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Topics

« Linearity Property, Superposition,
Source Transformation, Thevenin and
Norton Theorem.
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Linearity Property

> Linearity is the property of an element describing a linear relationship
between cause and effect.

> Combination of both homogeneity (scaling) property and the additivity
property.

> E.g. Resistor is a linear element because the voltage-current
relationship satisfies both the homogeneity and the additivity
properties.

> A linear circuit consists of only linear elements, linear dependent
source and independent sources.
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Linearity Property

Example 4.1
Solution: 2Q 80
Applying KVL to the two loops, we obtain +*~.-“-.f"-£u A
the ~ i
]2![ - 41*& + UE — U _: 2
= : 40 :=- =
—4i, + 16i, — 3v, — v, =0 < N SN =40
f| '!2 L.‘L LS 60 :-; : I _.I [ 17 }’-'I =
But v, = 2i,. Equation (4.1.2) becomes 1 g y Li’—"‘-.
s\ = 3y,
—10i, + 16i, — v, = 0 v
Adding Egs. (4.1.1) and (4.1.3) yields
211'-[ + 12:'3 =0 = f[ = _6.?'2 When v, = 12 \-’7,
Substituting this in Eq. (4.1.1), we get ] ‘ 12 A
o 2 =77
, 76
—76i; + v, =10 = ir = ?_(:; When v, = 24V,
, 24
I, =ir=—A
76

showing that when the source value is doubled, /, doubles.
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Superposition Theorem

> The voltage across (or current through) an element in a linear circuit is
the algebraic sum of the voltages across (or currents through) that
element due to each independent source acting alone.

> Combination of both homogeneity (scaling) property and the additivity
property. Applicable to linear circuit only.

> One of the method to solve the circuit with two or more independent
sources.

> The number of analysis depend on how many independent sources
does the circuit has.
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Superposition Theorem

Steps to apply Superposition theorem/principle.

1. Choose one independent source and eliminate (turn-off) the effect of
other independent sources. [Voltage source = short-circuit ; Current
source = open-circuit]

2. Start the analysis using any circuit analysis methods/techniques and
theorems. [KCL, KVL, nodal/mesh analysis, etc]

3. Start the analysis using any circuit analysis methods/techniques and
theorems. [KCL, KVL, nodal/mesh analysis, etc]

4. Combine/add-ups all the value of each element for all separated
analysis.
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Superposition Theorem

>  This technique does not allow to find power at any separated circuit.

>  This technique has one major disadvantage; it may very likely involve
more work.

> However superposition does help reduce a complex circuit to a
simpler circuit.

» Combine/add-ups all the value of each element for all separated
analysis.
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Superposition Theorem

Problem 4.1:
Using the superposition theorem, find v, in the circuit of Fig. P4.1. (Ans: 6 V)

340 5Q
I—ﬁ.'" M, ,—li"'-.r.'". FATA .—‘
+ - - -t
, 1 20 ( _F 4 A "“‘:[‘:I 10V
Fig. P4.1
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Circuit Theory
Superposition Theorem
Example 4.2:

Find i, in the circuit using superposition theorem.

20
Y I|II."‘..\'.""-I‘I,l'l, ————
30} =
9 5i
(4]
I} 10
4A (D) w—& 2
w1 .
' Ii‘l!.l
5Q 3 < 44Q
-
P
20V

9
INSPIRING CREATIVE AND INNOVATIVE MINDS



M. Afendi M. Piah, PhD

www.utm.my

Superposition Theorem

The circuit involves a dependent source, which must be left intact. The i, is

given by; o
I, =1, +1,

How to find i, ? How to find i,” ?

Wi 20)
r AN
f II i = oy 3 El :‘: ": 5.”
I L2 Iy
e 10
A AN L2
44 / - AN @
. r Iy .
‘= r/-_. ™ “-_': = |'/- ™ =
=50 [ 13 ] =410 < P15 =
2 5 2 50 2 p S 40
i
s —— ¢ '(._\I.
+ =
0 L
20V
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Superposition Theorem

Problem 4.2:
Use superposition to find o, in the circuit of Fig. P4.2. (Ans: 25 V)

00
— iy
e AN a5
20V(Z) 4a(}) 40z d > 00e
Fig. P4.2
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Source Transformation

> 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.

R R
/l AN £ l\ l Y _> - \§ L g
| o b l ] o b o b T O b

' . LI.'-'

v, = IR or I, = E
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Thevenin’'s Theorem

>  Objective : To simplify the circuit.

> Provides a technique by which the fixed part of the circuit is replaced
by an equivalent circuit.

> Developed in 1883 by M. Leon Thevenin (1857-1926), a French
telegraph engineer.

> When the load are varies, all the variables (voltage & current) inside
the linear circuit would also varies, thus the analysis has to be done

again.
: a, :
Linear © Equipments
two-terminal (loads)
circuit 5°
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Thevenin’'s Theorem

> Thevenin’s theorem states that a linear 2-terminal circuit can be
replaced by an equivalent circuit consisting of a voltage source V, in
series with a resistor R+,

-2 <+ V4, Is the open-circuit voltage at the
Linear + terminals, and Ry, is the input or
two-terminal v Load . : .
circuit . equivalent resistance at the terminals
—Ch when the independent sources are
turned off.
ia)
. } < It is easy to find the open-circuit voltage
. — :
= & (voc)_ and short-circuit current _(|SC) at
I + terminal a-b through experimental
m () Load method.
L .
b <  Thus, V4, = V. and Ry, = v /ig.
(b)
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Thevenin’'s Theorem

> How to find V, (Thevenin voltage) and Ry, (Thevenin resistance)?

{0 a . . . 1]

. Linear circuit with -
Linear T o
O termrinal all independent Rin

=1 1 i, . :

. o sources set equal e

circuit —
Vi = Ry = Ry,
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Thevenin’'s Theorem

a Alinear circuit without dependent source.

1. Find v, across the two terminal (either using
mesh/nodal, etc). The Thevenin voltage (V) IS equal
to v,..

Simply turn off all the independent sources.

3. Find the equivalent resistance (R.,) between the two
terminal. The Thevenin resistor (R,) is equal to the

Req:
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Thevenin’'s Theorem

a Alinear circuit with dependent source

1. Find v, across the two terminal (either using mesh/nodal,
etc). The Thevenin voltage (V) Is equal to v,.

2. Simply turn off all the independent sources. The dependent
sources should remain intact/unchanged.

3. Inject a voltage source (v,) OR current source (i,) across
the two terminal. Then determine current supplied by
voltage source OR voltage across the current source.

4. The value of Ry, = v /i,
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Thevenin’'s Theorem

< Finding R, when circuit has dependent sources.

a i a
; : ; ; : ; '
Circuit with Circuit with N
all independent ey all independent Y
5 | — I L 5 i 1 | ]
sources set egual L sources set equal o L
to zero - to zero o
i e
h h
l‘l_l
L Sl
Ry = e Ry =—
i

4] ]

> We may assume any value of v, and i, . For example, we may use v,
=1V ori, = 1A, or even use unspecified values of v, or i.
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Thevenin’'s Theorem

< Acircuit with a load: (a) original circuit, (b) Thevenin equivalent

Ry

0 i
d ST
~ WA
0 J“‘- l;
Linear - =
> R, Fm (7)) < Ry
circuit Ii Ry p— = =
b 2
(b}
{a)
Vi
Jr!_ —
Ry, + Ry
[ R, 1 Ry
L= gl = Th
R h ™ R.r.
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Thevenin’'s Theorem

Example 4.3:

Find the Thevenin equivilent circuit of the circuit shown in Fig. E4.3, to the left
of the terminals a-b. Then find the current through R, = 6, 16 and 36 Q.

480 | £2

A !

il
"'1'"".""'."".—'-)—|
.'\"'\-l - _::"
) iA o Rj-_
b

T el e
[

N " =
2V 12 £2 =

L Tl

|/-'I-'I

Fig. E4.3
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Thevenin’'s Theorem

Example 4.4:
Find the Thevenin equivilent circuit of the circuit in Fig. E4.4 at terminals a-b.

2w,
<7
2 L) 24
v ATATATAY o
5A (L. 40 _:: ’ 60
O b
Fig. E4.4
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- . Thevenin’'s Theorem

Example 4.4 (cont.):
Finding Ry, and V4, at terminals a-b.

Lh
~, —
1 } | |'.3 :
# #
0 20 g4 20 9)
Wi v E:T T ) WA W a
aazw Gy Zea N (D)g=10 sa(d) i 4e2s () e y
il o A ‘ ' s - ¥
o b
b
Finding R+, Finding V.,
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Norton’s Theorem

>  Similar with Thevenin's theorem.

> Proposed by E.L. Norton (1926), an American engineer at Bell
Telephone Laboratories.

> Norton’s theorem states that a linear two-terminal circuit can be
replaced by an equivalent circuit consisting of a current source (Iy) in
parallel with a resistor, R.

S,
Linear wa ,l_ :
& Y ey
two=terminal Iy II\+;| ; R
circuit o b ]J ]
O b
Original circuit Norton equivalent circuit
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Norton’s Theorem

> Iy Is the short-circuit current (ii.) through the terminals and R, is the
iInput or equivalent resistance at the terminals when the independent
sources are turned off.

> Method to find Ry is same with Ry, = R = Ry,

> By using “Source Transformation” method, the conversion between
Thevenin and Norton theorems are possible.

>  Correlation between Thevenin and Norton parameters are given as

follows;
V., .
IN :R—’ VTh = Voc and IN = Iy
Th
VOC
R =—==Ry
ISC
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Norton’s Theorem

Example 4.5 :
Find the Norton equivalent circuit of the circuit of Fig. E4.5.

80
| AANA O g
24() 1 =50
(Z)12v
T AN o b
80
Fig. E4.5
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utmmy g Norton’s Theorem

Fmdlng (a) RN ) (b) IN = isc ’ (C) VTh = VOC'

80 8 ¢ .
IJ-" l'fl-'lvl-"f.-"(- q ﬂ ATa .-.'."L"l' IJ:l
TN = is | '
| |'| : e —1- El =
L Ry )
40 = 502 -— 24 (4) L
= e o - _: £
() 120 24
B2 B0
L. "W o b ATATATAY
b
ia)
(bl
R
Ny O a
Ty [ iy )
( ) 340 P
24 (1) 5032 V= %
TN s z
- 12%
g _
AN o b
(c)
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Norton’s Theorem

Problem 4.3

Find the Norton equivalent circuit of the circuit in Fig. P4.3 at terminals a-b.
(Ans: Ry=1Q, I, =10A)

FALY
T = ' @
622 10a(h) 202y
< S’ = _
O b
Fig. P4.3
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Maximum Power Transfer

> Acircuit is purposely designed to suit the demand of the loads (in terms
of voltage/current/power).

> If the load (resistive load) is variable, then what is the maximum power
that can be transferred to the load?

Linear
circuit
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Maximum Power Transfer

> Thevenin equivalent is useful in finding the maximum power that the
linear circuit can deliver to a load.

RTh

AN A
TATATAY

Vi (=) = Ry

C

B

. " VY
> Power absorbed by the p=iR;= ( L ) Ry
load: R T Ry
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Maximum Power Transfer

> By varying the load resistance R, , the power delivered to the load
varies as sketched in figure below;

JLN Y

Pumax [T7"""" 75 i

> Maximum power is transferred to the load when the load resistance
equals the Thevenin resistance as seen from the load (R, = Ry;,)
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A UTM Circuit Theory

Maximum Power Transfer

Example 4.6 :

Find the value of R, for maximum power transfer in the circuit of Fig. E4.6.
Find maximum power. (Ans: R, =9 Q, 13.44 W)

60 30 20 g
ATATL LY AR ATATATA' C\—‘
12v (2) 12 (b)2a 2 R
N
b
Fig. E4.6
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