Electric Circuits (Fall 2025)

Lecture 3
Circuit Theorems



IS ] A] 22 A oA —
b EERMESRARFER

Y sorol ot iormaton it o el Electric Circuits (Fall 2025)

Outline

- Linearity property

- Superposition

- Thevenin's theorem

- Source transformation

- Norton’s theorem

- Power transfer
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Linear Circuit

- Allinear circuit consists of only linear elements (resistors,

capacitors and inductors), linear dependent sources, and
Independent sources.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

° In a C”'CU't, Vg C_r) Linear circuit §R
= Excitation: Sources
= Response: Voltage or current in the branches

Lecture 3
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Linearity Property

Excitation Svstem Response
x e f()

- Linearity is a combination of
* homogeneity (scaling) property

Excitation g Response
o X ystem o f(x)

a IS constant

= additivity property

Excitation Sust Response
x+x | e fx0) + £ (xz)

Lecture 3
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Example of homogeneity (scaling) property

'99 a 18 b 2Q

uSCDSV 6 €2 10 Q2 [
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Superposition

- The superposition principle states that the voltage across
(or current through) an element in is the
algebraic sum of the voltages across (or currents through)
that element due to each independent source acting alone.

/ R,=10Q
=y Y )

C)]():()A %RIZSQ vo=4sv(+
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Applying Superposition L R-100

C)]O:()A %RI:SQ Vo=45V
- The steps are:

1. Turn off all other independent sources except for the source
of interest. Find the output (voltage or current) due to that

active source.

 “Turn off” means to replace independent voltage source by short
circuit (0 V), independent current source by open circuit (0 A).

2. Repeat step 1 for each independent source.

3. Find the total contribution by adding algebraically all the
contributions due to the independent sources.

Note that

1) Using superposition means applying one independent source at a time.
2) Dependent sources are left alone.

Lecture 3



IS ] A] 22 A oA —
b EERMESRARFER

%%;’Zﬁuw‘; School of Information Science and Technology EleCtriC Circuits (Fa” 2025)

Open Circuit and Short Circuit

- Turn off an independent voltage source means
= =0
= Replace by wire
= Short circuit

- Turn off an independent current source means
= ;=0
= Cut off the branch _ - - -
Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display

= Open circuit 8 Q
—— AW

_I_

sv () 103 (M)3a

+

Lecture 3 10
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Example: Superposition

Calculate 1
1 sz 0

C)[U()A gRI:SQ ro=4sv(*

[Source: Berkeley] Lecture 3 11
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Example: Superposition
Calculate 1 I Ry=100

C)10=6A §R1=5£’2 V0=45V<>

Contribution from /, alone 1 \ Contribution from V, alone

10 Q
1 R—IOQ
2 «w

C)10—6A %RI—SQ %RFSQ Vo=45VC_>

_I_

_|_

[, =2A l,=-3A

12

[Source: Berkeley] Lecture 3
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Why Superposition?

- It is useful to evaluate the sensitivity of a response to
specific sources in the circuit.

- Because it entails solving a circuit multiple times, this
source-superposition method may not be attractive.

I Ry=100Q

—-

C)]U:()A ER[ 50 Vo = 45 v(_)

$.

+

I — aIO +bVO

Lecture 3 13
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How about Power absorbed by R,

- Power due to I, P; =?
- Power due to V,, P, =?

- Power due to both V, and Iy, P =7

Lecture 3
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Practice 1

- Find i in the circuit shown below.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

2Q
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Outline

- Thevenin’s theorem
- Source transformation
- Norton’s theorem

- Power transfer

Lecture 3
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Example

- Q1: If
- Q2: What if
. ?7?

I =?

[ =?

Lecture 3
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Thevenin’s Theorem — Motivation

- In many circuits, it is quite common that only one element
(called the load) is variable while others are fixed.

= An example is the household outlet: different appliances may be
plugged into the outlet, each presenting a different resistance.

= Ordinarily one has to re-analyze the circuit upon changing load.

* This complexity can be simplified by circuit theorem (e.g.
Thevenin’s theorem), which provides a technique to replace the
fixed part of the circuit with an equivalent circuit.

Lecture 3 22
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Thevenin’s Theorem (1880s, Leon Thevenin, French)

iy

- Actual L
- Thevenin’'s theorem states that a circuit b %R
two terminal circuit (including ongmisen | v
resistors, linear dependent R | i
sources, and independent |
sources.) may be replaced with a vth | b SR
voIt_age source in series with a o eenin contvaton
resistor:
a Thévenin equivalent circuit
— d
interconnection VW\—oe
of sources — Ry,
and - V. ("‘)
. b Th\ —
resistors ® b
.

Lecture 3 [Source: Berkeley] 24
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u I
A.ctual Ry
circuit b
Load
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Example

- Use Thévenin Equivalent Circuits

- Q1: If
- Q2: What if

I =?

[ =?

Lecture 3
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How Do We Find Thévenin Equivalent Circuits?

——o0
Method 1: Equivalent Resistance . M
_ _ _ Circuit Voo
1. Analyze circuit to find v, —
——o0
2. Deactivate all independent sources (a) vy = v
by replacing voltage sources with >
short circuits and current sources Equivalent-Resistance Method
with open circuits.
3. Simplify circuit to find equivalent Circuit with
. all independent <— Req = R
reSIStance " sources deactivated
—0

Note: This method does not apply to circuits that contain
dependent sources.

[Source: Berkeley] Lecture 3 27
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Example

Thévenin Equivalent Circuit

(Circuit has no dependent sources)

16 V

Lecture 3
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How Do We Find Thévenin Equivalent Circuits ?

60 6Q a
VAN VAN O

20 4Q+
wv(©) G Open-Circuit / Short-Circuit Method
41,
- — o
? Ve
Method 2: Open/short circuit Aetal o 19 Volts
1. Analyze circuit to find v, O —
: : : . b
2. Analyze circuit to find i, (2) o7y = D
UTh = Voc
RTh — E A l ? 1 T -
e crcui °7 [ Amps
Note: This method is -
applicable to any linear circuit, . p
. . = 0o [ tac
whether or not it contains "
dependent sources.
29

[Source: Berkeley] Lecture 3
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Example

6 C) 6 C) c

——AAA AAA 0

e +

X
20 40
68 VC_D V.
41,
o
h
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Practice

24V

6 €2 20 a
— AN
" 312 Q (I,)?A
b

Lecture 3
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How Do We Find Thévenin Equivalent Circuits?

Method 3:

Step 1. Again UTh = Uoc¢

Step 2. External-Source Method
O ‘_I .
Circuit with only - ex

independent Vex
sources deactivated

™
b

If a circuit contains both dependent and independent
sources, Rtp can be determined by (a) deactivating independent
sources (only), (b) adding an external source veyx, and then (¢) solving
the circuit to determine iex. The solution 1s R = vex/ lex.

[Source: Berkeley] Lecture 3 32
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Example
60 60 a
TAYAYS ViAA O
—h.- +
II
32 Q) 34 Q)
68 V(t) l':f.f.l‘]
t )4l

o
b

6Q 60 a
VWA VW O
—
Ix
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Example

2i

2i

O d
b
4Q 2Q
O b
v, a
b,
40 2Q (D i
= b

(b)

Lecture 3
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I-V Characteristic of Thévenin Equivalent
I

N

RTh a

— W\ ——0

1 +

Vin @) Vab

o 0 |

[Source: Berkeley] Lecture 3

a

b
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Norton’s Theorem

Norton equivalent

circuit J
in C) %h’\

ob

[Source: Berkeley] Lecture 3
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I
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Source Transformation

R
AN O 0

o b o b

- A source transformation is 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. VJ/I;= R

- These transformations work because the two sources have
equivalent behavior at their terminals:

= |f the sources are turned off, resistance at the terminals are both R
= |f the terminals are short circuited, the currents is the same.

Lecture 3 38
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- Q1: If
- Q2: What if

I =?

?

I R=100Q
- A
%RIZSQ Vo=45V

Lecture 3
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Example
(1) Calculate the value of R,
20 Q at which maximum power
TR transferred to R holds.
+
50V

(2) Calculate the

percentage/ratio: Pr/P,

Lecture 3 41
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200

20Q D200 3200

+a
+
. Yoo
C)sov 200 50V )
- L
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