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A Brief Introduction to Electronic Technology

(RFERET)

The Development of Electronics

Electronics is a part of the larger field of electricity. The basic principles of electricity
are also common to electronics. Modern advances in the field of computer, control system,
communications have a close relationship with electronics. The field of electronics includes
the electron tube, transistor, integrated circuit and so on.

Electronics began in 1883, when Thomas Edison discovered the vacuum diode as part of
his research on materials for a practical electric light. This first electronic device exhibited a
nonlinear, unilateral electrical characteristic but was not capable of producing amplification of
a signal®. In 1905 Fleming® produced the first diode in England and in 1906 DeForest® made
the first triode in the United States. The vacuum tubes at that time worked as a miraculous
component for the radio devices. The widespread applications of vacuum tubes during that
time period were in the communications industry, first in radio and later in television. The use
of vacuum tubes declined rapidly when a semiconductor device was invented that could
perform many of the functions previously associated with vacuum tubes®.

The first large digital electronic system was a special-purpose vacuum tube circuit called
the electronic numerical integrator and computer (ENIAC®). The ENIAC was the forerunner
of the computer industry. The transistor was invented in 1948 and made a significant
contribution to electronics. The real electronics what it is called today was actually started
after the discovery of the transistor effect®. Transistor opened the road for the electronics.
The early transistors were made from genﬁanium. The most visible application of these
devices was in small, portable AM broadcast receivers. Silicon transistors began to replace
germanium transistors in the late 1950s, which made possible the next revolutionary step in
electronics®. And more importantly it opened the road for the computing world. Computers
of various types started hitting the market and the research works got a boost.

Some other problems were also there like the assembling of the electronic components
on single mother board. Jack Kilby in Texas Instruments found a vefy nice solution. He
suggested to throw away all the wires and tried to connect the resistors, capacitors and
transistors on the same piece of wafer internally. Surprisingly his ideas worked and gave birth
to the integrated circuit industries.

The commercial success of the integrated circuit industry was based on standard
products representing digital logic families. The integrated circuit industry was moving from
the era of small-scale circuits to large-scale integration. As the decade of the 1970s came to a
close, a new era in integrated circuits was beginning. This era is characterized by the
inclusion of larger and larger numbers of components in a single circuit, and it is called very
large-scale integration.

Electronic technology is developing rapidly in the world. And electronics industry is

v
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equipped to make yet another giant step forward.

Contents of Electronics Courses

1. Direct current (DC) circuits & alternating current ( AC) circuits This curriculum
includes the elementary theory of passive component ( resistor, capacitor and inductor) and
electrical networks which supplies power with a DC source, then an introduction to the
effects of alternating voltage and current in passive electrical circuits is given. This module
also covers DC machines, three phase circuits and transformers.

2. Analog electronics This curriculum mainly introduces the characteristics of
semiconductor devices in linear application scope. The content involved in semiconductor
diodes ( PN-junction diodes, special purpose diodes), transistors (field effects and bipolar
transistors) , signal amplifiers, practical amplifiers, biasing circuits, operational amplifiers
circuit and other circuits (rectification, regulation and DC power supplies).

3. Digital electronics The content of this curriculum is as follows: the basic logic circuit
concept, the digital presentation method, the combinatory logic electric circuit, the CMOS
digital circuit, the logic operation law and the Boolean algebra, the digital operation (binary
system, Hexadecimal system, integer), the analysis and the synthesis of combinatory logic
electric circuit, the analysis and synthesis of succession logic circuit, the register, the
counter, bus systems as well as CAD tools for logic design.

4. Signal and systems This unit aims to teach some of the basic properties of many
engineering signals and systems and the necessary mathematical tools that aid in this
process. The particular emphasis is on the time and frequency domain modeling of linear
time invariant systems. The concepts in this unit will be widely used in many units of study
(in later years) in the areas of communication, control, power systems and signal
processing. A basic knowledge of differentiation and integration, differential equations, and
linear algebra is assumed.

The course includes continuous-time signals ( classifications and properties ), basic
properties of systems (linearity, -time-invariance, causality and stability ), linear time-
invariant system (characterized by differential equations and the convolution integral ),
Fourier series and Fourier transform ( definition, properties, frequency response and analysis
of linear time-invariant systems based on Fourier transform, sampling, correlation and power
specf,ra.l density ) , Laplace transform® ( definition, properties and analysis of linear time-
invariant systems based on Laplace transform, solution of state space equations using Laplace
transform) .

5. Circuit theory and design These partial studies take the basic electric circuit theory
and the operational amplifier knowledge as the foundation. The main study goal is to enhance
understanding of the electric circuit theory. Its main content includes the elementary theory
in circuit theory (network functions, characteristic frequencies) , types of filter (lowpass,
bandpass, etc. ), review of operational amplifiers ( design of first ahd second order using
operational amplifiers, cascade design), filter characteristics ( Butterworth, Chebyshev,
frequency transformations in design, sensitivity design of passive LC ladder filters and a brief
introduction to switched capacitor filters).
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6. Control theory This section is concerned with the application of feedback control to
continuous-time, linear time-invariant systems. Knowledge of linear systems theory and the
Laplace transform is required. The prime aim of study in this unit is to develop a sound
understanding of basics and a capacity for research and inquiry. Completion of the unit will
facilitate progression to advanced study in the area and to work in industrial control.

This course includes the history of control, modeling of physical processes design
specifications in the time domain, design using the root locus, frequency response and an
intrdduction to state space design for single-input single-output systems.

7. Microcontroller systems At present, computer and microprocessor are widely used in
various parts of electronics industry. Along with the computation more complex and the
function more formidable, the microprocessor application will continue to grow very quickly.
The ability to program for these devices will make a student an invaluable asset in the
growing electronic industry. This course enables the student to program a simple
microcontroller to perform typical industrial tasks. Assembler and C language are used to
program the microprocessor unit (MPU). The student will set up the internal devices such as
RS232 port, timer, interrupts, counters, /O ports, A/DC, etc. The program will then use
these devices for control operations.

8. Computer programming for engineering applications This course will continue to
introduce the more advanced programming techniques. In the teaching of the C language,
emphasis is the use of programming for engineering applications and problem solving.

New Words and Expressions

principle [ 'prinsopl] n. 0|, JEN|, JFH#

relationship [ri'leifonfip] n. X%, KB

include [in'klu:d] vt. A5, 5

transistor [ treen'sisto] n. [ H ] S&E

integrated [ 'intigreitid] adj. &, SEEM

vacuum [ 'vekjuom] n. Hzs, Z[6], HAERKALRE adj. EEH

diode [ 'daioud] n. —iR4&

nonlinear [ non'linio ] n. JELRMER

unilateral [ junileetorol] adj. Hihfy, K ER, [H]EME, [1E]8DF
characteristic [ keerikto'ristik ] adj. 454 ), FRFEER, AR n. $5dE, ST
miraculous [ mi'raekjulos] adj. AFE, A1 EILH

decline [ di'klain] v. ,n. Ffii, T, F&, 4, &

widespread [ 'waidspred,-'spred] adj. 4% 2 H, LK
semiconductor [ 'semikan'dakto] n. [ #)]2k 54k

previously [ 'prirviasli] adv. 5GRT, LART

associated [ o'soufieitid] adj. &), EBE

numerical [ nju(:) 'merikol] adj. ¥FM, AEERD

integrator [ 'intigreito] n. 4E&{#H

significant [ sig'nifikont] adj. HE XK, EAH, EEK
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contribution [ kontri'bju:fon] n. B#k, FEk, £
germanium [d35:'meiniam] n. &%

portable [ 'po:tobl] adj. ZEHK), FH(K) K, EHXH
silicon [ 'silikon] n. [{k]&E, BETE

revolutionary [ 'reva'lu:fonori] adj. FEAFH)

resistor [ri'zisto] n. [ Hi]HLPHAES

capacitor [ ko'paesito] n. ( =capacitator) B 2%

era [lioro] n. BH{X, 275, B, [Ha]fX Era [ U130 ] [GEE ] FthitHE &40
alternating [ 's:ltorneitin] adj. 32 H.K)

transformer [ treens'formo(r) ,tra:-] n. [ H] ZBER, FAELKA
curriculum [ ka'rikjulom] n. ifFE

amplifier [ 'eempli/faio] n. [ B 1Y Fa8, HARE
synthesis[ 'sin@isis] n. Z¢4&, K

causality [ ko:'zliti] n. FHREXER

stability[ sto'biliti ] 7. F2EMHE 4
enhancement [ in'hamnsmont] n. 3, N

aim to HMET, 87, HE

involved in ¥ K%

throw away ¥Pe, EFH

give birth to 4=

mother board F#t

Boolean algebra 7 /RACEK

large-scale integration AHIRE4E i,

integrated circuit £ ¥, HE

linear time invariant systems ZR{ERTAZE RS

Note to the Text

(@ This first electronic device exhibited a nonlinear, unilateral electrical characteristic but
was not capable of producing amph'ﬁcétion of asignal. T HTFEEERBHIELNKE
B B— L FRAE (B RABEF= AR RS-

4] nonlinear & “JE K", B ¥ ¥ FAARE, #HX T linear (X&) M F. be
capable of #§“HRESN WIS,

@ Fleming Bl John A Fleming 2% - {38 (1849-1946) , FE MK,

® DeForest, i - 183 1745 (1873-1961) , £ E R HAZK . '

(@ The use of vacuum tubes declined rapidly when a semiconductor device was invented that
could perform many functions previously associated with vacuum tubes. & B T F &
G, B AR o R 2R T RS B o RS R A EEERNIF S,

XR—NE A4, 7€ when 5| R\ N A HEE—EENG,

® ENIAC HFEFH401E L, 47N the electronic numerical integrator and computer,

® The real electronics what it is called today was actually started after the discovery of the
transistor effect. 4K i3 i HL FHAR PR _ERAE & BB RN UG FF iR &2 iy
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be called &K “¥ifily, % K" . the transistor effect 4 fMIAERNL” o

(@ Silicon transistors began to replace germanium transistors in the late 1950s, which made
possible the next revolutionary step in electronics. A% T 20 43 50 FERKREZT -
o R B TR T N — IRt

Laplace transform i Hr#iAes . A2 A shif R b BB B i —FBeEsH Ik
B f(e) Bt [l A R %, HLA(2) =0, ¢ <0, ARAXS T f(2) ZEATBITE TR o s A S (¢)
LR AER 2 LUA(e) ] =L(s), Hep s B —BK L(s) 480t a] ek % f(¢) BIhE
FC R, 7E A BT RE N T RGBT A , K — B R e f (¢) ZE R B 5
B s BIBREL F(s) , WLk RE % o Rt AT he B AR e , W] LUK B AR B 2

Exercises to the Text

I Translate the following words and phrases into English.
(1) Wi (2) EREHRE (3) BEMGHF (4) AaZ@EHEHE (6) Bi
(6) Pr¥hrfiAEse (7) HB  (8) fESLMRBCRIE L AR HR
II Translate the following words and phrases into Chinese.
(1) control theory (2) field effects transistors (3) Boolean algebra (4) regulation
(5) correlation and power spectral density (6) types of filter (7) A/DC (8) the
analysis and synthesis of succession logic circuit
I Answer the following questions according to the text.
(1) What is Electronics?
(2) What do you know about electronic professional courses? Please make a list of them.
(3) Please write out the main contents of analog electronics course.
(4) Please write out the main goal of learning circuit theory and design course.
(5) How do you view the prospect of electronic technology?

Electrical Components I (FBFTs5{ 1)

Resistors, capacitors and inductors form important elements in electronic circuitry. It is
essential to know something about resistance, capacitance and inductance.

Resistors and Resistance

A resistor is an electrical component that resists the flow of electrical current. The
amount of current I flowing in a circuit is directly proportional to the voltage across it and
inversely proportional to the resistance of the circuit. This is Ohm’s law and can be expressed
as the formula: I =U/R. The resistor is generally a linear device and its characteristic forms
a straight line when plotted on a graph.

Resistors may be classified as fixed or variable in their type, and also linear and
nonlinear.

Resistance is the opposition to the flow of current and is represented by the letter symbol
R. The unit of resistance is Ohm, expressed by using (). One Ohm is defined as the amount
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of resistance that will limit the current in a conductor to one ampere when the voltage applied
to the conductor is one volt. © Larger amount of resistance are commonly expressed in Kilo-
ohm(KQ) and in mega-ohm(M(Q).

A resistance to current flow creates heat, and as such, these devices have a maximgm
power dissipation, . rated in watts. @ Placed in parallel with a voltage source, they limit
current to a device. ® In series with a voltage source they make up a voltage divider.

If a circuit contains resistance in series ( Figure 2. 1(a)), the total resistance can be
calculated by adding all the individual resistance. The formula to calculate the total
resistance is

R, =R, +R, +R, +-- +R,
where R; is the total resistance, R, through R, are the individual resistance.

Resistance in parallel Figure 2. 1 (b) is a bit more difficult to calculate. The reciprocal of
the total resistance equals to the sum of the reciprocals of each resistance.

The formula to calculate the total resistance is

1/R; =1/R, +1/R, +1/R; +--- +1/R,,
If there are only two resistances in parallel, an easier formula is
R‘a =(R, * R2)/(Rl +R,)

RI R2 R] Ry,

(a) basainniss )
(a) serial circuit; (b) parallel circuit
Figure 2.1 Resistance in serial and parallel circuits

If you are interested in the electronics, I recommend you learning the “color code”. It
makes things a lot easier.

The band positions are interpreted as follows.

e The first band ( closest to the end of the resistor) is the first significant digit in the
resistor’'s ohmic value rating. _

e The next, or the second band, represents the second significant digit in the resistor’s
ohmic value rating.

e The third band indicates the multiplier, or number of zeros that should follow the
first two digits in order to know the resistor’s rated ohmic value.

e The fourth band provides the percentage tolerance information. That is how much,
in percentage, the resistor can acceptably vary from its color-code value and still be within
the manufacture’s specifications. .

e The fifth band, when present, indicates the failure rate (in percentage) per 1 000
hours of service. This is sometimes called the reliability factors.

Capacitor and Capacitance

Electrical energy can be stored in an electric field. The device capable of doing this is

called a capacitor or a condenser. ®
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A simple condenser consists of two metallic plates separated by a dielectric. ® If a
condenser is connected to a battery, the electrons will flow out of the negative terminal of
the battery and accumulate on the condenser plate connected to that side. At the same time,
thg electrons will leave the plate connected to the positive terminal and flow into the battery
to make the potential difference just the same as that of the battery. ®

To discharge the condenser the external circuit of these two plates is completed by
Jjoining terminals together with a wire. The electrons start moving from one plate to the other
through the wire to restore electrical neutrality.

The capacitance is directly proportional to the dielectric constant of the material and to
the area of the plates and inversely to the distance of the plates. It is measured in farads.
When a change of one volt per second across it causes the current of one ampere to flow, the
condenser is said to have the capacitance of one farad. However, farad is too large a unit to
be used in radio calculation, so microfarad ( one millionth “if a farad) and the picofarad
(10" farads) are generally used.

The amount of the stored energy of a charged condensers is proportional to the applied
voltage and its capacitance. The capacitance of a condenser is determined by three important
factors, namely, the area of the plate surface, the space between them and dielectric
material. The larger the plate area, the smaller the space between them, the greater the
capacitance.

The capacitors can be found in both polarized and nonpolarized version. The most
commonly used types are the electrolytic.

Total capacitance can be calculated from individual capacitance in parallel Figure 2.2(a)
by adding each of the individual capacitance. The formula is

Cr=C,+C, +C5 +-- +C,
where C; is the total capacitance, C, through C, are the individual capacitance in parallel.

Total capacitance can be calculated from individual capacitance in series Figure 2.2(b)
by the following formula.

1/C; =1/C, +1/Cy, +1/C4 +--- +1/C,,
——— -4
(6

Cl CZ Cn

I
P

(a) (b)
(a) parallel circuit; (b) serial circuit
Figure 2.2 Capacitance in parallel and serial circuits
Inductors and Inductance
An inductor is an electrical device which can temporarily store electromagnetic energy in
the field. The inductor is a coil of wire that may have an air core of an iron core to increase
its inductance. A powered iron core in the shape of a cylinder may be adjusted in and out of

the core.
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An inductor tends to oppose a change in electrical current, it has no resistance to DC
current but has an AC resistance to AC frequency and is given by the formula X, =2xwf, L,
with units of ohms. Inductors are used for filtering AC current. It is electrically opposite to
the capacitor. Its value is expressed in Henry ( more commonly milliHenries). There are two
major types of inductors, air core and iron core.

Component Testing

Once a particular component is suspected of being faulty, individual tests must then be
performed. @ Ideally, the component should be removed from the circuit completely; but if
this is inconvenient ( at least until if proves necessary for removal) , one or more leads should
be disconnected and care taken to avoid current paths in neighboring components when
testing. ® Such paths may give false reading and lead to incorrect conclusions. Methods for
testing components are described below.

Resistors are normally checked with an ohmmeter (in all probability on one of the
resistance ranges of a multimeter). Such an instrument carries its own power supply and the
circuit under test must be disconnected from the subunit power supply if the resistor is only
partially removed from the circuit (that is, one end disconnected). Zero resistance on an
ohmmeter is normally full scale deflection of the pointer and care must be taken not to
confuse this reading with “infinite ohms”. With the meter leads connected together, the
ohmmeter is first zeroed, using the electrical control provided. This removes lead resistance
from the leading and adjust the zero control appropriate to the chosen range.

Capacitors may also be checked for component resistance by use of an ohmmeter. On
connection the meter initially reads low. Then capacitor is functional, the pointer moves to
the high resistance end of the scale as the component charges. The reading given when the
pointer stops moving is the insulation resistance, which is normally high if the capacitor is in
good condition. Low resistance indicates a short-circuit or a leaky capacitor. Very high
resistance indicated immediately (that is, without charging) may indicate an open-circuit
except for very low-value capacitors in which the charging time is too short to cause
detectable pointer movement as described. Capacitance itself may be measured on a
capacitor bridge. The instructions for use of these instruments depend upon the type and are
usually given with the instrument.

Inductors may be checked with an ohmmeter in the manner described for resistors,
bearing in mind that inductor DC resistance is usually low. Inductance itself may be
measured either by using a reliable AC supply to determine the inductive reactance or by a
direct reading from a bridge instrument constructed for the purpose.

New Words and Expressions

resist [ri'zist] vt. #&$i, &K¥i, i, BB/E

directly [ di'rektli] adv. EHiE#, LB

proportional [ pra'po:fonl] adj. LLBIE), ALELBIR), HFRE), 6
formula [ 'formjula] n. A=, #LM

dissipation [ disi'peifon] n. W&, 2#k, #E, W%
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voltage [ 'voultidz] n. [Hi]HHE, RFFEL

individual [ jindi'vidjual] n. 4~A, 4ME adj. 4~51R, B, A/\B‘J
straightforward [ streit'forwod] adj. IEE#), HEHM, gl , HET 40 adv. HEH
reciprocal [ ri'siprokal] adj. H.ELH, FEARLM, B, BAHRK n B4, EAEEREZY
interpret [in'toprit] v. f#RE, UiBH, O, ARE KRR

band [bzend] n. #F, 86k, BB, BN, SR\ v. BKE, &6

significant [ sig'nifikont] adj. AR XK, KK, EEMK

multiplier [ 'maltiplaio] n. 3fn, EH#E, Fep, A, Fikas
tolerance [ 'tolorons] n. A%, Fi%s, B3, vt. H (VS AE) MEAZE
condenser [ kon'denso] n. X ¥ERS, AL

dielectric [ daii'lektrik] n. H/M5, 4854 adj. JEERIER

potential [ pa'tenf(2)1] adj. WERY, ATRER), #M, MM n. WEE, BN, BIE
neutrality [ nju:'treeliti] n. H57, ¢

farad [ 'feerod] n. [ J3EHL( RABAAL)

picofarad [ pike'feerad] n. [ ] ik (£75 4 PF & pf)

microfarad [ maikrov'faerad, -sed] n. [ H ]k

polarize [ 'pauloraiz] v. (f#) iRk, ()b, (f#)FikoL

nonpolar [ 'non'poule] adj. [{L] TARPER

inductors [in'dakto] n. BN 2%

temporarily [ 'tempororili] adv. IGHT Y

electromagnetic [ i'lektroumag'netik] adj. HLEEHY

frequency [ 'frikwonsi] n. $i%, &4KE

core [ ko] m. B, H.0, &b

faulty [ forlt] n. 348, &, B ot. kB vi. Fh

deflection [ di'flekfon] n. W&}, WFs, W2

confuse [ kon'fjuz] vt. #&#EL, FEMHI%R

initially [ i'mifoli] adv. ¥, FFk

detectable [ di'tektabl] adj. FZEHEHI, 5 EIK

tend to - %, [T

be expressed as HERRH

linear device ZR1ERs4

be classified as #IH

in parallel with JFFER%E %

be capable of HEf%

the insulation resistance %4 %% i, fH

one volt per second ##) 1 fR¥F

Note to the Text

(D One Ohm is defined as the amount of resistance that will limit the current in a conductor
to one ampere when the voltage applied to the conductor is one volt. 1 Q )5 S : 24 n%)]
Sk FEER LV R SRR R TR Dy 1 A Brie B A s e .



