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Lesson 1 Basic Analysis Methods

Having understood the fundamental laws of circuit theory (Ohm’s law and
Kirchhoff’s laws), we are now prepared to apply these laws to develop two powerful
techniques for circuit analysis: nodal analysis, which is based on a systematic applica-
tion of Kirchhoff’s current law (KCL), and mesh analysis, which is based on a system-
atic application of Kirchhoff’s voltage law (KVL), With the two techniques to be devel-
oped in this section, we can analyze almost any circuit by obtaining a set of simultane-
ous equations that are then solved to obtain the required values of current or voltage.
One method of solving simultaneous equations involves Cramer’s rule, which allows us

to calculate circuit variables as a quotient of determinants.

Q@ 1. Nodal Analysis

A convenient choice of voltages for many networks is the set of node voltages.
Since a voltage is defined as existing between two nodes, it is convenient to select one
node in the network to be a reference node or datum node and then associate a voltage or
a potential with each of other nodes. The voltage of each of the non-reference nodes
with respect to the reference node is defined to be a node voltage. It is common practice
to select polarities so that the node voltages are positive relative to the reference node,
For a circuit containing N nodes, there will be N—1 node voltages, some of which may
be known, of course, if voltage sources are present.

Frequently the reference node is chosen to be the node to which the largest number
of branches are connected. Many practical circuits are built on a metallic base or chas-
sis, and usually there are a number of elements connected to the chassis, which is often
then connected to the earth, The chassis may then be called ground, and it becomes the
logical choice for the reference node. For this reason, the reference node is frequently
referred to as ground. The reference node is thus at ground potential or zero potential,
and the other nodes may be considered to be at some potential above zero.

The application of KCL results in an equation relating node voltages. Clearly, sim-
plification in writing the resulting equation is possible when the reference node is chosen
to be a node with a large number of elements connected to it. As we shall see, however,
this is not the only criterion for selecting the reference node, but it is frequently the
overriding one,.

In the network shown in Fig. 1-1, there are three nodes, numbered as shown.
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Since there are four branches connected to node 3, we selected it as reference node,
identifying it by the ground connection as shown.

The voltage between node 1 and the reference node 3 is identified as »; , and %, is
defined between node 2 and the reference node 3. These two voltages are sufficient, and
the voltage between any other pair of nodes may be found in terms of them. For exam-
ple, the voltage of node 1 with respect to node 2 is u; —u,.

We must now apply Kirchhoff’s current law to node 1 and 2, We do this by equa-
ting the total current leaving the node through the several conductions to the total
source current entering the node. Thus

0. 5u; +0. 2Cu; —u,) =3
or 0. Tuy —0. 2u, =3 (1-1)
At node 2 we obtain
u, +0. 2(u, — 1y )=2
or —0.2u;+1. 2u,=2 (1-2>
Solve the Eq. (1-1) and Eq. (1-2) to obtain the unknown node voltage w, and #;, then
any current or power in the circuit may be found,

Steps to nodal analysis:

(1) Select a node as the reference node. Assign voltages u;, u;, ***» #,—; to the
remaining n— 1 node.

(2) Apply KCL to each of the n—1 non reference nodes. Use Ohm’s law to express
the branch currents in terms of node voltages.

(3) Solve the resulting simultaneous equations to obtain the unknown node volta-

ges, and then solve the other required variables.

2 2. Mesh Analysis

Mesh analysis provides another general procedure for analyzing circuits, using
mesh currents as the circuit variables. Using mesh currents instead of element currents
as circuit variables is convenient and reduces the number of equations that must be
solved simultaneously. Recall that a loop is a closed path with no node passed more than
once. A mesh is a loop that does not contain any other loop within it.

Nodal analysis applies KCL to find unknown voltages in a given citecuit, while mesh
analysis applies KVL to find unknown currents. Mesh analysis is not quite as general as
nodal analysis because it is only applicable to a circuit that is planar. '3 A planar circuit
is planar. A planar circuit is one that can be drawn in a plane with no branches crossing
one another; otherwise it is nonplanar. A circuit may have crossing branches and still

be planar if it can be redrawn such that it has no crossing branches. A mesh is a loop
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that does not contain any other loops within it.

In Fig. 1-2, for example, there are two meshes in this circuit. The current through
a mesh is known as mesh currents in a given circuit. If we label the left-hand mesh of
our problem as mesh 1, then we establish a mesh current 7, flowing in a clockwise direc-
tion about this mesh. A mesh current is indicated by a curved arrow that almost closes.
on itself and is drawn inside the appropriate mesh, as shown in Fig. 1-2. The mesh cur-
rent i;is established in the remaining mesh, again in a clockwise direction. Although the
direction is arbitrary, we shall always choose clockwise mesh currents because a certain

error-minimizing symmetry then results in the equations.

50Q
— 2 6{) 40
g I
+ - + -
nl 20 | |10 2A
34 ’ Qv O 39@ prv

+ 1 2

- +
L3

Fig.1-1 A given three-node circuit Fig. 1-2 A circuit with two meshes

One of the greatest advantages in the use of mesh currents is the fact that
Kirchhoff’s current law is automatically satisfied. If a mesh current flows into a given
node, it obviously flows out of the node also.

Applying KVL to each mesh, we obtain

—42+64, +3(, —1,)=0
3(i;,—4,)+4:,—10=0
or 97, —3i,=42 (1-3)
—3i,+74,=10 (1-4)

Note in Eq. (1-3) that the coefficient of i, is the sum of the resistances in the mesh
1, while the coefficient i,is the negative of the resistance common to meshes 1 and 2.
Now observe that the same is true in Eq. (1-4).

Notice that the branch currents are different from the mesh currents unless the
mesh is isolated.

Steps to mesh analysis:

(1) Assign mesh current 7,, 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 the mesh currents, and then
solve other required variables.

New words and phrases

l. nodal adj. WmK, LM, TRK, T, EK
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. nodal analysis 45 & 2#7

.mesh n. FIfl, W%, MR, KR

. mesh analysis MF 447

. simultaneous adj. B (7B, RN GFFE, REOW, REH, —BH
. quotient n. F§(HD, RYP: HBH, MNE4BHTL

. determinant n. YR ; RERK, BEHAE

.datum n. EHE(S, &, @), Ei; i\, TH, R
. chassis n. JE&, REOR, KRB

.planar adj. EWEK, FH:; —4EH, —FH

. error-minimizing adj. 24&iREIH

. symmetry n. XPFRE, WML, 5K, @AF

. coefficient n. RE, BE, HH; X, IrEX

14. Cramer ’s rule 353E 5850

Notes

2
3
4
5
6
7
8
9

[
W NN = O

[1] Mesh analysis is not quite as general as nodal analysis because it is only appli-
cable to a circuit that is planar,

BTFRASECGER TR EERE, SNASTERARE S TEREER.
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REBRBKTFHARBRRHBTRENBELR. HR, A TEMEFZREAEE
BHMEFERAKE, M+oREMANMBEELAESEIENSHE. AR,
BOBFASPHEREBREMIE MBI RATUBLNFHATHE, BR—FE,
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=, BB EA

HENREEFRECARORE, YRESBIFELROEN. BRAHERXR™X
(1853—1921) F 1898 £ #E¢ KX ## i) (Evolution and Ethics and Other Essays) i “ % #
BHRRETEREN G, . B7EN. O E“RE=R", XBRENAR A
C TFHIEPRIAMEBR, (B - FEIPH. “BELHEWR”, (BF - DRAIPHE: “F
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Prig@m, HMRFEXHNETLIENS E, FETUEME. BRBIGENIEE
MIIRE®RAER, BEXHEAE. FHEREEL. ZBAENRAR. BRANESCLAR
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H 3% T & H WA RS

Amplification means the transformation of little currents into big ones, without

distortion of the shape of current fluctuation.
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(OEXEREHRDERBABFNEDE, TRABROEREEEN.

OFEBKR, REB/PBRFESKEHR, TRREBEXRLE.

In certain cases friction is an absolute necessity.

DHE—FHET, EERE—HAFHLFT L.

)EFREFERT, BEEELTLTHN.

The tendency of evolving organisms to follow a trend is widespread.

OB FENAIEMEE —FER, XHEMEHEN.
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He wanted to learn, to know, to teach.
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Various speeds may be obtained by the use of large and small pulleys.
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The rate of dissociation was followed by placing the unit on a scale and noting the
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weight loss due to chlorine evolution.

[R]MBEETHERR ERZAESL, HFERETROBEMSENERRX.

[E] WM#EERED FAFERBN. HAREREEXE L, FERH TR
BTG RO ERRK .

scale FYRZE”. “KFE"4 & X, AP placing the unit on a scale PR BRI IR FHK
AERF L. RiIFQA)TIE scale YR“ZE”, AWML unit RFF“BRR”, M H placing
WRFH .

Those shovels of Virginia ground symbolized more than the construction of a re-

search laboratory.
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There are no problems in the production of such a domestic robot to which we do
not have already the glimmering of a solution.
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The foundation of the machine should not be constructed at a place of conspicuous
temperature change, due to direct sunshine, excessive heat or vibration, or at a place
contaminated with soil or dust particles.
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