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UNIT ONE

| Reading and Comprehension

Electrical Engincering: An Overview

Electrical engineering is the profession concerned with systems that produce, transmit,
and measure electric signals. Electrical engineering combines the physicist’s models of
natural phenomena with the mathematician’s tools for manipulating those models to pro-
duce systems that meet practical needs. Electrical systems pervade our lives: they are
found in homes, schools, workplaces, and transportation vehicles — everywhere. We
begin by presenting a few examples from each of the five major classifications of electri-
cal systems: (1) communications systems; (2) computer systems; (3) control systems;
(4) power systems; (5) signal-processing systems. Then we describe how electrical engi-
neers analyze and design such systems.

Communications systems are electrical systems that generate, transmit, and distribute in-
formation. Well-known examples include television equipment, such as cameras, trans-
mitters, receivers, and VCRs; radio telescopes, which are used to explore the universe;
satellite systems, which return images of other planets and our own; radar systems used
to coordinate plane flights; and telephone systems.

Figure 1.1 depicts the major components of a modern telephone system. Starting at
the left of the figure, inside a telephone, a microphone turns sound waves into electric
signals. These signals are carried to a switching center where they are combined with the
signals from tens, hundreds, or thousands of other telephones. The combined signals
leave the switching center; their form depends on the distance they must travel. In our
example, they are sent through wires in underground to a

1 itenna through air and space, via a
I 'e, to a recelvmg statlon The microwave recelvmg station trans-
lates the microwave signals into a form sultable for further transmission, perhaps as pul-
ses of light to be sent through fiber-opi . Upon arrival at the second switching
center, the combined signals are separated, and each is routed to the appropriate tele-




2 ELECTRICAL AND ELECTRONIC ENGINEERING

phone, where an earphone acts as a speaker to convert the received electric signals back
into sound waves. At each stage of the process, an electric circuit operates on the sig-
nals. Imagine the challenge involved in designing, building, and operating each circuit
in a way that guarantees that all of the hundreds of thousands of simultaneous calls have
high-quality connections.

Communications

satellite
*y Receivin
Transmission g
antenna
antenna
Microwave Microwave

receiving station

transmission station

Coaxial cables l Fiber-optic cables

Switching Switching
center center
ﬁ Wire ? Cable
Microphone
@,
(=] =) Speakes
Telephone Telephone

Figurel.1 A telephone system

Computer systems use electric signals to process information ranging from word process-
ing to mathematical computations. Systems range in size and power from pocket calcula-
tors to personal computers to supercomputers that perform such complex tasks as pro-
cessing weather data and modeling chemical interactions of complex orgamc molecules.

These systems include networks of microcircuits, or in its — postage stamp-
sized assemblies of hundreds, thousands, or millions of electronlc components which of-
ten operate at speeds and power levels close to fundamental physical limits, including the
speed of light and the §h

¢ laws.

Control systems use electric signals to regulate processes. Examples include the control of
temperdtures, pressures, and flow rates in an oil refinery; the fuel-air mixture in a
¢; mechanisms such as the motors, doors, and lights in el-

autopilot and autolanding systems that




UNIT ONE 3

help to fly and land airplanes are also familiar control systems.

Power systems generate and distribute electric power. Electric power, which is the foun-
dation of our technology-based society, usually is generated in large quantities by nucle-
ar, hydroelectric, and thermal (coal-, oil- or gas-fired) generators. Power is distributed
grid of conductors that €risseross the country. A major challenge in designing and
operating such a system is to provide sufficient redundancy and control so that failure of
any piece of equipment does not leave a city, state, or region completely without power.

Signal-processing systems act on electric signals which represent information. They
transform the signals, and the information contained in them, to a more suitable form:.
There are many different ways to process the signals and their information. For exam-
ple, image-processing systems gather massive quantities of data from orbiting weather
satellites, reduce the amount of data to a manageable level, and transform the remammg
data into a video image for the evening news broadcast. A computerized | 1y
(CT) scan is another example of an image-processing system. It takes signals generated
by a special X-ray machine and transforms them into an image such as the one in Figure
1.2. While the original X-ray signals are of little use to a physician, once they are pro-
cessed into a recognizable image the information they contain can be used in the diagno-
sis of disease and injury.

Figurel.2 A CT scan of an adult head

Considerable interaction takes place among the engineering disciplines involved in
designing and operating these five classes of systems. Thus communications engineers use
digital computers to control the flow of information. Computers contain control sys-
tems, and control systems contain computers. Power systems require extensive communi-
cations systems to coordinate safely and reliably the operation of components, which
may be spread across a continent. A signal-processing system may involve a communica-
tions link, a computer, and a control system.

A good example of the interaction among systems is a commercial airplane, such as
the one shown in Figure 1.3. A sophisticated communications system enables the pilot
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and the air traffic controller to monitor the plane’s location, permitting the air traffic
controller to design a safe flight path for all of the nearby aircraft and enabling the pilot
to keep the plane on its designated path. On the newest commercial airplanes, an on-
board computer system is used for managing engine functions, implementing the naviga-
tion and flight control systems, and generatlng video information screens in the cockpit.
A complex control system uses | pit commands to adjust the position and speed of the
airplane, producing the appfopriate signals to the engines and the control surfaces (such
as the wing flaps, , and rudder) to ensure the plane must have its own power sys-
tem to stay and to provide and distribute the electric power needed to keep the cab-
in lights on, make the coffee, and show the movie. The signal-processing systems reduce
the noise in air traffic communication, transforming information about the noise in air
traffic communication, and transform information about the plane’s location into the
more meaningful form of a video display in the cockpit. Engineering challenges abound
in the design of each of these systems and their integration into a coherent whole. For
example, these systems must operate in widely varying and unpredictable environmental
conditions. Perhaps the most important engineering challenge is to guarantee that suffi-
cient redundancy is incorporated in the designs to ensure that passengers arrive safely
and on time at their desired destinations.

Figurel.3 An airplane
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Although an electrical engineer may be interested primarily in one area, he or she
must also be knowledgeable in other areas that interact with this area of interest. This
interaction is part of what makes electrical engineering a challenging and exciting pro-
fession. The emphasis in engineering is on making things work, so an engineer is free to
acquire and use any technique, from any field that helps to get the job done.

(Electric Circuits. Addison-Wesley Publishing Company. 1996)

Words and Expressions

Exercise A

Answer the following questions,

1. What is electrical engineering in terms of profession?

2. Why should an electrical engineer get to know other engineering disciplines outside
his own area of subject?

3. What are the major electrical systems in modern society?



