CHAPTER 2

Nodal Analysis and
Mesh Analysis




METHODS OF ANALYSIS

e Introduction
 Nodal analysis

 Nodal analysis with voltage source

e Mesh analysis

e Mesh analysis with current source
 Nodal and mesh analyses by inspection
 Nodal versus mesh analysis
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STEPS OF NODAL ANALYSIS

. Choose a reference (ground) node.
2. Assign node voltages to the other nodes.

. Apply KCL to each node other than the
reference node; express currents in terms

of node voltages.

4. Solve the resulting system of linear
equations for the nodal voltages.
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Common symbols for indicating a reference node,
(a) common ground, (b) ground, (c) chassis.
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1. REFERENCE NODE

_________________________________

The reference node is called the ground
node where V =0

HARDIK PRAJAPATI



2. NODE VOLTAGES
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V,, V,, and V,; are unknowns for which we
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CURRENITS AND NUDLE
VOLTAGES
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3. KCL AT NODE 1
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3. KCL AT NODE 2
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3. KCL AT NODE 3
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4. SQUNMNING CIRCLUI
SOLUTION

5000 5000

Solution: V=167, + 1671,
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NODAL ANALYSIS

I, 6[2 . L
i, 61'3
v... Ov
16 higher R lower
i16v100 or ii 0G,v,
1
i, 6v10v2 or i, 6G,(v,0v,)
2
1'36\}20O or i, 6G,v,
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EXAMPLE
L

e Calculate the node voltage in the circuit
shown in Fig.

4@7
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SOLUTION

* At node 1
i, 01, . I,
b 56lev2 . v, 00
4 )
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SOLUTION

e At node 2
o 0, O
frsg Leb
4
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EXAMPLE

-
A

e Determine the voltage at the nodes in Fig.

below
4 Q)
AYAVAVAY
a0 5 8 Q
—AMAN AVAVAYAY
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SOLUTION

e At node 1,

361, .

X

P 36—+

v, Ov, v Ov,

4 2

HARDIK PRAJAPATI

40
AMAA
i 20 4 2 sQ 2 t
V1 —AWWW MW V3
— —
'%A? L I ¢53
3A D ga&g Gf%

18



SOLUTION

b

e At node 2
i 6i,. i,
v,0v, ~v,0v, v,00
2 8 .iue
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SOLUTION

e At node 3

b

i .1, 062i

v, Ov, Bz Ov, 6 2(v, Ov,)

4
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INUL/AL MINALTLOIOD VVIITTI VULIAN\D L

SOURCES

e Case 1: The voltage source is connected
between a nonreference node and the
reference node: The nonreference node
voltage is equal to the magnitude of
voltage source and the number of
unknown nonreference nodes is reduced
by one.

e Case 2: The voltage source is connected
between two nonreferenced nodes: a
generalized node (supernode) is formed.
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VOLIAGE SOURCES gy,

AN~

A circuit with a supernode.

4 Q)
MWV /Supernode
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SUPERMODE

e A supernode is formed by enclosing a
(dependent or independent) voltage
source connected between two
nonreference nodes and any elements
connected in parallel with it.

 The required two equations for regulating
the two nonreference node voltages are
obtained by the KCL of the supernode
and the relationship of node voltages due
to the voltage source.
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EXAMPLE
L

e For the circuit shown in Fig., find the
node voltages.

2070i10i260

2070202260
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EXAMPLE

Find the node voltages in the circuit below.
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SOLUTION

e At suopernode 1-2,

v, Ov, 1064 Ov
6 3
v, Ov, 620
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SOLUTION

e At supernode 3-4,

-

1!;)] ————————— %
v,0v, v, v,

WOV, (v, Ov, vy vy P
3 e EEEE |
v, 0v, 63(v, Ov,) Qﬁ ORE
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MESH ANALYSIS

e Mesh analysis: another procedure for
analyzing circuits, applicable to planar
circuit.

e A Mesh is a loop which does not contain
any other loops within it

HARDIK PRAJAPATI

28



MESH ANALYSIS

1Q§ 3Q§
40
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L AMA————— 6 Q

SQ§ 7Q§

(b)

(a)

(a) A Planar circuit with crossing branches,
(b) The same circuit redrawn with no crossing branches.
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MESH ANALYSIS

A nonplanar circuit.

sa(})
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MESH ANALYSIS

e Steps to Determine Mesh Currents:

1. Assign mesh currents i, I,, .., I, to the
n meshes.

2. Apply KVL to each of the n meshes.
Use Ohm's law to express the

voltages in terms of the mesh
currents.

3. Solve the resulting n simultaneous
equations to get the mesh currents.
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MESH ANALYSIS

A circuit with two meshes.

g R, b R,
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MESH ANALYSIS

 Apply KVL to each mesh. For mesh 1,
OV,. Ri,. R,(i, 0i,) 60

(Rl . R3)i1 OR3i2 6V1
e For mesh 2,

Ri,.V,. R(i,0i)60
OR,i . (R,. R)i, 60V,
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MESH ANALYSIS

e Solve for the mesh currents.

& . R, OR, 16,ugéV U
g ORB RZ 3 RB%ZQ g)VZE

e Use | for a mesh current and / for a

branch current. It's evident from Fig. 3.17

that

I,6i, I,6i, I, 6iO0i

12
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f\.\
EXAMPLE -

 Find the branch current /,, /,, and /; using
mesh analysis.

I I
e 38 )
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SOLUTION

e For mesh 1,

015. 5i, . 10, 0i,). 1060

e For mesh 2 31 021 61
6i, . 4i, . 10(i, 0i)01060
i 621’2 01

 We can find /, and i, by substitution
method or Cramer's rule. EFhen, A
Mees T 61 1.6 0i,
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k\
EXAMPLE

« Use mesh analysis to find the current/, in
the circuit.

24v (1) G) T
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SOLUTION

 Apply KVL to each mesh. For mesh 1,
024. 10(;, 0i,). 12(i, 0i,) 60

11i, 05i, 06i, 612
e For mesh 2,

24i, . 4(i, 0i,). 10(i, 0i,) 60
05i, . 19i, 02i, 60
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SOLUTION

e For mesh 3,

41, . 12(i, 0i,) . 4(i, 0i,) 60
Atnode A, I, 61, Oi,,
4(i, 0i,). 12(i, 0i,). 4(i, 0i,) 60

0i, 0i,. 2i, 60

we can calculus i,, i, and i; by Cramer’s
rule, and find /,.
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MIESH ANALTSID vl
CURRENT SOURCES

A circuit with a current source.
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MIESH ANALTSID VWi
CURRENT SOURCES

e Case 1

- Current source exist only in one mesh

i 6 02A

- One mesh variable is reduced
e Case 2

- Current source exists between two meshes, a
super-mesh is obtained.
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MIESH ANALTSID VWi
CURRENT SOURCES

i

e a supermesh results when two meshes
have a (dependent , independent)
current source in common.

6Q o 10Q
\ 6 Q 10 Q
: \ AW MW
r 20 § 1
20v (%) G) | | ﬁo) 40 - = T
‘. ; 20v () G) @ ; §4£2
INO : :
B! | ,’;\
1 S O P iz
- Exclude these (b)
(a) elements
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NODAL VERSUS MESH ANALYSIS

e Both nodal and mesh analyses provide a
systematic way of analyzing a complex
network.

e The choice of the better method dictated
by two factors.

- First factor : nature of the particular network.
The key Is to select the method that results in
the smaller number of equations.

- Second factor : information required.
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SUMMERY

1. Nodal analysis: the application of KCL at
the nonreference nodes

- A circuit has fewer node equations
2. A supernode: two nonreference nodes

3. Mesh analysis: the application of KVL
- A circuit has fewer mesh equations

4. A supermesh: two meshes
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