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Module 3

Methods of Analysis of
Resistive Circuits

Chapter 4 of Dorf and Svoboda’s

book
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Analysis of general resistive circuits

In the examples we had seen so far, we were able to do our circuit analysis ONLY by
simplifying the circuit, using the notion of parallel and series resistors. For example,
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Not all the circuits can be treated likewise. See the following circuit as an example

This circuit does not have any two or more
parallel or series resistors. Therefore, it does —MWV—
not allow any further simplification. )
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What we need for analysis Is

Systematic procedure to analyze general
resistive circuits

In this module we will study two main approaches

Node Voltage Analysis Mesh Current Analysis
Method Method




Our plan in this module
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omparison between the two methods

3 - Which method would it be easier to use if we are given some circuit
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Node Voltage Analysis Method
Circuits with independent Current Sources

-
Steg 1 |dent|fy the num.ber. We are going to use this
L of nodes in the circuit Circuit as an examp|e
p ~ to illustrate the steps
Step 2 Designate one node 10
as areference node o .
- L s =A4A]
‘Express current in the circuit ) S " C C
Step 3 elements in terms <> L0 LO
L of node voltages ) © O
" ) O—

¢

Step 4 Apply KCL Law at each node
except the reference node

\_ Y, :

4 Y Direct
Step 5 Solve the equations resulting Substitution

from KCL to get node voltages _

. Y Matrix

ind the currents in the elemen

4 Algebra
Step 6 Using the node voltages g
t
(.




(3)1/4

Node Voltage Analysis Method
Circuits with independent Current Sources - Step (1/6)

Identify the number
of nodes in the circuit

Easy

Assume the number of nodes is n

In the example circuit we have 3 nodes. a, b and c.
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Node Voltage Analysis Method
Circuits with independent Current Sources

-
SteQ 1 Identify the number We are going to use this
L of nodes in the circuit Circuit as an examp|e
P ~ to illustrate the steps
Step 2 Designate one node 10
as areference node .
- < = 4A |
s " the cireuit ) lg =
Step 3 Express currenf[ In the circuit " C >
=1ep 2 elements in terms <> L0 LO
L of node voltages ) © O
4 N O e
Step 4 Apply KCL Law at each node
except the reference node
N J
- ~ Direct
Step 5 Solve the equations resulting Substitution
from KCL to get node voltages _
. Y Matrix
a N Algebra
Step 6 Using the node voltages
Find the currents in the elements

(. J
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (2/6)

Step 2 Designate one node
as a reference node

What is the reference node?!
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (2/6)

What Is th? reference node?!

a o o b

o0V
In case of a single element which has a voltage difference of 10 volts between its

terminals as shown above, we can choose either point as a reference point. So if
we choose point “a” as a reference point we indicate that by connecting it to the

ground symbol.
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (2/6)

What is the reference node?!

If point b is chosen a reference node, then one can say that node a has an absolute
voltage of 10 volts when referred to point b.
i

e

v,=10Volts ~ *T—3%b v, =0 Volts
R CAA

If point a is chosen a reference node, then one can say that node b has an absolute

voltage of -10 volts when referred to point a.

i
v,= 0 \Volts aj):—’ op Vp=-10Volts
E

10V~
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (2/6)

What is the reference node?!

A reference node is: A node to which every other node voltage is referred to it.

An Example

For the circuit shown 2>=2>->

Find all the node voltages assuming that one node is a reference.




Node Voltage Analysis Method NOH

Circuits with independent Current Sources - Step (2/6)
What Is the reference node?!

Solution:
1. Assuming node dis the reference




Node Voltage Analysis Method NOH

Circuits with independent Current Sources - Step (2/6)
What Is the reference node?!

Solution:
2. Assuming node cis the reference




Node Voltage Analysis Method NOH

Circuits with independent Current Sources - Step (2/6)
What Is the reference node?!

Solution:
3. Assuming node b is the reference




Node Voltage Analysis Method NOH
Circuits with independent Current Sources - Step (2/6)

What is the reference node?!

A good practice is to use the reference node in the negative terminal of

the independent voltage source or the ingoing terminal of the independent
current source. This makes analyzing circuits more convenient.

Sometimes, the problem is given where a reference node has been indicated

on the circuit schematic. In this case, we will have to use the reference node
as indicated.
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Node Voltage Analysis Method
Circuits with independent Current Sources

-
|dentify the number
of nodes in the circuit

N

S
Designate one node

as a reference node
_ Y,

/Express unknown currents in )

circuit elements in terms
of node voltages

J
~

o

p

Apply KCL Law at each node
except the reference node

o )
s a
Solve the equations resulting

from KCL to get node voltages

o )
s R
Using the node voltages
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We are going to use this
Circuit as an example
to illustrate the steps

12

0.502

Direct

ubstitution

<

Matrix
Algebra

Find the currents in the elements
\ J
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (3/6)

Express unknown currents in
Step 3 circuit elements in terms
of node voltages

Unknown Currents
11 12 13

_____________
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Node Voltage Analysis Method

(3)1/4

Circuits with independent Current Sources

-
|dentify the number
of nodes in the circuit
N
e ™\
Designate one node
as a reference node
N Y,
f Express unknown currents in )
circuit elements in terms
L of node voltages y
e D
Apply KCL Law at each node
except the reference node
N Y,
e D

Solve the equations resulting
from KCL to get node voltages

o )
s R
Using the node voltages

We are going to use this
Circuit as an example
to illustrate the steps

12

0.502

Direct
ubstitution

<

Matrix
Algebra

Find the currents in the elements
\ J
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (4/6)

except the reference node

Step 4 [ADDW KCL Law at each node}

KCL at node a

2 Currents entering d =

2 Currents exiting from a
L

N

\
[ ]

7/5:7/1+7/2
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (4/6)

except the reference node

Step 4 [ADDW KCL Law at each node}

KCL at node a

ZCurrents entering b =
2 Currents exiting from b

g

11 = 13
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Node Voltage Analysis Method
Circuits with independent Current Sources

-
SteQ 1 Identify the number We are going to use this
L of nodes in the circuit Circuit as an examp|e
P ~ to illustrate the steps
Step 2 Designate one node 10
as a reference node .
- < = 4A |
- — lg =
Step 3 Express unknown currents in " G >
=lep 2 circuit elements in terms <> L0 LO)
L of node voltages ) © O
4 N O—
Step 4 Apply KCL Law at each node _l_
except the reference node
[ J
- ~ Direct
Step 5 Solve the equations resulting Substitution
from KCL to get node voltages _
- ) Matrix
4 N Algebra
Step 6 Using the node voltages
Find the currents in the elements

(. J
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (5/6)

Direct
Step 5 Solve the equations resulting Substitution
from KCL to get node voltages

. . . N
ls — 11 _I_ (29, From Step 3, we have

Vag—Up

i1 = i3

-
—_— Ua,—’Ub Va
4="7 0.5 <
Va—Vp __ &

1 05
4 = 3vg — vV

Va = 3y
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (5/6)

Direct
Step 5 Solve the equations resulting Substitution
from KCL to get node voltages

4 = 3vq — vy

va = 3vy ﬂ

4 = 3 X 3vy — vy
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Node Voltage Analysis Method
Circuits with independent Current Sources

-
SteQ 1 Identify the number } We are going to use this
of nodes in the circuit Circuit as an examp|e

> ~ to illustrate the steps

Step 2 Designate one node 10
as a reference node o .

\ J — ’

4 D lg — 4A
Step 3 Expresg unknown gurrents in " C o
=lep 2 circuit elements in terms <> L0 LO)

L of node voltages ) © O

4 ) O—
Step 4 Apply KCL Law at each node _l_

except the reference node

> < Direct

Step 5 Solve the equations resulting <Substitution
from KCL to get node voltages _

_ Y, Matrix

a Algebra
Step 6 Using the node voltages l

Hind the currents in the element

N J
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Node Voltage Analysis Method
Circuits with independent Current Sources - Step (6/6)

Step 6 F( Using the node voltages l
| t

nd the currents in the elemen
N\ Y, From Step 3, we have

Vag—Up

N
NS

=t
]

From Step 5, we have
_ 3
2V
V

1
2
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Checking your answer

You can also

VERIFY

Your solution!!!
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How to verify your solution??

The solution has to satisfy:

KCL at every node
KVL for every loop
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How to verify your solution??

Solution of the
previous example




Node Voltage Analysis Method

WHY and HOW
does It

WOrk ?7?
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Node Voltage Analysis Method
WHY and HOW?
The basic strategy

Consider node
voltages as unknowns

77
xcept for the reference nod ' ' 7
G
L0
@)
L

—L|I> To solve for a number of
unknowns we need the same

number of equations

Generate the required
equations by applying
KCL at each node

Solve the resulting equations
to obtain the unknown nodes voltages

Using Calculated
Nodes voltages,

calculate the currents
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Another Example

Use the node voltage method to calculate all voltages and currents in the
circuit shown below.




Node Voltage Analysis Method (3)1/4
Circuits with independent Current Sources

Identify the number W
of nodes in the circuit

Designate one node

as areference node
\ %

/Express current in the circuit )

elements in terms
of node voltages

J
~

o

p

Apply KCL Law at each node
except the reference node

. J _
Ve ™ Direct

Solve the equations resulting Substitution
from KCL to get node voltages _
N J Matrix

ind the currents in the elemen

a Algebra
Using the node voltages
t
o
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Node Voltage Analysis Method
Step (1/6)

Step 1 Identify the number
of nodes in the circuit




Node Voltage Analysis Method (3)1/4
Circuits with independent Current Sources

-
Step 1 Identify the number
of nodes in the circuit

\

e B
Step 2 Designate one node

as areference node

\

e . . T
Step 3 Express current in the circuit
=lep o elements in terms

S of node voltages )

e B

Step 4 Apply KCL Law at each node
except the reference node

\_ Y, :

4 Y Direct
Step 5 Solve the equations resulting Substitution

from KCL to get node voltages _

. Y Matrix

ind the currents in the elemen

4 Algebra
Step 6 Using the node voltages g
t
(.
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Node Voltage Analysis Method
Step (2/6)

Step 2 Designate one node
as areference node




Node Voltage Analysis Method (3)1/4
Circuits with independent Current Sources

-
Step 1 Identify the number
of nodes in the circuit
N
e ™\
Step 2 Designate one node
as areference node
N Y,
e . . T
Step 3 Express current in the circuit
=lep o elements in terms
g of node voltages
p

Step 4 Apply KCL Law at each node
except the reference node

\_ Y, :

4 Y Direct
Step 5 Solve the equations resulting Substitution

from KCL to get node voltages _

. Y Matrix

ind the currents in the elemen

4 Algebra
Step 6 Using the node voltages g
t
(.
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Node Voltage Analysis Method
Step (3/6)

Step 3 Express current in the circuit
=lE0 2 elements in terms
of node voltages
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Node Voltage Analysis Method
Step (3/6)

Step 3 Express current in the circuit
=lE0 2 elements in terms
of node voltages

Node 1
U1




Node Voltage Analysis Method
Step (3/6)

Step 3 Express current in the circuit
=1E0 2 elements in terms
of node voltages

Node 1
U1

17
Can%ot be written In

terms of node
voltages
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Circuits with independent Current Sources

-
Identify the number }
of nodes in the circuit I
L These steps will
- ™
Designate one node
as a reference node
N\ Y,

/Express current in the circuit )

elements in terms If we have
L of node voltages y -
- 3 iIndependent
Apply KCL Law at each node
except the reference node VOltage SOurCe

> < Direct

Solve the equations resulting Substitution

from KCL to get node voltages _
. Y Matrix
e Algebra

Using the node voltages
Hind the currents in the element

o




Node Voltage Analysis Method
Circuits with independent Current Sources

~_
Should be modified

to handle
Independent
Voltage Source




Our plan in this module
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Mesh Current Analysis

Method

Systematic Analysis Steps
for circuits
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