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- Recap of Circuit Analysis Techniques
- Thevenin and Norton Equivalent Circuits
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Nodal Analysis — Summary

Steps to Carry out Circuit Analysis:

« Determine the number nodes; mark the ground node and assign node voltages to other nodes.

* For an N-node circuit, there are N-1 node voltages, and we need (N-1) linearly independent
equations to determine these node voltages.

« If voltage source is connected between a node and the ground, the voltage at the node is equal to
the voltage of the source.

« If voltage source (dependent or independent) is connected between two nodes, we employ the
super-node concept to obtain two equations: 1) equation of the super-node using KCL and 2)
equation relating the node voltages and the voltage source.

* Formulate the remaining node equations by employing KCL.

* For each dependent source, write a constraint equation, which is one of the necessary linearly
independent equations. While writing the constraint equation, express the controlling quantity in

terms of nodal voltages.
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Loop Analysis — Summary

Steps to Carry out Circuit Analysis:

* Assign a loop curvent to analyze each independent loop.

* For an N-loop circuit, there are N loop currents, and we need N linearly independent equations
to determine the loop currents.

« If curvent source is connected in a branch carrying only one loop curvent, the current is equal to
the current of the source.

* If curvent source (dependent or independent) is shared between two loops, we employ the super -
loop concept to obtain two equations: 1) equation of the super-loop using KVL and 2) Equation
relating the currents in the two loops and the curvent source.

* Formulate the remaining loop equations by employing KVL.

* For each dependent source, write a constraint equation, which is one of the necessary linearly
independent equations. While writing the constraint equation, express the controlling quantity in

terms of loop curvents.
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Superposition Summary

Steps to Carry out Circuit Analysis:

* Isolate Each Source:
* Consider one independent source at a time while turning off all other independent sources.

* For Voltage Sources: Replace them with a short circuit (a wire).

* For Current Sources: Replace them with an open circuit (a break).

* Analyze the Circuit: Solve the circuit for the desired response (voltage or current) caused by the

single active source.
* Repeat for All Sources: Repeat the process for each independent source.

* Sum the Responses: Add the responses from each independent source to obtain the total response

in the circurt.
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Source Transformation:

Reinforcement Example: Find /, using Source Transformation:
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Thevenin’s Theorem

Overview

Circuit with
Thevenin theorem is used to change a complicated multiple
circuit into a simple equivalent circuit consisting of resistances,
a single voltage source, referved to as Thevenin voltage sources
voltage V,, in series with a single resistance, and current
referved to as Thevenin Resistance R,,. SoUrces

Thevenin Theorem Statement: Thevenin
Equivalent

Any circuit containing only resistances, voltage
sources, and curvent sources be replaced at the

terminals A-B by an equivalent combination of a Rin &
voltage source Vy, in a series connection with a
resistance Ry,
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Thevenin’s Theorem

How to Obtain Thevenin Equivalent

Circuit with
multiple

Key Idea: Use the concept of equivalence: same current !
resistances,

and voltage characteristics across terminals A-B.

voltage sources
and current
sources

Only keep the circuit for which we want to find the
equivalent circuit; disconnect the rest of the circuit.

Determine Viy,: Thevenin

As no current is flowing from A to B, Equivalent
Vin is simply a voltage across terminals A-B.

We can determine Vi, by analysisng the circuit inside blue box

and determine the voltage across terminals A-B. -
We will learn different methods to obtain Thevenin

Resistance.
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Thevenin’s Theorem

How to Obtain Thevenin Equivalent

Circuit with
Determine Ryj: multiple
Method 1. resistances,
voltage sources
- Switch off the independent sources and determine and current

the equivalent resistance across terminals A and B. sources

Method 2: Thevenin
Equivalent
- Short-circuit terminals A and B and determine the — \
curvent flowing from A to B, referved to as I Ry
o . - W—0
- Using this current, we can determine Ry, as |
(+ !
Vin ? C_ Vi |
Ry, = T ! 5
scC ! :
\ ! e

Y e e e s s s s s o=
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Thevenin’s Theorem

How to Obtain Thevenin Equivalent

Determine Ryiy:

Method 3:

- Switch off the independent sources

- Connect a test source across terminals A-B Circuit with multiple
resistances, voltage

. sources and current
- If 1V (known) voltage test-source is connected: coUrces
Determine the current Ii.s; supplied by voltage source.

We can determine Ry} as follows:

Circuit with multiple
resistances, voltage

- If 1A (known) current test-source is connected:
Determine the voltage Viest developed across the current source. sources and current

sources
We can determine Ry, as follows:
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Thevenin’s Theorem

How to Obtain Thevenin Equivalent

Determine Ryy,:

Which method to use?

Independent | Dependent | Method - can be used Justification
sources sources
v X Methods 1, 2 and 3
v v Methods 2 and 3 Method 1 cannot be used due to the presence of
dependent sources
x v Method 3

No independent source driving V, or Is,

X X Methods 1 and 3 No independent source driving V, or lg,

Note: Equivalent circuit does not have the voltage source if there is no
< [ UMS independent source in the circuit.

A Not-for-Profit University



Norton’s Theorem

Norton theorem is used to change a complicated
circuit into a simple equivalent circuit consisting of
a single curvent source, referred to as Norton
curvent voltage Iy in parallel with a single
resistance (the same as Thevenin Resistance Ry, ,
explained below).

- The value of the Norton current is one that flows
from terminal A to B when the two terminals
are shorted together. This is in fact I, that is
short-circuit curvent.

- The resistance represents the resistance looking
back into the terminals when source is switched
off. This is in fact Thevenin Resistance.

Connection with the Thevenin’s Theorem

The source transformation of Thevenin’s equivalent
yields Norton’s equivalent and vice versa.
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Thevenin’s and Norton’s Equivalent

Summary:

Circuit with
multiple
resistances,

Circuit
(complicated
network or as

simple as a
single element)

Norton Equivalent

voltage sources
and current
sources

A Circuit
(complicated
In = Isc S Ry, network or as
. simple as a
. 0 single element)

.......................

g Rin

—VW A Circuit

| (complicated
Ci Vin i network or as
| 5 simpleas a

. 0 single element)

.......................
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Maximum Power Transfer Theorem

Problem:

Consider a scenario where we have a complex electrical network
delivering power to a load resistor R,.

Question:
Circuit with
multiple Determine the value of R,
resistances,
voltage sources such that
and current
sources the maximum power is transferved to the load.

LUMS

A Not-for-Profit University



Maximum Power Transfer Theorem

Solution:

To address this question, we replace the original complex circuit with its Thevenin

equivalent, that is, Formulating the Power Equation

The voltage across the load resistor Ry, is given by:

TR L
i Q L R, + Ry,

The power delivered to the load Ry is the square of the voltage across Ry,
R divided by Ry:

)
<
=

V2
P, =L
L=TR,
@ Substituting the expression for Vi, :
'\.\ _____________________ _ . 4 2
( VinRr )
Rin+RL
Pr =
L R,
Simplifying this:
P; = ‘/t%,RL
(Ren + Rp)?
LLUMS This is the general expression for the power delivered to the load resistor Ry .
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Maximum Power Transfer Theorem

Solution:
To find the value of Ry that maximizes the power, we take the derivative of Pr,
with respect to Ry and set it equal to zero:

dPy
T

Differentiating the power equation:

- ()~
dRy, \(Ru, + R1)?)

V7, (R + Ri)?> — 2R (Run + Ry))
(Rip + Rp)?

=0

) - Maximum Power Delivered to the Load
Simplifying the numerator:

Substitute Ry, = Ry, to get the maximum power:

(Ren + R)? — 2Ry (Ryn + Rp) = R?, — R:

Vih
For this expression to be zero, we find: Prnasx = ARy,

R, = Ry,

Thus, the maximum power is transferred when R;, = Ryy,.
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Thevenin’s and Norton's Theorems

Problems — In class

Example 3: Find I, using Thevenin’s or Norton’s theorem
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Thevenin’s and Norton's Theorems

Problems — In class
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Thevenin’s and Norton's Theorems et

Problems - In class g

Example 4: Find the Thevenin equivalent circuit for the following circuit with respect
to the terminals AB (Irwin — Example 5.8)
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Thevenin’s and Norton's Theorems

Problems —In class

Example 5: Find the Thevenin equivalent circuit for the following circuit with respect
to the terminals AB (Irwin — E 5.13)
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Thevenin’s and Norton's Theorems

Problems —In class

Example 6: Find |, using Thevenin’s theorem or Norton’s theorem

1() 4 A 12V
1() 1 Q)
NN
Ix
6V 1) 21,
I/
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Thevenin’s and Norton's Theorems

Problems —In class

Determine V. first:

12V

Jj—L’I’%>

:

Ty=o"*
) )1 = 54
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Thevenin’s and Norton's Theorems

Problems —In class

Determine I,
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Thevenin’s and Norton's Theorems

Problems —In class

Using equivalent circuits to determine I,
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Thevenin’s and Norton's Theorems

Problems —In class

Example 7: Find the Thevenin equivalent circuit for the following circuit with respect
to the terminals a,b
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Thevenin’s and Norton's Theorems

Problems —In class

Example 8: Find the Thevenin equivalent circuit for the following circuit with respect
to the terminals a,b 3
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