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Lecture 5

METHODS OF CIRCUITS ANALYSIS

Thevenin’s and Norton Theorem,
Maximum Power




THEVENIN'S THEOREM

— AN/
Thevenin's theorem states that a linear two-terminal circuit can be replaced
by an equivalent circuit consisting of a voltage source Vr, in series with I a
S a resistor Ry, where Vy, is the open-circuit voltage at the terminals _ o
and Ry, is the input or equivalent resistance at the terminals when Linear +
: two-termunal 8 Load
the independent sources are turned off. S
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FigLH'E 4123 Feplacing a linear two-terminal
circuit by its Thevenin equivalent: (a) original
circuit, (b) the Thevenin equivalent circuit.
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Figure4.26 A circuit with a load:
(a) original circuit, (b) Thevenin
equivalent.
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Find the Thevenin equivalent circuit of the circuit shown n Fig. 4.27, to 4Q 1Q

the left of the terminals a-b. Then find the current through R; = 6, 16, VW —VWW—0

and 36 Q. 2V f) 12!1,; (D 1A ;/RL

Solution: )J
We find Ry, by tumning off the 32-V voltage source (replacing it with ;
a short circuit) and the 2-A current source (replacing it with an open
circuit). The circuit becomes what 1s shown in Fig. 4.28(a). Thus, Figure 421 For Example 48
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FiELH'E 428 For Example 4.8: (a) finding Ry, (b) finding Vpy.
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=324 4i; + 12(i; = ip) =0, h==-2A

Solving for i1, we get i) = 0.5 A. Thus,

Vm=12() — i) = 1205+ 2.0) =30V
Alternatively, 1t 15 even easier to use nodal analysis. We ignore the 1-£2
resistor since no current flows through 1t. At the top node, KCL gives

1 — ¥ W
2w, _'m
4 12
or

96 -3V +24=Vn — V=30V

as obtamed before. We could also use source transformation to find V.

The Thevenin equuvalent circuit 15 shown m Fig. 4.29. The current
through R; 1s
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When R = 36,

IL=2-=075A
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PRACTICE PROBLENEHN

Obtain the Thevenin equivalent of the circuit i Fig, 4.36. 00 4y
Answer: V=0V Ry =-750. AW ‘ 00
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Vx_ : )] 3 [
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Fre 430 For Pracice Prob 410

%




NORTON’'S THEOREM

AN N

Morton’s theorem states that a linear two-terminal circuit can be replaced
by an equivalent circuit consisting of a current source Iy in parallel with
a resistor Ry, where Iy, is the short-circuit current through the terminals
and Ry, is the input or equivalent resistance at the terminals when the

independent sources are turned off.
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Figure 438 Finding Norton
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Figure 4.37  (a) Original circuit.
(b)) MNorton eqguivalent circuit.
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Figure 439 For Example 411

Find the Norton equivalent circuit of the circuit in Fig. 4.39.
Solution:

We find Ry in the same way we find Ry, 1n the Thevenin equivalent cir-
cut, Set the independent sources equal to zero. This leads to the circuit
in Fig, 4.40(a), from which we find Ry. Thus,
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=4Q

Ry=5](8+448)=5]20=

25

To find Iy, we short-circuit termmals a and b, as shown i Fig. 4.40(b).
We 1gnore the 5-Q resistor because 1t has been short-circutted. Applying
mesh analysis, we obtain

=24 20;p-4;-12=0
From these equations, we obtain
h=1A=i,=Iy

Altematrvely, we may determine [y from Vg, /Ry, We obtain Vg
as the open-circuit voltage across termmals @ and b m Fig. 4.40(c). Using
mesh analysis, we obtain
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Figure 440 For Example 411: finding: (2) Ry. (b) Iy = ise. () VTp = vec.

Hence,
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a5 btained prevously. This also serves o confirm Eq, (47) that Ry, =

e/ = 41 = 4. Thos, the Norton equivalent ireut 15 as shown
Fig. 441,
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PRACTICE PROBLENERN

Find the Norton equivalent circust for the circutt n Fig. 4.42.

Answer: Ry=3Q, Iy=45A
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MAXIMUM POWER TRANSFER

—o AAAA—
Maximum power is transferred to the load when the load resistance equals the
Thevenin resistance as seen from the load (Ry = Ry).
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Figure 449 Power delivered to the load

as a function of Ry .
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EXAMPLE

Find the value of RL for maximum power

transfer in the circuit of Fig. 60 10 2 a
4.50. Find the maximum power. M WV WA/ V—Q—[
<
/ = 120 2A
w@ im @

Solution:

We need to find the Thevenin resistance RTh and the
Thevenin Voltage

VTh across the terminals a-b. To get RTh, we use the circuit F|g|.|rE 4‘50 For Example 4.13.

in Fig. 4.51(a)

and obtain
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Figure 45|  For Example 4 13 (a) finding RTy. (b) finding VTy

To get V1. we consider the circuit in Fig. 4.51(b). Applving mesh anal-
V1S,

—12 4+ 18i7 — 12i> = 0, I = —2A

Solving for i;. we geti; = —2/3. Applving KVL around the outer loop
to get V1n across terminals a-b. we obtain

—12 4+ 6i1 4+ 3i> + 2(0) + V1 = 0O — Vi, = 22V
For maximnmun power transfer,

and the maximum power 1s

_ — T 13.44W
Pmax = o " = 41 x 0
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Thank you

With my best regards




