
Teoremas para Análise de Circuitos

• Teorema da máxima transferência de Potência



• Ao se projetar um circuito, devemos ser capazes de responder às 
seguintes perguntas. 

• Qual carga deve ser aplicada a um sistema para assegurar 
que ele esteja recebendo a potência máxima do sistema. 

• Para uma carga em particular, quais condições devem ser 
impostas sobre a fonte para assegurar que ela vai transferir a 
máxima potência disponível?

Teorema da Máxima Transferência de Potência



• A potência transferida a uma carga por um circuito será máxima 
quando a resistência dessa carga for exatamente igual à 
resistência de Thévenin do circuito ligado a esta carga.

• Em outras palavras, para o circuito equivalente de Thévenin, quando a carga 
for regulada igual à resistência de Thévenin, receberá potência máxima do 
circuito.

Teorema da Máxima Transferência de Potência



Calculando a corrente no circuito acima:

iL =
ETh

RTh +RL
iL =

ETh

RTh +RTh

RL = RTh

iL =
ETh

2RTh



Calculando a potência, temos: P = RLi
2
L

RL = RTh
iL =

ETh

2RTh
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Th

4R2
Th

Finalmente,
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E2
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Para o circuito de Norton, a máxima potência será transmitida quando:
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FIG. 9.79
Thévenin equivalent network to be used to validate the maximum power

transfer theorem.
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FIG. 9.78
Defining the conditions for maximum power to a load using the Norton 

equivalent circuit.

(9.4)

This result [Eq. (9.4)] will be used to its fullest advantage in the analy-
sis of transistor networks, where the most frequently applied transistor
circuit model employs a current source rather than a voltage source.

For the network of Fig. 9.77,

I !

and PL ! I2RL ! ! "
2
RL

so that PL !

Let us now consider an example where ETh ! 60 V and RTh ! 9 ",
as shown in Fig. 9.79.
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The power to the load is determined by

PL ! !

with IL ! !

and VL ! !

A tabulation of PL for a range of values of RL yields Table 9.1. A plot
of PL versus RL using the data of Table 9.1 will result in the plot of Fig.
9.80 for the range RL ! 0.1 " to 30 ".
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When RL ! RTh,

h% ! " 100% ! " 100% ! 50%

Under maximum power transfer conditions, therefore, PL is a maxi-
mum, but the dc efficiency is only 50%; that is, only half the power
delivered by the source is getting to the load.

A relatively low efficiency of 50% can be tolerated in situations
where power levels are relatively low, such as in a wide variety of elec-
tronic systems. However, when large power levels are involved, such as
at generating stations, efficiencies of 50% would not be acceptable. In
fact, a great deal of expense and research is dedicated to raising power-
generating and transmission efficiencies a few percentage points. Rais-
ing an efficiency level of a 10-mega-kW power plant from 94% to 95%
(a 1% increase) can save 0.1 mega-kW, or 100 million watts, of
power—an enormous saving!

Consider a change in load levels from 9 # to 20 #. In Fig. 9.80, the
power level has dropped from 100 W to 85.61 W (a 14.4% drop), but
the efficiency has increased substantially to 69% (a 38% increase), as
shown in Fig. 9.82. For each application, therefore, a balance point
must be identified where the efficiency is sufficiently high without
reducing the power to the load to insignificant levels.

Figure 9.83 is a semilog plot of PL and the power delivered by the
source Ps ! EThIL versus RL for ETh ! 60 V and RTh ! 9 #. A semilog
graph employs one log scale and one linear scale, as implied by the pre-
fix semi, meaning half. Log scales are discussed in detail in Chapter 23.
For the moment, note the wide range of RL permitted using the log scale
compared to Figs. 9.80 through 9.82.

It is now quite clear that the PL curve has only one maximum (at RL !
RTh), whereas Ps decreases for every increase in RL. In particular, note
that for low levels of RL, only a small portion of the power delivered by
the source makes it to the load. In fact, even when RL ! RTh, the source
is generating twice the power absorbed by the load. For values of RL
greater than RTh, the two curves approach each other until eventually
they are essentially the same at high levels of RL. For the range RL !
RTh ! 9 # to RL ! 100 #, PL and Ps are relatively close in magnitude,
suggesting that this would be an appropriate range of operation, since a
majority of the power delivered by the source is getting to the load and
the power levels are still significant.

The power delivered to RL under maximum power conditions (RL !
RTh) is

I ! !
ETh$

2RTh
ETh$

RTh % RL

RL$
2RL

RL$
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PL ! I2RL ! ! "
2
RTh !

and (watts, W) (9.6)

For the Norton circuit of Fig. 9.78,
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A máxima transferência de potência ocorre quando a tensão e a corrente 
da carga estão na metade dos seus valores possíveis máximos.

Exemplo:

iL =
60

9 +RL

VL =

✓
RL

RL +RTh

◆
60

PL = i2LRL =

✓
60

9 +RL

◆2

RL



• Fazendo RL variar de 0,1Ω até 30Ω 
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TABLE 9.1

RL (!) PL (W) IL (A) VL (V)

0.1 4.35 6.59 0.66
0.2 8.51 6.52 1.30
0.5 19.94 6.32 3.16
1 36.00 6.00 6.00
2 59.50 5.46 10.91
3 75.00 5.00 15.00
4 85.21 4.62 18.46
5 91.84 Increase 4.29 Decrease 21.43 Increase
6 96.00 4.00 24.00
7 98.44 3.75 26.25
8 99.65 3.53 28.23
9 (RTh) 100.00 (Maximum) 3.33 (Imax/2) 30.00 (ETh /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
14 95.27 2.61 36.52
15 93.75 2.50 37.50
16 92.16 2.40 38.40
17 90.53 Decrease 2.31 Decrease 39.23 Increase
18 88.89 2.22 40.00
19 87.24 2.14 40.71
20 85.61 2.07 41.38
25 77.86 1.77 44.12
30 71.00 1.54 46.15
40 59.98 1.22 48.98

100 30.30 0.55 55.05
500 6.95 0.12 58.94

1000 3.54 0.06 59.47
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FIG. 9.80
PL versus RL for the network of Fig. 9.79.

• Conclusão: 

• Quando RL=RTh, a potência é máxima 

• P=100W e i=3,33 A = imax/2, e V=30 
V=ETh/2 

• Se a carga aplicada é menor do 
que a resistência de Thévenin, a 
potência para a carga cairá 
rapidamente na medida em que 
ela fica menor.

• Entretanto, se a carga aplicada 
for maior do que a resistência de 
Thévenin, a potência para  a 
carga não cairá tão rapidamente 
na medida em que ela aumenta.



A potência total fornecida por uma fonte é absorvida tanto pela resistência 
equivalente de Thévenin quanto pela resistência da carga. Qualquer 
potência fornecida pela fonte que não chegue à carga é perdida para a 
resistência de Thévenin.
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TABLE 9.1

RL (!) PL (W) IL (A) VL (V)

0.1 4.35 6.59 0.66
0.2 8.51 6.52 1.30
0.5 19.94 6.32 3.16
1 36.00 6.00 6.00
2 59.50 5.46 10.91
3 75.00 5.00 15.00
4 85.21 4.62 18.46
5 91.84 Increase 4.29 Decrease 21.43 Increase
6 96.00 4.00 24.00
7 98.44 3.75 26.25
8 99.65 3.53 28.23
9 (RTh) 100.00 (Maximum) 3.33 (Imax/2) 30.00 (ETh /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
14 95.27 2.61 36.52
15 93.75 2.50 37.50
16 92.16 2.40 38.40
17 90.53 Decrease 2.31 Decrease 39.23 Increase
18 88.89 2.22 40.00
19 87.24 2.14 40.71
20 85.61 2.07 41.38
25 77.86 1.77 44.12
30 71.00 1.54 46.15
40 59.98 1.22 48.98

100 30.30 0.55 55.05
500 6.95 0.12 58.94

1000 3.54 0.06 59.47
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FIG. 9.80
PL versus RL for the network of Fig. 9.79.
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Note, in particular, that PL is, in fact, a maximum when RL ! RTh !
9 ". The power curve increases more rapidly toward its maximum value
than it decreases after the maximum point, clearly revealing that a small
change in load resistance for levels of RL below RTh will have a more
dramatic effect on the power delivered than similar changes in RL above
the RTh level.

If we plot VL and IL versus the same resistance scale (Fig. 9.81), we
find that both change nonlinearly, with the terminal voltage increasing
with an increase in load resistance as the current decreases. Note again
that the most dramatic changes in VL and IL occur for levels of RL less
than RTh. As pointed out on the plot, when RL ! RTh, VL ! ETh/2 and 
IL ! Imax/2, with Imax ! ETh/RTh.

Th

FIG. 9.81
VL and IL versus RL for the network of Fig. 9.79.
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The dc operating efficiency of a system is defined by the ratio of the
power delivered to the load to the power supplied by the source; that is,

(9.5)

For the situation defined by Fig. 9.77,

h% ! # 100% ! # 100%
I2

LRL$
I2

LRT

PL$
Ps

h% ! $
P
P

L

s
$ # 100%



Eficiência Operacional.

⌘ =
PL

Ps
⇥ 100

Para o caso em que RL = RTh

⌘ =
i2LRL

i2LRT
=

RL

RT

⌘ =
RTh

RTh +RTh

⌘ = 0, 5



Exemplo:

Calcule a corrente em RL e as potências para a resistência de 
Thévenin e para a carga.



Se a eficiência é o fator predominante, então a carga deve ser muito 
maior do que a resistência interna da fonte.  

Se uma transferência de potência máxima for desejada e a eficiência 
for uma preocupação menor, então as condições ditadas pelo 
Teorema de máxima transferência de potência devem ser aplicadas.



Exemplo 1: Um gerador de corrente contínua, uma bateria e um kit de 
laboratório estão conectados a uma carga RL.
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EXAMPLE 9.14 A dc generator, battery, and laboratory supply are
connected to a resistive load RL in Fig. 9.84(a), (b), and (c), respec-
tively.

RL

2.5 !Rint

–

+
E

RL

0.5 !Rint

–

+
E

RL

40 !Rint

–

+
E

(a)  dc generator (b)  Battery (c)  Laboratory supply

FIG. 9.84
Example 9.14.

a. For each, determine the value of RL for maximum power transfer to
RL.

b. Determine RL for 75% efficiency.

Solutions:

a. For the dc generator,

RL ! RTh ! Rint ! 2.5 !

For the battery,

RL ! RTh ! Rint ! 0.5 !

For the laboratory supply,

RL ! RTh ! Rint ! 40 !

b. For the dc generator,

h ! (h in decimal form)

h !

h(RTh " RL) ! RL

hRTh " hRL ! RL

RL(1 # h) ! hRTh

and (9.8)

RL ! ! 7.5 !

For the battery,

RL ! ! 1.5 !0.75(0.5 $)
%%

1 # 0.75

0.75(2.5 $)
%%

1 # 0.75

RL ! %
1
hR

#
Th

h
%

RL%
RTh " RL

Po%
Ps

a) Determine para cada um o valor de RL para que ocorra a máxima 
transferência de potência para RL 

b) Determine RL para uma eficiência de 75%.



Exemplo 2: Determine RL necessária para que ocorra a máxima 
transferência de potência para RL e calcule a potência sobre esta 
resistência, no circuito abaixo.
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For the laboratory supply,

RL ! ! 120 !

The results of Example 9.14 reveal that the following modified form
of the maximum power transfer theorem is valid:

For loads connected directly to a dc voltage supply, maximum power
will be delivered to the load when the load resistance is equal to the
internal resistance of the source; that is, when

(9.9)

EXAMPLE 9.15 Analysis of a transistor network resulted in the
reduced configuration of Fig. 9.85. Determine the RL necessary to trans-
fer maximum power to RL, and calculate the power of RL under these
conditions.

Solution: Eq. (9.4):

RL ! Rs ! 40 k!

Eq. (9.7):

PLmax ! ! ! 1 W

EXAMPLE 9.16 For the network of Fig. 9.86, determine the value of
R for maximum power to R, and calculate the power delivered under
these conditions.

Solution: See Fig. 9.87.

RTh ! R3 " R1 ! R2 ! 8 # " ! 8 # " 2 #

and R ! RTh ! 10 !

See Fig. 9.88.

ETh ! ! ! ! 4 V

and, by Eq. (9.6),

PLmax ! ! ! 0.4 W

EXAMPLE 9.17 Find the value of RL in Fig. 9.89 for maximum power
to RL, and determine the maximum power.

Solution: See Fig. 9.90.

RTh ! R1 " R2 " R3 ! 3 # " 10 # " 2 # ! 15 #
and RL ! RTh ! 15 !
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$$

4
I2

NRN$
4
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$$

1 % 0.75

Th

I 10 mA Rs 40 k! RL

FIG. 9.85
Example 9.15.
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Example 9.16.
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FIG. 9.87
Determining RTh for the network external to 

the resistor R of Fig. 9.86.
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Determining ETh for the network external to 

the resistor R of Fig. 9.86.
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Example 9.17.



Exemplo 3: Determine RL necessária para que ocorra a máxima 
transferência de potência para RL  e calcule a potência sobre esta 
resistência, nos circuitos abaixo.
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For the laboratory supply,

RL ! ! 120 !

The results of Example 9.14 reveal that the following modified form
of the maximum power transfer theorem is valid:

For loads connected directly to a dc voltage supply, maximum power
will be delivered to the load when the load resistance is equal to the
internal resistance of the source; that is, when

(9.9)

EXAMPLE 9.15 Analysis of a transistor network resulted in the
reduced configuration of Fig. 9.85. Determine the RL necessary to trans-
fer maximum power to RL, and calculate the power of RL under these
conditions.

Solution: Eq. (9.4):

RL ! Rs ! 40 k!

Eq. (9.7):

PLmax ! ! ! 1 W

EXAMPLE 9.16 For the network of Fig. 9.86, determine the value of
R for maximum power to R, and calculate the power delivered under
these conditions.

Solution: See Fig. 9.87.

RTh ! R3 " R1 ! R2 ! 8 # " ! 8 # " 2 #

and R ! RTh ! 10 !

See Fig. 9.88.

ETh ! ! ! ! 4 V

and, by Eq. (9.6),

PLmax ! ! ! 0.4 W

EXAMPLE 9.17 Find the value of RL in Fig. 9.89 for maximum power
to RL, and determine the maximum power.

Solution: See Fig. 9.90.
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Example 9.17.
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For the laboratory supply,

RL ! ! 120 !

The results of Example 9.14 reveal that the following modified form
of the maximum power transfer theorem is valid:

For loads connected directly to a dc voltage supply, maximum power
will be delivered to the load when the load resistance is equal to the
internal resistance of the source; that is, when

(9.9)

EXAMPLE 9.15 Analysis of a transistor network resulted in the
reduced configuration of Fig. 9.85. Determine the RL necessary to trans-
fer maximum power to RL, and calculate the power of RL under these
conditions.

Solution: Eq. (9.4):

RL ! Rs ! 40 k!

Eq. (9.7):

PLmax ! ! ! 1 W

EXAMPLE 9.16 For the network of Fig. 9.86, determine the value of
R for maximum power to R, and calculate the power delivered under
these conditions.

Solution: See Fig. 9.87.

RTh ! R3 " R1 ! R2 ! 8 # " ! 8 # " 2 #

and R ! RTh ! 10 !

See Fig. 9.88.

ETh ! ! ! ! 4 V

and, by Eq. (9.6),
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EXAMPLE 9.17 Find the value of RL in Fig. 9.89 for maximum power
to RL, and determine the maximum power.

Solution: See Fig. 9.90.
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