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l. Introduction

» Chapter 3 presented some analysis method using Kirchhoff's laws

% Advantage: Analyze a circuit without changing the its configuration.

/7

% Disadvantage: For a large, complex circuit - it's hard to compute, and

solve the set of equations.

» For complex circuits, it need to develop some theorems to simplify circuit
analysis, such as Thevenin's and Norton’s theorems (applicable only to linear

circuits).

» This chapter presents:

/7

% Concept of circuit linearity.

/7

+» Circuit theorems.

/7

s Concept of superposition, source transformation, maximum power transfer.
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Il. Linearity property
» Linearity is the property of an element describing a linear relationship between

cause (input, excitation) and effect (output, response)

» Linearity property combines:

o/

< Homogeneity (scaling) property: v=IR— KiIR= kv
. e V, = I1R it . . . .
< Additivity property: . — 2 v=(i+i,)R=LR+i,R=Vv,+V,
v, =I,R
Ex: Resistor is a linear element because the voltage-current relationship satisfies

both the homogeneity and additivity properties.

A linear circuit is one whose output is linearly related (or directly

proportional) to its input.

» A linear circuit consists of only linear elements, linear dependent sources, and

independent sources.
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Il. Linearity property R2 2Q R4 8Q
¥ ‘\/‘:ﬁv - 4 AA'AG
Ex 4.1: Find i, when v, = 12V and v, = 24V. - l
R3 R4
742 . 34_Q
» Applying KVL to the 02 loops gives: g;lg i I

{ 12i, ~4i, +vs=0 {12i1—4i2+v8:0 @k 3?

—4j, +16i, - 3v, —vg=0 —10i, +16i, —vg =0

» Solving the set of equations gives:

(i, = -6,
] 12
< W2V i =% =0.158A
=28 °"2 " 76
276

» Because, this circuit is linear circuit = applying the linearity property gives:

Ve=24V i =i,=2.0,158=0,316A
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lll. Superposition

» If circuit has two or more independent sources, there several ways to determine

the value of a specific variable (voltage, current):

/7

* Use nodal or mesh analysis.

/

“» Superposition approach: Determine the contribution of each independent

source to the variable, and then add them up.

The superposition principle states that the voltage across (or current through)
an element in a linear circuit is the algebraic sum of the voltages across (or

currents though) that element due to each independent source acting alone.

» Superposition is not limited to circuit analysis but is applicable in many field

where cause and effect bear a linear relationship to one another.
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lll. Superposition
»> Step to apply superposition principle:
s Turn off all independent sources except one source (dependent sources

are left intact):

/

* Replace voltage source by short circuit

o/

** Replace current source by open circuit

* Find the output (voltage or/and current) due to that active source (using

nodal or mesh analysis)

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

*» Find the total contribution by adding algebraically all the contributions due to

the independent sources.
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lll. Superposition RoAY Vv

Ex 4.2: Using the superposition theorem, find v,,. +1gry A 20V
| wSho  Ns

» Since there are two sources, let: V, =V, +V,,

» To obtain v,,, set the current source to zero

R | RasQ
< Applying KVL to the loop gives: o ) é
: : iR 20V
(3+5+2)i=20—>i=2A > V,,=22=4V v3,,
» To obtain v,,, set the voltage source to zero | |
% Using current division gives R2 30 R4 50
8 MNV } MV
I, = 5=4A —>v,=24=8V +
R 02 LR
2+3+5 R V8 84
> Finally, we find: V, =V, +V,, =8+4=12V j
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lll. Superposition
Ex 4.3: Using the superposition theorem, find /.

» In this circuit, there is a dependent source, we left

intact. We let: ly =1y + 1o

» To obtain i,,, turn off the 20-V source to zero
* Applying mesh analysis, we have:
Q Loop 1: [, =4A
Q Loop2: =3I, +6l,—1,—9,, =0
Q Loop 3:—-5i, —i, +10i, + 5i,, =0

QO Applying KCL at node 0:/, =/, —i,, =4—1

> From the four equations, we have: i, = 3,06 A
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lll. Superposition

Ex 4.3: Using the superposition theorem, find /.
» To obtain i,,, turn off the 4-A source to zero
s Applying KVL, we have:
Q Loop 4:6i, —i,—5, =0

Q Loop 5: —j, +10i, —20+ 5, =0

Chapter 4: Circuit theorems

R4 20
MV
SR1
230
| R3Q Sy
I
44 |,
>R2 éRS
50 40
20V
()
R4

4 Inloop 5, we have: I, =—I,

> From the four equations, we have: i, = —3,53A

» Finally, when there are the both sources in the

circuit, we find: i, =l +1,, =—0,47A
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lll. Superposition 2C4V R4 8Q
MV
Ex 4.4: Using the superposition theorem, find /.
> The circuit has three sources, let: | = i1 -|—i2 -|—i3 d RA%Q ] R?thg d
i
» Getting i,, turn off 3-A source, 24-V source @12\/ R3 A
. 12 12 ; @
[1 = = = 2A
[RIR+R)|+R 6
24V
: R4 8Q R4 80
» Getting i,, turn off 3-A —@ AN M
source, 12-V source
s, = S TBATT W W R T
(R/TR)+R+R, ’ ’
R3 N2V $R3
: i 30 - 330
I, = R _ —1A
R+K 1 ‘ | ]
10
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24V

lll. Superposition C R4 80
Ex 4.4: Using the superposition theorem, find /.
> To get i;, turn off 24-V and 12-V sources L Rl40 Ra 42 |
i
» Using nodal analysis: @12\/ R3 R
(11 1 | o
—+— |V, ——V,=3
8 4 4 —2v,+3v, =24
%
1 1 1 1 v, =3 33V, R4 80
—+—+—=(V,—=V,=0 ’ 1 W
\4 4 3 4
» Solving the set of equations gives: q lil,wm . R?N,m 1"
i
v, =3V—i,=1A ¢RZ
> Thus: i=i+i,+i,=2-1+1=2A 34
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lll. Superposition R
R1 682 R380
Ex 4.5: Using the superposition theorem, find /. A o | —
i % N
> The circuit has three sources, let:j =/, 41, +1, QIW 44 Qm
» Getting i,, turn off 4-A source, 12-V source
16 RgNZQ
Iy = =1A RI ' R3 8O
6+2+38 W12} et
i
» Getting i,, turn off 16-V, 12-V source @16V —e — !
. 4 T
= g2 054
+2+ R 30
» Getting i;, turn off 16-V, 4-A source e | B 80
. -12 | —>
i, = =-0,75A i
6+2+8 -
» Thus: i =1 +1I,+i;=0,75A
12
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IV. Source transformation

» Similar to the series-parallel combination and wye-delta transformation, source
transformation is using to simplify circuits that bases on the concept of

equivalence.

» An equivalent circuit is one whose v - i characteristics are identical with the

original circuit.

A source transformation is the process of replacing a voltage source v, in
series with a resistor R by a current source i, in parallel with a resistor

R, or vice versa.
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¢
o
A
' v
oy
AN
/
———MA——F
=
.®‘

b
PY . V
R Vo= Rig jg=-2
WA *a R 1 *a
+ Ig R
<>VS < > </I\>
. b b

> Notes:

» The arrow of the current source is directed toward the positive terminal of

the voltage source.

» The source transformation is not possible when R = 0 (ideal voltage source)

or R = « (ideal current source).
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: R2 R4
IV. Source transformation VR VY L
Ex 4.6: Use source transformation to find v, $R1 S +1pr3 @12\/
‘ ‘ v
RS 1Q Y 34 2180 0

M M 4 4
€& 2
Q Ver R3 R6 AN
+ \
is]
p

{v& 3R =12V |ig=—=4A i i

. R,

=R =4Q
A \’%:V R=R+R=6Q
1 1 . Vg

ST T {F% R;///% 20 e =2
1380 i~ =24
- =W =Is AL —2——32V
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IV. Source transformation . @ . R
SV io\l'
Ex 4.7: Use source transformation sRI N R2 R3 N SRS
to find i, 1% 4 i SN 40|
() w
Rh=R/IIR=2Q |R=R+R=3% Vo Ry
’ >R6 R3 +
Vg =5R =10V Ve, =3R =15V 2 O
VS]@
([ vy +5 , :
ig = S}% =7,5A i =iy +is, =10,5A
4 R6 R3 R7 A
) Vo ~ K= 3R _ 1,430 ‘TiSJ iS;T
i =2 =3A T R+R
\ R | ‘
R U Lo L
— iy =g —1,78A g0 20
R+R
16
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IV. Source transformation
0,25v,

: : R120Q
Ex 4.8: Use source transformation to find v, W <>—‘

> We transform: V+ R2 @18\/
. 6 129 0
% 6-V independent voltage source: /4= 5= 3A | |
R3
< Dependent current source: Vg, =0,25v,.R =V, 10
2 R SR2 Vs
% iy independent current source and R,, R, i 179 24 18V
{Rl =R//IR =1Q Ny -
MY g MV

Ve = 1R, =3V * 40
> Applying KVL: vxl %
' Vs2 - 18V

« The largest loop: -3+ 5/ + v, +18=0
“ Loop containing vy, and R,: —3+i+V, =0 i =—45A
v, =17,9V 17
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. R2 5Q
IV. Source transformation . l M
lx
Ex 4.9: Use source transformation to find i, AN R1 g
1 ad 10Q 1Y
> We transform: of Ly
< Dependent voltage source: ig=—>=0,4/,
5 .
> Applying KCL gives: m is
PN RI R2
. . 4 0,4 O
/X:(4_0,4,X) i ___ X f 10Q 59 <>
R+R 3 3
.4 .
—>34i =——i =0,39A
3
18
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V. Thevenin’s theorem

BACH KHOA

Linear

» In practice, a particular element in a X
two-terminal

Load

circuit is variable (called /oad) while other | circuit

elements are fixed.

S0 <X 4+ PR

RTh
» Each time the variable element is changed, need -V;L>
to be analyzed all over again - use Thevenin’s
Vi

theorem to avoid this problem.

> Thevenin’s theorem: A linear two terminal circuit can

Load

be replaced by an equivalent circuit consisting of a voltage source V7, in series

with a resister Ry, where:

% V., is the open-circuit voltage at the terminals

L)

independent sources are turned off.
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V. Thevenin’s theorem

a
o
> Findina Vo V- is th ircuit volt Linear +
inding V,; V7, is the open-circuit voltage across termi _
tv.vo t.e;rmlnal VTh \/OC
the terminals. areut .
b
L ] a
» Finding Ry, Linear circuit with *
all independent P —
J/
< Network has no dependent sources. sources set equal to R, =R,
Zero ®
b
** Network has dependent sources.
a <—l‘7 a
Linear circuit with Linear circuit with n I
all independent @ all independent y /]\ :
sources set equal to Vo \ - sources set equal to N )
Zero . Zero .
b b
R =% R =%
h ] h .
IO IO

Fundamentals of Electric Circuits — Viet Son Nguyen - 2013

20



Chapter 4: Circuit theorems

BACH KHOA

V. Thevenin’s theorem

» Thevenin’s theorem is very important in circuit analysis:

R/

% Help simplify a circuit: Replace a large circuit by a single independent
voltage source and a single resistor.

R/

“ Easily to determine the current and voltage on the load

a a
I ' |
Linear
R >
circuit - 47 R,
b b

IL: \/Th \/L
Ry + R

Fundamentals of Electric Circuits — Viet Son Nguyen - 2013
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V. Thevenin’s theorem RIGQ R34
19
Ex 4.10: Find the Thevenin equivalent circuit of the _ R2 2| a0 \
— _ Q o )13o | L R\?\
circuit. Find the current through R, = 6, 16, 36Q 300 24 L
b
> Calculating R, R, = RR + R, =4Q
R+R
32-V, V

» Calculating V;,: Applying nodal analysis gives +2= 1—T2h — V, =30V

R

v, _ 30
> The current through R, : [, = =

Ry+R 4R

“ WhenR, =6Q: | = % =3A <« When R, =36Q: |, = Z_g =0,75A

“ When R, = 16Q: [, :2—8=1,5A
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V. Thevenin’s theorem RI 02 RROQ =~ 4
i
Ex 4.11: Find i by using the Thevenin’s theorem @ A 105% IQt’M
2v 24
» Calculating Ry )
12.4 b
+R)/ /R = =302
Fn =R+ R)IK= 12+ 4
» Calculating V;,: Applying nodal analysis gives:
12-V % vV 15
+2=——> V=15V —>V,=——R=—-4=6V
6 10 " R+R A
» The current through R, :
V
__Vm 6 _ 1,5A
R,+R 1+3
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V. Thevenin’s theorem <> 2v,

Ex 4.12: Find the equivalent of the circuit
R2 2Q R4 2Q 4
» To find R, set the independent source equal W W—
to zero, but leave the dependent source alone 54 n 3
‘ /\\‘ > >
» Connect to the terminal a voltage source v, = 403 3653
1V, and we find i, through the terminal. ) b
RV VO 1 £ 74 =
h = . — . N\ 2V,
fo 1o 7
> Applying mesh analysis to loop 1, 2, 3: YR R4 20
Y 4 MN 9
» The current through R, : . . R3, I
; . .1 03V b 36!2; 3) @
—2v, +2(i,—1i,)=0 —>10ng i Ty
14§, +2(i,—i,)+6(i, —i,) =0 1 :
6(i, —i,)+2i,+1=0 —>RTh=i—=6£2

S

0
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V. Thevenin’s theorem

Ex 4.12: Find the equivalent of the circuit

N

<\l/ ¥ LRIl R2
» Since the circuit has no independent sources 2>V, =0 40 120

» Inorder to find R, , apply a current source i, at the terminal b
: : . V
> Applying nodal analysis gives: i, +i =2/ +—> Vo, a
4 i .
- : . _0-v% o 2i ’ ‘o
> Applying Ohm’s law: | = ——=—— * LRI IR2 1
2 2 10 o
» From these two equations, we have: J
: : V v, V V . V b
=i +2=—-24+2=—T 5y =-4i >R =-"2=-40
4 2 4 4 I

> Note that:

» The negative value of R;, means that the circuit is supplying power by the
dependent source.

» This example shows how a dependent source and resistors could be used
to simulated negative resistance.
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VI. Norton’s theorem

» Norton’s theorem: A linear two terminal circuit can be
replaced by an equivalent circuit consisting of a current

source [, in parallel with a resistor Ry, where:

% [y is the short circuit current through the terminals

*

“ R, is the input or equivalent resistance at the ter

*

when the independent sources are turned off.

Chapter 4: Circuit theorems

Linear

circuit

two-terminal

BAI O
A
7
Vi

¢

BACH KHOA

minals

> FindingRy: R, =R,

Linear
two-terminal
circuit

> Finding Iy: 1, =i

» Source transformation: Relationship between Norton’s and Thevenin’s theorems:

E
R
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VI. Norton’s theorem
» In order to determine the Thevenin or Norton equivalent circuit, we need to find:
% The open-circuit voltage v,. across terminals a and b

% The short-circuit current i . at terminals a and b

% The equivalent or input resistance R,, at terminals a and b when all

independent sources are turned off.

; "4
VTh:Voc ; IN:ISC ; Rrh:i_OC:R\/

SC
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VI. Norton’s theorem

Ex 4.13: Find the Norton equivalent circuit for the circuit.

» Finding R in the same way R,

» Finding I by shortening circuit terminals a and b

I, =2A C
L —>hL=I=1,=1A
201, —4i,-12=0

» By another way, we can find IN by the source transform
equation:

40

, =2A

{ :
25, —4i,-12=0
A

-1, = =1A

—i,=08A >V, =V, =5,=4V | & L
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VI. Norton’s theorem

Ex 4.14: Find the Norton equivalent circuit for the circuit.

» Finding Ry

R =(R+R)/ IR = >==30

Rl 392 rR2 3Q
A A

\15V i g
> Finding I, by shortening circuit terminals a and b > CDD/]\ R

2

1

applying the mesh analysis gives:

I, =—4A , . 27
o _ —6i,=27—>i,=I_=1,=—=4,5A
3(i, +1,)+3i,—15=0 6
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VI. Norton’s theorem I\
\724
Ex 4.15: Using Norton’s theorem, find Ry, and /,, at terminals a-b L>R3N _
50 a
» Finding Ry: set the independent voltage source equal to [ ! LoV
zero and connect a voltage source of v, = 1V to a-b 20
_ b
i =% _02A >—i,=i +2i =3i =-0,6A -
5 D
V, 1 <
—> R\I = — = = —1,67Q _’x_>R2
—ly —0,6 50 i
§>Rl 1V
» Finding /\: Shorting — circuit terminals a and b 1% J
.10 10
= =—=2A | O
R 5 — | =ig =6A by o
5Q
i =i +2i =2+4=6A bo Aoy o]
40
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VIl. Maximum power transfer

» In many practical situations, a circuit is designed to provide power to a load:

/7

 Electric utilities: Minimizing power losses in the process distribution

s Communications: Maximize the power delivered to a load.

7] Il\l/
» Problem: Delivering p,,., to a load when given a system with L_“‘ea.: R,
known internal losses. et 5
% Assuming that the load resistance R, can be adjusted :
< Replacing entire circuit by Thevenin equivalent circuit Mﬁ}m P l
VTh

2

V _ + |
=i2 — Th RL_RTh> — B Vf&
PR [RTh+RL]RL PP ‘

(" Maximum power is transferred to the load when the load N
resistance equals the Thevenin resistance as seen from the

load (R, = Rp). \2
__'m
pmax

_ 4R, ) g

Fundamentals of Electric Circuits — Viet Son Nguyen - 2013 31

h S




Chapter 4: Circuit theorems

BACH KHOA

VIl. Maximum power transfer

Ex 4.16: Finding the value of R, for maximum power transfer. Find the maximum

power.

Rl 6Q R3 30 R4 20
ANV ANV ANV

> Finding Ry: R, =(R//R)+ R+ R =90 il ’
Th h ( ) <+> v ) g%@ | /I\ZA R, 3
» Finding V4! ) 5 < b
{6i1 +12(,—iy) =12 |i,=—A

Ny —> 3
=" i, =—2A

> Applying KVL around the outer loop to get V,: 61, +3i, + Vo, =12 > V[, =22V

» For maximum power transfer: R = R, = 9Q
% 22
4R 4.9
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VIl. Maximum power transfer

Ex 4.17: Finding the value of R, for maximum power transfer. Find the maximum

R12Q R3
power. A ———4——MA———
t V- o 1@
» Finding R 19
TNV >
RL
" . <> 3vx 3
» Finding V4!

Fundamentals of Electric Circuits — Viet Son Nguyen - 2013 33



