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. Methods of Analysis

of Resistive Circuitr.s

41 Introduction

To analyze an electric circuit, we write and solve a set of equations. We apply Kirchhoff’s current and
voltage laws to get some of the equations. The constitutive equations of the circuit elements, such as
Ohm’s law, provide the remaining equations. The unknown variables are element currents and voltages.
- Solving the equations provides the values of the element current and voltages. /
This method works well for small circuits, but the set of equations can get quite large for even
moderate-sized circuits. A circuit with only 6 elements has 6 element currents and 6 element voltages.
We Could have 12 equafions in 12 unknowns. In this chapter, we Consider two methods for Wiiting"a
smaller set of simultaneous equations:

"o The node voltage method.
o The mesh current method.

“The node voltage method uses a new type of variable called the node voltage. The “node voltage
.equations” or, more simply, the “node equations,” are a set of simultaneous equations that represent a
_given electric circuit. The unknown variabes of the node voltage equations are the node voltages. After
solving the node voltage equations, we determine the values of the element currents and voltages from
the values of the node.voltages. |
s _ . MDST o o
~It’s easier to write node voltage equations Tor some types of circuit than for .others. Starting with
the easiest case, we will learn how to write node voltage equations for circuits that consist of:

o Resistors and independent current sources. ¢~

» Resistors and independent current and voltage sources. v

"fie mesh current method uses a ype of variabie called the mesh cwrent. The “mesh current
equations” or, more simply, the “negh equations,” are a set of simultaneous equations that represent a

[

A

» Resistors and independent and dependent voltage and current sources. v’
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given electric circuit. The unknown variables of the mesh current equations are the mesh currents. After
solving the mesh current equations, we determine the values of the element currents and voltages from
the values of the mesh currents. g S, -
It’s easier to write mesh current equations for some types of circuit than f“??tfims "S"tartmg Ting wit !
the easiest case, we will learn how to write mesh current equations for circuits that consist of:

o Resistors and independent voltage sources.
 Resistors and independent current and voltage sources.

e Resistors and independent and dependent voltage and current sources.

A IR
s

1. Express element currents as functions of the node voA ages.

2. Apply Kirchhoff’s current law (KCL) at each of the nodes of the circuit except for Lhe
reference node. . % e

[ ExamPLE 4.2-2 Node Equations

Obtain the node equations for the circuit in Figure 4.2-6.

Solution

Let v, denote the node voltage at node a, vy, denote
the node voltage at node b, and v, denote the node
‘voltage at node c. Apply KCL at node a to obtain

Va — Ve - 5 Va — V¢ Va —W
i s, — = O
<R1>+‘ll (Rz>+l (R5>
Separate the terms of this equation that involve v,

from the terms that involve v, and the terms that
involve v, to obtain.

L1, 1 1 1,1 .
LT I DA —i+h
R R Rs)V TR TR TR )T

‘Determine the node voltages for the circuit in Figure 4.2-6 when i; = 1A, i, =2 A i3 =3A,1
R, =2V, R3 100, Ry =40, Rq—SQ and Rg —ZQ

T P Yor Rémiduce m +elx

i D s (- (B ) =142 B
ASTITE TS T AT e ]

N, 1+1+1 L\ o os ‘\
T\5)" T \1075 72 10)% >

11 WU SR A W

st )t sttt
0.9v, — 0.2vy — 0.7v = 3

—0.2v, +0.55v, — 0.1y, = 1
0.7, — 0.1vp + 1.3ve = —1 ___rmmee="

FIGURE 4.2-6 The circuit for Example 4.2-2.

The node equations can be written using matrices as

Av=2>
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where

' g ‘#
09 -02 —-07 Va 7 \fhpeinode
A=|-02 055 —01|[(b=| 1|and, v=|v [ g /‘5.
-0.7 0.1 1.3 -1 Ve ( T R ]
L o . - | <z X o)
~This matrix equation is solved using MATLAB in Figure 4.2-7. % 1 2 s
Ve 7.1579 ; L
vem | oy = | S5 IGURE 4.3-2 Circuit with a supernode
Ve d 3.4737 at incorporates v, and vp.

' Consequently, v, = 7.1579V, w, = 5.0526 V, and v, = 34737V

A supernode consists ' i I
of two nod an 1o dent or a dep
| es connected by an independent or a dependent voltage source.

[EXAMPLE 4.3-1 Node Equations j

> the values node voltages, v; and v, in the circuit shown in Figure 4.3-3¢. V"’(ﬂ 0 ,

1.5A

FICURE 4.3-7 The circuit for Example 4.3-3.
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45 " Mesh Current Analys:s with Independent

Voltage Sources

A mesh is a special case of a loop

In this and succeeding sections, we consider the analysis of circuits using Kirchhoff’s voltage law
(KVL) around a closed path. A closed path or a loop is drawn by starting at'a node and tracing a path
such that we return to the original node without passing an intermediate node more than once.

A mesh is a Joop that does not contain any other loops within it
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Mesh current analysis is applicable only to planar networks A planar circuit is one that can be

drawn on a plane, without crossovers. An example of a nonplanar circuit is shown in Figure 4.5-1, in
which the crossover is identified and cannot be removed by redrawing the circuit. For planar networks, the

meshes in the network look like windows. There are four meshes in the circuit shown in F1gu1e 4.5-2

T ae
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ﬁ\}w Mesh Current Analysis

™
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FIGURE 4.5-1 Nonplanar circuit with a crossover.

'To wnte a set of mesh equations, we do two things:
Express element voltages as functlons of the mesh currents.

Crossover . %
b i Jouck)

ith Independent Voltage Sources

]

FIGURE 4.5-2
identified by dashed lines. 4, M f‘?&’ E? U 71«, 57!1/ %
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Cm:ult with four meshes. Each mesh IS
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2 iApply Kirchhoff’s voltage law (KVL) to each of the meshes of the circuit.



| FIGURE 4.6-4 Circuit with a supermesh
( that incorporates mesh 1 and mesh 2.
A"/ The supermesh is indicated by the dashed line.

A silpermesh is. one larger mesh created from two meshes that have an independent or
- dependent current source in common.
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