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Circuit Theorems - Chapter 4

S inearity Property
#Source Transformation
#Thevenin’s Theorem

2 Norton’s Theorem

i ' Maximum Power Transfer



4.1 Introduction

Are there any other alters to find the voltage across 2Q ?

30 5 O
AAAA—
20 (M)sa (Dzv
What are they? And how?

v,=7.4V p Can you work it out by inspection?



4.2 Linearity Property (1)

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

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

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

Homogeneity (scaling) property:
(If i 1s increased by a constant 4, then v increases correspondingly by k)

v=IR— kv=FkR

Additive property:

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

— v=(;ti))R=v, +v,




4.2 Linearity Property (2)

x.1 Byassume I, =1 A, use linearity to find the actual
value of / 1n the circuit shown below.
=14
=56Q 2\, ,=32Q 1\, ,-3 3Q
— \VW
l3 =2 l1 =2 IO =1

[.=15 A 7Q 4 Q 5Q




4.2 Linearity Property (3)

x.2 Assume that //, =1 V and use linearity to calculate
the actual value of V_ in the circuit of Fig.

v=4YV 3 Q
MWW—i=1 A
_|_

s0v (%) 50 102V,

1V

V,=40*1/4=10 V



4.2 Linearity Property (4)

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

2 Q 3Q yav2Q
v,=10/3V V=2V AAAA
.-
i,=4/6 A ¢ i5=2/6 A
i,=2/6 A
6

v, =15%3/10=4.5V



4.3 Superposition Theorem (1)

It states that the /" across (or / through) an element 1n a linear circuit
1S the algebraic sum of the voltage across (or currents through) that
Element due to EACH independent source acting alone.

( “V fienadonvte [ Alnarinuddunslor wivasliiidodu fonasiu

Noatinzay V vise [ NBAwNaNY] duiovriannuuavntiasazen”)

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.

(nanmsalesnddu Fruiasiziigasiniidoduiifunaeiifindaszannni

AlAYNISLYNAIHINATILAA I NLHAI TR LS A FILAIHINISINAR)
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4.3 Superposition Theorem (2)

Steps:

1. Turn off all independent sources except one source.
Find the output (7 or /) due to that active source.

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 SA and 12V one by one,
then add the two effects together for final v,.

3 € 5 Q2

Vo < 2Q 5A 12V




4.3 Superposition Theorem (4)

Ex.4 Use superposition to ﬁnd v 1n the circuit below.

% #}5;& 12V
'\/\/\/\,—

+

Vo < 2 Q 5A

5 =24

13




4.3 Superposition Theorem (5)

Ex.5 Use superposition to find 7 in the circuit below.

24V g6
+_
40 4Q
l

14




30 30 2/4%’ 30
AV AV Eo—ww
40 40 40 40 410

T - =24 ) = ’ M3 =14 i-—( “ ><f>——1,4
‘1‘<3+(4||12)>‘ ‘2‘<8+(4+(4||3))><7> - P 8+ (4+#13)/\7)

15



4.3 Superposition Theorem (6)

Ex.6 Use superposition to find 7 in the circuit below.

2.8
6 Q AN _1>
NV — AN/
&2
> \ 4
<_>8V 72 A 6V<
20 20
AV I 8Q 6Q AN 8Q
B B AM AN o AN
@

[ =375 mA

16



4.3 Superposition Theorem (7)

2 things must keep 1n 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 _V2 <+ 3A
(b)
41, =2V48V=10V

18



4.3 Superposition Theorem (9)

Ex.8 Use superposition to find v_1in the circuit below.
20Q v,

% <>O.1 Vy
o)
| %
%
5A is discarded by open-circuit —1_ Oz:p
— o
25V is discarded by short-circuit O‘o@
%
@
<
20Q v, 20Q v, %,
—A\WW %,
Q

|
i25v i) 40 0, sA(}) 49% 0y,

= 6.25V+25V=31.25V




20Q v, 20Q v
25V 40 0v, 5 A 40 01y,
|
2> | v V.V
_|_ X — ) x_|_ X — +
50 4 0.1v, 50T 7 = 510.1v,

255y =2y

—25—6 25V
= 0.

v +5v,=100+2v,

10 sy
V. 1

20




4.4 Source Transformation (1)

* An equivalent circuit 1s one whose -/
characteristics are i1dentical with the original
circuit.

* [t 1s 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.

21



4.4 Source Transformation (2)

R T +  The arrow of the current
source 1s directed toward the

Vs C_’ -— CD § R positive (+) terminal of the
voltage source.

0 b 0 b

(a) Independent source transform

R+ +
ANV O d o a

Ve - §R
o b O b

ependent source transform

* The transformation is not possible when R = 0 22
for voltage source and R = oo for current source.



4.4 Source Transformation (3)

Ex.9 Find i, in the circuit shown below using
source transformation.

1Q

sa(})) 3¢9 723 3a(}) 40

10V 0O 5V
2 v—SQ y > &2
@ N J,
v v=5-10 v—15
77 s 70 g0 15V

10v+35v—525+14v—210=0

v=12.46V , ig=5=1.78A 23




4.5 Thevenin’s Theorem (1)

It states that a linear two-terminal circuit

(a) can be replaced by an equivalent
circuit

(b) (b) consisting of a voltage source /',
in series with a resistor R,

, Where

» ), 1s the open-circuit voltage at the
terminals.

* R, 1s the mput or equivalent
resistance at the terminals when the
independent sources are turned off.

Load

—- S
Linear +
two-terminal V
circuit —
b
(a)

e
—A\VVW O
+
V?h(ji) V
b

Load

24




4.5 Thevenin’s Theorem (2)

Ex.10 Using Thevenin’s theorem, find the equivalent
circuit to the left of the terminals 1n the circuit shown

below.
30 30 3Q 3Q
—AMA—— W oa [T ° a
R
sv(t)  aa(}) %69 %6&2 R
o b
o b
e 30 30
— A —— AW, ° o
sv(*)  aa(}) geg Vi
O'b

Vor = 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

/
2 L S8 L, 6V JD() ()
151,
n , e
6 v(* 15/, 40 J:

| Ob\ 05/X 50 30 i

= MWW\ «/vv»—’ =
40 (D
1.51,

26

Y+Q

0Q

o O

Vin = 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 — °4d
consisting of a current source /, in | two-terminal
parallel with a resistor R, where ctredit

* [y 1s the short circuit current through the

— O b

(a) Original circuit

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

(¢) Finding Norton current /y.



4.6 Norton’s Theorem (2)

Ex.12 Find the Norton equivalent circuit of the circuit
shown below.

8Q
AAAAY O g
40Q
)2 §5g
12V
MW O b
8Q
80 80 ;
O AAAA O a AWV O
@ §4Q
R i..=l
4Q§ 59§ -— G 2 A l Y
() 12v 54
80 80
0 A o b AN 0
@ Ry=(8+4+8)Q5Q (b) o

28

Ry =4Q, I, = 1A.



4.6 Norton’s Theorem (3)

x.13 Find the Norton equivalent circuit of the circuit

shown below.
v=1V

i, =3v./6=0.5A
=i+ v /2=1A
R=1/i=10

0Q

o0

0Q

o0

1V

SC



4.45 Find the Thevenin equivalent of the circuit in

6 Q
AAYAAY, O a

4 A 6 4 Q)

O b

30Q,6V

Fig. 4.112 as seen by looking into terminals a and b.

30



4.41 Find the Thevenin and Norton equivalents at
terminals a-b of the circuit shown in Fig. 4.108.

14V 140
EDH—w oa
6Q 3A 5Q
ob

40Q0,-8V,-2A

31



4.7 Maximum Power Transter (1)

Maximum power 1s transferred to the load when the load
resistance R; equals the Thevenin resistance Ry as seen from the

load (R, = Rrp).

RTh a
2 AW O .
2 Vrh lr’
P = lRL = RL
Rty + R
TH L van R,
b
2 P A
Ry = R p -/
TH — n\L» max — ,p Prax [~~""""";
4Ry
' = >
0 Rth Ry

Power delivered to the load as a function of R,



4.7 Maximum Power Transfer (2)

2
v
P = L R,
Ry, + R,

2
dap [ Vpp Vrn —Vrn B
— = +2 R, =0
dR;, Rrn + Ry Rrn + Ry ) \(Rrp + Rp)?

(RTh + RL) - 2RL - O

Rrn = Ry

33




4.7 Maximum Power Transfer (3)
*Ex.14

a) Find R, for maximum power deliverable to R

b) Determine that maximum power.
2 A
)
N

NN
)
o))
)
Q Q

o O

R =12Q, V=40V, P, =3333W

34



4.7 Maximum Power Transfer (4)

Ex.15 Determine the value of R, that will draw the
maximum power from the rest of the circuit shown
below. Calculate the maximum power.

2Q 4 Q
+
b
10
ov () R,
3v,
2Q y 49 2Q 4Q
——A X AA—O— AW AMW—O
+vx_ l +LX_ —I—
1Q 1Q
O ov(® b Vin
3vy 3vy _

R, =422Q, P, =2.901W



4.7 Maximum Power Transfer (5)

20 _y

NMWN—
+ oy, -

1Q

3vy

4 Q
«E— AN—O—

C_r 1V

Q

1—|—vX_I_3V x_(_vx): “Vx

V=

4

X

1
1 9

“19°1°13%

2
Ryy=

38
9

—=4.22Q)

4Q
ANNN—O

w@“@ é 1

O

v, =21,
-9+ v+ 1i,+3v, =0
i=1A, V=7V

V 2
Pma-X: 1

AR
P, =2.901 W

36
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