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NETWORK THEOREMS (DC)

9.2 SUPERPOSITION THEOREM

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

When removing a voltage source from a network schematic, replace it with a direct

connection (short circuit) of zero ohms. Any internal resistance associated with the source
must remain in the network.

When removing a current source from a network schematic, replace it by an open circuit of
infinite ohms. Any internal resistance associated with the source must remain in the network.
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Removing a voltage source and a current source to permit the application of the superposition theorem.
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EXAMPLE 9.1 Using the superposition
theorem, determine current /1 for the network
in Fig.

Due to the open circuit, resistor R1 is in series

, VN _E _30V__
'R, R, 60O
R.I (0 Q)1

I = = =
' R.+R 0Q+6Q

L=I'+I'=5A+0A=
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EXAMPLE 9.2 Using

the

superposition

theorem, determine the current through the
12 Q resistor in Fig. Note that this is a two-
source network of the type examined in the
previous chapter when we applied branch-
current analysis and mesh analysis.

R Ry
AWy AWy
240 l,r, 40

§129

48 V battery

replaced by short

circuit

—>

»

R, R,
M MWy
240 L_o 40
+ --_
E, =54V Rzgliﬂ E, =
_ | +
I, R,
’ MW
24 0) l,;
. )
4 T
E, =54V Rg§129 R3§4Q

The total resistance seen by the source is therefore

Rr=R +RR; =240 +12Q4Q=240+30=27Q

and the source current is

E, _ 54V _

[ = —
5 RT

270 T
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Using the current divider rule results in the contribution to /; due to the
54 V source:

Rl _ (40)2A)

I = = =05A
"R +R, 40+120
X, Ry Ry
24 Q 4 ) 40
Ry
T - -
Rz§129 E, "= 48V -R|§24Q R2§129 By == 48V
* +
T]”3 Tl"z
54V battery replaced B 8 ) =

by short circuit

Therefore, the total resistance seen by the 48 V source is
R =R, +R,|R, =40+ 12Q|240=40+830=120Q
and the source current is

1_52_43*«;_
Ry 120
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Applying the current divider rule results in

R(l) (24Q)4A
P R
"R+ R, 240+ 120

It is now important to realize that current /12 due to each source has a different direction, as

shown in Fig. The net current therefore is the difference of the two and the direction of the
larger as follows:

L=1I"—1,=26TA—05A =217A

TI"3=2.67A TIZ:Z.HA
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9.3 THEVENIN’S THEOREM

Any two-terminal dc network can be

replaced by an

equivalent

circuit

consisting solely of a voltage source and

a series resistor as shown in Fig.

Thévenin’s Theorem Procedure

Ahﬁ -

e b

1. Remove that portion of the network where the Thévenin equivalent circuit is found. In Fig.,
this requires that the load resistor RL be temporarily removed from the network.
2. Mark the terminals of the remaining two-terminal network.

R,

Wy
&= QO =
U

P o

g

I

e b
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RTh:

3.Calculate Rth 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.)

ETh:

4.Calculate Eth 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 causes 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:

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. 9.25(b).



EXAMPLE 9.7 Find the Thévenin equivalent -
circuit for the network in the shaded area of AN

the network in Fig.

L B~

Ry =R +R,=40+20=6Q .
- b
R +V, =0V - VW
M ® M ’. ® a
I 2Q TV¥R, =20 I=0%+ Ry, = 68
+
Rl§4ﬂ *“—Rp I=12A RI§4Q Epn ...__—_ Ep = 48V R}§7Q
1 o b l_ X = ® )
-TL = b -

In this case, since an open circuit exists between the two marked terminals, the current is zero
between these terminals and through the 2 Q resistor. The voltage drop across Rz is, therefore,

Vo=LR,=(0)R, =0V
Epy=Vi=LR =1IR, =(12A)4()) =48V

and
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9.4 NORTON’S THEOREM

®
Any two-terminal linear bilateral dc
network can be replaced by an equivalent C) , g ;
circuit consisting of a current source and a N N
parallel resistor, as shown in Fig.

e b

Norton’s Theorem Procedure —

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 RN 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 RN = Rth, the procedure and value
obtained using the approach described for Thévenin’s theorem will determine the proper value of Rn.

IN:

4.Calculate In 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.

Conclusion:

5. Draw the Norton equivalent circuit with the portion of the circuit previously removed

replaced between the terminals of the equivalen t cirauit



The Norton and Thévenin

equivalent circuits can also be RM 5 ¢ ¢
found from each other b 4+ Th = AN
- Y i - A\ Epy
using the source — E = IyRy Iy —Th §Rv = Ry,
transformation discussed B « Ry
earlier in this chapter and - + .
reproduced in Fig. - —
EXAMPLE 9.11 Find the Norton equivalent R, Y
circuit for the network in the shaded area in Fig. MW .
30
R, +
vh e
I
R, § 6 0 R, #
e b o o
= o B0)6E0) 180
1r| R] .Ir__-.: In.' SIIOIT = R‘.\f = Rl || RW — 3 (l || 6 \(2 — ~ . = . — ~ — 2 Q
e e : 30+60 9
I =0 [ Vo=5LR, = (006 Q =0V
4 + N RYRe = (0)6 £ =0V
E T - R- 60 I
= ' 7 E, 9N ...
- N _ — = = ——=l, Y.
; l, R, 30
=  Short circuited -~
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RTh = R/V =240

$ d B M 9
3A
I,= 3A §R~= 20 §RL I §RN 20mmp ==Ep, = Ry = GA2Q) = 6V
L -2 o

|+

ab—|1

EXAMPLE 9.12 Find the Norton equivalent circuit R,
for the network external to the 9 Q resistor in Fig. MN
Ry a
: ) I "
R, R3§4ﬂ . RL§QH
—WAN—
30 ————& (i —
-l_— b
—;‘___‘I ﬂ—
R, 240 =
- o b
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Iy

R
50
/ —9 a

D
, \ 4 Rl§
Rz§4ﬂ 0A | »Rz 40 1( | )10A 50

b a
® b —
- = Iy
R 5Q0Q)(10 A 5
__RI__(5M(0A) _50A
R,+R, 50+4Q 9
IHCDS.E:’-A RN§9!.1 Rf_ggﬂ
® b
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9.5 MAXIMUM POWER TRANSFER THEOREM

A load will receive maximum power from a network when its resistance is exactly
equal to the Thévenin resistance of the network applied to the load. That is,

R, = Ry, R j

=L gRL =Ry
The maximum power delivered to the load can
be determined by first finding the current: ®

_ E Th _ E Th _ E Th -
Ri".l'r + RI_ R?'.l'r + RT!J 2"E;"I".l'r

I

Then substitute into the power equation: =
i , Tl

5 e FB Ey, '(R j < En Ry, and PL = ’

: S 2R Th = 4R :Iz'h 4RTII

Maximum power transfer occurs when the load voltage and current
are one-half of their maximum possible values.
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For the circuit in Fig., the current through the
load is determined by

 Ep 60V
The voltage is determined by

REn  R(60V)

V= =
i RL G RT/: RL g RTII

I

. oy s FR ( 60 V )3 (R 3600R,
an € power by L = [ L — I —
90 + R, (9Q + R,)
R; (£2) P; (W) I; (A) Vi (V)
5 91.84 4.29 21.43
6 96.00 4.00 24.00
7 98.44 | Increase TS Decrease 26.25 Increase
8 99.65 353 28.23
9 (R4y,) 100.00 (Maximum) 3.33(1,./2) 30.00 (E4;,/2)
10 99.72 3.16 31.58
11 99.00 3.00 33.00
12 97.96 2.86 34.29
13 96.69 2.73 35.46
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Under maximum power conditions, only half the power delivered by the source gets to the load.
On an efficiency basis, we are working at only a 50% level, but we are content because we are
getting maximum power out of our system.

The dc operating efficiency is defined as the ratio of the power delivered to the load (PL) to the
power delivered by the source (Ps). That is:

L

T]% :F > 100%

5

For the situation where R; = Ry,

, I'R, , R; , Ry,
N% = — X 100% = — X 100% = X 100%
I'R, Ry Ry, + Ry,
RTI: l
= X 100% = — X 100% = 50%

2RT/1 2
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Power flow
Consider the circuit in Fig. where the load

resistance is set at 100 Q and the power \Pr;,
to the Thévenin resistance and to the load
are calculated as follows: P
P AW~ e
Ry, =9Q
+
Exi _: Oy R, §10012
E, 60 V 60 V
I, =—————= — = 550.5 mA
R+ R 98410080 109 ()
with Pp = IRy, = (550.5mA)*9 Q) =2.73 W =

and P, = I/R, = (550.5 mA)*(100 Q) = 303 W

The results clearly show that most of the power supplied by the battery is getting to the load—a
desirable attribute on an efficiency basis. However, the power getting to the load is only 30.3 W
compared to the 100 W obtained under maximum power conditions.

If efficiency is the overriding factor, then the load should be much larger than
the internal resistance of the supply. If maximum power transfer is desired
and efficiency less of a concern, then the conditions dictated by the maximum
power transfer theorem should be applied.
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EXAMPLE 9.17 Given the network in Fig.,
find the value of Rifor maximum power to ?{)\' + MI_ T
the load, and find the maximum power to i

the load. R, ’<v>6A R, <100 §R,_

AN e —— @
| i
O
R3§109 T = 20
O
20
MWy °
- R:
Ry=R, +R,+R,=3Q0+100+20=15Q
-V, =0V +
RL:RTHZISQ I ‘=) IEl
AWV 1|, °
V1=V3=DV - Ry =390 +68V -
V2=[2R2:lRZZ(ﬁA)(IO\(l)Z()OV 1:<'> +V2§R3: 10 ) E4,
Ep=V,+E=60V +68V =128V 6A 6 A T’=6A I=0
p = En BV irw i
- AR A15Q) T £ V=0V -
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PROBLEMS

SECTION 9.2 Superposition Theorem: 1, 2, 3,5

SECTION 9.3 Thévenin’s Theorem: 8, 9, 10, 11, 12, 16

SECTION 9.4 Norton’s Theorem: 20, 21, 23

SECTION 9.5 Maximum Power Transfer Theorem: 24, 26, 27, 28, 30



Thank you very much

MSc. ZAHRAA HAZIM



	Slide 1
	Slide 2: NETWORK THEOREMS (DC)
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Any two-terminal dc
	Slide 8
	Slide 9: EXAMPLE 9.7 Find the Thévenin equivalent  circuit for the network in the shaded area of  the network in Fig.
	Slide 10: Any two-terminal linear bilateral dc  network can be replaced by an equivalent  circuit consisting of a current source and a  parallel resistor, as shown in Fig.
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: For the circuit in Fig., the current through the  load is determined by
	Slide 16
	Slide 17: Consider the circuit in Fig. where the load  resistance is set at 100 Ω and the power  to the Thévenin resistance and to the load  are calculated as follows:
	Slide 18
	Slide 19: PROBLEMS
	Slide 20: Thank you very much

