+---+VnGn
& Gi+G4+Gs+Ga+.u.+ Gy

_1_ 1
a _Geq _G1+GZ+G3++Gn

where conductances
1 1 1
G, = Ry Ga= Ry Gs = Rg'G“*

Re

1 _ 1

Ry .Gy =

In terms of resistances

V. _V1/R1+V2/R2+V3/R3+V4/R4+...+Van
47 1I/R+1U/R+ /Ry + /Ry + ...+ I/R,

1 1
"7 Gy U/Ri+ 1R+ 1/Rs+..+1/R,

Re

5.12 TELLEGEN’'S THEOREM

Tellegen’s theorem states that the sum of the power dissipations in a lumped
network at any instant is always zero. This is supported by Kirchhoff’s
voltage and current laws. Tellegen’s theorem is valid for any lumped network
which may be linear or non-linear, passive or active, time-varying or time-

invariant.
For a network with n branches, the power summation equation is,
k=n
D Vil =0
k=1

One application of Tellegen’s theorem is checking the quantities obtained
when a circuit is analyzed. If the individual branch power dissipations do
not add up to zero, then some of the calculated quantities are incorrect.

*hkkkhkhkhkkikhkhkkik
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Circuit Theorems

The linear network in the figure contains resistors and dependent sources
only. When V; = 10V, the power supplied by the voltage source is 40 W.
What will be the power supplied by the source if Vs =5V ?

v Linear
’ Network
(A) 20 W
(B) 10 W
(C) 40 W

(D) can not be determined

In the circuit below, it is given that when V, =20V, I, =200 mA. What
values of I. and V; will be required such that power absorbed by R, is

25W ?
I
Linear
|4 Resistive R;=10Q
Network
(A) 1A, 2.5V
(B) 05A, 2V
(C) 0.5A,50V
(D) 2A, 1.25V

For the circuit shown in figure below, some measurements are made and
listed in the table.

1

I
Linear I/: ]s I I
|4 Resistive R,
Network L|14V 6A 2A

Which of the following equation is true for I, ?
(A) I = 0.6V, + 0.4l

(B) I, = 0.2V, — 0.31,
(C) 1= 0.2V, + 0.3l
(D) 1. = 0.4V, — 0.6l
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In the circuit below, the voltage drop across the resistance R, will be equal Page 225
to Chap 5
16 Q Circuit Theorems
A%
R3
16 VC_) R2§16Q <D5A C_‘ 32V
R
2'A'AY
24 Q
(A) 46 volt (B) 38 volt
(C) 22 volt (D) 14 volt
In the circuit below, current I = I, + 1,4 I3, where 1;, 1, and I3 are currents

due to 60 A, 30 A and 30V sources acting alone. The values of I;, I, and 15
are respectively

2Q§ C‘ 60 A §129 §6§2

(A) 8A, 8A, —4A (B) 12A, 12A, —5A
(C) 4A, 4A, —1A (D) 2A, 2A, —4A

In the circuit below, current I is equal to sum of two currents I, and I,.
What are the values of I, and I, ?

I
N
6 12 Q)
—~
9A<) N\
14 Q 35 Q)
(A) 6A, 1A (B) 9A, 6 A
(C) 3A, 1A (D) 3A, 4A

A network consists only of independent current sources and resistors. If the
values of all the current sources are doubled, then values of node voltages
(A) remains same

(B) will be doubled
(C) will be halved
(D) changes in some other way.

Consider a network which consists of resistors and voltage sources only. If
the values of all the voltage sources are doubled, then the values of mesh
current will be

(A) doubled (B) same

(C) halved (D) none of these
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Page 226 The value of current I in the circuit below is equal to
Chap 5 30
Circuit Theorems I 30 —AANN—
— AN
S,

6V C_) §6 Q 3A §4 Q

(A) ZA (B) 1A

(©) 2A (D) 4A

In the circuit below, the 12 V source

4 A

()

N

w0
12VC_> CDlA §1Q

(A) absorbs 36 W
(B) delivers 4 W
(C) absorbs 100 W
(D) delivers 36 W

Which of the following circuits is equivalent to the circuit shown below ?

a

61,

2 0)
b
2 ()
a
(A) 4 (B) 3L, 20
b — o0
—oa
(C) 31}{;2 Q (D) None of these
L o b

Consider a dependent current source shown in figure below.

—o0
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The source transformation of above is given by

o

(A) 258> §5Q

o

50
— Ao

50
— Ao

(B) 2011;<I>

L o

(D) Source transformation does
not applicable to dependent
sources

Consider a circuit shown in the figure

14V

6
’\N\,@—l
a

NG gﬁQ §3Q Doa

b
AN @J

10 Q

8V

Which of the following circuit is equivalent to the above circuit ?

o

(A) 18 VC_) §18Q

o)

18 Q

(C) 18 VC_)

o a

(B) 1 AGD §18Q

o)

18 Q
—AM\—oa

(D) 34 VC_)

—ob

For the circuit shown in the figure the Thevenin voltage and resistance seen
from the terminal a-b are respectively

A AAY
24 Q

10v(®) O

o a

ob

(A) 34V, 00
(B) 20V, 24 Q)
(C) 14V, 0Q
(D) —14V, 24Q
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In the following circuit, Thevenin voltage and resistance across terminal a
and b respectively are

20 15 Q
@ Lt
30 Q 10 ©

(A) 10V, 18Q
(C) 10V, 18.67Q

(B)
(D)

2V, 18Q
2V, 18.67 Q2

The value of Ry, and V4, such that the circuit of figure (B) is the Thevenin
equivalent circuit of the circuit shown in figure (A), will be equal to

v

30 4Q
AN ANMN—o a
6Q§ O

Fig.(A)

(A) Ry =60, Vip = 4V

(B) Riy = 6Q, Vi = 28V
(C) Rpy =29, Vi = 24V
(D) Ry = 109, Vi = 14V

RTh
—VMW—oa

O

E——Y)

Fig.(B)

What values of Ry, and Vy, will cause the circuit of figure (B) to be the
equivalent circuit of figure (A) ?

o 40
GQg %39 (_#40\/' §QQ
b
Fig.(A)
(A) 240, —24V (B)
(C) 109, 24V (D)

Common Data For Q. 18 and 19 :

Consider the two circuits shown in figure (A) and figure (B) below

a

24V

Ry

b

Fig.(

6Q§ 6V 120
30
A)
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The value of Thevenin voltage across terminals a-b of figure (A) and figure Page 229
(B) respectively are Chap 5
(A) 30V, 36V (B) 28V, —12V Circuit Theorems
(C) 18V, 12V (D) 30V, —12V

The value of Thevenin resistance across terminals a-b of figure (A) and
figure (B) respectively are

(A) zero, 3Q (B)9Q, 160

(C) 20, 3Q (D) zero, 16 Q2

For a network having resistors and independent sources, it is desired to
obtain Thevenin equivalent across the load which is in parallel with an ideal
current source. Then which of the following statement is true ?

(A) The Thevenin equivalent circuit is simply that of a voltage source.

(B) The Thevenin equivalent circuit consists of a voltage source and a series
resistor.

(C) The Thevenin equivalent circuit does not exist but the Norton equivalent
does exist.

(D) None of these

The Thevenin equivalent circuit of a network consists only of a resistor
(Thevenin voltage is zero). Then which of the following elements might be
contained in the network ?

(A) resistor and independent sources

(B) resistor only
(C) resistor and dependent sources
(D) resistor, independent sources and dependent sources.

For the circuit shown in the figure, the Thevenin’s voltage and resistance
looking into a-b are

3.0 30
A AAY ANWN—o a

2V;.<t> 6aS V. GDlA

obh

(A) 2V, 30 (B) 2V, 20
(C) 6V, —9Q (D) 6V, —30Q

For the following circuit, values of voltage V for different values of R are
given in the table.

R Vv
+
Unknown v R 30 6V
Circuit
o 80 8V

The Thevenin voltage and resistance of the unknown circuit are respectively.
(A) 14V, 4Q

(B) 4V, 1Q
(C) 14V, 69
(D) 10V, 29
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Page 230 In the circuit shown below, the Norton equivalent current and resistance
Chap 5 with respect to terminal a-b is
Circuit Theorems
24 Q
AN oa
20v () D2a
ob
(A) §A, 00
(B) 2A, 240
(C) —&A, 24Q
(D) —2A, 240
The Norton equivalent circuit for the circuit shown in figure is given by
L 4 o
20 o
Q)
2 Q
ob
o o
4) 2540 §2Q ®) 1520 §29
ob ob
o o
(C) 25 A ,D §4Q (D) 15 A(D §4Q
ob ob

What are the values of equivalent Norton current source (lIy) and equivalent
resistance (Ry) across the load terminal of the circuit shown in figure ?

10 A
a
60 30Q Load
b
In Ry
(A) 10A 20)
(B) 10A 90
(C) 3.33A 90
(D) 6.66A 20)

For a network consisting of resistors and independent sources only, it is
desired to obtain Thevenin’s or Norton’s equivalent across a load which is in
parallel with an ideal voltage sources.

Consider the following statements :
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1. Thevenin equivalent circuit across this terminal does not exist. Page 231
The Thevenin equivalent circuit exists and it is simply that of a voltage Chap 5
source. Circuit Theorems

3. The Norton equivalent circuit for this terminal does not exist.

Which of the above statements is/are true ?

(A) 1and 3 (B) 1 only

(C) 2and 3 (D) 3 only

For a network consisting of resistors and independent sources only, it is
desired to obtain Thevenin’s or Norton’s equivalent across a load which is in
series with an ideal current sources.

Consider the following statements
1. Norton equivalent across this terminal is not feasible.

2. Norton equivalent circuit exists and it is simply that of a current source
only.

3.  Thevenin’s equivalent circuit across this terminal is not feasible.

Which of the above statements is/are correct ?
(A)1and 3

(B) 2and 3
(©) 1 only
(D) 3 only
The Norton equivalent circuit of the given network with respect to the
terminal a-b, is
6 Q2 3Q
NN 2'A"AY
b
24VC_> QACD §SQ
Tb

(A) QACD §39 (B) GAGD ng

(C) 3A<D §3Q (D) GACD §129

In the circuit below, if R_ is fixed and R is variable then for what value of
Rs power dissipated in R_ will be maximum ?

(A) Rs=R_L (B) Rs=0
(C) Rs - RL/2 (D) RS - 2R|_
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Page 232 In the circuit shown below the maximum power transferred to Ry iS Prax,
Chap 5 then
Circuit Theorems 6O 20

AA'A% A AA%

21v() §RL 4Q§ Dea

(A) RL=12Q, Poax = 12W
(B) RL =39, Prax= 96 W
(C) RL =30, Prax = 48 W
(D) RL =12, Poax = 24 W

In the circuit shown in figure (A) if current I, = 2 A, then current I, and I
in figure (B) and figure (C) respectively are

R, R, R R,
AN AN I2l A AA AA'A%
R,
12V C_) §R3 &, §R3
| 12V
Fig.(A) Fig.(B)
B Ry
AA'A% AA'A%
N 3
.
12V

Fig.(C)
(A) 2A, 2A
(B) —2A, 2A
(C) 2A, —2A

(D) —2A, —2A

In the circuit of figure (A), if I, = 20 mA, then what is the value of current
I, in the circuit of figure (B) ?

Rl R2 Rl R2
AN AN NN AN

36 VC_) R, oh k) R, C_‘ 36 V

Fig.(A) Fig.(B)

(A) 40 mA

(B) —20mA

(C) 20mA

(D) Ri, R; and R3; must be known
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If Vi =2V in the circuit of figure (A), then what is the value of V, in the Page 233
circuit of figure (B) ? Chap 5

R, R, Circuit Theorems

NV 'AA%
+ +
35 mA CD §R1 R3 V1 R1 V2 R3§ CD 35 mA
Fig.(A) Fig.(B)

(A) 2V (B) -2V
(© 4V (D) Ry, Rz and R3; must be known

The value of current | in the circuit below is equal to

a

200 2000 8000 I
g 192 Q
96 Vv 0v(H) sov

b

(A)100 mA (B) 10 mA
(C) 233.34 mA (D) none of these

A simple equivalent circuit of the two-terminal network shown in figure is

R
1 V
R
() #g (B)
Vv
R
© r3 O (D)
1

IfV = AV;+ BV, + Cl; in the following circuit, then values of A, B and C
respectively are

100 Y,
()
YWV I\,
+
V1C_> Vgloosz §IOOQ CDQ
(A) 344 B) 5%
©) 333 (D) 3.5%
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For the linear network shown below, V -1 characteristic is also given in the
figure. The value of Norton equivalent current and resistance respectively
are

4 I(amp)
. /
. T > V(volt
o I | oo s
-6
(A) 3A, 20 (B) 6Q, 20
(C) 6A, 0.5Q (D) 3A, 05Q

In the following circuit a network and its Thevenin and Norton equivalent
are given.

20 30
AN AN—o °
RTh
4 VC_) 2 A Iy gRN
VT}L
O O
The value of the parameter are
Vi R In Rn
(A) 4V 2 Q 2 A 2 Q
(B) 4V 2. Q 2 A 30
(C) 8V 1.2 Q LA 1.2 Q
(D) 8V 50 A 50

For the following circuit the value of equivalent Norton current Iy and
resistance Ry are

10 © 5Q
AR ANWN—o

{5
201> 309§ Pl

(A) 2 A, 20 Q (B)2 A, —20 Q
(C)0 A, 20 Q (D)0 A, —20 Q

Consider the following circuits shown below
I

R Lo g
AN
20 09 68 S99 2 0S 60 60 )0
12V
12V . SV 18V 6 Q2 3 A 12V
Fig (A) Fig (B)
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The relation between I, and 1, is Page 235
(A) lb=1.+6 Chap 5
B)lLh=1,+2 Circuit Theorems
©) l,=1.51,

D) =1,

Common Data For Q. 42 and 43 :

In the following circuit, some measurements were made at the terminals a,
b and given in the table below.

- R I

Unknown R 30 2 A
Network
5 Q) 1.6 A

The Thevenin equivalent of the unknown network across terminal a-b is

(A) 3Q, 14V (B) 50,16V
(C) 169, 38V (D) 109, 26 V
The value of R that will cause | to be 1A, is

(A) 220 (B) 16 Q2

(C) 802 (D) 11Q

In the circuit shown in fig (A) if current I, = 2.5 A then current I, and I in
fig (B) and (C) respectively are

i

Fig.(B)
DoV
Ry R,
Fig.(C)
(A) 5A,10A (B) —5A, 10A
(C) 5A, —10A (D) —5A, —10A

The V-1 relation of the unknown element X in the given network is
V = Al + B. The value of A (in ohm) and B (in volt) respectively are
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(A) 2,20 (B) 2

Electronics & Communication

, 8

(C) 0.5,4 (D) 0.5,16

For the following network the V -1 curve with respect to terminals a-b, is

given by

4 V(volt)

A (B)
0 4 I(amp)
A V(volt)
16
0 > [(amp)

(©) (D)

!

V(volt)
A
32
r 0 > J(amp)
4 V(volt)
0 8 > J(amp)
-32

A network N feeds a resistance R as shown in circuit below. Let the power
consumed by R be P. If an identical network is added as shown in figure,

the power consumed by R will be

N R N R N
(A) equal to P (B) less than P
(C) between P and 4P (D) more than 4P
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A certain network consists of a large number of ideal linear resistors, one of Page 237
which is R and two constant ideal source. The power consumed by R is P, Chap 5
when only the first source is active, and P, when only the second source is Circuit Theorems
active. If both sources are active simultaneously, then the power consumed

by R is

(A) P+ P, (B) VP, £ VP,

(C) /Py £ VP2)? (D) (P, + Py)?

If the 60 resistance in the circuit of figure (A) is to be replaced with a
current source Is and 2402 shunt resistor as shown in figure (B), then
magnitude and direction of required current source would be

16 Q a a
2'A'AY o o

20 VC_) 40 Qg §60§2 240 Qg C)I

[+

b
Fig.(A) Fig.(B)

>~ 0

(A) 200 mA, upward
(B) 150 mA, downward
(C) 50 mA, downward
(D) 150 mA, upward

The Thevenin’s equivalent of the circuit shown in the figure is

24 Q
A AAY

12 Q 20 Q
AN NN oa

36VC_> §6Q

ob

(A) 4V, 48Q
(B) 24V, 12Q
(C) 24V, 240
(D) 12V, 12Q

The voltage V. across the load resistance in the figure is given by

_ RL
Vi _V<R+RL>

V and R will be equal to

4L,
AN
A
+
5 ACD 2Q VLgRL
(A) —10V, 2Q (B)y1ov, 29
(C) —10V, -29Q (D) none of these
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Page 238 In the circuit given below, viewed from a-b, the circuit can be reduced to an
Chap 5 equivalent circuit as
Circuit Theorems 20001

2 kQ AN

AN &> °a

2 ng 4 ng §4 kQ
v
ob

(A) 10 volt source in series with 2 k2 resistor
(B) 1250 2 resistor only

(C) 20V source in series with 1333.34 € resistor
(D) 800 2 resistor only

The V -1 equation for the network shown in figure, is given by

I
*~— oa
+
20 Q
I
40 +
0.3 AC) 30 QSV,
S
(A) 7V = 2001 + 54 (B) V = 1001 + 36
(C) V = 2001 + 54 (D) V = 501 + 54

In the following circuit the value of open circuit voltage and Thevenin
resistance at terminals a,b are

0.01V,
<
31, 600 Q
%} AN oa
+
150 Qg g 300 V.
I(L‘
AMA——o
900 Q

(A) Vi = 100V, Ryy = 1800 Q
(B) Voo = 0V, Ry = 270Q
(C) Vi = 100 V, Ry = 90 Q
(D) Vo = 0V, Ry = 900

*hhkkkkkhkhik
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EXERCISE 5.2 page 23

Chap 5

Circuit Theorems

In the given network, if Vs =V, | = 1A . If V, = 2V, then what is the value
of I, (in Amp) ?

5Q 1Q 4Q
A AA% lI’VV\,
1

%
%CD 6 Q §3Q 20

In the given network, if I =1, then V = 1volt. What is the value of I; (in
Amp) if I=2l1, ?

40 L 20
'A% A'A'AY

+

ICD §12§2 §69 192V

In the circuit below, the voltage V. across the 40 Q2 resistor would be equal

to \olts.
zogg GDQA CDGA gmg
40 Q
AN~

v

The value of current 1 flowing through 22 resistance in the given circuit,
equals to Amp.

l]
10V '_) C)F)A ng

In the given circuit, the value of current I will be Amps.

6V %49
§GQ

10
6Q CDQA /

What is the value of current | in the given network (in Amp) ?
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Page 240 10 2/0%/
Chap 5 A AAY N\
Circuit Theorems
AV -
VA Y
I
24 VC) §4 Q) §4 Q

In the given network if V; = V, = 0, then what is the value of V, (in volts) ?

4Q§ § CD4AV2 §29

What is the value of current | in the circuit shown below (in Amp) ?

7 40V
4 Q <—f\
6 Q ~ 4 Q

48V g 30 4Q§ 24V

How much power is being dissipated by the 4 k2 resistor in the network (in

mw) ?
6 kQ 8 kO
VAVAY; A%
18 VC_) 3k§2§ §4 kQ
2 kQ
NN
/AR
-/
3 mA
Thevenin equivalent resistance Ry, between the nodes a and b in the
following circuit is Q.
12 Q
A AAY °a

30 VC_) 10 ACD §4 Q

Common Data For Q. 11 and 12 :

Consider the circuit shown in the figure.
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Page 241
Chap 5
Circuit Theorems

2 a(D

The equivalent Thevenin voltage across terminal a-b is \olts.
The Norton equivalent current with respect to terminal a-b is Amps

In the circuit given below, what is the value of current I (in Amp) through
6 €2 resistor

w
<

N\ MW

12 Q§ flﬂ CD 1A

For the circuit below, what value of R will cause I =3 A (in Q) ?

6 Q2 ’

18V 10 R

The maximum power that can be transferred to the resistance R in the

circuit is mili watts.
150 100 Q
NN AN\N

9VC_> gR C_)?,v

The value of current I in the following circuit is equal to Amp.
50
NN T
15 Q 0v [
60 VC_D §5 Q
120V 5Q
10 ©
AN
For the following circuit the value of Ry, is Q.
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Page 242

6 Q
Chap 5
Circuit Theorems 2 A 6 Q)
Ry
-
5V

What is the value of current I in the given network (in Amp) ?

3Q 40
A'AY% AA'A%

2AC> ng 4Q y §8§2

The value of current | in the figure is mA.

6 kQ 6 k2
AN AN Y

sv(®) 6kQ§ 2mA(]) §6kQ

For the circuit of figure, some measurements were made at the terminals a-b
and given in the table below.

I
- Ry I,
Linear
Resistive R, 20 10 A
Network o 10 O 6 A
b

What is the value of I, (in Amps) for RL=200Q ?

In the circuit below, for what value of k, load R, = 2 ) absorbs maximum

power ?
|28 4Q
AAN AN
20
WS O gm
AN
40

In the circuit shown below, the maximum power that can be delivered to the

*Shipping Free*

load R is equal to mW.
1 kO 1kQ 1k
NN A

5 oma

D sw3

A practical DC current source provide 20 kW to a 50 €2 load and 20 kW to
a 200 Q2 load. The maximum power, that can drawn from it, is kW.
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In the following circuit the value of voltage V; is Volts. Page 243
2Q 1Q 19 3Q Chap 5
VW VW Circuit Theorems
JF
8V 20 g 6QSV, g 6 Q 18V

If 1 =5A in the circuit below, then what is the value of voltage source V,

(in volts)?
6 A
T
O/
q
16V 6 2
30 10 Q
4A<D 16 Q 129% 70
M\ b
AN -
e

For the following circuit, what is the value of current I (in Amp) ?
I 60 30

—>

NMN— VWV

21v() Doa Sur

The Thevenin equivalent resistance between terminal a and b in the following
circuit is Q.

+
24ACD V;§6Q 8 Q)

ob

In the circuit shown below, what is the value of current I (in Amps) ?

4Q 4Q 4Q
A AAY AA'A% A% V

12Q§ 14ACD §4Q gQQ

The power delivered by 12 V source in the given network is watts.
1Q
A 'A'AY
2 A 4 A
TR ()
Y /
12v() §1 0 §1 0
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In the circuit shown, what value of R (in £2) maximizes the power delivered
to R, ?

. |8 1 kQ
AN\N NN
2 kQ

@ g O

TheV -1 relation for the circuit below is plotted in the figure. The maximum

power that can be transferred to the load R_ will be mW
I(mA)
A
[—
L N

Linear 2

Network Vﬁ By \
0 8\' V(volt)

In the following circuit equivalent Thevenin resistance between nodes a and
b is Ry, = 3. The value of « is

1Q 19
A AAY A\N—o a
-

The maximum power that can be transferred to the load resistor R from

the current source in the figure is watts.
16 Q
40 Q 20 Q
40 A
O i

240 100 ©

Common Data For Q. 34 and 35

An electric circuit is fed by two independent sources as shown in figure.

6 Q 4Q 1Q
A AAY MV

36V §3Q §6Q §2§2 CD27A

The power supplied by 36 V source will be watts.
The power supplied by 27 A source will be watts.
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In the circuit shown in the figure, what is the power dissipated in 4 Page 245
resistor (in watts) Chap 5
12V Circuit Theorems

A
-/
8 Q
—AAN
5Q )4 A
O O
10 ©2

What is the value of voltage V in the following network (in volts) ?

21, §1Q CD4A

10 1Q
A AAY A AAY
I:):_> —+
1Q 24 V%) 1 Q% v
For the circuit shown in figure below the value of Ry, is Q.
—2I
&
0.01V, 1000
~<«> A——
Ry,
100 Qg 3009§ vV, -—
L
AN— o
800 €

Consider the network shown below :

+
RL Vab

Linear
Network

The power absorbed by load resistance R is shown in table :

R. |10 kQ 30 kQ
P 3.6 MW | 4.8 mW

The value of R, (in k), that would absorb maximum power, is

*kkhkhkhkhkhhhkikx
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Circuit Theorems

Option (B) is correct.

I
v Linear
‘ Network
For, Vs =10V, P=40W
_P_ 40 _
So, IS_\Z_10_4A
Now, V¢ =5V,s0 I=2A (From linearity)

New value of the power supplied by source is

Py =VWI=5x2=10W
Note: Linearity does not apply to power calculations.
Option (C) is correct.

From linearity, we know that in the circuit \IA ratio remains constant
L
\V/ 20
S=—""""-=100
.~ 200 x 10°°
Let current through load is I.” when the power absorbed is 2.5 W, so
PL=(I)*RL
25=()?*x10
Il" =05A
Vo V5 _ 100
TR T
So, V," = 1001 =100 x 0.5 =50V

Thus required values are

Il" =05A,V/=50V
Option (D ) is correct.
From linearity,

I. = AV;+Bl;, A and B are constants
From the table 2 =14A +6B (D

6 =18A + 2B ..(2)
Solving equation (1) & (2)

A=04,B=-0.6

So, I. = 0.4V, — 0.6l

Option (B) is correct.

The circuit has 3 independent sources, so we apply superposition theorem
to obtain the voltage drop.

Due to 16 V source only : (Open circuit 5 A source and Short circuit 32 V
source)
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Let voltage across R, due to 16 V source only is V;. Page 247
16 © Chap 5
l Circuit Theorems
o~ +
16VC> V1§16§2 16 V 8Q
'A% T
24 Q 24 Q)
Using voltage division
_ 8
Vi =—o7,g(16)
=—4V

Due to 5 A source only : (Short circuit both the 16 V and 32 V sources)
Let voltage across R, due to 5 A source only is V,.

16 Q
A AA%

+
V2§16 o (Psa

2'A'AY
24 Q
V, =(24Q(|16Q]]16Q) x 5
=6 x 5=30volt
Due to 32V source only : (Short circuit 16 V source and open circuit 5 A
source)
Let voltage across R, due to 32V source only is V;
16 Q 16 Q
NN A AAY
® + l +
V3§16S2 C_’ 32V V3§9.6Q C_’ 32V
AVAYAY T
24 Q

Using voltage division

96 N
Vs = 1550532 = 12V

By superposition, the net voltage across R; is

V =V;+V,+V; =—4+30+ 12 = 38 volt
ALTERNATIVE METHOD :
The problem may be solved by applying a node equation at the top node.

Option (C) is correct
Due to 60 A Source Only : (Open circuit 30 A and short circuit 30 V sources)

e e——
4 Q
NN\ —e—s
I,— ill

2Q§ Deoa §129 §6Q

12Q1(16Q =40
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4Q “a

—

A'AY%

2Q§ CD6OA §4Q

Using current division
l, = ﬁ(ao) —12A

Again, 1, will be distributed between parallel combination of 12 and 6 2
=0 5(12) =4A

Due to 30 A source only : (Open circuit 60 A and short circuit 30 V sources)

30 A 30 A
TR TR
U/ J U/ I
40 iR 40 b
L AAA——e i AN
2

a3 2o Seo 03 Sio

Using current division
4

I, will be distributed between parallel combination of 122 and 6 Q2
A, _
I, = m(12) =4A
Due to 30 V Source Only : (Open circuit 60 A and 30 A sources)

—e @ e—

10 30V
'W\,—@
s

203 T %m Soo

Using source transformation

Vs 1
GQg G)E)A 12 Q §69 SQg CDE)A 12 Q

Using current division
_ 3 _
ls =—1730)=-1A

Option (C) is correct.
Using superposition, I =L+1;
Let I, is the current due to 9 A source only. (i.e. short 18 VV source)

I, = r612(9) =3A (current division)

Let I, is the current due to 18 V source only (i.e. open 9 A source)
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So,

L=3A1,L=1A Page 249

Chap 5
Circuit Theorems

Vi 2

ngQ GQ§ ngQ
® 18V

N6 :

149%

%359 149% %350

Option (B) is correct.

From superposition
then node voltages

theorem, it is known that if all source values are doubled,
also be doubled.

Option (A) is correct.

From the principal

of superposition, doubling the values of voltage source

doubles the mesh currents.

Option (C) is correct.
Using source transformation, we can obtain | in following steps.

1 30 g 24V [ 30

AA'A%

—

AA'AY

w@®  $eo w0 O s0f pes Do

30 40Q I 30

ALTERNATIVE METHOD :
Try to solve the problem by obtaining Thevenin equivalent for right half of

the circuit.

Option (D) is correct.
Using source transformation of 4 A and 6 V source.

8V
+

20

12V IAC

) gm Do

Adding parallel cur

*Shipping Free*

rent sources
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20 8V
+
12V ng <D5A

Source transformation of 5 A source

20 1Q
WO
12V sV

Applying KVL around the anticlockwise direction
—5-148-21-12=0
—9-31 =0
| =—3A
Power absorbed by 12 V source
Pov =12 x| (Passive sign convention)
=12x-3=-36W
or, 12V source supplies 36 W power.

Option (B) is correct.
We know that source transformation also exists for dependent source, so

2Q
—AN\\N——o a —o @
61I<;> 31 gg Q
——— o} —o b

s = = 3l (downward)

Rs ZZQ

Option (C) is correct.
We know that source transformation is applicable to dependent source also.
Values of equivalent voltage source

Vs = (41y) (5) = 20l

Rs - 5 Q
5Q
o AM—o
al, §5 Q 201, >
Lo L 5

Option (C) is correct.
Combining the parallel resistance and adding the parallel connected current
sources.

9A —3A =6A (upward)
3Q116Q =2Q
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60 AV Page 251

YW\ y “ Chap 5

Circuit Theorems

N gm
MA—( Do

10 ©2 3V

Source transformation of 6 A source

6 Q2

Vo ' (v —'gv%—oa
12V 18VC>
12v() O
b (L) sV L o
09 5 b

Option (D) is correct.
Thevenin Voltage : (Open Circuit Voltage)
The open circuit voltage between a-b can be obtained as

24 Q)
AN o

10 VC_) CD 1A Vg,

Writing KCL at node a
Vm — 10
24
Vi, — 10424 =0 or Vi, =— 14 volt
Thevenin Resistance :
To obtain Thevenin’s resistance, we set all independent sources to zero i.e.,
short circuit all the voltage sources and open circuit all the current sources.

+1=0

T
L1 .
Rm =240}

Option (B) is correct.
Thevenin Voltage :

Using voltage division V; 20 (10) = 4 volt

—20+30
and, V, = 15 15 (10) = 6 volt
+10
Applying KVLV; —V,+ Vg =0
4—-6+Vy =0
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Page 252 Vin =Vap=—2 volt
Chap 5
Circuit Theorems +

10VC> 5 b

_o o—
i . °
3OQ§ §IOQ

Thevenin Resistance :

C

20 Q 15 Q
2OQ§ §15Q ANV A AAY
' a b
—o o— o—— ——o
! a c b
3OQ§ gloQ A% AA'A%
30 Q 10 ©

C

Ry =[20Q]]1300Q]+[15Q]]100Q] =120+ 6Q =180
Rm = Rap =180

Option (A) is a correct.

Using source transformation of 24 V source

4Q
AMN\N—oa

sa(D §3Q gm Dea

ob
Adding parallel connected sources
4Q 20 40
AMW—oa a
2 A CD §2 Q 4V
obh obh

So, Vi =4V, Ry =6

Option (A) is correct.
Thevenin Voltage: (Open Circuit Voltage)
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Vrh

= ﬁ(— 40) =— 24 volt (using voltage division)

Thevenin Resistance :

10
AN l
aR [ ] aR
6Q§ " §29 6(2§ 1" §4Q
Tb ¢ Tb
R :69||4Q:%j§j:2.49

Option (B) is correct

For the circuit of figure (A)

b

_ ¢ &
T Vi
21v() so  (Dov
30
1T—vwW
Vin =Va= VW
V., =24V
V, = WGC%(_ 6) =—4V (Voltage division)
Vi =24 — (—4) =28V

For the circuit of figure (B), using source transformation

Ao

VTh,

12 Qg C

DSA §4Q CD4A

i

Combining parallel resistances,
12Q1]14Q2 =3Q
Adding parallel current sources,

8—4

0

NORET

Vrh

)

=4 A (downward)
30

12V

=—12V

Option (C) is correct.

For the circuit for fig

*Shipping Free*

(A)
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Page 254 lRTh' R,
Chap 5 o z o i .T_
Circuit Theorems 'y a b
g 6 Q
? AN
AR 20

R =Rap=6Q]|302=2Q
For the circuit of fig (B), as obtained in previous solution.

30
—AMW—oa

12V C)

L — o0}

RTh - 3 Q
Option (B) is correct.

Network 1 CD Load

The current source connected-in parallel with load does not affect Thevenin
equivalent circuit. Thus, Thevenin equivalent circuit will contain its usual
form of a voltage source in series with a resistor.

Option (C) is correct.

The network consists of resistor and dependent sources because if it has
independent source then there will be an open circuit Thevenin voltage
present.

Option (D) is correct.
Thevenin Voltage (Open Circuit Voltage) :

30V 30
* AMN—o a
+
Jr
2Vz<t> 6Q2V, CDlA Vi
ob

Applying KCL at top middle node
Vi — 2V | Vi

\/Trw%wﬂw+\%+1:o (Vi = V5)
—2Vm+Vm+6 =0
Vi = 6 volt
Thevenin Resistance :
R, — Open circuit voltage Vi,

™ ~ Shortcircuitcurrent — I
To obtain Thevenin resistance, first we find short circuit current through
a-b
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3Q 3Q
AAAY a

2. &> sagn (PDra ||k

b

Writing KCL at top middle node

Vi—2V, |V, V,—0 _
Vit E p 14 iS00

-2V, +V,+6+2V, =0 orV, =—6volt
_V—-0__6

ISC - 3 é

Thevenin’s resistance, R+, _ Vi :—g =—30

ISC

ALTERNATIVE METHOD :

Page 255
Chap 5
Circuit Theorems

Since dependent source is present in the circuit, we put a test source across

a-b to obtain Thevenin’s equivalent.
30 30

2> 603V,

By applying KCL at top middle node

V=2V, | Wy Vi—= Viest _
gt g R LA e —
_2Vx+vx+6+2Vx_2Vtest =0
2Vtest_Vx =06
We have Lest :w

3Itest - Vtest - VX
VX - Vtest - 3Itest
Put V, into equation (1)
2Viest — (Miest — 3liest) = 6
2Viest — Viest + 3liest = 6

Vtest =6— 3|test
For Thevenin’s equivalent circuit

VTh C_) Vtest CD ]test

Vtest — VTh
R
Vtest — VTh + RTh Itest
Comparing equation (2) and (3)
VTh — 6V, RTh :—BQ

=1 test
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Page 256 Option (D) is correct.
Chap 5 R
oo Th ¢
Circuit Theorems — ANN—o0——
+

Vrn (_) v §R

b

Using voltage division

. R
v _VTh<R+RTh>

From the table,

. 3
6 = Vi <73+ RTh> (1)
o 8
8 "\/T“(E?qui;;> (2
Dividing equation (1) and (2), we get
6 _ 3(8+Rm)
8 8(3+ Rm)
6+ 2Rm =8+ Ry
RTh - 2 Q
Substituting Ry, into equation (1)
_ 3 _
6 —-\Am(@;;;7> or Vi, = 10V

Option (C) is correct.

Norton Current : (Short Circuit Current)

The Norton equivalent current is equal to the short-circuit current that
would flow when the load replaced by a short circuit as shown below

240 _h
AV a

20 VC_) QAGD Vv

b

Applying KCL at node a

In+1L+2=0
: 0-20_ 5
Since (9 _T__GA
So, |N—%+2:o
Iy =& A

Norton Resistance :
Set all independent sources to zero (i.e. open circuit current sources and
short circuit voltage sources) to obtain Norton’s equivalent resistance Ry .

24 Q
2'A'AY oa
[ ] l ﬁ
o T Qb
RN - 24 Q
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Option (C) is correct. Page 257
Using source transformation of 1 A source Chap 5
oa Circuit Theorems
oa
2 Q
4Q
nNO v NO)
2V
2 ob
ob

Again, source transformation of 2V source

HOBEEITNOR

ob

Adding parallel current sources

INOMET.

ob

ALTERNATIVE METHOD :
Try to solve the problem using superposition method.

Option (C) is correct.
Short circuit current across terminal a-b is
10 A

6 O 3Q l]N

For simplicity circuit can be redrawn as

Q
0 CDlOA §3Q

1,1

Iy = %(10) (Current division)

=3.33A
Norton’s equivalent resistance

6 39 -

Ry =6+3=90Q
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Option (C) is correct.

Rest of
the V Load
Network

The voltage across load terminal is simply Vs and it is independent of any
other current or voltage. So, Thevenin equivalent is Vi, =V and Ry, =0
(Voltage source is ideal).

Norton equivalent does not exist because of parallel connected voltage source.

Option (B) is correct.

IS
Rest of
the Load
Circuit

The output current from the network is equal to the series connected current
source only, so Iy = Is. Thus, effect of all other component in the network
does not change Iy.

In this case Thevenin’s equivalent is. not feasible because of the series
connected current source.

Option (C) is correct.
Norton Current : (Short Circuit Current)

6 Q 3Q
AAAY A AAY

2v () EENORY

Using source transformation

6 Q2 30 3Q
A 'A'A%

24 VC_) 1y 6V

Nodal equation at top center node

0-24 , 0—(—6) _

—44+1+1y =0
In =3A
Norton Resistance :
6 Q2 30
| RN—:L §3Q
® b
I I
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Ry =R =6]|(3+3)=6]|]6=3x
So, Norton equivalent will be

NOREIL

ob

Option (B) is correct.

_v/( R.
v —VS<RS+RL)

Power absorbed by R,
" Rl (Re+RY?
From above expression, it is known that power is maximum when Ry = 0

Option (C) is correct.

We solve this problem using maximum power transfer theorem. First, obtain
Thevenin equivalent across Ry .

Thevenin Voltage : (Open circuit voltage)

6 Q 2 Q
— A —o— AW

24 VC_) Vi 4Q g CD 6 A

o
O

Using source transformation
6 Q 2Q 40

Vi — 24 Ve —24
6 T 214 0

2VTh—48 :O:>VTh:24V

Using nodal analysis

Thevenin Resistance :
6 Q 20

[ ] | o |
| 103 T g - $oo
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R =6Q]|62=30Q
Circuit becomes as

R Th
2'A'AY

Vi, C_) g R,

For maximum power transfer
R. =Rm =30
Value of maximum power
b _(Vm)® _ (24 _
mT AR, T 4 X 3
Option (D) is correct.
This can be solved by reciprocity theorem. But we have to take care that the
polarity of voltage source have the same correspondence with branch current
in each of the circuit.
In figure (B) and figure (C), polarity of voltage source is reversed with
respect to direction of branch current so

48 W

Vi Vo Vs
L L 0
|2:|3:—2A

Option (C) is correct.

According to reciprocity theorem in any linear bilateral network when a
single voltage source V, in branch a produces a current I, in branches b,
then if the voltage source V, is removed(i.e. branch a is short circuited) and
inserted in branch b, then it will produce a current |, in branch a.

SO, |2 — |1:20 mA

Option (A) is correct.

According to reciprocity theorem in any linear bilateral network when a
single current source I, in branch a produces a voltage V, in branches b,
then if the current source |, is removed(i.e. branch a is open circuited) and
inserted in branch b, then it will produce a voltage V, in branch a.

A AA% A%
L,

35 mA CD g R1 R3 V1 V2 gRl Rgg CD 35 mA

So, V, = 2 volt

Option (A) is correct.
We use Millman’s theorem to obtain equivalent resistance and voltage across
a-b.

_ 9 , 40 80

240 T 200 T 800
The equivalent resistance

Rab - 1

1T 1 1
240 T 200 T 800

=960
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Now, the circuit is reduced as Page 261
a Chap 5
TI Circuit Theorems

96 Q

§192Q

288V

28.8
I =96+ 197 = 100MA

b
Option (B) is correct.
Thevenin Voltage: (Open circuit voltage):
The open circuit voltage will be equal toV, i.e. Vjp =V
Thevenin Resistance:
Set all independent sources to zero i.e. open circuit the current source and

short circuit the voltage source as shown in figure

Open circuit voltage =

Option (B) is correct.
V is obtained using super position.
Due to source V; only : (Open circuit source I3 and short circuit source V,)

100 © 100 ©

1 . o
V = 10052 50 V) = Vi (using voltage division)
_1
SO, A= 3
Due to source V, only : (Open circuit source I; and short circuit source V;)
V. V.
100 © 2 2

[) + l +
V§10OQ §10OQ V§5(JQ §100§2
®

1 . o
Vo= 10053 50(V2) =3 V2 (Using voltage division)
_1
So, B =3
Due to source I; only : (short circuit sources V; and V,)
100 Q
AN o °

+
Vgl()OQ glOOQ CD I
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V = 1,[100 || 100 || 100] = |3<130>
100
So, C =3

ALTERNATIVE METHOD :
Try to solve by nodal method, taking a supernode corresponding to voltage
source V,.

Option (C) is correct.
The circuit with Norton equivalent

- I

n
INCD R]\;g V[] Load
So, I+ 1 = Q{—N

I = |\Q/— — Iy (General form)

N

From the given graph, the equation of line

| =2V -6

Comparing with general form

1 _ -
R—N_ZorRN_O.SQ

IN & 6A
Option (D) is correct.
Thevenin voltage' (Open circuit voltage)
3 Q I=0

TR

Vi =4+(2x2)=4+4=8V
Thevenin Resistance:
20 3Q
NN l NN o
iTh

‘. : o

RTh :2+3ZSQ: RN
Norton Current:

Option (C) is correct.
Norton current, Iy = 0 because there is no independent source present in

the circuit.
To obtain Norton resistance we put a 1 A test source across the load terminal
as shown in figure.
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10 Q 50
AN Page 263
Y, P + Chap 5
-1, o
201 <i> g 30Q 1A Vit Circuit Theorems

Norton or Thevenin resistance

_ Viest

Rn 1

Writing KVL in the left mesh

201

I, =05A

Writing KVL in the right mesh

Vtest - 5(1) - 30'1 - O
Vtest - 5 - 30(05) - O
Vtest_5_15 :O

Ry = Yt = 200

Option (C) is correct.
In circuit (b) transforming the 3 A source in to 18 V source all source are
1.5 times of that in circuit (a) as shown-in figure.

ii. 20
AN
50 6 Q 6 Q »
18V
18V 12V
6 Q

Using principal

of linearity, I, = 1.51,

Option (B) is correct.

R Th

O

1

From the table,

Dividing equati

6+
0

*Shipping Free*

| — VTh
R + Ry
__Vm
2 = 31 R, ()
__Vm
1.6 = 51 Ry ..(2)
on (1) and (2), we get
2 _5+Rmn
1.6 — 3+ R
2RTh - 8 + l.6RTh
-4RTh — 2
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Page 264 R, =50
Chap 5 Substituting Ry, into equation (1)
Circuit Theorems \V
2 — Th
3+5

Vr, =2(8) =16V
Option (D) is correct.

__Vm
We have, | = R+ R
VTh - 16V, RTh - 5Q
_ 16 _
' =57r =1
16 =5+R
R =11Q
Option (B) is correct.
Il [2 I3
10V 20 V 40V
Fig.(A) Fig.(B) Fig.(C)

It can be solved by reciprocity theorem. Polarity of voltage source should
have same correspondence with branch current in each of the circuit. Polarity
of voltage source and current direction are shown below

So \ﬁ :_\Q:\é
! I, 1, I3
10 _ 20 _ 40
25 1, I

I, =—5A

I; =10A

Option (A) is correct.

To obtainV -1 equation we find the Thevenin equivalent across the terminal
at which X is connected.

Thevenin Voltage : (Open Circuit Voltage)

10
A\
2 A " 10 16 A
2 4
12 VC_) T;'Th Vs CD 4 A
Vi=6x1=6V
12+V,—V; =0 (KVL in outer mesh)
V; =12+6=18V
Vin—V,—V; =0 (KVL in Bottom right mesh)
Vi =V + Vs

(V;=2x1=2V)
Vi =2+18 =20V
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Thevenin Resistance : Page 265
1Q Chap 5
A'A% 10 Circuit Theorems
10 VYV
——o
I fm 10
[ ] RTh [ ]
-
® T T T—

Ry =14+1=20Q
Now, the circuit becomes as
RT/L

| = V — VTh
R
V =Rml + Vn
SO A=Rp=2Q
B=-Vm=20V
ALTERNATIVE METHOD :
10
AYAY

In the mesh ABCDEA, we have KVL equation as
V-101+2)—-1(1+6)—-12=0
V =21+20
So, A=2  B=2
Option (A) is correct.
To obtain V -1 relation, we obtain either Norton equivalent or Thevenin
equivalent across terminal a-b.
Norton Current (short circuit current) :

2 Q
A'AY%

o
>

4Q
A%

29§ "Hv C_’ 24V

®

Applying nodal analysis at center node

|N+2:%or Iy =6-2=4A
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Page 266 Norton Resistance :
Chap 5 20
Circuit Theorems AN 40

4 Q)
0 ’_l_l\/\/\li RN a
R a ) -
2Q§ =
Tb ®

Ry =4Q (Both 2 resistor are short circuited)
Now, the circuit becomes as

+

v g ]

i]
\Y
In = Ry + 1
_V
4=Y 11
16 =V +4l1
or V =—41+16
V(volt)
A
16
0 1 I(amp)

ALTERNATIVE METHOD :
Solve by writing nodal equation at the center node.

Option (C) is correct.
Let Thevenin equivalent of both networks are as shown below.

(Single network N)

P’ — Vi >2R :4(\/T">2R (Two N are added)

Thus P < P’ < 4P
Option (C) is correct.

|1:,/% and |2:1/%
Using superposition Il =L+, = /% + /%

'R = (VP £ VP,)?
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Option (B) is correct. Page 267
From the substitution theorem we know that any branch within a circuit Chap 5
can be replaced by an equivalent branch provided that replacement branch Circuit Theorems

has the same current through it and voltage across it as the original branch.
The voltage across the branch in the original circuit

6o 1,
AN °
+
20VC_> 4OQ§ V§60§2
’
__40]|60 _ 24 _
\Y; _(40||60)+16(20) =70 X 20=12V

Current entering terminal a-b is
1 =Y =12 _200ma

In fig(B), to maintain same voltage V = 12 V current through 240 (2 resistor
must be
_ 12 _
Ik = 240 = 50 mA
Using KCL at terminal a, as shown
o 1,
[«
+ i[R
14 240 Q GD 1,
o
b
I =lg+1s
200 =50 + I,

I, =150 mA, down wards

Option (B) is correct.
Thevenin voltage : (Open Circuit Voltage)
In the given problem, we use mesh analysis method to obtain Thevenin

voltage
24 Q
A'A'AY
12 Q /I? 20 Q
AN AN o0
36 V(_) /1? §6Q f;, Vo
ob
I,=0 (a-b is open circuit)
Writing mesh equations
Mesh 1: 36—-12(I,—1,)—6(;—13) =0
36 — 121, + 121, — 61, =0 (I;=0)
3,21, =6 ..(1)

Mesh 2: —241,— 20(1,— 1)) — 12(I,— 1) =0
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Page 268 —241,— 201, —121,+ 121, =0 (1:=0)
C_hap_5 141, =3I, ..(2)
Cireuit Theorems From equation (1) and (2)

h:%A,h:%A

Mesh 3: —6('3—'1)—20(|3—|2)—VTh =0
7 1 _
—ﬁp—gyqu—ﬂ—vm_o

14 +10 = Vi,
V5, = 24 volt
Thevenin Resistance :
24 Q 24 Q)
AN AAAY;
12 Q 20 20 0
WAAY NN o AN oa
[ ] R R
§6 Q < §12 Q §6 0 "
[ ]
o ob
24 Q)
oa NN
20 © 29\;\2, oa
RTh
20$ \ )
Th
\ $ia
ob o)

R = (20+4)||24Q =24Q|24Q = 120Q

ALTERNATIVE METHOD :

Vr, can be obtained by writing nodal equation at node a and at center node.
Option (C) is correct.

We obtain Thevenin’s equivalent across load terminal.

Thevenin Voltage : (Open Circuit Voltage)

Using KCL at top left node
5=I+0orly =5A
Using KVL 2 — 41, — Vi =0
2(5) —4(5) = Vq, or Vi, =— 10 volt
Thevenin Resistance :
First we find short circuit current through a-b
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4L Page 269

i 7 a Chap 5
‘ Circuit Theorems
5 1%,(::::) 20 i ];c

b

Using KCL at top left node
S =+l
Iy =5— Iy
Applying KVL in the right mesh
2l,—41,+0=0o0r Iy =0

So, S—Ile=00rl=5A
Thevenin resistance, Rn =\% =—% =—20
Now, the circuit becomes as

137%

A 'A'AY

w®  ven

V = VTh< (Using voltage division)

R

R+ RL)

So, V =V =— 10 volt
R=Rm=-2Q

Option (D) is correct.

We obtain Thevenin equivalent across terminal a-b.

Thevenin \Voltage :

Since there is no independent source present in the network, Thevenin
voltage is simply zero i.e.Vy, =0

Thevenin Resistance :
Put a test source across terminal a-b

Supernode

__'\/}est

Itest

Rrh

For the super node
Vi — Veest = 20001,

Vi Ve = 2000 1) (1 = V1/4000)
\% = Viest OF Vi = 2Vieqt

Applying KCL to the super node
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(P;i?;; 2570 V4k0 + >1/|1( +\fﬁ? = ltest
Circuit Theorems 2Vi+ Viest = 4 X 10% Lot
2 (2Vtest) + Vtest =4 % 103 Itest (Vl = 2Vtest)
Viest _ 4 X 10° — 8000
Ltest S

Option (C) is correct.

Equation for V-1 can be obtained with Thevenin equivalent across a-b
terminals.

Thevenin Voltage: (Open circuit voltage)

1%
v,
40 + Th

wsa(®) wogry

Writing KCL at the top node

o)

Vi _ Vi — VW
40 20
Vi = 2V — 2V

3V, =2V = Vi = 5V,

KCL at the center node
Vi—Vimn | Vs _
3V>( - 3VTh + 2Vx == 18
5V, — 3V, =18

5(%)vTh 3V, = 18 (Vx - gVTh)

10Vr, — 9Vy, = 54 or Vi, = 54 volt
Thevenin Resistance :
When a dependent source is present in the circuit the best way to obtain
Thevenin resistance is to remove all independent sources and put a test
source across a-b terminals as shown in figure.

<It_est
20 O
T 3
40 <> + () Vtest
V. 230 Q
Rqh :Vtest
Itest
KCL at the top node
V Vt t
40 Tl = 20130
V Ves
40+ et = 5t0t (1)
Vi = ~—30+20 _|_ 20 (Vtest) 3Vtest (USing Voltage division)
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Substituting V, into equation (1), we get Page 271
3Vtest + It . :\@ Chap 5
5(40) - 50 Circuit Theorems

Loy (Ll 3\ _ Vi

test = teSt(50 200) 200

Ry = Vit — 200 Q)

Itest
The circuit now reduced as

RTh a <£

O

N0

_V—Vm _V-54
R 200

V =2001 +54

Option (D) is correct.
To obtain Thevenin resistance put a test source across the terminal a, b as

shown.
0.01V,
%
31, 1)
2 a
e AN o
600 +
150 Q g N §300 Q N Vi CD Lo
I L
ANN———o
o000 7 P

Vtest - VXa Itest - Ix
Writing loop equation for the circuit

Viest = 6001, — 1) +300(1; — 13) +900(l,)

Veest = (600 + 300 + 900) I, — 6001, — 30015

Viest = 18001, — 6001, — 300l (1)
The loop current are given as,

i = lest, 12=0.3V;, and I3 = 3l + 0.2V5

Substituting theses values into equation (1),

Viest = 180015t — 600 (0.01V;) — 300 (3lest + 0.01V5)

Viest = 180015t — 6V — 90015t — 3Vs

10Viest = 9001 est OF Viest = 901 egt

Thevenin resistance

Thevenin voltage or open circuit voltage will be zero because there is no
independent source present in the network, i.e. Voc =0 V

*kkkhkkkkikkkkik
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SOL 5.2.1

SOL 5.2.2

Correct answer is 3.
We solve this problem using principal of linearity.

50 10 _I2> 40
AAAY; NN I
|4 I :
+ +

O g
i Vl 6 Q2 Vg 3Q 28

In the left, 4 and 2 ) are in series and has same current | = 1 A.

Vs =41 + 2l
=6l=6V
_Vs_6_
I3 _§_§_2A
I, =13+1
=2+1=3A
Vi=Q)I1,+V;
3+6=9V
_Vi_9_3
b=%=6—2A
Applying principal of linearity
For Vs = Vo, L=3A
SoforVi=2Vo, =3 x2=3A

Correct answer is 3.
We solve this problem using principal of linearity.

40 I 20
WAAY NN I
|5 :
+ +

10

NNV

129 1,260 VI1Q

_V _1_
=Y =l_1a
Vo =21+ (1)1 =3V
Vo, _3_1
l.=g=§=2A
=1, |

Applying principal of superposition
When I, = Io, andV = 1V, L=3A
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So, if Is = 2l,, I, :%X 2 =3A Page 273
Chap 5

Correct answer is 160. Circuit Theorems

We solve this problem using superposition.
Due to 9 A source only : (Open circuit 6 A source)

2OQ§ MDoa §SOQ

Using current division

A 20 B
40 ~ 20 + (40 + 30) (9) = Vi =80 volt

Due to 6 A source only : (Open circuit 9 A source)

2OQ§ CD6A §3OQ

Using current division,

V, _ 30 _

40 = 30+ (404 20)®) = V2= 80 volt
From superposition,

V =V:+V; =80+ 80 = 160 volt

ALTERNATIVE METHOD :
The problem may be solved by transforming both the current sources into
equivalent voltage sources and then applying voltage division.

Correct answer is 5.
Using super position, we obtain I .
Due to 10 V source only : (Open circuit 5 A source)

al
10 VC_) T §29

=% =5A
Due to 5 A source only : (Short circuit 10 V source)
Vo
54| Dsa gz 0

|2 :O
|l =1L+1,=540=5A
ALTERNATIVE METHOD :

We can see that voltage source is in parallel with resistor and current source
so voltage across parallel branches will be 10V and | =10/2=5A
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Correct answer is —0.5 .
Applying superposition,
Due to 6 V source only : (Open circuit 2 A current source)

6V 10 ta Seo
§6Q GVCD

10 o 369

6 Q : " I

_ 6 _
Il—m—O.SA

Due to 2 A source only : (Short circuit 6 V source)

|, 5 fo g
w S60 s03 So0
C

GQ% O v )2 A -

I, = %(— 2) (using current division)

=—1A
|l =L+1,=05-1=—-05A

ALTERNATIVE METHOD :

This problem may be solved by using a single KVL equation around the
outer loop.

Correct answer is 4.
Applying superposition,

Due to 24 V Source Only : (Open circuit 2 A and short circuit 20 V source)

49
AN —
49 ¥h
_‘V_>V\'__‘ M 24VC_> gsg §SQ
I
24VC_> ' §4Q §4Q
L= =3A
Due to 20 V source only : (Short circuit 24 V and open circuit 2 A source)
20 V
49
VO
49

— AT e

—>
® 12

[N
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So I, =0 (Due to short circuit) Page 275
Due to 2 A source only : (Short circuit 24V and 20V sources) Chap 5
Circuit Theorems
4Q
2 A
N
Y
40 §4 O 4 Qg §4 Q
Al
4 . -
I; = m(2) (using current division)
=1A

Alternate Method: We can see that current in the middle 4 ) resistor is
I — 2, therefore I can be obtained by applying KVL in the bottom left mesh.

Correct answer is 0.
Vi=V, =0 (short circuit both sources)

4Q§ (D1a §29

+

103 203 QQ%VO

Vo =0

Correct answer is 1.5 .
Using source transformation of 48 V source and the 24 V source

40 7 40V
M=)
/

SACD §6Q §3Q 4Q§ 4Q§ GD6A

using parallel resistances combination

40V

4 Q I
< M
VYW

sa(D §29 2Q§ OLE

Source transformation of 8 A and 6 A sources
7 40V

—
16v () ()2v

2Q 4Q 20
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Page 276 Writing KVL around anticlock wise direction
Chap 5 —12-21440—41—-21—16 =0
Circuit Theorems
12-81 =0
_12
I = 8= 1.5A

Correct answer is 2.25 .

We apply source transformation as follows.

Transforming 3 mA source into equivalent voltage source and 18 V source
into equivalent current source.

8 k2
A AAY

3mACD gﬁkQ gBkQ 4 kQ

2 kO

6V

6 k2 and 3 k(2 resistors are in parallel and equivalent to 2.

8 k2
A AA%

3mACD §2 kQ 4 k2

2 kQ

6V

Again transforming 3 mA source

2 kO 8 k(2
NN aYAVAY
sv(® §4k9
A
2k~
_ 6+6 _3
' =278147272M

2

Pua = 12(4 x 10°) :(% X 4 =2.25mW

Correct answer is 3.
Set all independent sources to zero (i.e. open circuit current sources and
short circuit voltage sources) to obtain R,

13\/&'\2,
oa
l

L] .

Rm = 120402 =30

Correct answer is 16.8 .
Using current division

_ G+1)
PTG+ +B+1

| ;12) :%(12) —72A
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Vi=1li x1=72V Page 277

_ B+1) _ Chap 5
2 = B+1D)+(B+1) (12) =48 A Circuit Theorems

V, =51, =5x%x48=24V

Vi +Vi—V, =0 (KVL)
Vin =V,— V=24 -72=168V
]1L N . ¢I2
1 Q§v1 VQ§5 Q
12A(1 a0
C) + VThQ_
39% %19

Correct answer is 7.
We obtain Thevenin’s resistance across a-b and then use source transformation
of Thevenin’s circuit to obtain equivalent Norton circuit.

R =GB+1)||(B+1) =6]||4 =240Q
Thevenin’s equivalent. is

2.4Q
—AM—o

sy (D)

e )

Norton equivalent

NG, §2.4 Q

ob

Correct answer is —0.5 .
Current | can be easily calculated by Thevenin’s equivalent across 6 €2.
Thevenin Voltage : (Open Circuit Voltage)

4Q

12 Qg VTh, CD 1A
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Page 278 In the bottom mesh I, =1A

Chap 5 In the bottom left mesh —V4, — 121,+3 =0

Circuit Theorems
Vin =3—-(12)(1) =-9V
Thevenin Resistance :

40
AN
—O0Q
4 Q
- - RT}L
—e AN 12Q§ <

R, =12Q (both 4 Q resistors are short circuit)
S0, circuit becomes as

R,
g
60 Ova

V-9 9
=R, +6- 1256 18— 0°A

Note: The problem can be solved easily by a single node equation. Take the
nodes connecting the top 42, 3V and 4 Q) as supernode and apply KCL.

Correct answer is 0.
We obtain Thevenin’s equivalent across R.
Thevenin Voltage : (Open circuit voltage)

Applying KVVL 18 — 61, — 21, — (1) I, =0

_18 _
=% =2A

Vin=QODL=Q) @) =2V
Thevenin Resistance :

R+, :\# I, — Shortcircuit current
sC
21,

Vet

18v() 10 e

6 Q2

I, =0 (Due to short circuit)
So dependent source also becomes zero.
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6 Q)
a Page 279
Chap 5

18V ils@ Circuit Theorems

b

Isc - % =3A

Thevenin resistance,

\% 2

RTh - Iih - g Q
sC

Now, the circuit becomes as
2
=0
3 a
“
2V C_) R

Correct answer is 121.5 .
We obtain Thevenin’s equivalent across R. By source transformation of
both voltage sources

60 mACD §15OQ gR glOOQ CDBO mA

Adding parallel sources and combining parallel resistances
a

o o

90 mA(D §6OQ §R 90 mAC) §GOQ

ob

b

—VMW———oua

v (O

)

Here, Vi =54V, Ry =60Q
For maximum power transfer
R=Rmn=60¢
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Page 280 60 a
Chap 5 VW—-e

Circuit Theorems -
54V (_) g 60 ©

o
O

b

Maximum Power absorbed by R

2
P — (\f;{)z — 4(5>'<4%0 — 121.5mW

ALTERNATIVE METHOD :
Thevenin voltage (open circuit voltage) may be obtained using node voltage
method also.

Correct answer is 3.
First we obtain equivalent voltage and resistance across terminal a-b using
Millman’s theorem.

o

15 Q 15 Q 50
60 V 120 V 20V
ob
60 120 20
Vy = 151 ( 115)l 5 __oav
5+t Ts
1
Rep = = 30

% +tis+3
So, the circuit is reduced as

h

30

24V

Correct answer is 6.
Set all independent sources to zero as shown,

6 Q2

R
!

'—————o0 RTh :6Q

Correct answer is 0.5 .
We solve this problem using linearity and taking assumption that | = 1 A.

30 b a0 b
AA'A%

g : |I=14
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In the circuit, V, =41=4V (Using Ohm’s law)
L=1+1 (Using KCL)
_ Vo _1,.4_4
—ltz7g=1+t=34
V; =31+ V,; (Using KVL)
=3x53+4=8V
Is =1+ 1, (Using KCL)
_ Vs 8 4_
=3 th=3+3=4A
Applying superposition
When Iy =4A, I =1A
But actually I, = 2A, S0 I = - x 2=05A
Correct answer is —1.
Solving with superposition,
Due to 6 V Source Only : (Open Circuit 2 mA source)
6 kQ 6 kQ 6 kO
AN AN I AN
= Lo = 4
GVC_D 6kQ§ §6kQ GVC_D 6k§2§ g
I, 6 6 _o06mA

T 6+6(|12 644
I, = WGH(IS) = % x 0.6 =0.2mA (Using current division)

Due to 2 mA source only : (Short circuit 6 V source) :

6 kO 6 kQ
AAAY MV

e
6 kﬂg 2 mACD §6 KO

Combining resistances,
6 k|| 6 k2 =3k
3k 46k =9k

b
9 kﬂg C)z mA §6 kQ
I, = %(— 2) =—12mA (Current division)
I =L+1, (Using superposition)

=02-12=—1mA
ALTERNATIVE METHOD :
Try to solve the problem using source conversion.

Correct answer is 4.
We find Thevenin equivalent across a-b.
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Page 282 Ry,
Chap 5 "
Circuit Theorems
1/f%,‘liil' }ZL
l, = VTh
- R + R
From the data given in table
__Vm
0= "> (1)
__Vm
6 = Ry + 10 ..(2)
Dividing equation (1) and (2), we get
10 _ Rm+10
6 Rm+2

10Rw + 20 = 6Ry, + 60
4RTh — 40 = RTh — lOQ
Substituting Ry, into equation (1)

_ Vn
10 =155

Vi = 10(12) = 120 V
ForR, =20Q, I, = Vm

R + RL
120
=103r20 = 4A
Correct answer is 4.
V. . 49
TAAN AMN—o
20 »
S D
AN\N o
40

For maximum power transfer

RTh == R|_ - 2 Q
To obtain Ry, set all independent sources to zero and put a test source
across the load terminals.

Vx 4 Q) <ﬁest
AAN AN
|
k V:L <t> C_) Vtest
AN T
4 Q
R = o
Itest
Using KVL,
Vtest - 4|test - 2Itest - ka - 4|test =0
Vtest - 1O|test - k(_ 2Itest) =0 (\/x - 2Itest)
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Viest = (10 — 2K) lest Page 283
Ry = Yot = 10 — 2k = 2 _ Chaps
test Circuit Theorems

8=2k ork =4

Correct answer is 18.

To calculate maximum power transfer, first we will find Thevenin equivalent
across load terminals.

Thevenin Voltage: (Open Circuit Voltage)

1 kO 1kQ 1k

A'A% A'A'A% ANN\N—o

+

18V '_) 6 mACD 2 ng Vi

o

Using source transformation

1 kO 1 kQ
NN ANN—o

18ma () §1kQ Dema §2kﬂ Vi,

1 kQ 1 kQ 1kQ  1kO 1 kQ
24 mA ‘D g 1k §2 kQ .V, 24V 2 ng Vo
° °
Ve = %4_2(24) (Using voltage division)
=12V
Thevenin Resistance :
1 kQ 1 kQ 1 kQ 1 kQ
A AAY l NN ANN—o ANN—o
1 RT}L RT}I,
2 kﬂg -~ 2 kﬂg gz kO -~
T o O

Rm=14+2||2=14+1=2kQ
Circuit becomes as

R Th

_ R
Vi = R+ R Vi
For maximum power transfer R, = Ry,
Vi Vin

VL = 2Ry, X Rm=""

So maximum power absorbed by R,
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Page 284 o Ve VA (12
Chap 5 R. 4R 4 %2

Circuit Theorems

18 mwW

Correct answer is 22.5 .
The circuit is as shown below

Is gRs RL

When R =502, power absorbed in load will be

Rs 2
(R 3'50') 50 = 20 kw ()
When R = 200 €2, power absorbed in load will be

Ry 1.Y200 = 20 k 2

Dividing equation (1) and (2), we have
(Rs + 200)* = 4(Rs + 50)°
R, = 10002 and I, =30 A
From maximum power transfer, the power supplied by source current Is will
be maximum when load resistance is equal to source resistance i.e. R, = R
. Maximum power is given as

_12R, - (80)* x 100

Pmax - 4 4 - 22.5 kW

Correct answer is 6.

If we solve this circuit directly by nodal analysis, then we have to deal with
three variables. We can replace the left most and write most circuit by their
Thevenin equivalent as shown below.

20 10

VWV ° —AM—o
@ 203 e

° L o

30 2.0

VW ° —AMA\—o
8v(®) 6 Qg 2v(®)

° L o

Now the circuit becomes as shown

1Q 10 10 2Q
A AAY A AAY

+
4V GQ§V1 12V

Writing node equation at the top center node

Vi—4 Vi V,—12
176152 —0
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Vitd M M—-12 Page 285
2 6 3 Chap 5
3Vi—-124+Vi+2V;—24 =0 Circuit Theorems
6V, = 36
V]_ - 6 V

Correct answer is 56.
62 and 32 resistors are in parallel, which is equivalent to 2 2.

6 A
16V
®
4A<D 16 Q 129% 70
I
AN i
20 Q

Using source transformation of 6 A source
16V 72V

4ACD §16§2 §12§2

Y
A
NN f
20 © —

12 Q2

7Q

Source transform of 4 A source

16 V 2V
/AR )
/ -/
16
Sha  Sue
64V v )
/AR
AN -
20 Q ~

Adding series resistors and sources on the left
72V

)
N\
36 Q
§12 Q §19 9)
48 V |4
|
U/
Source transformation of 48 V source
2V 2V
N\ N\
4 ] 4 1
Q) §36‘Q §12Q 19 Q 20 ggsz 19 ©
A |
/ U/
|4
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Page 286 Source transformation of 2 A source.
Chap 5 3
Circuit Theorems 9Q
oV
| 124721V,
19+9

V, =(28x1)—12-72 =(28 x 5) — 12— 72 =56 V

Correct answer is 0.5 .
We obtain | using superposition.
Due to 24V source only : (Open circuit 6 A)

= AW l A
24 VC_) T <i> 31,

Applying KVL
24-6'1-3'1-3'1 :O
_ 24 _
I =15 = 2A
Due to 6 A source only : (Short circuit 24 V source)
Lo60 30 6+h
A

MDesa 1S

L___;__________J

Supermesh

Applying KVL to supermesh
—6l,—3(6+1)—31, =0
6l,+18+31,+3l, =0

__18_ 3

|2——ﬁ——2A
From superposition, Il =L+

_ 3_1_

= —5_2_0.5A

ALTERNATIVE METHOD :
Note that current in 39 resistor is (I +6) A, so by applying KVL around
the outer loop, we can find current I .

Correct answer is 11.

R — Voo _ Open circuit voltage
™~ 1~ shortcircuit

Thevenin Voltage: (Open Circuit Voltage V)
Using source transformation of the dependent source
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2 a(]

D

ob

Applying KCL at top left node

Using KVL,

Vi

24 =Vx = v, =144V

Short circuit current (lg):

8 Q

6
— 81—V =0
144 -0 124 = v,
Voe = 72V
V,/2

Applying KVL in the right mesh

V,— 8l =% =0

KCL at the top left node

2
Vi
o =8l
V, = 16l
24 =V V= hd2

_ Vi Ve
24=%+116
v, =12y
LoV 1152 72,
© =16 11 x 16 ~ 11

Voo _ 72

ALTERNATIVE METHOD :
We can obtain Thevenin equivalent resistance without calculating the
Thevenin voltage (open circuit voltage). Set all independent sources to zero
(i.e. open circuit current sources and short circuit voltage sources) and put
a test source Vs between terminal a-b as shown

V./2

&

-+

8 Q

vgee

*Shipping Free*
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Page 288 Re — Viest
Chap 5 i Itest
Circuit Theorems 61 + 8l _\% Vg =0 (KVL)
141 -8 Vi =0 Vy = 6liesr (Using Ohm’s law)
111 = Vtest
So Rn — Vst _ 110

Itest
Correct answer is 4.

We solve this problem using linearity and assumption that | = 1 A.
49 L 1 L 40
AN— AN AN
1 ji=1A

- +
ng O V1§4Q §29

V, =41+ 21 (Using KVL)
— 6V
L =1-+1 (Using KCL)
Vi :%+1:2.5A
V, =41, +V\; (Using KVL)
~4(25)+6=16V
L+l =1, (Using KCL)
l— 2 =
ST 4412 2
I, :%—6+2.5:3.5A
When I, = 35 A, | —1A
But I, = 14 A, s0 |=,o;—15><14:4A

Correct answer is 120.

This problem will easy to solve if we obtain Thevenin equivalent across the
12V source.

Thevenin Voltage : (Open Circuit Voltage)

1Q
MV
N

1

w

Mesh currents are

Mesh 1: I, =0 (due to open circuit)
Mesh 2: |1—|3:20r |3:—2A
Mesh 3: I;— 1, =4 or |2:—6A

Mesh equation for outer loop
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VTh_1><|3—1>< Iz :0

Thevenin Resistance :

10
A'A'A%
—o o——F—0 o—|
RTh °
—

it
12v(®)

1
12v()

Vi —(—2)—(—6) =0
Vin+2+6 =0
Vi, =— 8V

Ry =1+1=20Q
circuit becomes as

R Th

A AAY

C_- VTh

I 12—V 12—

8 _10a

- Rm 2
Power supplied by 12 V source
Ppyv =10 x 12 =120 W

ALTERNATIVE METHOD :

(I-2) 10
— AN
2 A 4 A
Bl— () o
U/ / i(FG)
S0 i

A

KVL in the loop ABCDA
12-1(1-2)-1(1-6) =0

21 =20
| =10A

Power supplied by 12 V source
P,y =10 x 12 =120 W
Correct answer is 286.

For maximum power transfer R, = Ry,. To obtain Thevenin resistance set
all independent sources to zero and put a test source across load terminals.

v 1 k0
A AAY NN
[ ] 2 kQ2 T Itest
Vtest
o

2y,

*Shipping Free*
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Page 290 Re. — Viest
Chap 5 i Itest
Circuit Theorems Writing KCL at the top center node
Vo ¢ Ve e 2 )
Also, Viest + Vi =0 (KVL in left mesh)
SO Vi =— Viest

Substituting Vy =— Vs into equation (1)

Viest +Vtest —2(— Viest) I
2k 1k — Tltest

Vtest + 6Vtest — 2|test

Ry, = Yest — 2 k) ~ 2860
lest 7

Correct answer is 4.
Redrawing the circuit in Thevenin equivalent form

Ry, _[,

+

Vi RL§V
| = Th -V
R

or, V =—Rml + Vp (General form)
From the given graph

V =—41+38
So, by comparing Ry =4KkQ, V=8V

For maximum power transfer R = Ry,
Maximum power absorbed by R,

_Vh o _ (B _
I:)m.:-lx = 4R+, =4x4 =4 mW
Correct answer is 3.
To fine out Thevenin equivalent of the circuit put a test source between

node a and b,

19 v, 10

R :Vtest
Itest
Writing node equation at V;
V]_ — ol \A o
T t1-h
2Vi = (1+ a)ly ..(1)
I, is the branch current in 1) resistor given as

| — Vtest - Vl
X 1
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Vi = Viest — Ix Page 291
Substituting V; into equation (1) Chap 5
2(\/test - |x) = (1 + Oz)|x Circuit Theorems
2Viest = (34 a)lx
2Viest = (34 ) lgest (Ix = lyest)
R _ Ve _ 3+ _ 3
Liest 2
3+a =256
a =31

Correct answer is 16.
We obtain Thevenin equivalent across the load terminals
Thevenin Voltage : (Open circuit voltage)

|4 16 Q I=0

AMN——oa
40 Q 20 Q
40 A
@ VT}L
240 @ 100 ©
J)
4
Vin =Va—W
Rotating the circuit, makes-it simple
I i l11
240 40 Q
y Dioa”
100 © 20 Q
I 340 (40) =34 A (Current division)
1 =340+ 60 -
V, = 20I1 =20 x 34 =680V (Ohm’s Law)
Similarly, I, = 60+ 340 + 340 (40) =6 A (Current division)
V, = 1001, = 100 x 6 = 600 V (Ohm’s Law)

Thevenin voltage Vy, = 680 — 600 = 80 V
Thevenin Resistance :

16
A A'A% oa

20 Q

40 Q

R Th
P

240 Q 100 Q
o)

Ry = 16 -+ (240 + 40) || (20 + 100)
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Page 292 =16+ (280|] 120) = 16 + 84 = 1002

Chap 5 Now, circuit reduced as

Circuit Theorems
Ry,
Vi, (_) % R,

For maximum power transfer
RL - RTh - 100 Q
Maximum power transferred to R,

(Vm)? . (80)*
Prax = 4R = 7 x 100 — 16 W

Correct answer is 108.
We use source transformation as follows

6 2 4Q 1Q 2Q
A AAY MV
36V §SQ §6Q 54V
6 2 4Q
—VW\ A AAY

36VC_> §39 §6§2 <D6A 36 V() N (v

3612
| =52 =3A

Power supplied by 36 V source
P36V :3 X 36: 108W
Correct answer is 1026.
Now, we do source transformation from left to right as shown

4Q 1Q
A'A% AA'A%

sa(D §6Q §39 §GQ §2QC>27A
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20 40 10
AN

12V §GQ §29C‘ 27 A
19
NN

2ACD §6Q §69 §29 C‘ 27 A

3Q 1Q
—AMA—A

O

§QQ CDQ?A 1.5 A

V. = 27+ 15)(4Q]|29)
_285x 4

3
=38V

Power supplied by 27 A source
Paa =V, X 27 =38 X 27
= 1026 W

Correct answer is 9.
First, we find current I in the 4 Q resistors using superposition.
Due to 18 V. source only : (Open circuit 4 A and short circuit 12 V source)

RV
: §5 QO
50 -
18V<_> §4Q
B8v(’ §4Q
@ S0
10 I |4
L
L=2—45A
Due to 12 V source only : (Open circuit 4 A and short circuit 18 VV source)
12V 12V
/ /
8 0 8 0
e AAY AMAN
. JE
I 5Q lIQ 50
103
¢ §4 Q
10 © 10 Q
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Chap 5 2 4
Circuit Theorems Due to 4 A source only : (Short circuit 12 V and 18 V sources)
8 Q
— MW\

)
-/

lj?’ 5Q 4 A
503 (Dina

1 $io 502 Zun

¢ 10 ©
10 Q
a
I,=0 (Due to short circuit)
So, Il =L+ 1L+1;
=45-3+4+0
=15A

Power dissipated in 4 € resistor

Pio =12(4) = (1.5)> x 4 =9W
Alternate Method: Let current in 4 Q resistor is |, then by applying KVL
around the outer loop

18—-12—-41 =0
| =%=15A

So, power dissipated in 4 resistor

Pso = 12(4) = (1.5)* x 4

=9W

Correct answer is —10.
Using, Thevenin equivalent circuit
Thevenin Voltage : (Open Circuit Voltage)

21, §1Q GD4A

1Q 19
A 'A'AY 2'A'AY
L II_> ot
190 24 V%) Vi
I, =—4A (due to open circuit)

Writing KVL in bottom right mesh
—24—D)lk—Vm =0
Vin =—244+4=-20V
Thevenin Resistance :

R.. _ opencircuitvoltage _ Vo
™ = shortcircuitcurrent — Iy

Voe = Vi =—20V
I is obtained as follows
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21, 1Q 4 A Chap 5
/ g CD Circuit Theorems
1Q 1Q
AN AN
1=
10 24 Vﬁ) V“
L =—4=—24A
L+4 =l (using KCL)
—24+4 =
Isc _ 20 A
R = —99 = 10
The circuit is as shown below
RTh

V = ﬁ(wh) = Wll(_ 20)=—10volt (Using voltage division)

ALTERNATIVE METHOD :
Note that current in bottom right most 12 resistor is (I, +4), so applying
KVL around the bottom right mesh,
24—l —(l,+4) =0
I, =—14A
So, V =1x(l+4)=—14+4=—10V

Correct answer is 100.
Writing currents into 100 ©2 and 300 €2 resistors by using KCL as shown in

figure.
72[.1:
AN
N
N
0.01v. ~ _
: 2L 000
—&S AMY o
- +
100 Qg 300 Q g }(-21,-0.01V,) 1 AC) Viest
ILL‘
e
AN
800

Iy =1 A, Vi = Viest
Writing mesh equation for bottom right mesh.
Veest = 100(1 — 21,) +300(1 — 21, — 0.01V,) + 800
=100 V
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Page 296 _ Viest _
Chep 5 R, = 1 100 ©2
Circuit Theorems soL 5239 Correct answer is 30.

For RL =10k, Va1 =+ 10k X 3.6m =6 V

For RL. =30k, Va, =+ 30k x 4.8m =12 V

1
Vabl - ﬁVTh - 6 (1)
Vs — ﬁORThVT“ — 12 (2)

Dividing equation (1) and (2), we get Ry, = 30 k2. Maximum power will be
transferred when R = Ry, = 30 kS2.

*hhkkkkkhkhkik
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