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UNIT 1 Electrical and Electronic Engineering

1.1 Text

Introduction to Electrical and Electronic Engineering

The electrical and electronic industry has continued to mature to the point where almost every
person, household, or industry in the world has been influenced by its accomplishments. Most obvi-
ous is the widespread acceptance of the computer at every level of our lives. Its speed, size, and
cost make it readily available and effective in business and personal ventures. Electronics has provid-
ed radio, television, VCRs, and so on, as entertainment products in almost every house-
hold. Integrated circuits are now a part of most modern electronic systems and continue to provide
smaller, more sophisticated end products. The engineer of the early 1950s would be in awe of the a-
mount of circuitry that can be contained in a single integrated circuit, and today’s engineer will
probably be astounded by the technological progress that will take place by the year 2020.

Electronic systems will undoubtedly become a standard part of an increasing number of products
since they offer a number of benefits that are cost-effective. Automotive functions previously per-
formed by mechanical components are being replaced by electronic equivalent units, phonograph re-
cords using mechanical pickup transducers are being replaced by electronic compact disc units, me-
chanical typewriters are being replaced by electronic units and computer word-processing units, to
name just a few examples of the transition to more IC electronic technology™.

The growth of the electronic industry is due partly to the low-cost, very small size, relatively
complete electronic systems referred to as very-large-scale integrated ( VLSI) circuits. It is impres-
sive to consider that within the typical small calculator there is essentially one small IC package oc-
cupying less than one-fifth of the inside volume, and within this VLSI package is an even smaller
chip on which the total circuitry exists. A VLSI component contains hundreds of thousands of individ-
ual electronic components arranged in the various functional parts of the unit. These include storage
stages, counter circuitry, memory circuits, arithmetic circuits, and so on.

The single-chip VLSI is the heart of the electronic watch, replacing the long established analog
movement watches. As the electronic manufacturing technology has matured, the functions in a sin-
gle hand-worn unit have increased. In addition to keeping count of the time, the additional circuit
complexity has made possible an alarm function, stopwatch functions, calculator operation, storage
of telephone numbers, and storage of messages, to name the more prevalent”. Electronic devices
are now made using CMOS circuitry which uses very little power, permitting units such as watch cir-

cuits to operate for years on a single small battery.
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Electronic products have been developed for engineering applications as well as for special com-
mercial products. The availability of small, low-cost electronic components now makes it practical to
include electronic systems in many new areas of application, including measuring instruments, and
in the mechanical, chemical, civil, and biomedical engineering fields, among others. In each of
these areas electronic circuitry—both linear and digital 1Cs—has been added to provide more auto-
matic operation, digital display, and more central control, and to add additional features not pres-
ently available. For example, digital thermometers now provide faster, more easily visible display in
a small, compact, portable instrument. Similarly, instrumentation, oscilloscopes, and measure-
ment equipment now include digital display and control circuitry to provide automatic scale selection
and digital read-out.

Probably the greatest advances in the VLSI area have been made in microprocessors and in dig-
ital memory units. The complexity of microprocessor circuits has increased from handling 4 bits at a
time to 8bits, 16 bits, and now 32 bits at a time. Memory capacity has also increased, so that the
same-size 1C that once held 16 kilobits now holds at least 1 megabit. This tremendous increase in
packaging density has greatly extended the types of problems that can be handled by these small de-

vices. For example, the increased storage capacity has enabled small units to provide voice output.

New Words
accomplishment [ o'komplifmant | no AR REE
readily [ 'redili ] ad. KoM, REH
integrate [ 'intigreit | v a. ffiee---- e, ZEE SR
circuit [ 'sa:kit ] n. HL%
sophisticated [ so'fistikeitid | a. B0, Rm
circuitry [ 'sozkitri | n. W (BFR)
astound [ o'staund | v ffieeeee KWz —1Pt
component [ kom'paunant | n. Juf:
equivalent [ i'kwivalont | n. FHAEM; AEIFE)
phonograph [ 'founagra:f | n. WAL
pickup [ 'pikap ] n. i B
transducer [ treenz'djuzsa | n. fEIRGE; HhfEss
compact [ kom'pakt | a. BIEN; BEH
disc [ disk | n. Y
transition [ treen'sizon | n. U
1C ' abbr. SERH I (integrated circuit)
VLSI abbr. #EKAFEEE RS (very large scale inte-
grated circuit)
package [ 'paekids | n. R
chip [tfip] n. s A

analog [ '=nolog ] n. FEL
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stopwatch [ 'stopwot | | n. b
CMOS abbr. T AN )R AT
( complementary metal oxide semiconductor)
prevalent [ 'prevalont ] a. TR WATHY
biomedical [ baiou'medikal ] a. EYESET
linear [ 'linio | a. ZRPER
digital [ 'didzital | a. BUFH
instrumentation [ \instrumen'teifon | n. ACGEAGIN ; G
oscilloscope [ o'silaskoup | n. AN
microprocessor [ /maikrau'prousesa | n. fHALFRAY
bit [ bit | n.
kilobit [ 'kiloubit ] n. T
megabit [ 'megabit | n. JEAL, AL
Notes
@D to name just... AL S+ R
@ ..., to name the more preva]ent. """ Jzigéﬁ%ﬁc{ﬁiﬁﬁﬁibﬁé
Exercises

1. Choose the best answer for each of the following.
(1) Which of the following is the reason that makes the computer possible to be used in per-

sonal affairs and business?

A. The computer works at a fast speed. B. The computer has become small.
C. The computer costs little money. D. All of the above.

(2) Future accomplishments in the electrical and electronic industry may take aback
A. today’s products B. today’s engineers

C. early engineers D. sophisticated electronic systems

(3) From the second paragraph, we can see that the electronic units will undoubtedly

A. increase mechanical products

B. become a standard in making products

C. turn out to be a standard component of more and more products

D. be substituted by mechanical units

(4) Different functional components of a small calculator such as storage stage, counter cir-
cuilry, memory circuits and so on may exist

A. on a tiny chip B. on different chips

C. in the separate packages D. in the total circuitry

(5) The verbal phrase “referred to as” in the first sentence of the third paragraph can be re-

placed by
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A. preferred B. labeled

C. reflected D. refreshed

(6) Besides keeping count of time, the other functions of a watch consist in

A. a small battery B. its new mechanical renovation
C. its additional complicated circuits D. advanced mechanical devices

(7) One of the areas has not been mentioned in the passage to use electronic systems. It is

A. the mechanical field B. the biomedical field

C. the educational field D. the chemical field

(8) The great increase in packaging density has enabled the small devices to
A. handle 8 bits B. hold 16 kilobits

C. solve finite problems D. possess voice output

2. Fill in the blanks with the suitable words below in the correct form.

[electrical (] electrify [ electron ] electronic

[electronics [ electrician [ electricity

(1) More and more electric devices use components instead of mechanical ones.
(2) There is something wrong with the panel; an should be called on to repair it.

(3) The applications of electricity have grown to the point where most of us lead “

lives,” surrounded by a variety of devices that use energy.
(4) is the branch of science that deals with the behavior of electrons.
(5) When is applied to a capacitor, it causes an energy change to take place.
(6) The accelerators are used frequently in the laboratories.

3. Select the best choices to complete the article.

Although electricity has transformed the modern world, what we know about its behavior is
based on a theory. A theory is simply a (1) ( declaration, description, understanding) of
how and why things work as they do. Theories are frequently developed to (2) (explain,
say, depict) the operation of physical behaviors in our world. If a theory can be proven to be correct
in all cases, we call it a (3) (theory, theme, law) . The theory of electricity has not yet
been proven or disproven, (4) (so, but, otherwise) it remains a theory.

The electron theory of current flow states that (5) (battery, cell, electricity) is a flow
of electrons. But what are electrons? Electrons are small, high-speed (6)  (nuclei, ele-
ments, particles) associated with an atom. An (7) (atom, element, electron) is the smal-
lest particles of an element. An element is a pure material that contains atoms of a (8)
(like, alike, likely) size and character. For example, gold is an element. All atoms of (9)
(iron, copper, gold) are exactly alike in all (10) (fields, regions, respects) .

The electrons (11) (go, move, orbit) the nucleus of an atom at a high rate of

speed. An electron is said to be (12) (negatively, positively, neutrally) charged.



]
UNIT 1 Electrical and Electronic Engipegrrirjg $-E% i 5

1.2 Reading and Translation
Read the following passage and translate the italicized parts into Chinese.

Early Development for Electrical Engineering

As early as the latter part of the 16th century, experimenters were exploring the behavior of
static electricity. W. Gilbert experimented with electric charges and discharges. In 1750 Benjamin
Franklin proved that lightning was electrical in nature. Neither investigator discovered anything that
was significant from the standpoint of the applications of electricity. Discovery of the presence of mag-
netism in certain rocks preceded the earliest knowledge of electricity. Such knowledge was common a-
bout 600 B. C. Applications of electrical knowledge were completely absent in this era.

In 1800 A. Volta discovered the principle of the electric battery. The voltaic cell was one of the
most important discoveries in the history of the electrical art, because it provided a continuous
source of appreciable amounts of electric power at reasonably low voltage. It was an essential compo-
nent of the early communication systems, such as the telephone and telegraph.

The first United States patent on the electrical telegraph was obtained by J. Groat in 1800. The
invention of a practical electromagnet was announced by Joseph Henry in 1827. These inventions by
Groat and Henry opened the way for a still more significant inveniion, the electromagnetic tele-
graph. The principle of this forerunner of the communication industry was conceived in 1831, proven
practical in 1837, and patented in 1840 by Samuel. F. B. Morse.

Few developments have had greater impact on American life than Morse’s invention. His idea
paved the way for the first system of electrical communication, the telegraph. This in turn led to the
telephone and later to the wireless telegraph.

The discovery of electromagnetic induction by Michael Faraday in 1831 established many prin-
ciples upon which modern machines function. Motors, generators, transformers, and many other e-
lectrical devices found in heavy electrical indusiry were made possible by the discoveries of Fara-
day. The contributions of Faraday in the electrical power industry are comparable to those of Morse in
the field communications.

One of the first important developments based on the disclosures of Faraday was the electric dy-
namo. English patent no. 1858 describes the principle of operation. In the following years many types
of DC generators were developed and used commercially. The Gramme-ring armature was one of the
first used in conjunction with a commutator. This machine was somewhat inefficient, but it provided
a source of relatively high voltage at a reasonable large power capacity (up to 100kW) .

With the development of the high-resistance carbon filament lamp by Thomas Edison in 1880, the
DC generator became one of the essential components of the constant-potential lighting sys-
tem. Commercial lighting and residential lighting became practical and the electric light and power
industry was born. One of the most common uses for direct current during this period was for street
lighting.

The first transformer was announced in 1883. This device probably did more to revolutionize the
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systems of power transmission than any other. The advantages of high-voltage low-current systems
over the low-voltage high-current systems of power transmission were well known. Following the dis-
covery of the transformer, power could be generated at low voltages, transformed to higher voltages
for transmission over great distances (several hundred miles) , and then reduced by transformers to
lower values for utilization.

In 1880 N. Tesla was granted a patent on the polyphase AC induction motor, which soon be-
came the most commonly used motor for supplying large amounts of power; in its improved state, it
is most extensively used today.

In 1876 Alexander, Graham Bell invented the telephone. This device was soon pul into use
and, as a result, another huge industry was established.

Throughout this period of development, another outstanding contributor was Thomas
A. Edison. His work included research, invention, development, and production. His activities ex-
tended into chemistry, electrical dynamos, systems of transmission, sound recording and reproduc-
tion, and electrical lamps. Perhaps one of his most important discoveries was one that he did not pur-
sue sufficiently to realize its vast importance, a discovery known in later years as the Edison effect.

Lee De Forest introduced the use of the third element (grid) in the vacuum tube in 1906. This
development opened an entirely new field of engineering. It made possible new systems of communi-
cation and methods of control and indicated the possibility of the multielement tube. It provided the
basis for future developments in electronics.

With production methodology being well established, there was rapid expansion in research en-
gineering in the first half of the 20th century. Industrial research laboratories expanded in size and in
number. College faculties became increasingly aware of the importance of research to education. To
administer necessary training in research, extensive research laboratories were constructed by Amer-
ican universities. Academic appointments have been made of many faculty members who are trained in
the systematic pursuit of scientific and engineering knowledge. Today research is an essential ingredient
in the education of the engineering student—the agent by which the student develops originality, in-
ventive genius, and an understanding of the world.

Research today is a big business, no longer carried out by isolated individuals working over
long periods. It is conducted by highly organized groups of investigators who have been selected be-
cause of their competence in certain areas of investigation. The lapse of 30 years between invention
and production which seemed to prevail in the 19th century has been shortened to several years and
sometimes to several months, a saving in time which can be attributed largely to better systems of com-
munication between scientists and engineers in the engineering profession.

Since 1945 great advances have been made as the result of the invention of the transistor. This
solid-state device has made possible the miniaturization of many components in computers, integrat-
ed circuits, and calculators. During this same period, research in electron optics has preceded the
development of lasers and holography.

The rate of growth of research in electrical engineering was enhanced in the 1940s as a result of

support of Federal agencies. Many ideas associated with the military effort of that period are now be-
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ing used commercially and for research purposes. Microwaves have become part of modern communi-
cation systems. The development of semiconductors has made possible more rugged, smaller, and
cheaper systems. Research in miniaturization has greatly increased the speed of modern comput-
ers. The laser has provided communication systems operative over millions of miles. Integrated circuits
have reduced size and weights and made practical interplanetary and satellite communica-
tions. Planetary radar astronomy and radio astronomy are also the result of adaptations to engineering

systems of electrical components developed through research.

New Words
patent [ 'peitant | n. EHH
armature [ 'arma tjua] n. HHX, (HBHL) FF
commutator [ 'komjuteita | n. ey
filament [ 'filomoant | n. 22 f1¢%
grid [ grid | n. HH%
laser [ 'leiza] n. BOG; BOLRE
holography [ ho'lagrafi | n. 8%, 288H (R), LGREMH¥
administer [ od'minista ] v. St
appointment [ o'pointmant | n. HRA
interplanetary [ inta'pleenitari | a. FPralr
rugged [ 'ragid | a. "E[EH

1.3 Further Reading

Electrical and Electronic Engineering in the Future

So much of the development of science and technology depends on the variables of economic,
political , and social developments that precise predictions about future trends in the field of electri-
cal and electronic engineering cannot be made. But it is possible to discern certain technological
trends which can reasonably be expected to occur.

A major scientific advance such as the development of a comprehensive theory and knowledge of
elementary particles, the basic components of all matter and energy, could profoundly change the
way we live tomorrow. A theory based on knowledge of such strange objects as pulsars, stars that e-
mit radio waves in uniform pulses, and quasars, strong radio sources and unexplained sources of e-
normous energy, could alter life in ways we cannot yet forecast.

Electrical and electronic scientists and engineers are engaged in examining and developing these
areas. They are not restricted in their exploration to our present knowledge of space or time. With an
instrument known as an electron accelerator, they probe the mysteries of the atomic nucleus, and
with the radio telescope they study signals from remote regions of outer space. With computers they

can store information indefinitely and with electronic circuits they can get information in a thousand-
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billionth of a second.

A major success such as the hamessing of thermonuclear energy produced through nuclear fu-
sion would radically affect the development of all branches of engineering. The world would move
from a state of energy scarcity lo an era of inexhaustible energy resources. Given the proper economic
and political circumstances, this would cause tremendous growth in science and technology.

However, if this major breakthrough does not occur, the enormous need for new energy re-
sources will continue to grow. With the ever-increasing use of fossil fuels, the effort of much of the
technological community is already directed toward the discovery of new sources of non-fossil
fuels. Solar, geothermal (relating to the heat of the earth’s interior) , tidal, and wind sources of
energy are gradually becoming more economically possible. A technological breakthrough in any one
of these fields would provide research work for tens of thousands of electrical engineers. New and im-
proved types of cells, batleries, generators, converters, power plants, and transmission lines
would have 1o be designed, tested, evaluated, and built in order to properly use the new source of
energy.

In any case’ , the future of electrical and electronic engineering does not depend solely on the
development of new scientific theories or the discovery of new energy sources. These engineers will be
engaged in diverse technological pursuits such as the following.

Elecirical and electronic engineers will be intimately involved in the development of the com-
pletely automated industrial factory. It will become possible, with the aid of electronic computers,
to produce goods by teams of machines that transfer materials from one to another. In such a factory a
product could be manufactured, tested, labeled, packaged, and shipped without being touched by
human hands or directed by human intellect.

In the field of transportation, electrical engineers are currently engaged in developing the elec-
tric automobile, train, bus, and ship. They are designing new inertial guidance systems which
would guide rockets and interplanetary spaceships by using devices which detect changes in speed
and direction and make necessary adjustments automatically.

Fueling aircraft and spacecraft by laser beam is another possibility that will transform future
travel. As light energy can be converted into other forms of energy, so could the laser beam be con-
verted to aircraft fuel. Such a breakthrough would greatly reduce the weight of aircraft and thereby in-
crease the probability of hypersonic travel—travel at speeds five or more times greater than the speed
of sound. Planes could travel at 4 000 to 5 000 miles an hour and at altitudes of 150 000 feet.

Society will become more and more computerized, and the electronic engineer will be called
upon to design and build ever-smaller computers capable of doing more varied and more complicated
tasks. At some time in the future, fully automatic automobiles and homes will be built and directed
by computers. Computers that “think”, that learn from errors and never make the same mistake
twice, that are able to repair themselves and reproduce themselves, may be the reality of tomorrow.

Cybernetics, the science of automatic controls, could eventually produce a race of robots—
machines in human shapes that perform human tasks with what parallels human intelligence. Only

human sensitivity, emotion, and sexuality will be missing. The necessary scientific knowledge for
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building these labor-replacing devices is available to engineers today: computer technology, micro-
circuil technology, control theory, and information theory—a mathematical analysis of the efficien-
cy with which computers, telecommunication channels, and other information-processing systems
are employed. The electronic engineer need only translate today’s knowledge into tomorrow’s machin-
ery.

The exciting field of biomedical engineering offers enormous possibilities. More and more elec-
tronic instruments to extend, repair, and improve upon physical life are currently being devel-
oped. Lasers are already used to join living tissues such as detached eye retinas; their uses in surgery
too intricate and delicate for the knife will become commonplace. Computers will be developed to di-
agnose and treat disease. Electronic engineers will devise more usable and varied organs and organ
replacements. There is, theoretically, no limit to the uses of electronics in medicine.

Not only will the new developments make use of the electronic engineer; he or she will develop
new electronic products for people to buy. Telephones with picture screens on which the connected
parties can see each other and three-dimensional television which would completely envelope the vie-
wer could become ordinary household items.

Research and development, or R and D—investigation and experimentation by scientists, en-
gineers, and technicians is not confined to sciences such as physics or radio astronomy. Countless
engineers will continue to design and improve upon existing vacuum tubes, switches, and electro-
mechanical devices. Improvements will be made in antennae, arrangements of wires and rods which
fan out to receive electromagnetic waves; filters, which block out selected waves or current; trans-
ducers, which convert one form of energy to another; and relays, which electrically cause switches
in a circuit to open and close. These are the basic components of the electronic industry and a vital
segment of the industries that maintain our economy.

These exciting possibilities indicate a bright future for electrical and electronic engineers. They

will play a central role in formulating, shaping, and bringing into being the immediate and distant

future.
New Words
discern [ di'sain | v. HE; PEH
profoundly [ prou'faundli | ad. PEHRL; A HD
pulsar [ 'palsa:] n. k2
quasar [ 'kweiza: | n. FERE
probe [ proub | v WEK
nucleus [ 'njuzklias | (pl. nuclei) n. (JEF) #
indefinitely [ in'definatli ] ad. JCFREAHE
harness [ 'haznis | v. FH
thermonuclear [ @armou'nju:klis ] a. #HZHY, BAEH, ~ reaction TAZ
fusion [ 'fjurzon | n. HAE
radically [ 'reedikali | ad. B RHY
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inexhaustible
fossil
geothermal
interior
converter
transmission
evaluate
diverse
inertial
hypersonic
altitude
cybernetics
sensitivity
microcircuit
tissue

relina
detached
intricate
commonplace
diagnose
astronomy
vacuum
electromechanical
electromagnetic
antenna

filter

relay

segment
formulate

D In any case,

[ inig'zo:stabl |

[ 'fosal |

[ (dzirou'formal |
[ in'tiorio |

[ kan'vasto ]

[ trenz'mifon |

[ i'vaeljueit ]

[ dai'va:s |
[i'nazfal ]

[ /haipa'sonik |
['eeltitju:d ]

[ ;saiba'netiks |

[ ;sensi'tiviti |

[ 'maikrou;sazkit |
[ 'tifjuz]

[ 'reting |

[ di'teet[t |

[ intrikat |

[ 'komanpleis |

[ 'daiagnouz |

[ o'stronomi |

[ 'veekjuam |

[ ijlektroumi'kenikal |
[ ilektroumaq'netik |
[ @&n'tens ]

[ 'filta]

[ 'rizlei ]

[ 'segmont |

[ 'formjuleit |
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