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Chapter 4

Circuit Theorems

Materials from Fundamentals of Electric Circuits, Alexander & Sadiku 4e, The McGraw-Hill Companies, Inc.

Circuit Theorems - Chapter 4
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4.5 Thevenin’s Theorem

4.6 Norton’s Theorem

4.7 Maximum Power Transfer
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4.3 Superposition Theorem (1)

Superposition is another approach introduced to
determine the value of a specific variable (voltage
or current) if a circuit has two or more
independent sources.

Superposition states that: the voltage across (or
current through) an element in a linear circuit is
the algebraic sum of the voltage across (or
currents through) that element due to EACH

independent source acting alone.

4.3 Superposition Theorem (2)

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 and then adding
them up.

Example: We consider the effects of 8A and 20V
one by one, then add the two effects together for
final v,. 3Q 5Q

20V
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4.3 Superposition Theorem (3)

Steps to apply superposition principle:

1. Turn off all independent sources except one
source. Find the output (voltage or current) 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 (4)

Two things - Keep in 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.
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4.3 Superposition Theorem (5)

3A is discarded
by open-circuit

(a)

[
Example 1
8Q
Use the superposition theorem to find MWW 0
Vv in the circuit shown below. : *
6V @ 4Q Sy

8 Q
AN 8Q
+ AMM———
I3
4Q < > 7
- 6V is discarded 4Q § )
by short-circuit =

(b)

4.3 Superposition Theorem (6)
s |

Example 2

Use superposition to find v, in
the circuit given.

|
2A is discarded by 1
open-circuit 10V is dlscarded Dependant s
by short-circuit
keep unchan

200 200 v

Vi
40 0.1v
iov % 1 # 40
L
= ¥

(a) (b)

ource
ged

0.1v,
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4.3 Superposition Theorem (7)

P.P.4.3

Use the superposition theorem to find Vv, in the circuit
shown below.

30 50
AW AMA—

+

%%29 M aa G wov

4.3 Superposition Theorem (8)

P.P.4.3 30 i 50

Use the superposition theorem to find |
Vj in the circuit shown below. “ § '6 o oy
i

4A is discarded
by open-circuit ()
3Q 5Q 30 i, @ 5Q

20 (Daa @) wov + (D“‘

— Vi 20
10V is discarded

by short-circuit
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4.3 Superposition Theorem (?)

11 |
Soln. P.P.4.3

Let vo=v{ + va.

where v; and v; are confributions to the 10V and 4A sources respectively.

3i0 i 50 |App|y Ohm's Law |
MA— M To get vy, consider the curcuit in Fig. (a).
. | (2+3+5)i=10
1 § 20 o C’)mv — i=10/(10)=1A
) Vi=2i=2V
@)
4.3 Superposition Theorem (10)
12 |

cont. Soln. P.P.4.3
30 i, i 5Q
—\VW\— — W\ To get vy, consider the circuit m Fig. (b).

+ L o
\=2§2Q CT 44 1=p=2A, »,=2p =4}

®) Thus,

V=vitv=2+4=6V

»8/24/2009

»>6



4.3 Superposition Theorem (11)

P.P.4.4

Use superposition to find Vv, in the circuit given.

20Q
MW

20v(®) 2a(d) 4Q§ 015

Uy

20V

4.3 Superposition Theorem (12)

|
4A is discarded by %
open-circuit 20V is dlscarded Dependant source
by short- CIrCUIt keep unchanged

Soln. P.P.4.4

20 v,
+ 200 Vs
r
§4n 0.1v,
0.1v,
(a) J—j (b)
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y
20V Z 40 Moy,

4.3 Superposition Theorem (13)

cont. Soin. P.P.4.4

Let vy, = vy + va,
where v; and v; are due to the 20V and 4A sources respectively.

200 vy
e Apply KCL

To obtain vy, consider Fig. (a).
20V 4 gy, =¥ 20
20 4
£ —» V=5V

4.3 Superposition Theorem (14)

cont. Soln. P.P.4.4

200 ., For v,, consider Fig. (b).

+

M _ _
‘ 4+0.1y, =20 70
20 4
T s §4n T 0.1v,

—» V2 = 20

= Thus,
V=V TVv=25V
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4.3 Superposition Theorem (15)

17 |
P.P.4.5
Use the superposition principle to find | in the circuit shown
below.
20
6Q MWW— I 8Q
NN AW
&
+ ~ +
16v (&) 1K @) 12v

4.3 Superposition Theorem (16)

[EEm
Soln. P.P.4.5
Leti:i1+ig+i3
where 11, 1>, and 13 are contributions due to 16V, 4A, 12V sources respectively.

|App|y Ohm’s Law |

6Q 2Q 8Q
Ii vy For 13, consider Fig. (a),
1
. 16
16V NS raas
(@)
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4.3 Superposition Theorem (17)

cont. Soin. P.P.4.5
20 |
A Current Division
6Q 8Q PPy
4A For 12, consider Fig. (b).
iy By current division,
. 2
"""" T L, =—(4)=05
20 2
2+14
(b)

4.3 Superposition Theorem (18)

cont. Soln. P.P.4.5

|App|y Ohm'’s Law |

For 13, consider Fig. (c),
6Q 20 8Q

—— W— W= i =212 075
i 16
12V
Thus, . . . .
1=1 T12 713
(© =1+0.5-0.75
= 750mA

»8/24/2009

>10



4.4 Source Transformation (1)

21|
e Another tool to simplify circuits.

e Use the concept of equivalent circuit where v-i
characteristics are identical with the original
circuit.

Source transformation is: the process of
replacing a voltage source Vg in series with a
resistor R by a current source ig in parallel with a
resistor R, or vice versa.

) ) Ve
VS =ISR <> | :E

4.4 Source Transformation (2)

o b o b

(a) Independent source transform
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Two things - Keep in mind:

1. Arrow of current source is directed toward
positive terminal of voltage source.

2. Not possible when:

> R = 0 for voltage source

> R = oo for current source

4.4 Source Transformation (3)
23 |
R
AWV O a O a
Ug - is
o b O b
(b) Dependent source transform
4.4 Source Transformation (4)
24 |
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4.4 Source Transformation (5)

A
P.P.4.6

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

5V -
@ l,io VW
6Q§ sa(d) 3Q§ 7Q§ 3A 4Q§

4.4 Source Transformation (6)

Soln. P.P.4.6
5V e

O
6Q§ sa(d) 3Q§ 7Q§ 3A 4Q§

Adding the 1-Q and 4-Q resistors in series gives 1 +4 = 5Q.

Transforming the left current source in parallel with the 2-Q resistor
gives the equivalent circuit as shown in Fig. (a).

Combining the 6-Q and 3-Q resistors in parallel gives (6x3)/(6+3)=2Q.
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4.4 Source Transformation (7)

cont. Soln. P.P.4.6

10V C) % 7Q § 5Q CD 34
(a)

Adding the 10-V and 5-V voltage sources gives a 15-V voltage
source.

Transforming the 15-V voltage source in series with the 2-Q
resistor gives the equivalent circuit in Fig. (b).

4.4 Source Transformation (8)

cont. Soln. P.P.4.6

]
754 (D §2Q %m §SQ (D N

(b)

Combining the two current sources and the 2-Q and 5-Q resistors
leads to the circuit in Fig. (c).
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4.4 Source Transformation (?)

| 29 |
cont. Soln. P.P.4.6

10.5A (T (10/7) Q§ 7Q

(c)
Using current division.

4.4 Source Transformation (10)

20 ]
P.P.4.7

Use source transformation to find i, in the circuit shown below.

5.0

2i

T |

24 mA §1og
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4.4 Source Transformation (11)

Soln. P.P.4.7

2i

24 mA CD .

ar L

Transform the dependent voltage source as shown in Fig. (a).

4.4 Source Transformation (12)

cont. Soin. P.P.4.7

24m A (‘D 100 Ssa () od

(@)

Combine the two current sources in Fig. (a) to obtain Fig. (b).
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4.4 Source Transformation (13)

cont. Soln. P.P.4.7

ix

0.024 -0.4i A T 10Q § 3Q

(b)
By the current division principle,

q
i, =—(0.024-04i,) — 1,=7.059mA

15

4.5 Thevenin’s Theorem (1)

e In practice the load usually varies, while the
source is fixed - e.g. fixed household outlet
terminal and different electrical appliances
which constitute variable loads.

e Each time the load is changed, the entire
circuit has to be analysed all over again.

e To avoid this problem, Thevenin’s theorem
provides a technique by which the fixed part
of the circuit is replaced with equivalent
circuit.
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4.5 Thevenin’'s Theorem (2)

Thevenin’s theorem states that: a linear two-
terminal circuit can be replaced by an equivalent

circuit consisting of a voltage source Vq, in series
with resistor Ryy,.

I Ry, |

a a
[—* - | M ———— o]
Linear + +
two-terminal y | Load —> Vi v | Load
circuit - -
N o]
b b

4.5 Thevenin's Theorem (3)

EE
What is...?

V, = open-circuit voltage at the terminals.

Ry, = input or equivalent resistance at the terminals

when the independent sources are turned off.
i.e.

» voltage sources = 0V (short-circuit)
» current sources = 0 A (open-circuit)
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4.5 Thevenin's Theorem (4)

How to find... Vq,

Linear +
two-terminal Uy
circuit -

VTh = Y

Find the voltage across point ‘a’ and ‘b’ using any
method in previous chapters. (by taking out the
load from the circuit.)

4.5 Thevenin’'s Theorem (5)

How to find... Ry,

Case 1: No dependent sources in the circuit.

Linear circuit with a

all independent R.

mn
sources set equal I

to zero I

Ry, = R;,

Turn off all independent sources.

Find Ry, by finding the equivalent resistance at point ‘a’
and 'b".
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4.5 Thevenin's Theorem (6)

39
Case 2: Circuit has dependent sources. (cannot turn off)

1

a4 e a

Circuit with Circuit with +
all independent all independent
sources set equal %o sources set equal Yo fo
to zero to zero o
b b
Ry = =2 Ry = 2
’(i "(J

Turn off all independent sources.

Leave dependent sources intact.

Apply voltage source V, across ‘a’ and ‘b’ then find Ry,=
V,/i,. OR apply current source i, and find Ry,= V,/i,.

4.5 Thevenin’s Theorem (7)
40 |

Two things to keep in mind - for Case 2

1. Any value can be assumed for v, and i
(usually assume V,=1V and i,=1A)

2. If Ry,<0, imply circuit is supplying power - possible in circuit
with dependent sources.

»8/24/2009

»>20



4.5 Thevenin's Theorem (8)

41 ]
Consider linear circuit terminated by load R,.
a RTh a
0 AMA o

Yl

)
A

1

b b

Current |, through the load and voltage V| across the load is
given by:

V
IL:+h VL:RLIL:LVTh
RTh+RL RTh+RL

Linear
+
circuit % Ry Von <_> % Ry

4.5 Thevenin's Theorem (11)

P.P.4.8

Using Thevenin’s theorem, find the equivalent circuit to the
left of the terminals in the circuit shown below. Hence find i.

60 60 .

AV b

18v (%) M)sa 240 §IQ
b
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4.5 Thevenin's Theorem (12)

Soln.P.P.4.8
To find Ry, consider the circuit in Fig. (a).
60 6Q
—— WV AWy *
6Q 6Q a §4Q Rn
MAN 41 7
18V 3A 410 21Q (a) )
b 12x4
Ry, =(6+6)4="2-=30

4.5 Thevenin's Theorem (13)

cont. Soin.P.P.4.8
To find Vy;,, do source transformation, as shown in Fig. (b) and (c).

a

6Q 6Q
AV O *I
18V 3A 4Q 1Q

b 6Q
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4.5 Thevenin's Theorem (14)
45 |
cont. Soiln.P.P.4.8
6Q 6Q
AMA—AWWY .
+
40
36V Vin
© *
Using voltage division in Fig. (c),
4
V, =—((36)=9V
T 4+12( )=
i V 9
Calculate I, i 'm 7 g5
Ry +1 3+1

4.5 Thevenin's Theorem (15)

| 46 ]
P.P.4.9

below to the left of the terminals.

s Lo30
——AAMA A

Find the Thevenin equivalent circuit of the circuit shown

6V Ci) 1.51, §4Q

O b
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4.5 Thevenin's Theorem (14)

47 |
Soln.P.P.4.9 s L0
To find Vyy, consider the circuit in AN oa
Fig. (a).
9 () 4? 157, 4Q
o b

6V
Ix=12
ig-ilzl.SIx:l.ﬁig —> ig:-Zil (1)

For the supermesh, -6 + 5i; + 7, =0  (2) 50 L 30 a
WA —\W .
From (1) and (2), 1 =4/(3)A . +
6V G)@ T §4Q V,
V=41, =5.333V RS _

1]

4.5 Thevenin's Theorem (17)

| 48 |
cont. Soln.P.P.4.9

s L3
To find Ry, consider the circuit in Lal B
Fig. (b). 6V 151, 4Q
o b

Applying KVL around the outer loop,

5051, )-1-31, =0 —>» IL,=-2

(b)
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4.5 Thevenin's Theorem (i)

e.g.4.8

Find the Thevenin equivalent circuit of the circuit shown
below, to the left of the terminals a-b. Then find the current
through R, = 6, 16 and 36 ohms.

(a)

4Q Q
M
2v () 12Q§ @) 24 R,
b
4.5 Thevenin's Theorem (i)
| 50
e.g.4.8 Solve Ry,
40 1Q
MM AMW—o0 a
120 § K
o b
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4.5 Thevenin's Theorem (i)

e.g.4.8 Solve Vq,,

4Q

V1

A
2v () @ 129§ @ ) 24 Viy

(b)

4.5 Thevenin's Theorem (ii)

P.P.4.8

Using Thevenin’s theorem, find the equivalent circuit to the
left of the terminals in the circuit shown below. Hence find i.

6 Q

6 Q

18v (%)

"WW

OE

V!

4 Q §IQ

e

o

b
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4.5 Thevenin's Theorem (iii)

e.g.4.9
Find the Thevenin equivalent circuit of the circuit shown

below at terminals a-b.

2%,

— +

20 2Q

AAAAY MW—O ¢

O b
4.5 Thevenin's Theorem (iii)
54 ]
e.g.4.9 Solve Ry,
20,
— £
0
20 20 4
A AMM—o— |
l
, K
4Q§”x @ §6Q @ @) p=1v
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4.5 Thevenin's Theorem (iii)

[ES5
e.g.4.9 Solve Vq,
2v,
— +
0
2Q 2Q
ANV AMMN—0 a
N +
sa(d) @ 4Q§vx @ §6Q e
o b

4.5 Thevenin's Theorem (iii)
56 |

e.g.4.9 Thevenin’'s equivalent

6 Q
AW 0 a

20V (i)
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4.5 Thevenin's Theorem (iv)

P.P.4.9

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

s Lo30
——AMA A o a

6v (¥) 1.51, §4Q

O b

4.5 Thevenin's Theorem (v)

e.g.4.10

Determine the Thevenin equivalent circuit in the Figure (a)
shown below at terminals a-b.
b,

O a

2i

L <y 4Q§ 2Q§

o b
(a)
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4.5 Thevenin's Theorem (v)

59
e.g.4.10 Solve Ry,

2i, <} 4Q§ ZQ§ or

4.5 Thevenin's Theorem (v)

| 60 ]
e.g.4.10 Solve Vq,

Do source transformation

40 i 90

3, 4 @§29 @ Hwov
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4.5 Thevenin's Theorem (v)

e.g.4.10 Solve i

S0

4.5 Thevenin's Theorem (v)

P.P.4.10 Solve |

Obtain the Thevenin equivalent of the circuit given below.

4v,
10Q %
M + — O a
+
VX§SQ 15 Q
O b
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4.6 Norton’s Theorem (1)

Norton’s theorem states that: a linear two-
terminal circuit can be replaced by an equivalent
circuit consisting of a current source | in parallel

with resistor Ry.

0 a
Linear B
two-terminal - ], (*) § Ry
circuit o b

0b

4.6 Norton’s Theorem (2)

| 64 |
What is...?

v = short-circuit current through the terminals.

Ry = input or equivalent resistance at the terminals

when the independent sources are turned off.
i.e.
» voltage sources
» current sources

0V (short-circuit)
0 A (open-circuit)
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4.6 Norton’s Theorem (3)

| 65 |
Relation between Norton’s & Thevenin’s Theorem

The Thevenin’s and Norton equivalent circuits are related by a
source transformation.

In source transformation, the resistor does not change...

Thus:

Ry =Rt

4.6 Norton’s Theorem (4)
s |

How to find... |

The short-circuit current flowing
from terminal ‘a’ to 'b" is Iy.

Linear -
two-terminal Yi,.=1 . )
- =N Since resistors Ry= Ry,
circuit &
b
I _ VTh
NS
RTh

Dependent and independent sources are treated the
same way as in Thevenin’s Theorem.
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4.6 Norton's Theorem (5)

e.g. 4.11

Find the Norton equivalent circuit of the circuit shown
below, at terminals a-b.

80
AWV O a
40
24 (}) §59
12V
AW o b
8Q

4.6 Norton's Theorem (6)

e.g. 4.11: Solve R,
8Q
o AV O a
Ry
4Q§ SQ§ -
8Q
o MW o b

(a)
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4.6 Norton's Theorem (7)
ca

e.g. 4.11: Solve I,

12:V.
8Q

S Q

(b)

4.6 Norton’s Theorem (8)

e.g. 4.11: Alternatively solve I, from V;,/R;,

8Q
ALY O a
+

(3) 340 )
ZACD ( 50 V=1
B 12v

8Q -
AN o b
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4.6 Norton's Theorem (?)

e.g. 4.11: Thus Norton’s equivalent circuit is

1A ()

4 Q

O a

O b

4.6 Norton's Theorem (10)

P.P.4.11

Find the Norton equivalent circuit of the circuit shown

below, at terminals a-b.

30 30

— AW A o a
isv(®) 4a(®) §6Q

o b
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4.6 Norton's Theorem (11)

73 ]
Soin. P.P.4.11

3Q 3Q A WA o
MW 0 a
6Q Ry
15V 4A 6Q
0 b

N

L]

KJ9)
From Fig. (a), Ry= (3+3)[6 = 3Q —*
5A 30 4A v In
From Fig. (b), In= l(5 +4)=4.35 ‘ -
2 (b)

4.6 Norton’s Theorem (12)

74
e.g. 4.12

Find the Norton equivalent circuit of the circuit shown
below, at terminals a-b.

2i,
—
5Q
I, l AYAAYAY O a
4Q <1“ 10V
©' b
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4.6 Norton’s Theorem (13)

e.g. 4.12: Solve R,

:

(a)

4.6 Norton’s Theorem (14)

e.g. 4.12: Solve I

(b)
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4.6 Norton's Theorem (15)

P.P.4.12

Find the Norton equivalent circuit of the circuit shown below.

20,

6Q§ 10a (d)

o
) 4

O b

4.6 Norton's Theorem (16)

Soin. P.P.4.12
20,

6Q

Qo

10A 2Q S %

O a

0 b

Butv,=1.

1:ix+“’7x:0.5+0.5:1

Ry =Ry =2=1

1

To get Ry consider the circuit in Fig. (a).

Applying KVL, 6i, —2v, -1 =0

6l =3 —» 1,=05

\

2vy

i
+
v. 260 @ 20

+
Vy

1v

(2)

2v,

_/\/V\/_

+ —
+
6Q 10WA 22 = v

()

To find Iy, consider the circuit in Fig. (b). Because the 2Q resistor is shorted, v, =0 and
the dependent source is inactive. Hence, Iy =1, = 10A.
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4.7 Maximum Power Transfer (1)
|

-To find the maximum power that can be delivered to the
load.

- From Thevenin’s equivalent circuit,

Ry,
AN

(O N~

}
NE) gRL P=i’R, = (V;“TRL

4.7 Maximum Power Transfer (2)
|

- By varying the load resistance R, the power delivered will
also vary - as per the graph:

P A

pmax

Power transfer profile with different R,
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4.7 Maximum Power Transfer (3)
|

Maximum power is transferred to the load when the
load resistance equals the Thevenin resistance, as seen
from the load.

4.7 Maximum Power Transfer (4)

[
e.g. 4.13

Find the value of R, for maximum power transfer in the circuit
shown below. Find the maximum power.

6Q 30 20 4
—VWW A% ANN—O—
12v () § e ()2a §RL
o—
b
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Find Ry,

4.7 Maximum Power Transfer (5)

30 2Q
AMAN ANN—O
Ry,
§ 12Q -+

(a)

et
Soln. 4.13

cont. Soin. 4.13

Find V.,

4.7 Maximum Power Transfer ()

3Q 2Q

60
AW
1zv (&) CD

AW

MW
120 @ @) 24

O
+

Vn

(b)

O
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4.7 Maximum Power Transfer (7)
|
P.P. 4.13

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

power.
20 4 Q
AAAA" ANN—O—
+ -
1 Q
9V (f) § Ry
3v,

4.7 Maximum Power Transfer (8)

Soln. P.P. 4.13 . o )
Applying KCL at the top node gives

Find Ry, X
3v,-v, Vv

o_|_ —_9°

1-v

4 1 2

LoVs o 40
- 0
— WA —e—
20 1
But v, = -v,. Hence
1Q
i 3v,
_L_

+ v
1V
(—) I-v, v,

_4\70 = e \’0:].’{(]9)
4 2
. 1
i_l—vo _175_2
4 4 38

()
R =1/ =38/(9)=4.2220
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cont. Soin. P.P 4.13

Find V,

Iv,

(b)

4.7 Maximum Power Transfer (9)

-9+ 21, +1,+3v =0

But v, = 21,. Hence,

9=31,+61,=91, —» 1,=1A

Vmim=9-21,=7V

Ry =Rm =4.222Q

_ VI, ¥
4R, 4(4.222)

=2901 W
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