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(b) Thévenin equivalent

Figure 3-20: A circuit can be represented in terms of a Thévenin
equivalent comprising a voltage source vry in series with a
resistance Ry
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(b) Replacing Ry with open circuit
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(c) Replacing Ry, with short circuit
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(d) Thévenin equivalent circuit

Exercise 3-11: Determine the Thévenin-equivalent
circuit at terminals (a, b) in Fig. E3.11.

Equivalent-Resistance Method
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Figure 3-24: For a circuit that does not contain_dependent

sources, Ry, can be determined by deactivating all sources
(replacing voltage sources with short circuits and current sources
with open circuits) and then simplifying the circuit down to a
single resistance Req.
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External-Source Method
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Figure 3-26: If a circuit contains both dependent and
independent sources, Ry, can be determined by (a) deactivating
only independent sources ( by replacing independent voltage
sources with short circuits and independent current sources
with open circuits), (b) adding an external source vex. and
then (¢) solving the circuit to determine icx. The solution is
R = Vex/iex.

(¢) Equivalent circuit for caleulating Ry,

Solution: The KVL equation for mesh curremt [y in
Fig. 3-27(a) is given by

=33+60 +2I1+31: =0

Recognizing that i, = /. solution of the preceding equation
leads to
I =3A.

Since there is no voltage drop across the 4 2 resistor (because
no current is flowing through it),

Viy = Vp = 20y 4+ 30y =51 = 15V.

To find Ry, using the external-source method, we deactivate the
33 V voltage source and we add an external voltage source Vey.
as shown in 27(b). Our task is to obtain an expression for
Iy in terms of Viy. In Fig, 3-27(b) we have two mesh currents,
which we have labeled /] and /. Their equations are given by

61 +2(1] — 13} + 31, =0,
=3+ 205 = I+ 41 + Ver =0,
After replacing /; with /{ and solving the two simultaneous
equations, we obtain
1

b=z Ves,

and
11
Iﬁ = ~36 Vox:

For the equivalent circuit shown in Fig. 3-27(c),

In terms of our solution, lex = —L_;. Hence,
Vex 56

R = -~ Q.




Table 3-1: Properties of Thévenin/Norton analysis techniques.

To Determine | Method Can Circuit Contain Dependent Sources?  Relationship
v, Open-circuit v Yes vm = U,
vy Short-circuit i (if Ry is known) Yes Ut = R
Ry Openlshort Yes [
R Equivalent R No R = Req
R, External source Yes R = Vo iex

iN = v/ R RN = R




