Lecture 1

Thévenin Equivalent Circuits
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Thévenin Equivalent Circuits
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Figure 2.40 A two-terminal circuit consisting of resistances and sources can be
replaced by a Thévenin equivalent circuit.
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Thévenin Equivalent Circuits

Vi v,

Figure 2.41 Thévenin equivalent circuit with open-circuited terminals. The
open-circuit voltage v, is equal to the Thévenin voltage V,.

Vt = Voc
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Thévenin Equivalent Circuits

jv A
O

Figure 2.42 Thévenin equivalent circuit with short-circuited terminals. The
short-circuit current is i. = V,/R,.
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Thévenin Equivalent
Circuits

O
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Find the Thevenin Equivalent Circuit

Ry =100Q R,

W—g—0 W—y——

Ry= g
v,=15V o v,=15V L % R, Uy
o]
(a) Original circuit (b) Analysis with an open circuil

foe fse R,=333Q

R
v,=15V Ul R, V,=5V

(c) Analysis with a short circuit (d) Thévenin equivalent

Figure 2.43 Circuit for Example 2.14.
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Find the Thevenin Equivalent Circuit

Ry=1009Q R
My—9—— My————
— =+
v,=15V sr';sz v, =15V b ) Ry, U
L O & O
(a) Original circuil (b) Analysis with an open circuit

Use voltage divider formed by R; and R, to find v,

Voc=RR2 Vg = 05y
1+ R, 100+ 50
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Find the Thevenin Equivalent Circuit

; ﬁ
Ry
v,=15V C_') Ui R

=Y Vg 15a
R, 1000
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Find the Thevenin Equivalent Circuit

R =333Q

AN o

R =Yoo - N _3330
i 0.15A
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Find the Thevenin Equivalent Circuit

Ry=40Q

AMN—o

5AG> Ri=10Q

Figure 2.44 Circuit for Exercise 2.22.

V.. = (5A)(10Q2) = 50V

O
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Find the Thevenin Equivalent Circuit

SAQJ %R,IGQ I

O

Use current divider to find ig:

i, = R sa-_10 5a-1a
R, +R, 10+40
th‘f&:%ﬂog
ISC
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Find the Thevenin Equivalent Circuit

R, = 500

V= 50V
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Finding the Thévenin
Resistance Directly

We can find the Thévenin resistance by
zeroing the sources in the original network
and then computing the resistance between
the terminals.

When zeroing a voltage source, it becomes a
short circuit. When zeroing a current source,
it becomes an open circuit.
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R, R,

—W——  — W

+
v, C) <— Ry =R,

-_— —_—1

(a) Thévenin equivalent (b) Thévenin equivalent with its
source zeroed

Figure 2.45 When the source is zeroed, the resistance seen from the circuit
terminals is equal to the Thévenin resistance.
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Find the Thevenin Equivalent

Ry =5Q R =54
ANV o —AWy TS T o
Ry= Ry=
F =20V 2 2 2 -
0 =20V 200 2A 200 = Ry=k
& & O & $ O
() Original circuit (b) Circuit with sources zeroed
R =50 R=4Q
MWy » * [
—— li‘
i Rz -
v, =20V 200 2A V=24V

(c) Circuit with a short circuit

(d) Thévenin equivalent circuit

Figure 2.46 Circuit for Example 2.15.

ELECTRICAL ENGINEERING: PRINCIPLES AND APPLICATIONS, Fourth Edition, by Allan R. Hambley, ©2008 Pearson Education, Inc.

Find the Thevenin Equivalent

Ry=50 Ry=58
AN . ° MW * o
Tl Ry = Ry=
=20V i @ 2A 1060 ~“— R, =K,
> - * é <

{a) Original circuit

i) Circuit with sources zerocd

RR, _100 _,

"R,+R, 25
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Find the Thevenin Equivalent

R =50

MWV —9 . ie
iy
. Ry =
"ZM#D 20;:% (b“‘

(c) Circuit with a short circuit

52
I =i +2A=4A+2A=6A
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Find the Thevenin Equivalent

R=40

vi=24v( ")

V, = Rii,, = (4Q)(6A) = 24V
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Find the Thevenin Resistance

5Q 10Q 5Q 10 Q

Wy * Wy O MWy *

[{IAY 200 ZA 200

L O L

(a) (b)

1oV 5Q 1A 10 Q

(c)

Figure 2.47 Circuits for Exercise 2.24.
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Find the Thevenin Resistance

56 10 Q

AM—y—AW—o

10V 20Q

Zero the voltage
source

a)

R; =10+w=10+4:14§2
5+20
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Find the Thevenin Resistance

50 10 Q2

MW——W—o

Zero the current
source

R, =10+ 20 = 30Q
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Find the Thevenin Resistance

200 6Q

10V 5Q I A 10Q

200 6 Q

Zero the current
and voltage 50 100
sources

*—
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Find the Thevenin Resistance

5Q
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(a) Original circuit

(b) Circuit with an open circuit

O

50 s R=1430Q
.ﬂv ° °
— o
;\
2i, 104 V,=857V

{¢) Circuit with a short circuit (d) Thévenin equivalent

Figure 2.48 Circuit for Example 2.16.
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Thevenin Equivalent with a Dependent
Source

B Node 1

(b) Circuit with an open circuit

KCL at Node1:i, + 2i, =\1L0°=3ix

j 0 Ve | 5107Vor Voo, _gg7y
5 5 10
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Thevenin Equivalent with a Dependent
Source

5Q — s

10V CD 2, 10Q

(c) Circuit with a short circuit

i, 20, =3i, =i,
- _lov

X —EZZA—)iSC =6A
V, :

Rt=_—t=85—7v=1.43g2
I 6A
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Figure 2.49 The Norton equivalent circuit consists of an independent current
source I, in parallel with the Thévenin resistance R,.
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Figure 2.50 The Norton equivalent circuit with a short circuit across its terminals.
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Step-by-step
Thévenin/Norton-Equivalent-
Circuit Analysis

1. Perform two of these:
a. Determine the open-circuit voltage V, = v,..

b. Determine the short-circuit current |, = i..

c. Zero the sources and find the Thévenin
resistance R, looking back into the
terminals.
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2. Use the equation V, = R; |, to compute
the remaining value.

3. The Thévenin equivalent consists of a
voltage source V, in series with R, .

4. The Norton equivalent consists of a
current source |, in parallel with R, .
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Find the Norton Equivalent

L O
0
R = R, =
. 200 150
it ]
RO S
v 3= .
15V 50 *
& & & O
=

Ry = 0
) 200 :
4 <l> &, i 1,=075A
15V ks o

(b) Circuit with a short circuit (¢) Norton equivalent circuit

Figure 2,51 Circuit of Example 2.17.
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Find the Norton Equivalent

(a) Original circuit under open-circuit conditions

KoL: ey Yoo oo Voo _g
47 R, Ry+R

. R
Voltage divider : v, = ———v,, = 0.25v,,

2ty
0.25 -15
Voc n Voc + Voc =0 Voo = 4.62V
4 Rl R2 + R3
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Find the Norton Equivalent

w

Ky = 3 0
200 & l
Uy

(b) Circuit with a short circuit

IRy =15V =0 — g, = % =0.75A
_ Voo 462V

=% = 6.150Q
i, 0.75A
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150 - U+
MW—e——¢—— MW—e o
100
v 250 1 A 28 na 2A
- - O . s}
(a) (b)

Figure 2.52 Circuits for Exercise 2.25.
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Find the Norton Equivalent

15Q

IOVCD 25Q A

Voc _1O+VOC ~1=0->v,, :12—5:15.63A
15 25 8
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Find the Norton Equivalent

15Q

25Q

[
o]

(a)
To find R, zero the sources:

R - (15Q)(259) _ g 00,
15Q + 25Q

Vi 1563

* R, 9.38Q

=1.67A
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Find the Norton Equivalent

O
[rr CT) R!
O
=
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Find the Norton Equivalent

v, +

KVL: vy —2v, -V, =0 >V, =3v,

2
koL: Yoo —¥x Voo 5_g 5y, =30v
10 30
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Find the Norton Equivalent

- U+
10Q
2 Q 2A1 g,
(b)

KVL: -2v,-v,=0->v, =0
0-2v
10

X

KCL : +i,—-2=0—>i, =2A=i,
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Find the Norton Equivalent

i, =2A
R, =% — —320\A/ ~150
ISC
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Source Transformations

<= 4(F) x

L O b
Figure 2.53 A voltage source in series with a resistance is externally equivalent to

a current source in parallel with the resistance, provided that /, = V,/R,.

—0)
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Source Transformations

Ry i

KN R =5Q
Wy

Ry=10Q
50

20V "1& R, = o 10V

i
2 2
10Q LA 20V o
(b) Circuit after transforming the current

source into a voltage source

(a) Original circuit

(¢) Circuit after transforming the voltage
source into a current source

Figure 2.54 Circuit for Example 2.18.
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Source Transformations

R=5Q R=10Q

+ iy
wov(?t 10V

(b) Circuit after transforming the current
source into a voltage source

V, =i R, = (1A)(L0Q) = 10V
R, +R,
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Source Transformations

o i

(c) Circuit after transforming the voltage
source into a current source

LV,
R, 50
R, 5

5A= 5A=1.667A
Ri+R, 5+10

Current divider :i, =
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Ry=10Q

2A C\D iy i C’:) 10V

Figure 2.55 Circuit for Exercise 2.26.

Transform the Norton equivalent into a Thevenin
equivalent with V,= (2A)(5Q2) = 10V, R, = 5Q

R=50Q R,=10Q

Note the reference
direction for the Wy m
current gives the b
10v v

polarity for the
voltage source!
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Source Transformations

R=5Q R,=10Q

MWV—AW

-

10v (D " 10V

. 20V
|2 =
10+5

=1.33A
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Source Transformations

2A 50 10V

4

i, =i +2A i, =i, —2A=1.333-2A =—0.667A
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SUPERPOSITION
PRINCIPLE

The superposition principle states
that the total response is the sum of
the responses to each of the
independent sources acting
individually. In equation form, this is

=0+, 4+
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Superposition Principle

Ry =10Q R =10Q
—
i -
v,=15V 5-{1 vy i =2A
(a) Original circuit (b) Circuit with only the voltage
source active
R=10Q
—
ir +
} Ry=
s »2 =24

(c) Circuit with only the current
source active

Figure 2.60 Circuit for Example 2.20 and Exercise 2.27.
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Superposition Principle

Rl'\:/\f]\(vm Current source
BAAS open circuit

h

+ Ry=
v,=15V Cf) 529? L1

(b) Circuit with only the voltage
source active

ILV :il
R,+R, ° 5+10

Vi
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Superposition Principle

\oltage source
short circuit

(¢) Circuit with only the current
source active

_ . RR (10)(5)
Vo =i.R,, =i.—22 = (2A)~—2"2 — (2A)(3.33Q) = 6.66V
2 s'teq S R1+R2 ( ) 10+5 ( )( )
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Superposition Principle

10 Q 15Q
M * MV
T &

)
0, =20V C:) vy 250 (f) va=10V

Figure 2.61 Circuit for Exercise 2.28.
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Circuit with just v,

V, short circuit

Req 3.75

Vg = 20 =5.45v
+10 3.75+10

V1 =
Req
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Circuit with just v,

V, short circuit

5Q CD vo=10V

R.=3.33Q2
Vpp=——vg = 333 15_18v
Req +15 3.33+15
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Superposition Principle

10Q 150
MWy MWy

rg
vy =20V C) vy =50 CL) va=10V

_Va-Vp 20V -T2V o
T 100 10Q
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Detector

Figure 2.62 The Wheatstone bridge. When the Wheatstone bridge is balanced,
i, =0and v, = 0.
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WHEATSTONE BRIDGE

The Wheatstone bridge is used by mechanical
and civil engineers to measure the resistances
of strain gauges in experimental stress studies
of machines and buildings.

R,

R, =—/R;, .¢
X Rl 3 C)
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Detector
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