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General Objectives:

« Simplifying the analysis of complex electrical circuits Into an
equivalent simple circuit.

« Enhancing students' understanding of electrical network principles and
fundamental laws.

 Developing students' skills in solving electrical circuits efficiently and
quickly.

* Enabling learners to apply Thevenin's theorem in practical
applications such as circuit design and analysis.

 Facilitating the study of the impact of changes iIn electrical
components on the system as a whole.



Specific objectives:

Enabling students to determine the equivalent resistance of the voltage

source (Thevenin Resistance).

* Introducing students to the calculation of Thevenin \oltage through
voltage analysis across open terminals.

« Enabling students to construct the Thevenin equivalent circuit and
replace complex parts with it.

 Improving skills in using measuring instruments such as the voltmeter
and ohmmeter for practical verification of the theory.

« Enhancing the ability to evaluate the efficiency of electrical design using
the Thevenin equivalent circuit.

 Developing analytical thinking and practical skills in dealing with real

electrical systems.



Introduction

* Thevenin’s Theorem is one of the fundamental theorems in electrical circuit
analysis. It aims to simplify complex circuits into an equivalent simple circuit,
making them easier to understand and analyze.

* The Concept of the Theorem:

Thevenin’s Theorem states that any electrical network containing voltage or
current sources and resistors between two terminals (A and B) can be replaced
by an equivalent circuit consisting of:

« A single voltage source (V_th): This represents the open-circuit voltage
between the two terminals (the voltage measured when no load is connected
between them).

« A single resistance (R_th): This represents the equivalent resistance of the
network when all voltage and current sources are deactivated (voltage sources
are replaced with short circuits, and current sources are replaced with open
circuits).



Thevenin’s Theorem
Solution method:

 Finding the Thevenin Voltage (V_th):
Calculate the voltage between terminals A and B with the load
disconnected.

 Finding the Thevenin Resistance (R_th):
Deactivate the power sources in the circuit and calculate the equivalent
resistance between terminals A and B.

« Drawing the Thevenin Equivalent Circuit:
Draw the voltage source (V_th) in series with the equivalent resistance
(R_th), then connect the load between the terminals.



Thevenin’s Theorem

Exampell: Find the Thevenin equivalent circuit of the circuit shown in Fig. 5.1, to
the left of the terminals a-b . Then find the current through R; (6,16 and 36)Q.

4Q 1Q
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Solution: We find by turning off the 32-V voltage source 2@ e § ® 24 g‘@

(replacing it with a short circuit) and the 2-A current source b
(replacing it with an open circuit).The circuit becomes what E‘f::i ?01 EEgaur:SIlgnf
IS shown in Fig. 5.2 (a).Thus,
4X12 4 € 1Q
RTH=4||12+1=4+12+1=4Q a
12 Q ,..Ri

(a)
Figure 5-2 (a) finding Ry,



Thevenin’s Theorem

40 Vo 1Q )
To find consider the circuit in Fig. 5.3 (b). Applying mesh L _ "
analysis to the two loops, we obtain (For loop 1) 2v Q) @ e § /—) Ok '
—32+16i; —12i, =0 (b)
16i; — 12i, = 32 .......Eq(1) (b) calculating vy
For Loop 2
I, = —2A SubinEq(l)

8
16i; — 12X (-2) =32 =216i; = 32— 24 =>i1=E=O.5A
v = 12(i;—i,) = 12[0.5 - (-2)] =12(2.5) =30V
or Alternatively, it is even easier to use nodal
32— vTh analysis. We ignore the 1Q resistor since no

t2= 1_2h multblied by 12 current flows through it. At the top node, KCL
3(32 Ve H24=07n = 96—3v7,+24=v7), = 4vp, = 120 gives
120

UTh=T=3OV



Thevenin’s Theorem

as obtained before. We could also use source transformation to find vp,.The Thevenin equivalent
circuit is shown in Fig. 4.29. The current through R; Is

= Urh 4Q 4

When RL =6Q 30V C_D /gRL
I 30 30 3 A R

““4+6 10 ’

When R; = 16 Q Figure 5-4 The Thevenin equivalent

circuit for Example 1

. 30 _30_15A
L™a4+16 20 ™
When R; = 36 Q

30 0
= 0.75A

I: =
L™ 44367 40




Thevenin’s Theorem

Example 2: Find the Thevenin equivalent circuit for the network in the shaded area of the network of

Fig.7.1. Then find the current through R; (2,10 and 100)Q. R )
Solution: M o

Steps 1 and 2 produce the network of Fig. 9.28. Note L

that the load resistor R; has been removed E, __i OV R, 60 R,

and the two “holding” terminals have been
defined as a and b.

b
Figure 7-1 The Thevenin equivalent

circuit for Example 2
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Step 3: Replacing the voltage source E; with a short-circuit equivalent yields the
network of Fig. 9.29(a), where

Wy . WV_— o
(3 Q)6 Q) " b
R, = R, ||Rz=30+6ﬂ=2Q ) R2§6!1*—Rm 1 Rz§
;
; 5
(a) (b)

Step 4: Replace the voltage source (Fig. 9.30). For this case, the open-circuit voltage Erj IS the same
as the voltage drop across the 62 resistor. Applying the voltage divider rule, Ry

R2E1 - (6 Q)(9V) o 54V —6V E, _____9V

E.. = — —
"R, +R  6Q+30Q 9




_ Ery
Ry + R,

___ 6V
20+20

R.=1000: =55 ?1(000 — 0.059 A

I a

¥'x

=1.5A

RL=20: IL

=

EX3: Find the Thévenin equivalent circuit for the network in the shaded area of the
network of the figure below.
Solution:




Steps 1 and 2: See Fig.

R,

S6a

R3§2ﬂ

Step 3: See the figure below. Steps 1 and 2 are relatively easy to apply, but now we must be careful

to “hold” onto the terminals a and b as the Thévenin resistance and voltage are determined. In the

figure below, all the remaining elements turn out to be in parallel, and the network can be redrawn as

Shown . R, Circuit redrawn:
l Wy
a 4 ()
T o
R, <60 R, Rs §2 Q
§ l Q \
T b “Short circuited™
'—.; §r={}£;\\2ﬂ={}ﬂ
)4 Q) 24 Q)
RTh=R1||R2=(6 )( )=_=2-4Q

60 + 4

10

L

.

R Th

Tb

ngéﬂ R2§4Q




Step 4: See figure below. In this case, the network can be redrawn as shown in the figure below, and
since the voltage Is the same across parallel elements, the voltage across the series resistors R1 and

R, is Eq, or 8 V. Applying the voltage divider rule ‘\KQN
1 10
I -
R\E, (6 Q)8V) 48V Ey Emp Ry §6Q E\—=—8V
Ep=——= = = 48V l +
R, + R, 6 + 4 () 10 bT+ .

R3§4ﬂ

Step 5: See figure below. _ Ey +8 VR
Eq, R, §6 Q
Wy ta +
RTh = 2,41}
+

® b







