Chapter 3
Network theorems

=

3.1 The'venin’s Theorem

The'venin’s Theorem states the following: Any two-terminal, linear bilateral dc network
can be replaced by an equivalent circuit consisting of a voltage source and a series resistor,
as shown below:

Fig.1 Thévenin equivalent circuit.

The following sequence of steps will lead to the proper value of Ry, and Et, Preliminary:

Rth

1.

Remove that portion of the network across which the Thévenin equivalent circuit is to be
found. In Fig.1, this requires that the load resistor RL be temporarily removed from the
network.

Mark the terminals of the remaining two-terminal network. (The importance of this step
will become obvious as we progress through some complex networks.) .

Calculate Rt by first setting all sources to zero (voltage sources are replaced by short
circuits, and current sources by open circuits) and then finding the resultant resistance
between the two marked terminals. (If the internal resistance of the voltage and/or current
sources is included in the original network, it must remain when the sources are set to zero.)

Emn:

Calculate En by first returning all sources to their original position and finding the open-
circuit voltage between the marked terminals. (This step is invariably the one that will lead
to the most confusion and errors. In all cases, keep in mind that it is the open-circuit potential
between the two terminals marked in step 2.) Conclusion:
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5. Draw the Thévenin equivalent circuit with the portion of the circuit previously removed
replaced between the terminals of the equivalent circuit. This step is indicated by the

placement of the resistor RL between the terminals of the Thévenin equivalent circuit as
shown in Fig. below.

Fig.2 Substituting the Thévenin equivalent circuit for a complex network

Example 3.1 Find the Thévenin equivalent circuit for the network in the shaded area of the
network of Fig. below. Then find the current through R, for values of (2,10 ,and 100 Q) ?

2

Solution:

~ _ GO _
Em=Rll&=3076a0 "¢
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R.E, GMOV) 54V
" R, 4+ R 60+30 9
__ Em
IL_RH,+RL
6V
R, =20 I =——Y _—135A
L L 20+20
6V
R,=1000 L =——"Y —05A
L L 2n+100
B o 6V _
Re=1000: Jp=_o o0 =00594

Example 3.2 Find the Thévenin equivalent circuit for the network in the shaded area of the
network of Fig. below. ?

Solution

_(60)E0) _ 240 _

Rp =Ry " R,

241}
60 +410 10
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R, Circwt redrawn:

40 .
: i [

R, §6ﬂ Rp R §‘iﬂ - o A Sea R4
+ b “Short circuited” T b
= Rr=00)20=00 =
RE, _ (6)B8V) 48V

=48V

Th

TR, +tR, 60+40 10

%
ER 'E.ir?. R_gﬁfl _E-__--__STI." H3§2H
|
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Solution :

At first we find Ry,

Ry =Ry =Ry ||Rs+ Ry || Ry
—60(30+40]120
=20 +30=510

=
[]
' -+ e TRy -
fOMR=60) KVL D R 2120 I
'y i - [ - F _ _
E==T2V : . T
i i :
. Ry =30 40
\
Then we find V1y
R:E 6 )72V 432V
Vl _ 1 — ( }( Y) — =43V
Ri+R;, 60+30 9
R,E 12Q)72V 864 V
£ (124)(@2V) _sav

= R R 120+40 16

O
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Assuming the polarty shown for E5, and applying Kirchhoff's volt-
age law to the top loop in the clockwise direction will result in

S V=4En+V,—V,=0
and Em=V,—V, =54V —48V =6V

3.2 Norton’s Theorem

Norton’s theorem states the following:

An equivalent circuit consisting of a current source and a parallel resistor can replace any two-
terminal linear bilateral dc network.

The discussion of Thévenin’s theorem with respect to the equivalent circuit can also be applied to
the Norton equivalent circuit. The steps leading to the proper values of Iy and Rn_are now listed.

1. Remove that portion of the network across which the Norton equivalent circuit is found.
2. Mark the terminals of the remaining two-terminal network.

Rn:

3. Calculate Ry by first setting all sources to zero (voltage sources are replaced with short circuits,
and current sources with open circuits) and then finding the resultant resistance between the two
marked terminals. (If the internal resistance of the voltage and/or current sources is included in
the original network, it must remain when the sources are set to zero.) Since Ry = Ry, , the
procedure and value obtained using the approach described for Thévenin’s theorem will determine
the proper value of Ry.

In:

4. Calculate Iy by first returning all sources to their original position and then finding the short-
circuit current between the marked terminals. It is the same current that would be measured by an
ammeter placed between the marked terminals.

5. Draw the Norton equivalent circuit with the portion of the circuit previously removed replaced
between the terminals of the equivalent circuit.
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Example 3.4 Find the Norton equivalent circuit for the network in the shaded area of Fig. below
?

Fiv] a
Wy .
31
+
E_-—__QV R2§ﬁﬂ §F~L
=
- b

Solution:
1- Rn
R,
AWy .
E0)
R, §ﬁ 0 Ry
e b

BO6Q) _ 180

Ryu=R{||R=30]60Q = =2 1)
N 1 || Ra | 30160
2- In
Il Rl I_‘-. I_‘-.' Short
W—1————q 4
310 lf.lzﬂ -
+ + -
E===9V I’1R3§6H \ b
_ .
& b

Short circuited -~
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Vho=LR,=(0)60=0V
Therefore.

E 9V
Iy=—=2==3A
NTR, 30

3- Equivalent Circuit

a

A

Iy §RN =20

.
b

Example 3.5 Find the Norton equivalent circuit for the network external to the 9-Q resistor in
Fig. below ?

Solution
1- Rn

Ry=Ri+R:=50+40=91()
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R
Wy
50)
— d
ngm .
e b
2- In
5 5
po= R _(GO)0A) _S0A o o
Y R+R, 50+40 9
Ry
M
510
I — a
R:gq' 0 lﬂ:A ';_\.
Iy
3- Equivalent Circuit
&
Iy 5556 A RNgﬁﬂ RL§9£1
e b

_

1O
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Example 3.6 (Two sources) Find the Norton equivalent circuit for the portion of the network to
the left of a-b in Fig. below ??

i1

Rl%fm Ry <910}

I 8A Rggﬁﬂ R4§1Dﬂ
E; T IAY Ey=S 7

+

b

Solution:
1- Rn

40)60Q) _ 240

= 2.4 ()
40+ 61 10

RN=R1||R3=4Q”{3H=

I"'v=I=8A
The result 1s

In=I"'y—I'y=8A—175A =6.25A
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3- Equivalent Circuit

| B~

290
Iy CD 6I5A =Ry=240 R4§ 10

3.3 Current Sources

The current source is often referred to as the dual of the voltage source. A battery supplies
a fixed voltage, and the source current can vary; but the current source supplies a fixed current to
the branch in which it is located, while its terminal voltage may vary as determined by the network
to which it is applied. Note from the above that duality simply implies an interchange of current
and voltage to distinguish the characteristics of one source from the other.

A current source determines the current in the branch in which it is located

and

the magnitude and polarity of the voltage across a current source are a function of the network
to which it is applied.

Example 3.7 Find the voltage Vs and the currents I, and 5
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Solution:
V.=E=12V
Applying Kirchhoff’s current law:
I=5+1
and L=I-L=TA—3A=4A

3.4 Source Conversions

E-R

|||
or

f o ==
[

Example 3.8

a. Convert the voltage source of Fig.(a) below to a current source, and calculate the current

through the 4-Q load for each source.
b. Replace the 4-Q load with a 1-kQ load, and calculate the current I for the voltage source.
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Solutions:
3 a
E 6V lf
IL= = =1A ;
LTRAR, 20+40 £ 320
R.I (2 B A)
Ir = = = =1
ITR AR 20+40 RZ40
+
E 6V i . -
b I = - = 5.00 mA
TR A+R 20+41k0 m _I

(b)

Example 3.9 Reduce the network of Fig. below to a single current source, and calculate the
current through R, ??

Solution
L=I,+L=4A+6A=10A 1K
B 3 B R=sn Y

and R.=R/|R,=80Q(240=60 . C)M rg0 S0
Applying the current dvider rule .
.E'_ T 311l.-'

— Rl _ (6 fl)(lﬂiﬁ‘*} _ 60 A — 34 L
L R +R 604140 20 ; -
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"
L
I 4 g0 I;GD&A RS20 RI§1451
L
= I

3.5 Superposition Theorem

The superposition theorem, like the methods of the last chapter, can be used to find the
solution to networks with two or more sources that are not in series or parallel. The most obvious
advantage of this method is that it does not require the use of a mathematical technique such as
determinants to find the required voltages or currents. Instead, each source is treated
independently, and the algebraic sum is found to determine a particular unknown quantity of the
network.

The superposition theorem states the following:

The current through, or voltage across, an element in a linear bilateral network is equal to the
algebraic sum of the currents or voltages produced independently by each source.

Example 3.10 Using superposition, determine the current through the 4-Q resistor ??
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R
Ay
240}
El_—..— 54V Rjgl‘lﬂ E, === 48V
410
A
R T-

Solution: Considering the gffects aof a 54-V source

Rr=R1+R||R:=240+120]40=240+30=
E 54V
Ry 27Q

Using the current dvider rule,

, RI  (12)(2A)  24A

s = = = =15A
R,+R 1200+40 16

Considering the effects of the 48-V source

271}

Rr=R+R |R=40+240120=40+80=120

E, 48V
=2 = =4A

I.‘.‘ —
* Ry 120
R, I R,

A '

-:'4 ;’] _______ \ 49_1,;" I:Iﬂ.l'tf'l}" m

- replaced by short -
+ | ¥,  circuit N Ry

- -
Eyme= 54V RE 100 | - =V RS0
| _
I
R =40 .

in
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Ry
W S— - o
240 I I i
4 Br i
+ -— | =
R §11“ Eye=43V mmp- R 2240 RET120 E = 48V
—_ | —_
/I |
'n Ry I N
\. A l - , WA
402 210 411
34-V battery replaced
by short circunt
B I'=135A
The total current through the 4-{) resistor T —
_ W
L=1"3—-T;=4A —-15A =254 (direction of I";) A0
P Tia

3.6 Maximum Power Transfer Theorem

The maximum power transfer theorem states the following:

A load will receive maximum power from a linear bilateral dc network when its total resistive
value is exactly equal to the Thévenin resistance of the network as “seen” by the load.

For the Thévenin circuit

£l
Pr . = 4;; (watts, W)

For the Norton circuit

LRy _
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Example 3.11 Find the value of R, in Fig. below for maximum power to R, and determine the
maximum power ??

R i‘—_l
M—Ii
30 o By
68V
ICl)ﬁfk RE100 R,
Ry
W
21}
Solution
ﬂ.l].d RL = Rm =15 !l
Fl = F; =0V
and Vs =LA, =IR, = (6 A)(10 £2) = 60V

Applying Kirchhoff’s voltage law,
3aV=—V,—E +Ep=0

and Ep=V,+E =60V +68V=128V

_ Em (128

Thus, F = = =273.07TW
fmec 4R 415 (D)
Ry
A C—a
in
C &3
R, =101} —_—
o s Ry
20




