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Objectives of Lecture

Introduce the property of linearity
Introduce the superposition principle

Provide step-by-step instructions to apply superposition
when calculating voltages and currents 1n a circuit that
contains two or more power sources.

Describe the differences between ideal and real voltage
and current sources

— Demonstrate how a real voltage source and real current
source are equivalent so one source can be replaced by the
other 1n a circuit.

State Thévenin’s and Norton Theorems.

— Demonstrate how Thévenin’s and Norton theorems can be
used to simplify a circuit to one that contains three
components: a power source, equivalent resistor, and load.

Understand Maximum Power Transfer Theorem




Linearity

A Requirement for Superposition



Linear Systems

The homogeneity property requires that if the input
(also called the excitation) 1s multiplied by a constant,
then the output (also called the response) 1s multiplied
by the same constant.

y Hmmsssm)| Linear —— y = f(x)

Circuit

If x 1s doubled,
y = 1(2x) = 21(x)

If x 1s multiplied by any constant, a
y = f(ax) = af(x)

then the system 1s homogen.



Linearity

 Ohm’s Law 1s a linear function.
V =1IxR
 If the current is increased by a constant £, then
the voltage increases correspondingly by £4;
kXIXR = kxV
* Example: DC Sweep of V1

@ i‘
V1 “ A A b baddod - o el S i

—

—

— R1 < 1k

} 2. e . T T —
D o= [ " " i i [
. BnA
-3.0
o -1(R1)




Linearity

The additivity property requires that the response to a
sum of inputs 1s the sum of the responses to each mput
applied separately.

If x =x; +x,
y = 1(x) = {(x; + x,) = (x)+ {(x,)
then the system satisfies additivity property.

Using the voltage-current relationship of a resistor, if
V,=[xR and V,=[xR

then applying (I,+ [,) gives
V={+L)*xR=[xR+LLxR=V,+V,



Nonlinear Systems and Parameters

 In a linear resistive circuit power 1s
P=1V
* Is power linear with respect to current and
voltage?

* Power 1s nonlinear with respect to current and
voltage.

— As either voltage or current increase by a factor of
a, P increases by a factor of a’.

P=1V =1I°R =V?R



Linear Components

Resistors

Inductors

Capacitors

Independent voltage and current sources

Certain dependent voltage and current sources
that are linearly controlled



Nonlinear Components

Diodes including Light Emitting Diodes
Transistors

Silicon Controlled Rectifiers (SCRs)
Magnetic switches

Nonlinearily controlled dependent voltage and
current sources



Diode Characteristics

* An equation for a line can not be used to represent the
current as a function of voltage.

10



Example 01...

ll e Find I
* | — This circuit can be separated
10 VNo— oA C) into two different circuits
_  one containing the 5V source
e the other containing the 2A

L source.

 When you remove a voltage source from the circuit, it
should be replaced by a short circuit.

 When you remove a current source from the circuit, it
should be replaced by an open circuit.
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...Example 01..
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...Example 01...

y +. l. .
10 N = 10 2A <>
® ®
l, = 5V/10Q = 0.5A l, = 0A

|=1,+1,=0.5+0=0.5A
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...Example 01

B =00 0o

-
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Summary

* The property of linearity can be applied when
there are only linear components in the circuit.
— Resistors, capacitors, inductors

— Linear voltage and current supplies

* The property 1s used to separate contributions
of several sources 1n a circuit to the voltages
across and the currents through components 1n
the circuit.

— Superposition

15



Example 2

20 8 Q

IRPAMA I *f  For the circuit, find /, when

o V,=12Vandv,=24V.

. * Apply Mesh Analysis,

12i, — 4is + v. = 0
U.x' — 2.!-1 %1 + 16{2 — SUX — U.&‘ — 0

: —104; + 161, — v, =0

21, + 12 : 1, = —0I,
U,

76

—76i, + v, =0 = i =

. 12 _ 24
Whenv, = 12V, [, =1, = %A When v, =24 V,I, =i, = %A



Example 3

* For the circuit, find

- vowhen i, =30 A

4Q

+ and i, =45 A.
8 ) U,

Answer: 40 V, 60 V.

17



Example 4

* Assume /,=1 A fora

30 specific case and use
I ;linearity to find the
L0 SO actual value of /, in

the circuit by using
this specific case.

Il

Ifl,=1A,thenV,
KCL at node 1 gives

3+ 5)1,=8VandI, =V,;/4 =2 A. Applying

2:1]+1():3A
_ Vs
Vo=V, +2L =8+ 6 =14V, 13=7‘=2A
Applying KCL at node 2 gives
14=I3+12=5A

Therefore, I, = 5 A. This shows that assuming [, = 1 gives I, = 5 A,
the actual source current of 15 A will give I, = 3 A as the actual value.

18



Example 3

 For the circuit, assume that )/, = 1V for a specific case
and use linearity to calculate the actual value of //, by

using this case.

12 €2 Answer: 16 V.

40V 5Q 8 v,

19



Superposition

20



Superposition

» The voltage across a component 1s the algebraic
sum of the voltages across the component due
to each independent source acting upon it.

* The current flowing through across a
component 1s the algebraic sum of the current
flowing through component due to each
independent source acting upon it.

21



Usage

* Separating the contributions of the DC and AC
independent sources.

Example:

To determine the performance of an amplifier, we
calculate the DC voltages and currents to establish
the bias point.

The AC signal 1s usually what will be amplified.

A generic amplifier has a constant DC operating
point, but the AC signal’s amplitude and frequency
will vary depending on the application.

22



Steps

Turn off all independent sources except one.
Voltage sources should be replaced with short circuits
Current sources should be replaced with open circuits

Keep all dependent sources on
Solve for the voltages and currents 1n the new circuit.

Turn off the active independent source and turn on
one of the other independent sources.

Repeat Step 3.

Continue until you have turned on each of the
independent sources in the original circuit.

To find the total voltage across each component and
the total current flowing, add the contributions from
cach of the voltages and currents found 1n Step 3.

23



A Requirement for Superposition

* Once you select a direction for current to flow
through a component and the direction of the +
/- s1gns for the voltage across a component, you
must use the same directions when calculating
these values 1n all of the subsequent circuits.

24
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Example 6...

R2
30
2
R1
‘ ()
- NI
2A

R3

20

> 1A
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...Example 6...

#1: Replace 11 and 12 with Open Circuits

R2

30
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...Example 6...

Since R2 1s not connected to the rest of the circuit on
both ends of the resistor, i1t can be deleted from the new
circuit.

+ Vy -
I R1 Il — 13
—= R, =R, R, =70Q
i, I, =3V/R,, = 42.9mA
I
v 3\L V,=[R,/R,J3V (or I R,)
3 . = [50Q /70Q3V = 2.14V

-1 R3S 20 V3 v, =[R,/R 3V (or L|R,)

20Q/70Q]3V = 0.857V

— — 1 p—

27



...Example 6...

#2: Replace V1 with a Short Circuit and 12 with an

Open Circuit
R2

30

R1

50

R3 < 20 C) 1A




...Example 6...

Redrawing Circuit #2

b

R2 30 V2

R3 20 Vv,

Vi=-V;
12:‘1A

Req - R2 T (RI I R3)
R, =44.3Q

V; = [(R, | Ry)/ R, ](-44.3V)
V,=-14.3V

I, =-14.3V/20Q = -0.714A

V, =143V
V,=-30V
I, =+ 0.286A

29



...Example 6...

#3: Replace V1 with a Short Circuit and I1 with an

Open Circuit

R2
\ AN
30

30



...Example 6...

R2 and I2 are not in parallel with R3

- Vo 4

- R2
o [+, =1+2A
L=2A;1=1,
12 V,=1, R, =2A(30Q) =60V
P
7 7 0=V, +V,=R,I, =-R,],
I | 2A I,=1,=0A
| % ' +
".] R.1 \\ 50 R3 s 20 ‘1,'3 VIZOV

Vy=0V

+
o
|

31



...Example 6

Currents and Voltages in Original Circuit

____

+42.9mA  +0.286A +0.329A
12 0 1A 2A +1A
I +42.9mA  -0.714A 0A -0.671A
Vv, +2.14V  +143V 1\Y% 16.4V
v, 1\Y 30V + 60V +30.0V

V, 0.857V -14.3V ov -13.4V

32



Pspice Simulation

|@ PSpice Schematics - [ Superposition.sch p.1 {current) ]

[E) Fie Edt Draw Navigate View Options Analysis Tools Markers Window Help

D] 8| (=] -|-| slalalmja)| sis|o@ oo e Ol 22

?
< m

4.86, 2.62

1.000A
+ V1 1
3 R3 <20

[v]
3]

Cmd:

M H | 5 calculator Plus || EBY Pspice Application Eri... || [} Pspice Design Manag, . || Pspice Message View,..

T e o[ 1z:53am
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Example 7

8 Q .
AMA, * Use the superposition
+ theorem to find v in the
+ . .
ov () 48 %_ﬁ OFL circuit.
8 Q) 3Q 4,
o ——— AWM ———
13
6V i 40 J:q 103 G 3A
O
ul=n(6)=2\f h=n(3)=2r’-\
Uz — 4.!.3 — 8 V

U:U]+U2:2+8:lov
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30

Example 8

M)sa &) v

« Using the superposition
theorem, find v, 1n the
circuit.

Answer: 74 V.
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Example 9...

2Q . o o
ww———- ¢ Using the superposition
. £ theorem, find i, 1n the circuit.
s, .
A @ 1Q C — The circuit involves a dependent
ti, source, which must be left
Sﬂ§ § 4Q intact. We let i, =i, + i)
® — According to superposition
20V theorem:
Circuit 1 » Circuit2
AWV o WY
. 30 @ 30 § i4
@ § 1Q 5 1Q Sio
aa () AWV 42 I AN 4D
§5Q @ §4Q m§ @ §4Q
i ‘ i) i - O
- - o/
0 20V

36



...Example 9

e Circuit 1 I =4A

o —3i; + 6i, — lis — 5i’, = 0
0 s (u) —5i; — 1, + 1055 + 51, =0
1 10 e : . ¥ y
A @ VWY % I3 =11 — 1o — 4 — Lo
i %S:Q i3 @ §4Q 352 - 25-:-} -8 i-:_-; = 02 A
= - i, + 5i, = 20 L7

0
* Circuit 2 - | |
20 654 — Il5 — 5!:2 — 0 s =

C .2 : —iy + 10is — 20 + 51, =0
SR 6iy — 4iy =0 60

AW = o

& o' ) . Lo -
s0% () 40 iy + 5i = =20 L7
G

- : N » 8
’ ~ lo = 1o + Lo = _ﬁ = —0.4706 A




Example 10

Referring to the circuit, determine the maximum positive
current to which the source |, can be set before any resistor
exceeds its power rating and overheats.

100
|

W
Osv T52 =M

!'I :'lll ]
Bl L9 100 0

100 L7610

6V 640 l“‘-“f 64 () I,

38



... Example 10

1. step

Based on its 250 mW power rating, the maximum current the 100 €2

resistor can tolerate is
= ./ —— =50 mA
RV 100 o

and, similarly, the current through the 64 €2 resistor must be less than
62.5 mA.

2. step .
L100 O

Using superposition, we redraw the circuitas ——

6 V source contributes a current

lfﬁcl 0

= 36.59 mA

1002 = 700+ 64

(b)

since the 64 €2 resistor is in series, i¢, o = 36.59 mA

39



... Example 10

3. step "
. . . 1002 190 O
Recognizing the current divider in -~
£64 ()
100 0 640 2 I
—_—
l o (C)
le4 O

(b)

1/ . ./ -/ . sy 8 . . ./
leg o Willadd to iy, o, but i)y, o 18 opposite in direction to i}, -

Ix can safely contribute 62.5 — 36.59 = 25.91 mA to the 64 €2 resistor
50 — (—36.59) = 86.59 mA to the 100 €2 resistor current.

40



... Example 10

3. step

The 100 €2 resistor therefore places the following constraint on /,:

100 + 64
64

I, < (86.59 x 1072) (

and the 64 €2 resistor requires that

100 + 64
II*-:(25.91><10_3)( T )

100

Considering the 100 €2 resistor first, we see that /, is limited to /, <
221.9 mA. The 64 2 resistor limits /, such that /, < 42.49 mA. In
order to satisfy both constraints, /, must be less than 42.49 mA. If the
value 1s increased, the 64 €2 resistor will overheat long before the
100 €2 resistor does.

41



Source Transformation

Basis for Thevenin and Norton Equivalent
Circuits

42



Source Transformation

* We have noticed that series-parallel
combination and wye-delta transtormation help
simplify circuits.

* Source transformation 1s another tool for
simplifying circuits.

 Basic to these tools 1s the concept of
equivalence.

— an equivalent circuit 1s one whose v-i characteristics
are 1dentical with the original circuit.

43



Source Transformation

* A source transformation 1s the process of
replacing a voltage source v, in series with a
resistor R by a current source i in parallel with
a resistor R, or vice versa.

R
—VWW——0 a

@ — @ %
O b

o b

UV, = IR or I, = —

44



Source Transformation

* Source transformation also applies to dependent
sources, provided we carefully handle the
dependent variable.

— A dependent voltage source in series with a resistor can be
transformed to a dependent current source 1n parallel with
the resistor or vice versa.

’\A‘T\/‘v—o a O a
S I N
O b O b
v, = I.R or [, = s

45



Voltage Sources

Ideal Real
* Anideal voltage source has  * A real voltage sources is
no internal resistance. modeled as an 1deal voltage
— It can produce as much source 1n series with a
current as 1s needed to provide resistor.
P _Owe,r to the rest of the — There are limits to the current
cireuit. and output voltage from the
SOuUrce.
* ¥ Rs
—— Vs —

46



Limitations of Real Voltage Source

g I IS S - - . .y

R R
:+ e : + VL — L VS
i—____—vs v R, RL+RS
: - I, =V, /R,

Real Voltage Source |

-_— s e - e = . e

47



Voltage Source Limitations

R, =0Q R, = Q)
V, =0V Vo=V
[Lmax — VS /RS ]Lmin — OA

P, =0W P, =0W

48



Current Sources

Ideal Real
 An 1deal current source has * A real current sources 1s
no internal resistance. modeled as an 1deal current
— It can produce as much source 1n parallel with a
voltage as is needed to resistor.

provide power to the rest of
the circuit.

— Limitations on the maximum
voltage and current.

T

oK © - =

49



Limitations of Real Current Source

» Appear as the resistance of the load on the
source approaches Rs.

’ Nt

.' ! i R,

' : " ]L — [S
:C) Is Rs : \4 Ry R; + R

I : - VL = ]LRL

|
|
| |
|
\ Real Current Source

-_— s - - e . . e

50



Current Source Limitations

1
CQ’N

=
=

CII:
=

51



Electronic Response

* For a real voltage source, what 1s the voltage
across the load resistor when Rs = R1.?

* For a real current source, what 1s the current
through the load resistor when Rs = R1.?

52



Equivalence

* An equivalent circuit is one 1n which the i-
v characteristics are 1dentical to that of the
original circuit.

— The magnitude and sign of the voltage and

current at a particular measurement point are
the same 1n the two circuits.

53



Equivalent Circuits

* R, 1n both circuits must be identical.
[, and V| 1 the left circuit = I; and V, on the left

g EEE IS S - - . .y

)
\Z
0
A
w
N
A —
<
~

+

| +
A
n

Vi Ry

g EEN EENL EEI =N EE . EE .y,
|
|

o= Em mmm mmm =

Real Voltage Source | Real Current Source |

—_— s - e - s . e



Example 11...

* Find an equivalent current source to replace Vs
and Rs 1n the circuit below.

Iy

3kQ
oy
AVATAY
+ R T
S
—L— Vs v, Ry

T 18V 6 kQ

55



...Example 11...

* Find [, and V.

VL: RL VS
: R, + R,
3 kO L
et 6kC)
V. = 18V =12V
Wy . LT 6kQ+ 34O
+ R
—— Vs > vV Ry
— 18V L ska 1=V /R
. I, =12V /6kQ = 2mA

PVS — })L + PRS
P, =12V (2mA) +(18V —12V)(2mA)
P, =36mW



...Example 11...

e There are an infinite number of equivalent
circuits that contain a current source.
— If, 1n parallel with the current source, Rs = o0 QQ

e Rs 1s an open circuit, which means that the current
source 1s 1deal.

l [y =1,
C) e v Sr V. =2mA(6kQ) =12V
: T P =V,I, =12V (2mA) = 24mW
P =P =24mW

57



...Example 11...

If Rg = 20 kO

RL

I, = R, + R I
RS
- 6kC2+204C2

20k€)

2mA =2.67TmA

I

V, :Vls =1, R, =12V
Pls :PL -I_PRS — VLIL +VRs1Rs
P = 12V (2mA)+12V (2.67mA—2mA)

S

P =32.0mW

N

58



...Example 11...

IfR, = 6 kO

I, = R, + R, I
RS
6k + 6KC2

6k

I 2mA =4mA

V, =V, =1,R, =121V

By =B+ B =V 1, +Vpdp

P =12V (2mA)+12V (4mA —2mA)
P =48mW

59



...Example 11...

IfR, =3 kO

I, = R, + R, I
RS
6k + 3kC2
[, =

I 3k

2mA =6mA

> . Ny " . V, =V, =1,R, =12V
) Po=P + B =V 1, +V

l

S

P =T72mW

S

=12V (2mA)+ 12V (6mA —2mA)

60



...Example 11

» Current and power that the 1deal current source
needs to generate 1n order to supply the same
current and voltage to a load increases as Rg
decreases.

— Note: Rs can not be equal to 0 Q2.

» The power dissipated by R; 1s 50% of the
power generated by the 1deal current source
— when R¢ =R;.

61



Example 12...

* Find an equivalent voltage source to replace Is
and Rs 1n the circuit below.

RL
s Rs Vi

62



...Example 12...

 Find [, and V.

™

Is
5mA

Rs
500

I, = 500 I,
30002+ 500

I, =0.714mA

V., =1,R,

V, =0.714mA(300Q) = 0.214V

By =0, + I,

P, =0.214V(0.714mA)
+0.214V (5mA—0.714mA)

B, =1.07mW

N
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...Example 12...

e There are an infinite number of equivalent
circuits that contain a voltage source.

— If, 1n series with the voltage source, Rs =0 Q

* Rs1s a short circuit, which means that the voltage source

1S 1deal.
V.=V, =0214V
L I, =V, /R, =0.214V /3000
) + I, =0.714mA
— v w SR P =V, =0214V(0.714mA)
: P, =0.153mW

P, =P, =0.153mW

64



...Example 12...

If Rg =50 O
R, +R
VS — L S VL
RL
IL
30092 +50Q
—=> V. = 0.214V =0.25V
—\W\ . > 3000
+ Rs
T VS VL RL

— _ 300Q [, =1, =V,/R, =0.714mA
Fo=b +F =V, 1, +Vidg,
P, =0.214V(0.714A4)

+(0.25V -0.214V)(0.714mA)
B, =0179mW

S
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...Example 12...

If Ry =300 Q
R, +R
VS — L S VL
RL
I
300€2+3000
m— V.= 0214V =0.418)V
— WV . g 3000
¥ Rs
T VS VL RL

— 302 [ =], =V, /R, =0.714mA
_ PVs:PL+PRs:VLIL+VRs[Rs
P, = 0.214V(0.714A4)
+(0.418V —0.214V)(0.714mA)
PVS =0.306mWw
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...Example 12...

If R, = 1 kO
v, = R, + R, v
IL RL
— AN = 300Q +1kQ
Ve = 0.214V =0.927V
. Rs + 30002
— s Vi R

— 30002
[,=1,=V,/R, =0.714mA

By =P + B =V 1, +Vidp,
P, =0.214V(0.714A4)

+(0.927V —0.214V)(0.714mA)
B, =0.662mW

S

67



...Example 12

* Voltage and power that the 1deal voltage
source needs to supply to the circuit increases
as Rq 1ncreases.

— Note: Rs can not be equal to oo Q.

» The power dissipated by R; 1s 50% of the
power generated by the 1deal voltage source

— when R¢ =R;.

68



Summary

* An equivalent circuit 1s a circuit where the
voltage across and the current flowing through
a load R, are identical.

— As the shunt resistor 1n a real current source
decreases in magnitude, the current produced by the
1deal current source must increase.

— As the series resistor 1n a real voltage source
increases in magnitude, the voltage produced by the
1deal voltage source must increase.

* The power dissipated by R, 1s 50% of the power
produced by the 1deal source when R; = Rg.

69



Example 13

20 30

e Use source
transformation to find
v, 1n the circuit.

— Use current division

b
= (2)=04A
P=5 1 g?

v, =8 =8(04) =32V

— Or

70



Example 14

» Use source transformation to find i, in the

circuit.

Answer: 1.78 A.

1 Q

62’2§ sa(d) 3Q§
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Thévenin and Norton Equivalents
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Thévenin & Norton Equivalents

« L. C. Thévenin -- French engineer; published his theorem in 1883
« E. L. Norton -- scientist with Bell Telephone Laboratories

P — — — — — — — —

| |

: I l

| | | :
Complex : Y v : R : T / R I R
network R, | - T'H | L ] N N : L

| | | |

I | | I

| ! |

(a) (b) (¢)

* Any linear circuit network at two terminals may be replaced with a
Thévenin equivalent (V,,,, R,;,) or a Norton equivalent (/,, R,).

* The equivalent will behave the same as the original network (v,, 7,)
with respect to those two terminals.

73



Thévenin Equivalent, Method 1

e Determining //,,, and R, with respect to two
terminals:

| I
| |
I
| |
& le | |
omplex | 1 R
network R | Vi ! b
| I
| |
| i

(a) (D)

1. Use repeated source transformations to arrive at a
single voltage source 1n series with a single series
resistance.

74



Example 135

e Determine the Theévenin equivalent of Network 4, and
compute the power delivered to the load resistor R, .

: .

[
| t+— | o
: 34 7Q | | 70 |
|
(Dzv 260 1 RS (Dsa 30 Zoo :gRL
| [ “ |ﬁ
| | | | . ! '
: _____________ Jl ] : | Network A |
Network A Network B

AAM—AN— MA

Network A Network A — _

-
—/
e
2>
—\\N—
wv%
=
()
N
<
NN
e
()
=
_J'v:é\,_

] 2
* Power delivered to the load : = (9 m RL) Ry
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Thévenin Equivalent, Method 2

e Determining //,,, and R, with respect to two
terminals:

Complex
network Ry

(a) (D)

2. Open the load and determine the open-circuit
voltage (V ), then short the load and determine
the short-circuit current (/).

76



Example 16

e Determine the Thevenin equivalent of Network A
using open-circuit voltage and short-circuit current.

31} 7Q

I,,= 12/ (3+7)|6) = 1.9259 A
o= (1.9259%6) / 13 = 0.8889 A
Ry = Vol 1o = 8/0.8889 = 9 O
Ve =Vor=8V

77



Thévenin Equivalent, Method 3

e Determining //,,, and R, with respect to two
terminals:

P — ——— — — — —

| |

| |

| }

| |

| I
Complex | + | R
network %RL | (‘) Ve ! g .

| |

| |

| i

(a) (b)

3. Open the load and determine the open-circuit voltage
(V). then deactivate all independent sources (short-circuit
the V sources and open-circuit the I sources) and find the
equivalent resistance (R,,).

v,

TH

=V

OC

R, =R

TH eq
78



Example 17

* Determine the Thévenin equivalent of Network 4 by
deactivating the independent sources.

Network A Network B

3Q 7 () 70

—AMA——AM o
+

12V D §6H V
- O

Ry =TH6|3) =9 Q
"m:'*(3+6):3" Vi =Voe=8V

79



Thévenin Equivalent, Method 4

* Determining /';,, and R, with respect to two
terminals: - |

|
|
|
| I
Complex (+ |
network Ry | C‘) Vin I g R,
| I
. | |
| i

(a) (b)

4. Open the load and determine the open-circuit voltage (V).
then deactivate all independent sources and apply a test source.
Vie=Voc Ritr=Viest ! e
* The only solution method for finding V', and R, (of the 4
presented 1n the prior slides) that 1s guaranteed to work when the
circuit includes dependent sources 1s the test-source method.
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Example 18

* Determine the Thévenin equivalent of Network 4 by
using a test source.

| — |
| 30 7Q | : |
|
: 12V 6 Q) ]| : R, :
| || |
| f |
¢ T —. . S —— | L /T |
Network A Network B
30 T D e
— AAA Ao VWA }
" : 3Q) 748 :I :
v(* 6Q v, ' 60 ! '
D 3ee : 1R
| I |
o O . - N i A |
Network A Network B
. ( ; )_SV I,.,=1/(7+6|3)=0111 A
* } 3+6 Rtest:Vl‘esl‘/ltest:l/o'lllzgg2



Example 19

1 k()

§ 2 k()

Thévenin

e Determine the Thévenin and

Norton equivalent circuits for
the network faced by the 1
kQ resistor.

Using superposition:
Voc|4v =4V

Y ioma = 0.002x2000 = 4 V

Voc:Vc|4v+ Voc|2mA:4+4:8V

o

Norton

G 16mA 25kQ 21kQ
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Example 20

2 k0 1 kQ e Determine the Thévenin and

JM’C

Norton equivalents of the
circuit.

Ans: —7.857 V, -3.235 mA, 2.429 kq.
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Example 21

2 kf} 3 k()

e Determine the Theévenin
equivalent of this network at
the open-circuit terminals.

— To find ¥, we note that v, = V- and that the dependent source current must
pass through the 2 k resistor, since no current can flow through the 3 k
resistor.

3 U.I’ 3 —
44210 (—4000)+3x10(0)+1’r—0 b =8V =V,

— The dependent source prevents us from determining R, directly for the
inactive network through resistance combination; we therefore seek /.

— Upon short-circuiting the output terminals, it is apparent that v. = 0 and the
dependent current source is not active.

O

I. 0.8x103

Ry = = 10 k€2

I =4/(5 x 10%) = 0.8 mA.
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Example 22

g — * Find the Thévenin equivalent
of this circuit.

1.5i 20

— The rightmost terminals are already
open-circuited, hence i = 0.

— Consequently, the dependent source is inactive, so v,. = 0.

— Weapply a 1 A source externally, measure the voltage V,_, Rry = viest/ 1
30 : Ve = 151 Ve _ |
re 3 2
| 5; 20 1 CT) I A Viest = 0.6V
B Rty = 0.6 €2 0.6 0

Thevenin equivalent
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Power from a Practical Source

v

* The power delivered to a load from a practical
voltage source 1s

|
I
-

2
V'R,

5

:}'-V: = V - =
Pr=th =p R.| " R+R. | (R +R,)

5
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Maximum Power Transfer

4

vs -RL

pL_(RS-I-RL)E

The maximum value of
pr vs. Ry occurs when  (f

p,=0
dR, "~ *
d (Rs _I_RL )2 1;53 o szERL (RS + R—‘l )
p —
dr, " (R, +R,)

. d

lt R :R , — :O

L s | chL Pr

Maximum power 1s delivered to the load when the load resistance
is equal to the Thevenin resistance of the source.
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Example 23

 The circuit shown in below 1s a model for the common-emitter
bipolar junction transistor amplifier.

— Choose a load resistance so that

300 ) maximum power 1s transferred
+ to 1t from the amplifier, and
25sinddormv () 1Tk S SkQ S o, 0032, Z1kQ §RL calculate the actual power
‘“— . . absorbed.
oo _ Rrn = 1 k.
17 k£) 5k v, 0.03v, 2>1k{) Ry
- Voc = —0.03v,(1000) = —30v,
3864
i v, = (2.5 x 1073 sin440¢1) ( )

: 300 + 3864
2
17k 5k o 0.032, >1kQ 4 v ‘
: Pmax = —2— = |1.211 sin* 440t uW
| - | - 4Ry
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Example 24

o ®

3Q =

-
=
Ll

"
L

-

Vi,

[
= 40
p
-

<40

superposition.

o
503 ()
o
Y
ov

* Find i, in the circuit using

40
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Example 235

40
- 0254,
<
WC—D 2Q 2 Ci 18V
40
\ 4

Eﬂ} B

* Find v, 1n the circuit using

source transformation.

1Q 4Q
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Example 26

* Find the Thévenin equivalent

of this circuit.

240 2L}
! -"-‘".".."'.."r"-, ! -.-"1"..'"-"-.';"-- 2 i
sa@ 40 Z6Q
o b
=7 O
gl
\/ \/
AAMY AN O AAMN A O
I +
. T .
< -:"Z' X = < b
;’,;1{.{. @ E:-:DQ @ (+ =1V SAGD @ 4Q 3 i @ 6Q Voc
o b
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Example 27

< R;

60 30 20 4
AV A MW*A}I
2v @ sne @24 S
b
60 3Q 20
— A AN ANAA—O
< Ry
<120 -~
2
o

* Find the value of R, for
maximum power transfer in the
circuit.

e Find the maximum power.

6Q 30 20
WA AN VWA 0
+
2v @ (:) 2120 (;) (E):q Vi
o
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