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Learning Objectives

By using the information and exercises in this chapter you will be

able to:

1. Develop and enhance your skills in using nodal analysis and
mesh analysis to analyze basic circuits.

2. Understand how linearity works with basic circuits.

3. Explain the principle of superposition and how it can be used
to help analyze circuits.

4. Understand the value of source transformation and how it can
be used to simplify circuits.

5. Recognize Thevenin’s and Norton’s theorems and know how
they can lead to greatly simplified circuits.

6. Explain the maximum power transfer concept.
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4.1 Introduction

Are there any other alters to find the voltage across 3Q ?

30 5 Q)
AMA—

20 (M)sa (Dzv

What are they? And how?

V,= 7.4V ) Canyou work it out by inspection?



4.2 Linearity Property (1)

» It is the property of an element describing a linear relationship
between cause and effect.

» A linear circuit Is one whose output is linearly related (or
directly proportional) to its input.

» The property is a combination of both the homogeneity (scaling)
property and the additivity property.

Homogeneity (scaling) property:
(If 1 1s increased by a constant k, then v increases correspondingly by k)
V=IR— kv=kiIR

Additive property:

e response to a sum of inputs is the sum of the responses to each input applied separately.
v,=1L R, v,=I,R

— V=( +t ) R=v, + Vv,




4.2 Linearity Property (2)

EX.1 By assume I,=1A, use linearity to find the actual
Value of |, in the circuit shown below.

=14
I=56Q 2y, 1,=32Q 1\ -g 3Q

—\\VW\
l3 =2 I1 =2 IO =1

I, =15 A 70 4Q 5Q




4.2 Linearity Property (3)

EX.2 Assume that V, = 1V and use linearity to calculate
the actual value of V In the circuit of Fig.

v=ay 382

s0v () 50 1Q2 V=1V

\ V, = 40*1/4=10 V




4.2 Linearity Property (4)

Ex.3 For the circuit in Fig., assume v, = 1V, and use
linearity to find the actual value of v,

. 2 Q2 oy 30 ys1v2
V.= V.=
' - AVAVAVAY i =1/6 A
i,=4/6 A 15=2/6 A
! ¢i2:2/6A i,=1/6 A
6 Q2 %6 9 4 Q)

v, = 15%3/10=4.5 V/



4.3 Superposition Theorem (1)

It states that the \V across (or | through) an element in a linear circuit
IS the algebraic sum of the voltage across (or currents through) that
glement due to EACH independent source acting alone.

( “\/ fisnadonvte | Aluarinuddunsior wivaslnidodu fonasau

NUAERRN20Y V 1150 I NDANUANYT duHovrnnwrasntiaLsdaziiay )

The principle of superposition helps us to analyze a linear circuit with
more than one independent source by calculating the contribution of

each independent source separately.
(nanNIsyUasnddu Fre3iasizivasiiBadnuiifvnauriiiindassuinnii
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4.3 Superposition Theorem (2)

Steps to apply superposition principle

1. Turn off all independent sources except one source.
Find the output (V or I) due to that active source
using nodal or mesh analysis.

2. Repeat step 1 for each of the other independent
sources.

3. Find the total contribution by adding algebraically
all the contributions due to the independent sources.




4.3 Superposition Theorem (3)

We consider the effects of 5A and 12V one by one,
then add the two effects together for final v,

3 € 5 Q2

Vo < 2Q 5A 12V

V,=7.4V
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4.3 Superposition Theorem (4)

Ex.4 Use superposition to find v, in the circuit below.

30 5 O
ANV —
v: 20 (H)sa (Dnv

\ v, =74V
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4.3 Superposition Theorem (5)

Ex.5 Use superposition to find I in the circuit below.

24V e
+_
4Q 4 Q
l

14




4.3 Superposition Theorem (6)

EX.6 Use superposition to find | in the circuit below.

2 Q
6 Q —VWW\—

4@7

S8V A

6V

\ | =375 mA
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4.3 Superposition Theorem (7)

2 things must keep Iin mind:

1. When we say turn off all other independent sources:
> Independent voltage sources are replaced by 0 V (short circuit) and
> Independent current sources are replaced by 0 A (Open circuit).

2. Dependent sources are left intact because they are
controlled by circuit variables.




4.3 Superposition Theorem (8)

EX.7 Use the superposition theorem to find v in the
circuit shown below.

6V is discarded by short-circuit 4Q i G 3A
(b)
+ v, Z2V48V=10V
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4.3 Superposition Theorem (9)

Ex.8 Use superposition to find v, in the circuit below.

200 v,
% <>0.1 v,
)
|
%
5A is discarded by open-circuit -1 ’%:p
— ()
25V is discarded by short-circuit <’”o@
%
)
<
20 Q v, 20Q v, %
—AMMW %
Q

|
i25v J_f) 4Q 01v, 5 A D 49% 0,

— — 18

W v, = 6.25V+25V=31.25 V




v —25 v
X F=2=0.1v
20 4 =

25 + 5v, = 2v,

—25—62511
v, = 7 =&

Zz42=54 0.1y,
20 4

v, +5v, =100 + 2v,

—-100-25V
v—4—

X




4.4 Source Transformation (1)

« An equivalent circuit i1s one whose V-I
characteristics are identical with the original
circuit.

* |t Is the process of replacing

a voltage source V. in series with a resistor R by
a current source | in parallel with a resistor R,
or vice versa.




4.4 Source Transformation (2)

R + +
——VWW——0a 0 a e The arrow of the current
source Is directed toward the
Vs t - R .- .
(— . CD § positive terminal of the voltage
o b o b source.
(@) Independent source transform
R o
AAA, . + o+ The transformation is not

possible when R = 0 for
voltage source and R = oo for

current source.

&
A
N
ANV
Ey)

vs<

ependent source transform

21



4.4 Source Transformation (3)

Ex.9 Find i, In the circuit shown below using

source transformation.
5

<

1Q

@

sa(})) 3@ 723 3a(})) 40

10V 2¢ 5V 50

70 15V

22




It states that a linear two-terminal
circuit (a) can be replaced by an
equivalent circuit (b) consisting of a
voltage source V-, in series with a
resistor R, where

* Ry is the input or equivalent resistance at the
terminals when the independent sources are
turned off.

4.5 Thevenin’s Theorem (1)

+ \/4, is the open-circuit voltage at the terminals.

—_— E
Linear +
two-terminal V Load
circuit -
b
(a)
R+h, / a
——-
AAAA o
+
VThC-l_ V Load
b
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4.5 Thevenin’s Theorem (2)

ExX.10 Using Thevenin’s theorem, find the equivalent
circuit to the left of the terminals in the circuit shown

below.

30 30 3Q 3Q
— AAMA——— AN, an—’\/\/\/\/—’\/\/\/\' O a
15 V J:) 4 A D 60 %69 (th
o b e

S 30 3Q
— AMM——AMA 0 g
sv(®)  aa(}) §6Q Vi
O b

Vo, = 13.5V, Ry, = 30)



4.5 Thevenin’s Theorem (3)

Ex.11 Find the Thevenin equivalent circuit of the circuit
shown below to the left of the terminals.

30

a

| +

VY 6V JDQ Q aa Vi
OC’, 151,

6 V(™) 15/, 40 05

05/ -

V Ob\ 2k 50 30 K i

AMAN «/w»—’ e
40 (D
15/,

25

0Q

op®)

Vg, = 16/3=5.333 V, Ry, =4/9=0.444 O



4.6 Norton’s Theorem (1)

It states that a linear two-terminal circuit

can be replaced by an equivalent circuit | Linear R
consisting of a current source | in | two-terminal
circuit o b

parallel with a resistor R, where
* |\, is the short circuit current through the

(a) Original circuit

terminals.
O d
* R is the input or equivalent resistance at the
terminals when the independent sources are G I Ry
turned off. -
The Thevenin’s and Norton equivalent (b) Norton equivalent circuit.
circuits are related by a source transformation . o
two-terminal + isc = Iy
circuit o
b

(c) Finding Norton current /.



4.6 Norton’s Theorem (2)

Ex.12 Find the Norton equivalent circuit of the circuit

shown below. -
AW O q
40Q
()2 §5§2
12V
MW O b
8Q
80 80 ;
O AW O a NV O
G) §4Q |
4§2§ 5Q§ P O l’“zl’\’
() 12v 5L
80 80
O AN o b AAYAAY O
@ Ry =(8+4+8)Q[5Q (b) g

27

Ry = 4Q, I, = 1A.



4.6 Norton’s Theorem (3)
Ex.13 Find the Norton equivalent circuit of the circuit

shown below. i
v,=1V A «— G
i =3v,/6=0.5A . N

- X
=i+ v,./2=1A  6Q 33V @ 203w (v
Ry=1/i=1Q y 2l B

&S o
Nt
6oz 10A(}) 203w

o0

0Q

o))




4.7 Maximum Power Transfer (1)

If the entire circuit Is replaced by its Thevenin equivalent
except for the load, the power delivered to the load Is:

. RTh a
|4 O .
R, = Rry = P= L w
4'RLmax
Vin C—D é/RL
V 2
P=i2RL:[ h JRL b
R. +R
Th L PA

pmax

For maximum power dissipated in
Ri, Prax: fOr a given Ry, and Vo,

Mmax?

: »
0 Ry R;

The power transfer profile with different R o



4.7 Maximum Power Transfer (2)

Ve
Rr, + R,

2
dP V. % —V

_ Th +9 Th Th R, =0
dR;, Rrn + Ry, Rrp + Ry J\(Ryp + R.)?

Vin’(Ren + Ry) — 2Vpp°R, = 0

P=i%R, = (

)R,

(RTh + RL) - ZRL — 0

Rrn = Ry,

30



4.7 Maximum Power Transfer (3)
Ex.14 Determine the value of R, that will draw the
maximum power from the rest of the circuit shown
below. Calculate the maximum power.

+N/\/\/\z ANN—O—
b
1Q
v 5
3v,
2Q V. 40 2Q 4.0
——A\WW X A —O— AN AMA—O
+ y. - I + v, - +
1Q | 1Q
+
O ov@ 1 Vi
3 3v, _
O o

R, = 4.22Q, P_ = 2.901W



4.7 Maximum Power Transfer (4)

2Q -V 4Q 48

AN\ — X ANWN—O0— WWW—0
+ oy, - -I- Vy T
1Q y
L ov w0 @ Vi
] 1'('Vx) H—V‘x szzil
— y i T —9 + v, + 1i1+3vX=O
1—|_vX_I_ X ( vx)_ -V il: IA, VTh: [
. 2 38
Y= 19> =38 > K= g 4220 P Vo,
max 4RTh

P, =2.901 W
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