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CHAPTER 3

Methods of Analysis

Here we apply the fundamental laws of circuit theory (Ohm’s Law &

Kirchhoff’s Laws) to develop two powerful techniques for circuit analysis.
1. Nodal Analysis (based on KCL)

2. Mesh Analysis (based on KVL)

This is the most important chapter for our course.

3.1. Nodal Analysis

Here, we analyze circuit using node voltages as the circuit variables.

EXAMPLE 3.1.1. Back to Example 2.5.7]
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32 3. METHODS OF ANALYSIS

3.1.2. Steps to Determine Node Voltages:

Step 0: Determine the number of nodes n.
Step 1: Select a node as a reference node (ground node). Assign

voltages vy, v, - -+, U,_1 to the remaining n — 1 nodes.
e The voltage are now referenced with respect to the reference
node.

e The ground node is assumed to have 0 potential.

0T

e Recall that voltages are measured between two points. In this
case, the second point is always the ground node and hence
we agree not to talk about it but know that all these node
voltages are in fact the values of the voltages with respect to
the reference node.

@ e If a voltage source is connected between the reference node and
a nonreference node, we simply set the voltage at the nonref-
erence node equal to the Volt‘e}g,‘g g‘fnt;}}\e voltage source.

Step 2: Apply KCL to each of the s==t nottreference nodes.
(a) Use Ohm’s law to express the branch currents in terms of node

voltages. —> I
: —a/—e
I.{. yDU Cre lh% Y'—""‘ML)Q_/ +L\c.§ [+ R R B
V, -V _ V= Ve
T= &2 _ 1=
R R

(b) Current source automatically gives current value.
Caution: Watch out for the direction of the arrow.
Step 3: Solve the resulting simultaneous equations to obtain the un-
known node voltages.



3.1. NODAL ANALYSIS 33

3.1.3. Remarks: There are multiple methods to solve the simultaneous
equations in Step 3.

e Method 1: Elimination technique (good for a few variables)
e Method 2: Write in term of matrix and vectors (write Az = b), then
use Cramer’s rule.
e Method 3: Use
— computer (e.g., MATLAB) to find A~! and then find z = A~1b
— calculator (fx-991MS can solve simultaneous linear equations
with two or three unknowns.)

EXAMPLE 3.1.4. Calculate the node voltages in the circuit below.
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ExXAMPLE 3.1.5. Calculate the node voltages in the circuit below.
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3.1.6. Special Case: If there is a yoltagepsourcerconnectedybetweeny
[twornonreferencermodesyithe two nonreference nodes form a supernode.
We apply both KCL and KVL to determine the node voltages.

ExaAMPLE 3.1.7. Find v and ¢ in the circuit below. :
P Supeen 09 €
S A
\ A
»

2= = L% _ 1.94A4
& &

21V

kecr @ tufclnbclc

+
21V ) 6Q ~
= V,~Va =9
“ 3 2 c
Calcvlator ¢ \/A: -0.¢ V V2V,~0 = 0.6V
Vo= BV A=Ve"C . Tt w2 A
2 2

3.1.8. Note the following properties of a supernode:

(a) The voltage source inside the supernode provides a constraint equa-
tion needed to solve for the node voltages.

(b) A supernode has no voltage of its own.

(¢) We can have more than two nodes forming a single supernode.

(d) The supernodes are treated differently because nodal analysis re-
quires knowing the current through each element. However, there is
no way of knowing the current through a voltage source in advance.
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3.2. Mesh Analysis

Mesh analysis provides another general procedure for analyzing circuits,
using mesh currents as the circuit variables.

DEFINITION 3.2.1. Mesh is a'loop which/does not contain any other

loop within it.
. *o Ei 3
3.2.2. Steps to Determine Mesh Currents: Py =
Step 0: Determine the number of meshes n. <
Step 1: Assign mesh currentsﬂ 1, 12, .. ., iy, t0 the n meshes.

e The directiorNGEMRENES current is arbitrary—(clockwise or

counterclockwise)—and does not affect the validity of the solu-
tion.
e For convenience, we define currents flow in theclockwise (CW)
direction.
Step 2aFrom the current direction in each mesh, define the voltage
drop polarities.
?_b/ﬁép\& Apply KVL to each of the n meshes.
Use Ohm’s law to express the voltages in terms of the mesh current.
e Tip (for combining Step 2eand 3k Go around the loop in the
same direction as the mesh current (of that mesh). (Note that
according to our agreement above, this is in the CW direction.)
When we pass a resistor R, the voltage drops by I x R where [
is the branch current (algebraic sum of mesh currents) through
that resistor in the CW direction.
o R L Goirs frem a to b,

O—uwW——o the wvol tege avers br IR.

I ~ tum of mah curents (in e
3 T J;!l‘i-:dﬂ; :t “01-/ .. )
Step 4: Solve the resulting n simultaneous equations to get the mesh

s+?:rrinfsi"w+u:u elic in e ciecit can be found Ging P mebs
Nodal Anal)asis Mesh Ana\/sis currents
var:ables node vo‘l+¢=¢:’cs rnesh cuvvents
Va,Ve, --- Ay Koy -
unJarl)l;f\j KCL + Ohmg KVL +OhmY¥
frinc; P)g S leews law

1Using mesh currents instead of element currents as circuit variables is convenient and reduces the
number of equations that must be solved simultaneously.
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EXAMPLE 3.2.3. Back to Example

Meth | VL — a —

-V -V_=0
+12-V, =V, =0 »

1
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1T2A 4 :4‘,‘ =2 A
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ExAMPLE 3.2.4. Find the branch currents I, I5, and I3 using mesh

analysis. _
* Vas I 24 =1A
I A L \ 1
L 59 260 B
D= MW —e—MA—y _
Meh 1 WV +5VvV - *Ig I'I. =4’L: ‘lA
15-4%5 ~(2,”4,)<10 =10 =0 §1OQ I, = ,51..,.‘,2 =0 A
15vV(" i i2 4Q
Mesh 20 kv —> /) Q §
10 = (A= A4)10 = A xE —A, X% =[O “)1v VAB= Lxe=1xC =6\
Celecoulator 4 = 1A C CA = vc,— VA = =10 Vv
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3.3. Remarks on Nodal Analysis and Mesh Analysis

3.3.1. Nodal analysis applies KCL to find unknown (node) voltages in
a given circuit, while mesh analysis applies KVL to find unknown (mesh)
currents.

3.3.2. Mesh analysis is not quite as general as nodal analysis because
it is only applicable to a circuit that is planar.

e A planar circuit is one that can be drawn in a plane with no branches
crossing one another; otherwise it is nonplanar.

3.3.3. Nodal Analysis vs. Mesh Analysis: Given a network to be
analyzed, how do we know which method is better or more efficient?

Suggestion: You should be familiar with both methods. Choose the
method that results in smaller number of variables or equations.

e A circuit with fewer nodes than meshes is better analyzed using
nodal analysis, while a circuit with fewer meshes than nodes is better
analyzed using mesh analysis.

You can also use one method to check your results of the other method.

3.3.4. Nodal analysis and mesh analysis can also be used to find equiv-
alent resistance of a part of a circuit.

This becomes extremely useful when the techniques that we studied in
the previous chapter cannot be directly applied (, e.g., when we can’t find
resistors that are in parallel or in series; they are all connected in some
“strange” configuration.)

The are two approaches to this kind of problems.

(a) [Apply 1 'V voltage source across the terminals, find the/correspond-
ing current I through the voltage source. Then,

Vo 1
Req:7:f.

(b) Put 1 A current source through the terminals, find the corresponding
voltage V' across the current source. Then,

I 1 e gt '\‘0 ;o\w
* rext e.xm{’f'-

Req =
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EXAMPLE 3.3.5. Find the equivalent resistance for the following circuit

1' GOOLI : F:nd V‘ = V1 R
10 Ne dﬂ*\ A'\o.[)/si s
_ At ~ode
A=T, (1) B > o

-\ -V Vs _
At wnede D, V> 1 Voo V2 < =0

Calcwlator = V, = 1V

V \/q
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