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i Outline

= Superposition Theory
= Thévenin's Theory
= Norton’s Theory

= Maximum Power Transfer

= Millman’s Theorem
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i Superposition Theorem

= Total current through or voltage across a
resistor or branch

» Determine by adding effects due to each source
acting independently

= Replace a voltage source with a short
= Replace a current source with an open

= Find results of branches using each source
independently
= Algebraically combine results
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i Example: Superposition Theorem

IL= IL(1)+IL(2) ='0-7A
| Po,= 7.84W

1e Ri #PoyrivF Progny=27.04W
v (D24 §]gﬂ ru1)t FPru(2)

Find I, B

o = -2%¥24/40=-1.2A

12 360 P;)=23.04W E
/ I,;,= 20/40=0.5A
Py=4W

Replace a voltage

. Replace a current
source with a short source with an open
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i Using Source Conversion

Find I,

@C-C Tsai

—A—
24 Q)

i O

|

g

O—

Ry
16 Q

i Using Nodal Analysis

Find I,
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Using Superposition Theorem
Find I,

R,

24 Q /Il

r%v ik
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Superposition Theorem

= Superpositon Theorem does not apply to
ower
= Power is Not a linear quantity
= Found by squaring voltage or current

= To find power using superposition
= Determine voltage or current
= Calculate power
VZ

P=1R=—
R
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Example: Superposition Theorem

Find Vg, VR2(1) = -4V R,

Ry

A
1 1.6 kQ
1.6k
N
; §]6k9
By 16V V, R3§1.6k£2 1) sma E7 3
" l

MV 24 kQ
2.4kQ
1 \ 5 1 Ry= 0.8 kQ
V, =3V
- R2(2) 5
l 1.6 kQ 1.6 kQ)
+VI\',4\) L g Ve,
>
Rggmkﬂ By 32V glekn l()SmA
R, T
2.4 kQ 2.4kQ
-
Ry 1 Ry = 0.96 k() 9
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Thévenin’'s Theorem

= Any linear bilateral network can be reduced to a
simplified two-terminal circuit with a single
voltage source in series with a single resistor

= Voltage source: Thévenin equivalent voltage, E,.
= Series resistance: Thévenin equivalent resistance,

0-5kQ
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Thévenin’s Theorem

Steps to convert to a Thévenin circuit
= Identify and remove load from circuit

= Replace voltage sources with shorts, current
sources with opens to determine Thévenin
equivalent resistance as seen by open circuit.

= Replace sources and calculate voltage across
open (If there is more than one source,
Superposition theorem could be used) to
determine Thévenin equivalent voltage as
seen by open circuit.

= Draw Thévenin equivalent circuit, including load
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i Examplel: Thévenin’s Theorem

Calculate the current through R,

[ = ———— -
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Using Thévenin’s Theorem

o Iu=?
R

|
1 E=20V 1<>2A
|
I L
|
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* Example2: Thévenin’s Theorem

Calculate the current through R, R,
6k l

>
Ry S2K0 <= Ry, =6k 11 2K0

\ \ . = 1.5k
/ '
R

———I\’\/\, 0
6 k()

- 14
)




Example3: Thévenin’s Theorem

Calculate the current through R;

E—=/10V

Ry a

ao

I\ t
100 Ry 200 R <Z10Q R; <200
k E - E

c d

(1ov 10V
200 Ry 2500 R, 2200 Ry 2500
I 4

15
b

20.95 O

Empa 0476V~ Rs2300Q - ;

Example3: Thévenin’s Theorem

Calculate the current through R;

Ry, a

20.95 Q

Empo= 0476V R5230Q
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i Norton’s Theorem

Imilar to Thévenin circuit

= Any linear bilateral network cab be reduced to a
two-terminal circuit with a single current
source in parallel with a single resistor

= I, is Norton equivalent current fvw—a
= Ry = Ry, equivalent resistance " }

-_— - -
s -

AN

o

=

Z

Wy
-_____O_
)

Ry
0—5 kQ

o b
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Norton’s Theorem

Steps to convert to a Norton circuit

Identify and remove load from circuit

Determine open-circuit resistance, i.e., Norton
equivalent resistance.

Replace sources and determine current that would
flow through a short place between two
terminals. This current is the Norton equivalent
current

For multiple sources, superposition theorem could
be used

Draw the Norton equivalent circuit including the
load
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Norton’s Theorem

= Norton equivalent circuit may be determined
directly from a Thévenin circuit by using source
transformation theorem

RTh = RN a a
Q
_ ETh=fNRN <:> C) §RN=RTh
Eq,

o Iy= R_ °

b N b

RTh a a
24 Q)

Ep, == 28V <:> C) §RN =Ry, =240
28V
N=20 3
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i Examplel: Norton’s Theorem

Calculate the current through R,

(a) Voltage source
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10



i Example2: Norton’s Theorem

Calculate the current through R,

Ry

o
6 k{2 l

>
R Z2KO =~ Ry=6kQ 112K

a

> T\ B o =15k

f b

21

Maximum Power Transfer

= A load resistor will receive maximum power
from a circuit when its resistance is the same as
the Thévenin (or Norton) equivalent resistance

= Calculate maximum power delivered by source to load by

using P= V?2/R

= Voltage across load is one half of Thévenin

equivalent voltage

= Current through load is one half of Norton equivalent

current

—— -

[ R 22
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Maximum Power Transfer
T R |,
: NpAS
| 1 N
:ET“ T oV :VL_ gilon
1 1
|

R=1Q, I=E/(Ry+R)=10/(5+1)=5/3, Pp=I?R,=(5/3)x1= 2.778 W
R=3Q, I=E(Ry+R)=10/(5+3)=5/4, Pe=I2R,=(5/4)>3=4.688 W
R=4Q, I=E(Ry+R,)=10/(5+4)=10/9, P,=I2R,=(10/9)*x4= 4.938 W

R,=5Q, I=E/(Ry*+R)=

10/(5+5)=1, Pp,=I?R,=(1)’x5=5W

R=6Q, I=E/(Ry+R,)=10/(5+6)=10/11, Pp,=I2R,=(10/11)2x6= 4.958 W

R=7Q, I=El(Ry+R)=10/(5+7)=5/6, Pp=I?R,=(5/6)X7= 4.861 W

R=9Q, I=E/(Ry+R)=10/(5+9)=5/7, Pp=I?R,=(5/7)9= 4.592 W
®§;=15Q, =E(Ry+R)=10/(5+15)=1/2, Pp=I?R;=(1/2)x15= 3.75 W,

C Tsai

Maximum

Power Transfer

= Power across a load changes as load changes by using a
variable resistance as the load

|N2RN R=Ry > I=Ey[ (2Ry)

2
max

4Ry,

RTh a

50

+

Eyhn — 10V \43

b

4 Pr=1 ZRF Ethz / (4Rth)

) =

10

R, () 24
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i Example: Maximum Power Transfer

Determine the load resistance to ensure that maximum power is
transferred to the load

| 1
| MV T
1 6 k() 1
v
1 R,, 1 + A
. 14 2
£ =15V ( . 50y (B 055 k0
1 1
I I
L o -~ — T

a
—AM———
& R
1.5kQ
+
— Em V//%'
1125V ¥ R;

| 055k0

i —

b
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Efficiency
= Calculate the efficiency of maximum power
transfer
77 = Pout
a7
77 = Pout = ]_OOQO
L
E'I'hz
77— 4RI1‘ > 100%06 = 50%
ETh-
2R

@c-c Tsai 26
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1 1

I ANN——0—

: 0.05 Q :

1 I +
lp—=—90V :VL,?'

1 - R‘

| : 0—100 Q
1 1

1 —0—

R,=0.05Q, 1=50%, Pout= (4.5)2/ 0.05 = 405 W
R, =50Q, 1=99.90%

R, =100Q, n1=99.95% , Pout= (9)?/ 100 =0.81W
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i Millman’s Theorem

= Used to simplify circuits that have

« Several parallel-connected branches containing
a voltage source and series resistance

= Current source and parallel resistance
=« Combination of both

—— - - = —g———o0— £
Sk 3R 3K,
R, §
— E; - E, — 74
@C-C Tsai ¢ i e e 28

14



i Millman’s Theorem

sum of all the parallel currents

First, convert voltage sources into current sources
Equivalent current, I, is just the algebraic

Next, determine equivalent resistance, R,

the parallel resistance of all the resistors

calculated by: £, = I R.,

Voltage across entire circuit may now be

TOREITOIE T NS

3
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= Nodal Analysis using KVL
(K1-6)/2 + (K1-4)/2 + (V;-(-2))/4=0

= Using Miliman’s theory

29

R =20Q Ry=40Q
A ———— M-
Ry, 220
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Example: Millman’s Theorem

= We can simplify a circuit as shown:

a
(e

R] R2 Rg
240 Q) 200 ) 800 ()

§RL =1920Q
E; . Ey Es

‘|'96v T 40V Tsﬁv
a

b
I
Req § 96 Q

R, =192 0
Vo5 = (-96/240+40/200-80/800+0/192) £, L 54y
/ (1/240+1/200+1/800+1/192)
|
b
@c-o Tsai 31

i Circuit Analysis Using Multisim

= Find both the Thévenin and the Norton
equivalent circuits external to the load resistor in
the circuit shown
R, u

6 k()

E=15V C)f f’m /g/vRL
5 mA ‘ 05 kQ

b
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= Use a multimeter to find the equivalent resistance
1.5K Q

@cont ST

= Use a multimeter to find the open circuit voltage
11.25V

Rt

eka | Cg

T 15v BRI 5mA L § R2 -

@ C-C Toam 34
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= Use a multimeter to find the short circuit current

7.5mA
XMiM1
Rt 7
A s o
6kQ a
Ly (T)” U I
T sy .5mA....§R2...
2k0
b
@c-CT = 35

= The Thévenin and the Norton equivalent circuits

Ry u
—AMA—— a
1.5k}
c R I
Epp=—1125V L N ; R
" 05 k0 (D RN§ L5 kO 2’ L
7.5 mA 05k
I— W=
£
’ b
(a) Thévenin equivalent circuit (b) Norton equivalent circuit
@C-C Tsai 36
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i Kernel abilities

1. Can use Superposition Theory for solving the
unknown voltage and current of a circuit.

2. Can apply Thévenin’s Theory for solving the
unknown voltage and current of a circuit.

3. Can apply Norton’s Theory for solving the unknown
voltage and current of a circuit.

4. Can use Maximum Power Transfer for solving the
output power.

5. Can recognize Millman’s Theory for solving unknown
voltage and current of a circuit.
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