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Reading Assignment: Sections 4.9 - 4.16, in Electric Circuits, 10" Ed. by Nilsson

Network Reduction Technigues and Network Theorems
Chapter 4, Sections 9-16, in the text by Nilsson covers several useful network
reduction techniques and network theorems.

The purposes of these techniques and theorems are:

» To provide alternate analysis methods

 To provide methods for simplifying circuits

» To provide methods for representing circuits in the simplest possible form
* To gain insight into circuit behavior

Topics to be covered

e Source Transformations

e Superposition

e Thevenin’s and Norton’s Theorems
e Maximum Power Transfer Theorem
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Thevenin’s & Norton’s Theorems

Any one-port network N may be represented by either of the following types of
equivalent circuits:

Thevenin Equivalent Circuit (TEC) — consisting of a voltage source and a
series impedance

Norton Equivalent Circuit (NEC) — consisting of a current source and a
parallel impedance

. 2

| —»
Network N + A
independent _ _
Sources, v|Load| = = In RN v | Load
dependent sources, _ -
g and resistors o O
J
— _/
where

TEC NEC

V., = V,. = Thevenin voltage or open-circuit voltage
|, = lgc = Norton current or short-circuit current

. : V. _
R,, = R, = Thevenin or Norton resistance = —%¢ = R_| Seenby the load with

- * independent sources killed
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Illustration of V4 and l¢.:
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Remove the load and the voltage across the open terminals is V¢

Network N
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V,, = V.. = Thevenin voltage or open-circuit voltage

Network N
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Replace the load by a short circuit (wire) and the current through
the short is I

IN

|.. = Norton current or short-circuit current
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There are 3 ways to find the TEC or NEC for a given circuit:
Examples using each of the three methods will be provided on the following pages.

1) Reduce the circuit into the form of a TEC or NEC using source transformations

* Not possible with dependent sources, though a partial reduction may be useful
» Recall that not all sources are transformable
2) FindV, or I, . AlsofindR;, =R,

91Seen by the load with independent sources killed

 For asimple circuit, this can often be done by combining series & parallel R's.
o If the circuit has dependent sources, R, can be found by adding an external

voltage or current source (any value) to the output terminals and by finding :
_V; _ Terminal voltage
. Terminal current

Th

3) FindV, and I_. Alsocalculate R, :¥. This is the most general method

SC

and is probably the best choice for circuits with dependent sources.
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Finding Thevenin resistance by adding external sources
As indicated in Method 2 for finding a TEC or NEC, R, can also be found as follows:

terminal voltage
terminal current| \wjith independent sources killed

Rth =

Discussion: If the dead circuit really acts like a resistor (R;,), then we can add any
voltage source across the circuit (resistor), solve for the current, and use Ohm’s Law to
find Ryy,. Similarly, we can add any value current source and solve for the voltage.

This technique is illustrated below.

Case 1: Add an external voltage source Case 2: Add an external current source

< IT
Dead Circuit Dead Circuit
(independent 10V = V- (independent
sources Killed) ‘ sources Killed)

Add any value of current

Add any value of voltage
source and solve for V;

source and solve for I

V; _ terminal voltage
terminal current

In either case above, calculate R, = |
.
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Example: Find Vo using Thevenin’s Theorem

2KQ 3KQ
—AW AN— :
+
(ﬁ) av (1) 2mA 5KQ Vo
o— O

RtH

<t> Vo 5KQ Vo

Q
O
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1) To find Vyp:
2KQ 3KQ

M ©

Ve, = [(2K)(2mA)]| +4 =8V

av Cf 2mA Vi = Voc

° 3) To find Vy:

2) To find Ry, o
2kQ 3KQ —\\VN O
—NVWN— ‘NVN—0 +
l Ron 8V <t> 5KQ Vo

T T _

Rrn = 3K02 + 2K0Q = 5 K0 Vo= c=*8=4V
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Example: Find Vo using Norton’s Theorem

2KQ 3KQ
—A\W AAM— 0
+
C‘i)w <1> 2mA 5KQ Vo
@ O
? 1) To find I:
' Iy=1
In Rn § 5KQ VO N >
— VW AW

Vo= (Ry // 5KQ2) Iy

()

(D

In=lsc
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2KQ 3KQ
—VW\ AAYAY
-0 j D
2mA = Iy—1 ... Constraint equation
4 =2K)I+ (3K) Iy ............... Supermesh equation

o IN= 16 mA
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Turn off all the independent sources

2KQ 3KQ

—w»lww—o

Ry=3KQ + 2K0 = 5K

Rn

o <

3) To find V,

Vo = (5K //5K2) (1.6 mA)
1.6mA (f) >KQ >KQ Vo Vo =4V
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Find V, using Thevenin’s theorem

2KQ 3KQ

N\N—e O
+ +
av Vx 5KQ
4000 Vx Vo
@ O

After finding TEC and putting back the 5kohm load ,
the circuit will be:

—AW

w () s v,

Q

+ O

Q
@)
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1) To find Vpp,

) + 4 ¢ammm NOtE that current through the 3 kohm
Is equal to zero ( open circuit)
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2KQ 3KQ
1) Tofind Ryp, —

|74
a) Method 1: Ry, = —* In
Iy A\
Vi .
V=0 o) 7000 = 0 ==) Open circuit.

2KQ 3KQ
av | B 4V _
| :
o Ry = = 10 K02

0.8 mA
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Method 2. RTh=VT/IT
while All independent sources set to zero

2KQ 3KQ
— M VW—— |1

Vy +
4000 Vx C_) Vi

3KQ
\T v,
YWy | —Vp +3K Iy + 2K Iy + == 0

Vy C") V; Ve=Vr

Vr
_ “ Rpp=——= 10 K0
T
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Equivalent Circuit

10KQ

AAAY,

<i> 8V 5kQ Vo

O

O

Vo = (8V)

~ 5K + 10

V —8V
073
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Find L, using Thevenin’s theorem

3Q

+
151 20 () 10V
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1) To find V.,

—_— Since there Is no independent
30 + sources
oo VT — O
1.51« 20 V1= Voc h
Vo e
O
. VT A
2) To find RTh: T 0-5'X<> 30 1 20 1 DI
T
I
30 XI

1.5l 20 V; (f It
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KCL Vr X\
w&+5=?+?
0_5,X<,> 3"51 2"51

Iy = —Ir

, T
o RTh: I_ = (0.6 (2

T

Ix
0.6Q *Y 10v 10 B
C-) Iy = —5== —16.67 4
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Assessment 4.18

A voltmeter with an internal W —W—eA
resmtancc_a of 36V C) IBmA  60KD o
100 kQ) 1s used to measure

—» e B

the voltage vas In the
circuit shown. What is the
voltmeter reading?

Answer: 120 V.
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Problem 4.64
Find the Norton equivalent with
respect to the terminals a,b

® a

Answer

L

15 k0
- L 2 AN > o 2
CDlr)mA§1nksz ©30v ImA $5k0
& - 4 -—ab
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Problem 4.71
A voltmeter with a resistance of 85.5

KW 1s used to
measure the voltage vain the circuit.
What is the voltmeter reading?

ANSWEN . 5V Ry = 45 KO

0

f * WA T
5k
220k CD 25 mA £45 ki)
S0V
. . .
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Maximum Power Transfer Theorem
Suppose that a general network N has a resistive load as shown below.

é ) ~
Network N -
Independent

sources, R
dependent sources,

\__and resistors___J °

Now we might consider two questions:
 For what value of R, is maximum power delivered to R ?
» What is the maximum power that can be delivered to R, ?

To answer these questions (see next page),
1) Replace N by a Thevenin Equivalent Circuit
2) Determine a general expression for power to R,

3) Solve C?PL = 0 tofind where P_is maximum
L
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Maximum Power Transfer Theorem V2
Show that: |R = R, for maximum power p =-=
4R,
R ]
AA'AY :
- VTH RL
b
A load resistance will Ry = Rty
recelve maximum power from a V2
circuit when the resistance of the P, = R—L
load is exactly the same at the L
Thevenin's resistance looking R;
back at the circuit . VL = R, + Ry Vrn
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The relationship between P, and R, can be illustrated by the graph shown

below.
PL

Vi
4R,
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o Vré R
L (R, + Rry)?

0P, _ Viy [(Ro+Rry) 2—2RL(RL+RTH)]

OR, (RTyg+Rp)*

9P _
oR,
(R, + Rry) * — 2R, (R, + Rryy) = 0

(R, + Rrp) (R + Rpy) — 2R = 0

“Rry— R, =0

2
“Rp= Rry — Vrh —

P Lmax — 4 RL
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Find the value of R; for maximum power transfer in the circuit
shown . 6 Q 30 20

Find the maximum power .

¥ 12 Q
@) 2A R
=712V

To find Vg b
. I, =—2A constrain equation
—AM\—
" 12=181, - 121,
VTH 2
S L= —— A
_ 1 3

b VTH:_312_611+12
o VTHZZZV



Chapter 4, Sections 9-16  ENEE2301- Network Analysis 1

To find Ry
6 Q 30 20 RTH=2+3+6||12
— VAV
=2+3+4
12Q ° 2A vV
? " =90
%
'.'RLZRTH:()Q
VZ
=1 _— 1344W

s P Lmax 4 RTH
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Find the value of R; for maximum power transfer in the circuit shown .
Ru

Find the maximum power . AN

ak Q 6k O

O~ T O

To find Vyy
. Vmo I, = 2 mA constrain equation
O 6k O —12 = 9k 12 _3k 11
1
" 12 - = mA
3kQ 3
(‘) 2 mA (_) 12V VTH — 4‘k 11 + 6k 12
L b
° VTH =10V
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To find Ry

4k Q

6k Q

3k Q

= 4k + 2k
= 6k Q

o RL —_ RTH —_ 6k.Q.

VA, 25
PL,max — 4 Rrpy — ? mW
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Assessment 4.21

a) Find the value of R that enables the

circuit shown to deliver maximum power

to the terminals a,b. 100V

b) Find the maximum power delivered to
R.

Answer: (a) 30 ;
(b) 1.2 k2.
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25101 1002

Problem 4.83 AW
g0
The variable resistor (Ro) in the circuit adjusted 200y C‘) $1000
until the power dissipated in the resistor is T o
250 W. Find the values of Ry that satisfy this -
condition.
R,= 2251

Answer or
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Problem 4.87

The variable resistor (RL) in the circuit
adjusted for maximum power transfer
a) Find the numerical value of RL.

b) Find the maximum power transferred
to RL.

Answer

Ry, = R, =69
122

§

Pmax —

WA~

T\
240V
T ’ ]

1044



