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Unit 1

Q+Q+0D+@OQ+D+ 0+ 0+ 0+ Q+0+Q+D+OQ+0+O+Q+D+0+ 0+

Some Introductory Concepts

The operation of any electronic device, bell it as complicated as a television receiver or as
simple as a flashlight, can be understood by determining the magnitude and direction of electric
currents in all parts of its functional unit, the circuit®. In Jact, it is not possible to appreciate how
any given circuit functions without a detailed knowledge of the currents in its individual
components.

Even the most complicated circuits can be examined in easy stages™® by first considering
each part separately and subsequently noting how the various subcircuits fit togetherm.
Therefore, circuit analysis starts by treating elementary configurations under the simplest
possible conditions™. Circuits in which the currents are steady and do not vary with®® time are
called direct current circuits. Such dc circuits, which are considered in this chapter, are important
and relatively simple to understand®.

Current, Voltage, and Resistance
The motion of electric charges (for example, electrons in a conducting material) constitutes an

electric current. Specifically, the current / is the time rate at which charge O passes a given point
so that

g
I= Y 1-1
Electric current is measured in coulombs'™ per second, which is termed
of!"” the French scientist Andre Marie Ampere.

A number of materials, most notably metals such as copper and silver, contain many free

® an ampere (A) in honor

electrons which move in response to electric fields originating from other, external, electric
charges and, accordingly, such materials are capable of carrying an electric current. Each free
electron in a metal wire carrying current is accelerated by the electric field until it loses its
velocity as a result of a collision within the metal. It then accelerates again until it suffers a
subsequent collision. The energy required to effect® the successive accelerations and move an
electron from one point to another is called the electric potential difference!"’ ! between the two
points. The potential difference V is measured in terms of work per unit charge, or®

= (1-2)

mlac



Because potential difference is used so frequently in electric circuit analysis, work per unit charge
is termed a volt (V) in recognition of the early worker in electricity, Alessandro Volta.

The resistance that each free electron encounters as a result of multiple collisions when
moving in a conductor depends upon a material property called resistivity, p. The range of

[12]

resistivities typical of several metals and alloys@ at"“ room temperatures is shown in Table 1-1.

In addition to resistivity, the shape of the conductor is also important, so that the resistance, R of

[13] [14]

a wire L meters long and A square meters in cross sectional area ™ is given by

= £L (1-3)
A
According to this expression''”!, the resistance of long thin wire is greater than that of a short,
thick wire of the same material.

The unit of resistance is labeled'® the ohm, after''”! George Simon Ohm, who first
discovered the relationship between current, voltage, and resistance discussed in the next section.
The commonly accepted symbol for the resistance of a conductor in ohms is the Greek letter
omega, Q. It often proves convenient® to describe the ability to conduct current in terms of the
reciprocal of resistance, or conductance, which is measured in terms of reciprocal ohms, or mhos.

Table 1-1 Resistivities of metals and alloys

Material Resistivity, 10 Q * m
Aluminum 2.6
Brass 6
Carbon 3.5x 10°
Constantan 50
Copper 1.7
Manganin 44
Nichrome 100
Silver 1.5
Tungsten 56

Ohm’s Law

In order to maintain a large current in a conductor, more energy, hence a greater potential
difference, is required than in the case of a small current in the same conductor. The constant of
proportionality between current and potential difference is just the resistance of the conductor, or
V=RI (1-9)
This equation is known as Ohm’s law. According to Ohm’s law, whenever a conductor of
resistance R carries a current J, a potential difference, or voltage V, must be present across the

m2m



ends of the conductor. This relation is fundamental to electric circuit analysis and is used
repeatedly in subsequent sections.

Joule’s Law

The kinetic energy of the electrons in a conductor, which results from® acceleration by the
electric field, is dissipated in inelastic collisions within the conductor and converted to heat
energy. Consequently the temperature of a conductor carrying a current must increase slightly,

[18]

and it is apparent that ™ electric power is expended in forcing a current through the resistance of

the conductor'"”",
The power P that must be supplied to the conductor is given by
P:—-—dW=V9—Q—=VI (1-5)
ds dt

where'™! the definitions of potential difference, Eq. (1-2), and current, Eq. (1-1), have been used.
This expression may be written in terms of the resistance of the conductor using Ohm’s law?'’,
The result,

P=PR® (1-6)
is known as Joule’s law, after Sir James Prescott Joule, who discovered experimentally that the
rate of development of heat in a resistance is proportional to the square of the current.

According to Joule’s law, electric power is dissipated in a conductor whenever it carries an
electric current. This is put to use in incandescent lamps, where a thin metal filament is heated to
white heat by the current, and also in electric fusesm], in which the conductor melts when the
current exceeds a predetermined value. On the other hand, the size of wires, and therefore their

B the power loss is small and the temperature rise negligible

resistance, is selected so that
when the wire is carrying less than the maximum current. The joule heat in a conductor is
commonly spoken of as the “I-squared-R” loss. As usual, the unit of power, according to Eq.
(1-5), is a joule per second, which is called a watt (W), in honor of James Watt, developer® of

the steam engine.
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[2] “in/by easy stages” BH “ NBEREH”,
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FIARERGH”, EESEEEMRHREE D ER MR E#. . “This computer is
easy to operate.”, ‘B3 T “It is easy to operate this computer.”, RATMESHGHA
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M “I="2 " FARFHIR “sothar” 3IDH—MREME, LETHE “equals”

& “isequal to”. FIHE, — P RNTHERT—1BiE, WwARXHERA-)HZ “by” 17
MASEE .

[8] “incoulombs” BN “LUECKH A", X WAL /GHE “in ohms” A “LIRKEE KN
%ﬁ»o

91 ERoR “A BEMMIRANIB” KIiE, FEFUT iR, ENEEXBEAGEG TR

EEBHT 4 F):
Ais called B.
A is termed B.
A is named B.
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A “HENX, B “relation” BH “KER.
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[23] “is selected so that ...” FEEERL “H--- - LEEB/E- -7
24] AEHR EH—EZMAR, HaE—RAHEEEE “the”.

A A AAAAExercises

1. Choose the best answer for each of the following on the basis of the text you have just
learnt.

(1) It is possible to understand the operation of a given circuit .

A. through a detailed knowledge of the currents in its individual components

B. without a detailed knowledge of the currents in its individual components

C. with the help of a rough idea of the currents in its individual components

D. by use of a detailed knowledge of the heat energy dissipated in its individual components

(2) The unit of current is termed an ampere in recognition of

A. an American scientist B. a Greek scientist

C. a French scientist D. a British scientist

(3) Each free electron encounters resistance when moving in a conductor because of

A. there being no potential difference in the conductor

B. many collisions

C. power loss

D. heat energy

(4) Ohm’s law is to circuit analysis.

A. of nouse B. of no help

C. of very great importance D. of no significance

(5) Sir James Prescott Joule discovered Joule’s law
. by careful calculations

by computer simulation

by solving mathematical equations

0wy

D. by doing experiments

2. Answer the following language questions.

(1) “the circuit” Rf+AEBRS?

(2) XA~ “effect” RATARA? fHAiHX?

(3) &4 “or” B ARE?

(4) “typical of several metals and alloys” R4+ 4iEERS, B4 AEKREH? R
AREB?

(5) FEZ& i “convenient” A IEEVER?

(6) “results from” R ARE?

(7) BRX “P=IPR” BRHHABEERS?

(8) “the temperature rise negligible ” & 4B iE/4?

3. Translate the following passage into Chinese:

oSo



Part of a Preface

In the ten years since this book was first published significant changes have been seen in the
general world situation, as well as in metalworking. Efficiency of production remains, as always,
a dominant industrial theme, but it is increasingly being interpreted in terms of social and
environmental factors in addition to its strictly economic sense. This can have considerable
repercussions on metalworking practice. For example, the noise produced by a drop hammer may
now be unacceptable. It can, to some extent, be reduced at source and its transmission can be
minimized, but thought is also being given to replacement of drop forging by inherently quieter
processes where possible. Major changes in lubrication and cooling systems may be needed in
some other processes, to avoid potential dangers to health by contact or ingestion, and to reduce
disposal problems.

Superimposed upon these considerations is the need to conserve energy and material
resources. More efficient utilization of direct and indirect energy supplies has become essential,
and the temporary and permanent shortages of certain raw materials demand greater flexibility in
plant operation, as well as calling for substitute materials.

The main theoretical development in this decade has been in the widespread use of digital
computers, and in the recognition that material properties should be included in analytical models.
A new chapter outlining the numerical methods for solution of metalworking problems has been
written, with critical guidance on their relative merits and applicability.

I am indebted to many colleagues in metallurgy and engineering for helpful comments and
discussion. Among these it is a pleasure to record particularly Professor W. Johnson and Dr. J. A.
Newnham. Finally I wish to thank my wife and family for their forbearance during the
preparation of the manuscript.

A A A A A A Reading Material
Kirchhoff’s Rules

It is not possible to reduce many of the networks important in electronics to! simple
series-parallel combinations, so that™® more powerful analytical methods must be used. Two
simple extensions of Egs. (1-8) and (1-12)"! known as Kirchhoff's rules, are most helpful in this
connection™. Consider first the simple parallel circuit, Fig. 1-9, redrawn as in Fig. 1-11) o
illustrate the idea of a branch point'®, or node, of a circuit. A node is the point at which three (or
more) conductors are joined. Kirchhoff’s first rule is that the algebraic sum of the currents at any
node is zero. Symbolically

YI=0o" (1-25)
Note that Eq. (1-25) is essentially a statement” of continuity of current; it may also be looked
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upon as~" a result of the conservation of electric charge.
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Node
Fig. 1-11 Nodes in a simple parallel circuit.

Kirchhoff’s second rule has already been applied implicitly in using Eq. (1-25) to calculate
I; in Fig. 1-10a"%. It states that the algebraic sum of the potential differences around any
complete loop of a network is zero. Symbolically
Yv=0 (1-26)
A loop of a network is understood to be any closed path“” such as abcda in Fig. 1-10a which
returns to the same point. Other examples of complete loops in the same network are befgch and
daefgd. Equation (1-26) is a consequence of the conservation of energy.
In applying Kirchhoff’s rules to any network, the first step is to assign a current of arbitrary
direction to each of the resistances in the network. The polarity of the potential difference across
each resistor is then marked on the circuit diagram using the convention already noted that''?! the

113]

current enters the positive terminal of a resistance. The polarity of emf sources ™ are, of course,

specified in advance from the circuit diagram itself. Kirchhoff’s rules are then applied to the

various nodes and circuit loops to obtain a sufficient number of simultaneous equations'¥ to

151 the total number of unknown currents.

[16]

solve for

It is true that
independent equations which result from Eq. (1-25). Similarly, there are total number of
independent equations derived from Eq. (1-26). The total number of independent equations

if a network contains m nodes and n unknown currents there are m—1

obtained from Kirchhoff’s rules applied to any network is therefore (m—1) + n— (m—1) = n. This
is just the number of unknown currents and the network solution is therefore completely
determined. It is generally possible to write down more nodes and loop equations than are

needed!"” but only n of them are truly independent.

[18] [19]

The solution”™ of these independent equations often results in" ™ certain of the currents
being negativem]. This means that the original arbitrarily assigned current direction is, in fact,
incorrect and the current is actually in the opposite direction. Thus, it is not necessary to know
the true current direction in advance. Once the various currents have been calculated, the IR
drops in any portion of the circuit are determined using Ohm’s law.

The techniquem] of applying Kirchhoff’s rules to a network can best be illustrated with a
few examples. Consider first the simple parallel-resistor circuit of Fig.1-12. The current direction

in each resistor has been arbitrarily selected
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Fig. 1-12 A simple parallel-resistor circuit.
and the polarity of the IR drops ma_rkedm] in accordance with these assigned directions. Note that
this network has only two notes, one at » and the other at e. Therefore, there is only 2-1=1
independent node equation. Considering the branch point at b, Eq. (1-25) yields

I- L+15L=0% (1-27)
Notice™™ at branch point e the current equation is
I+~ L=0 (1-28)

Clearly Eq. (1-28) is simply the negative of (1-27) and the two relations are therefore not
independent. Either equation may be used in the solution of the network.
Consider now the loop abed. According to Eq. (1-26)
V- LR =0 (1-29)
Similarly, around the loop abcdef
V+ LR =0 (1-30)
Since there are three unknown currents, there must be 3 - 2+ 1 =2 independent loop
equations and these are (1-29) and (1-30). Note, however, that around loop bcde
LR, + LR, =0 (1-31)
This is not an independent relation, as may be shown by subtracting Eq. (1-29) from (1-30)*%).
The result is Eq. (1-31). Thus these three loop equations are not independent, any two may be
used in solving the network.
Choose Egs. (1-27), (1-29), and (1-31) as?” the three independent equations to solve for the
three unknown currents. The solution is accomplished by first solving Eq. (1-29) for I3,

Y
1= ?1 (1-32)
Next, I, is determined from (1-31),
I — IlRI
2=, (1-33)
Substituting (1-33) into (1-27)%,
IlRl -
I=-1,-—==0 (1-34)
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Substituting from (1-32) for I;,

VR 1 1
R, RR, R, R,
The current I is therefore
1 1
I1=V|—+— _
(Rl Rz) (1-36)

which is quite equivalent to?®! the solution corresponding to Eq. (1-13) arrived at® by
considering parallel resistors.
Finally, 7, is determined by substituting for ; in Eq. (1-33)B1,

;o VR,
=" RR, (1-37)
or
v
L=-%- (1-38)

According to the minus sign in Eq. (1-38), this current is actually in the opposite direction toB

that assumed in Fig. 1-12. Correspondingly, the IR drops across R; has the opposite polarity from
that shown on the circuit diagram. '

More complicated networks require more than three equations, and it is usually desirable to
employ the standard method of determinants™! to solve the set of simultaneous equations™*),
This technique, illustrated in the following section, has the considerable advantage that" it is

possible to solve directly for only those currents that are of interest™®

(37)

. Often, only one or two of

the currents in a network are of direct concern
[38]

, and in this case a complete solution for all the

unknowns" " is superfluous.

+4++++ Notes +++++

[1] X/ “to” & “reduce” EXKMH. “reduce AtoB” BN “I A BILH B”.

[2] “sothat” FEMT| L RARENG, F “Bik, BrLL7,

[3]1 “Egs.(1-8) and (1-12)” &R “H(1-8)Mx(1-12).” “Egs.” & “Equations” R4S
J&3. X140 “Figs. = Figures”, “Chaps. = Chapters”, “Secs. = Sections” %; {H “page”
MRHEHERE “pp.”, THEER.

[4] “in this connection” FEME N “TEIX—FH; EXMIEML T,

[5]1 “redrawn as in Fig. 1-11” B—/ N MAEEHEEEEE, BN “HEFEHRE 1-11
PRI

[6] “branch point” EA “S4M, FEH)IH7.
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