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We are ready to investigate the behavior of basic electric circuits
in this unit. Two simple laws, Kirchhoff’s current law and Kirchhoff’s

voltage law, form the foundation for circuit analysis procedures.
‘0‘0‘0“000.0000‘0‘0000‘0000‘000000000‘000000000‘\
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1. Nodes, Paths, Loops, and Branches

We are now ready to determine the current-voltage relationship in simple
networks of two or more circuit elements. The elements well be connected together
by wires, which have zero resistance. Since the network then appears as a number
of simple elements and a set of connecting leads, it is called a lumped-parameter
network. ™!

A point at which two or more elements have a
common connection is called a node. For example,
Fig. 1-A-1 shows a circuit containing three nodes.
e ,  We must necessarily consider all of the perfectly

R conducting leads or portions of leads attached to
the node as part of the node. " Note also that every
element has a node at each of its ends.

Fig. 1-A-1 A circuit containing three Suppose that we start at one node in a network

nodes and five branches. and move through a simple element to the node at the

other end. We then continue from that node through a

different element to the next node, and continue this movement until we have gone

through as many elements as we wish. If no node was encountered more than once,

then the set of nodes and elements that we have passed through is defined as a path.

If the node at which we started is the same as the node on which we ended, then the
path is, by definition, a closed path or a loop.

Another term whose use will prove convenient is branch. We define a branch as
a single path in a network, composed of one simple element and the node at each end
of that element. Thus, a path is a particular collection of branches.

2

2. Kirchhoff’s Current Law

We are now ready to consider the first of the two laws named for Gustav Robert
Kirchhoff, a German university professor who was born about the time Ohm was
doing his experimental work. This axiomatic law is called Kirchhoff’s current law
(abbreviated KCL), and it simply states that.

The algebraic sum of the currents entering any node is zero.
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This law represents a mathematical statement of the fact that charge cannot
accumulate at a node. A node is not a circuit element, and it certainly cannot
store, destroy, or generate charge.' Hence, the currents must sum to zero. A
hydraulic analogy is sometimes useful here: for example, consider three water pipes
joined in the shape of a Y. We define three “current” as flowing into each of the three
pipes. If we insist that water is always flowing, then obviously we cannot have three
positive water currents, or the pipes would burst. This is a result of our define
currents independent of the direction that water is actually flowing. Therefore, the
value of either one or two of the currents as )
defined must be negative.

Consider the node shown in Fig. 1-A-2.
The algebraic sum of the four currents entering

the node must be zero,
iA o+ iB (_ic) KD (_l-D) =0 (1 -A- 1) Fig. 1-A-2 Example node to illustrate the app-

I

It is evident that the law could be equally lieataon of Wlechliait's cotte Lase:

well applied to the algebraic sum of the currents leaving the nod

(—iA) e (—iB) + ic + iD =0 (1-A—2)
A compact expression for Kirchhoff’s current law is 4
N
i, =0 (1-A-3)

n=1

3. Kirchhoff’s Voltage Law

We now turn to Kirchhoff’s voltage law (abbreviated KVL). ThlS law states that

The algebraic sum of the voltage around any closed path is zero.

Current is related to the charge flowing through a circuit element, whereas
voltage is a measure of potential energy difference across the element. 1 There is
a single unique value for voltage in circuit theory. Thus the energy required to move
a unit charge from point A to point B in a circuit must have a value that is
independent of the path taken from A to B.

In Fig. 1-A-3, if we carry a charge of 1 C from A to B through element 1, the
reference polarity signs for v; show that

. i we do v joules of work. Now if, instead,
we choose to proceed from A to B via

; T N node C, then we expend v,—v; joules of
1 ; energy. The work done, however, is
= independent of the path in a circuit, and

these values must be equal. Any route
must lead to the same value for the
voltage. Thus,

Fig. 1-A-3  The potential difference between point A
and B is independent of the path select.
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v] = V2 —V3 (1-A-4)
It follows that if we trace out a closed path, the algebraic sum of the voltages
across the individual elements around it must be zero. Thus, we may write

N
v, =0 (1-A-5)
n=1

We may apply KVL to a circuit in several different ways. One method that leads
to fewer equation-writing errors than others consists of moving mentally around-the
closed path in a clockwise direction and writing down directly the voltage of each
element whose (+) terminal is entered, and writing down the negative of every voltage
first met at the () sign. Applying this to the single loop of Fig. 1-A-3, we have

v, +v,—-v, =0 (1-A-6)

Which agrees with our previous result, Eq. (1-A-4).

4. Nodal Analysis

We will begin studying methods of simplifying circuit analysis by considering a
powerful general method, that of nodal analysis.

In the previous chapter we considered the analysis of a simple circuit containing
only two nodes. We will now let the number of nodes increase, and corresponding
provide one additional unknown quantity and one additional equation for each added
node. Thus, a three-node circuit should have two unknown voltages and two
equations; an N-node circuit will need (N—1) voltages and (N-1) equations.

We consider the mechanics of node analysis in this section. As an example, let us
consider the three-node circuit shown in Fig. 1-A-4(a).

W
() -14A 20 1Q
314D 20 § 10
31A -14A
(a) A simple three-node circuit (b) Redrawn circuit to emphasize nodes
5Q v, 5Q v,
M

Q s 1Q

() -144 31A “14A
(c) Reference node selected a voltage assigned (d) Shorthand voltage reference. If desired, an
appropriate ground symbol may be substituted

for 'Ref

Fig. 1-A-4  The mechanics of node analysis.
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As a first step, we redraw the circuit as in Figurel-A-4(b) to emphasize the fact
that there are only three nodes. We now associate a voltage with each node, but we
must remember that a voltage has to be defined as existing between two nodes in a
network. We thus select one node as a reference node and then define a voltage
between each remaining node and the reference node. Hence, we note again that
there will be only (N—1) voltage defined in an N-node circuit.

A little simplification in the resultant equations is obtained if the node connected
to the greatest number of branches is identified as the reference node. If there is a
ground node, it is usually most convenient to select it as the reference node; more
often than not, the ground node appears as a common lead across the bottom of a
circuit diagram. " For this example, we choose node 3 as the reference node.

The voltage of node 1 relative to the reference node asvy, and w,is defined as the
voltage of node 2 with respect to the reference node. These two voltages are
sufficient, as the voltage between any other pair of nodes may be found in terms of
them. For example, the voltage of node 1 with respect to node 2 is (vi—v,). The
voltage v; and v, their reference signs are shown in Fig. 1-A-4(c). It is common
practice once a reference node has been labeled to omit the reference signs for the
sake of clarity; the node labeled with the voltage is taken to be the positive terminal
(Fig. 1-A-4(d)). This is understood to be a type of shorthand voltage notation. We
now apply KCL to nodes 1 and 2. We do this by equating the total current leaving the
node through the several resistors to the total source current entering the node. Thus,

A5 _q4 (1-A-7)
2 5

or

0.7v,-0.2v, =3.1 (1-A-8)
At node 2 we obtain

312-+32_—V1 = —(-1.4)a (1-A-9)

or
-0.2v,+1.2v, =14 (1-A-10)

Eqs (1-A-8) and (1-A-10) are the desired two equations in two unknowns, and
they may be solved easily. The results are v;=5 V and v,=2 V.
From this, it is straight forward to determine the voltage across the 5-() resistor:

Vsq =V; =V, =3V. The currents and absorbed powers may also be computed in one
step.

New Words

investigate [in'vestigeit] v. %, B3

assemble [o'sembal] v. ££E, T4, B

resistance [ri'zistons] n. HFH, FEH
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significant [sig'nifikent]  adj. EEMN), HIHFEK, AEXN

node [noud] n. &, &

portion ['po:fon] n. &5, 4, WiE; v. $e---rE, SHEC

term [to:m] n. Ai&, &iA, 2=HA, HIRR; v. #R, PR

branch [bra:ntf] n. 3%, Xk X

axiomatic adj. AHEER; HKEH, BHM

 algebraic [®ldsi'breiik] adj. fREH: BHARBE B HAREK
accumulate [o'’kju:mjuleit] v. FUZE, HEH

hydraulic [hai'dro:lik] adj. K181, KEMK

analogy [o'nzlod3i] n. AHAL, 28U

polarity [pou'leeriti] n. HHItk, HEPES|S, &tE: WKL, Bt
joule [d3wl] n. () EH CKTRMEIHHRE. GEEMINK AL
mentally ['mentli] adv. ¥E# L, FERLD, FHLE

nodal ['noudl] adj. AR, TH

corresponding [ koris'pondin] adj. A&, —BUK, AR, AHNK, HZHE
mechanics [mi'’keniks] n. Z5K, MIIE, B9, PURE, %
equation [i’kwei, fon] n. (¥ HRERX, FX

convenient [kon'vinjent] adj. JF{EMKI, EFIH

sufficient [so'fifont] adj. WK, FHH

Phrases
circuit analysis L E& 4T
lumped-parameter 5S4
apply -+ to - KR Treeeeee
consist of ++= e ZH R
leadto S, i, EM
compact expression  fEj /M FEIE T

berelated to  Heeeee- LEPS

associate -+ with -+ j:E!‘ ...... _15 ...... ﬁ?\ﬁ*

be identified as #&E XA

interms of &Y%, %M, FE--e---J7TH, Lheeeeer HhEE
for the sake of AT, KT eee () 2

KVL (Kirchhoff’s Voltage Law) #/RE K H E 2
KCL (Kirchhoff’s Current Law) 3&/KEE K HLIR E

1. Since the network then appears as a number of simple elements and a set of connecting
leads, it is called a lumped-parameter network.
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2. We must necessarily consider all of the perfectly conducting leads or portions of leads
attached to the node as part of the node.

BAVBIHCEL A B BE 5 IO AL B4V R % i — 384

3. A node is not a circuit element, and it certainly cannot store, destroy, or generate charge.

TR, BRTREEE. R4 s,

4. Current is related to the charge flowing through a circuit element, whereas voltage is a

measure of potential energy difference across the element.

MRS BT I BT S, T RUE R SO R A R .

5. If there is a ground node, it is usually most convenient to select it as the reference node;
more often than not, the ground node appears as a common lead across the bottom of a circuit
diagram.

AR BB P RSB R, EEREXY AR NS EN A, ERBEAEE R
PRI RAE RS HETT

Exercises
[EX.1] Comprehension.

1. Briefly introduce the KCL and KVL.

2. Summarize the concept of node, branches, path and loop.

3. In Fig. 1-E-1, How many nodes are there? How many branches are there? If we move
from A to B to E to D to C to B, have we formed a path or a loop?

4. In the circuit of Fig. 1-E-2, there are right circuit elements, voltages with plus-minus pairs
are shown across each element. Find vy, (the voltage across R,) and the voltage labeled v, .

A B C
YWW

AN

E
Fig. 1-B-1 . Fig. 1-E-2

[EX.2] Translate the following passages into Chinese.

1. A little simplification in the resultant equations is obtained if the node connected to the
greatest number of branches is identified as the reference node.

2. We found that the major step of the analysis was when we obtained a single equation in
terms of a single unknown quantity, the voltage between the pair of nodes.

3. However, this resistance is typically so small compared to other resistances in the circuit
that we can neglect it without introducing significant error.

4. One method that leads to fewer equation-writing errors than others consists of moving
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mentally around the closed path in a clockwise direction and writing down directly the voltage of
each element whose (+) terminal is entered, and writing down the negative of every voltage first
met at the (—) sign.

5. The key to correctly analyzing a circuit is to first methodically label all voltages and
currents on the diagram.

6. Carefully written KCL or KVL equations will yield correct relationships, and Ohm’s law
can be applied as necessary if more unknowns than equations are obtained initially.

7. Nodal analysis is based on KCL, and allows us to construct equations for a wide variety
of circuits.

8. Note that in an effort to be consistent, we have placed all the current sources (defined
flowing into node 1) on the left-hand side, and all the currents flowing out of node 1 through
resistors on the right-hand side.

9. In an electric circuit, the voltages across the resistors (called voltage drops) always have
polarities opposite to the source voltage polarities.

10. As the electrons flow through a resistor, they lose energy and are therefore at a lower
energy level when they emerge.

[EX.3] Translate the following passages into English.

1 Fr R T BRI, AR AR i b SO PR 2 [ (R LA 22

2. AR KIS KM, XA ST RN 2 % A0 i g 7 )

3. fHJEBEAE XL HAT I pobE 00 B A S AR SRR AR ) E 3 PVC i IE R AT
R, X EEF K R B BT AR A AP AE

4. FEIREE TR E LT A A, AR R K WU e R TR R (E R

AT S A ) B E T

T 5 L PR st WA S S R LU BP0 B 45 5 K A, WU PT e S BUBHE TG R

WAt H B R — i, BRI s B 5 e PR AR BELEL AR L

$g— A P [T o A PR AR N, O R R VR R HL A, SR S RV 2N %

A HBEL ) HURE e — i, SRR SE T R L IR o FL PR (O 2 el DU RSN

AT A i v B 0 BR8N 43S LT AN LR P s AR B KCL S 2

H)%%%ﬁﬁmﬁﬁ 5 R/ BB IR IS HL AL

[EX.4] Fill out the space after the record.
In a nodal 1 the variables in the circuit are selected to be the node voltage. The node

© 0 N o w»

voltages are defined with respect to a__2 _point in the circuit. One node is selected as the_3 node,
and all other node voltages are__4 __ with respect to that node. Quite often this node is the one to

which the largest number of 5 _are connected. It is commonly called__6 because it is said to
be at ground-zero__7__, and it sometimes represents the chassis or ground line inan__8 circuit.

We will select our variables as being__ 9 _with respect to the reference node. If one or more of the
node voltages are actually negative with respect to the reference node, the analysis will__10 it.
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Section B The Characteristics of Basic Electronic

Elements

1. Introduction

We define an active element as an element that is capable of furnishing an
average power greater than zero to some external device, where the average is
taken over an infinite time interval. "’ A passive element, however, is defined as an
element that cannot supply an average power that is greater than zero over an infinite
time interval.

Technically speaking, any material (except for superconductor) will provide
resistance to current flow. As in all introductory circuits’ texts, however, we will
tacitly assume that wires appearing in circuit diagrams have zero resistance. '
This implies that there is no potential difference between the ends of a wire, and
hence no power absorbed or heat generated.

Resistance is determined by the inherent resistivity of a material and the device
geometry. Resistivity, represented by the symbol p, is a measure of the ease with
which electrons can travel through a certain material. The resistance of a particular
object is obtained by multiplying the resistivity by the length L of the resistor, and
dividing by the cross-sectional area (4) as in Eq. (1-B-1); these parameters are
illustrated in Fig. 1-B-1.
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Fig. 1-B-1 The illustration of parameters.
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2. Conductance

For a linear resistor the ratio of current to voltage is also a constant,
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where G is called the conductance. The SI unit of conductance is the siemens(S), 1
A/V. The same circuit symbol (Fig. 1-B-1) is used to represent both resistance and
conductance. The absorbed power is again necessarily positive and may be expressed

in terms of the conductance by



