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Unit 1

Section A

Text

A General Introduction to Electrical Engineering

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 produce systems that
meet practical needs.

Communication systems are electrical systems that generate, transmit, and distribute
information. Well-known examples include television equipment, such as cameras, transmitters,
receivers, and VCRs; radio telescopes, 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.

Computer systems use electric signals to process information ranging from word processing to
mathematical computations. Systems range in size and power from pocket calculators to personal
computers to supercomputers that perform such complex tasks as processing weather data and
modeling chemical interactions of complex organic molecules. These systems include networks of
microcircuits, or integrated circuits-postage-stampsized assemblies of hundreds, thousands, or
millions of electrical components that often operate at speeds and power levels close to fundamental
physical limits, including the speed of light and the thermo-dynamic laws.

Control systems use electric signals to regulate processes. Examples include the control of
temperatures, pressures, and flow rates in an oil refinery; the fuel-air mixture in a fuel-injected
automobile engine; mechanisms such as the motors, doors, and lights in elevators; and the locks in
the Panama Canal. The autopilot and autolanding systems that help to fly and land airplanes are also
familiar control systems.

Power systems generate and distribute electric power. Electric power, which is the fouridation
of our technology-based society, usually is generated in large quantities by nuclear, hydroelectric,
and thermal (coal-, oil-, or gas-fired) generators. Power is distributed by a grid of conductors that
crisscross the country. A major challenge in designing and operating such a system is to provide
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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 that represent information. They transform
the signals and the information contained in them into a more suitable form. There are many
different ways to process the signals and their information. For example, image-processing systems
gather massive quantities of data from orbiting weather satellites, reduce the amount of data to a
manageable level, and transform the remaining data into a video image for the evening news
broadcast. A computerized tomography (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. Although
the original X-ray signals are of little use to a physician, once they are processed into a recognizable

image the information they contain can be used in the diagnosis of disease and injury.
Circuit Theory

In a field as diverse as electrical engineering, you might well ask whether all of its branches
have anything in common. The answer is yes—electric circuits. An electric circuit is a mathematical
model that approximates the behavior of an actual electrical system. As such, it provides an
important foundation for learning—in your later courses and as a practicing engineer—the details of
how to design and operate systems such as those just described. The models, the mathematical
techniques, and the language of circuit theory will form the intellectual framework for your tuture
engineering endeavors.

Note that the term electric circuit is commonly used to refer to an actual electrical system as
well as to the model that represents it. In this text, when we talk about an electric circuit, we always
mean a model, unless otherwise stated. It is the modeling aspect of circuit theory that has broad
applications across engineering disciplines.

Circuit theory is a special case of electromagnetic field theory: the study of static and moving
electric charges. Although generalized field theory might seem to be an appropriate starting point for
investigating electric signals, its application is not only cumbersome but also requires the use of
advanced mathematics.

Three basic assumptions permit us to use circuit theory, rather than electromagnetic field theory,
to study a physical system represented by an eclectic circuit. These assumptions are as follows:

1. Electrical effects happen instantaneously throughout a system. We can make this
assumption because we know that electric signals travel at or near the speed of light. Thus, if the
system is physically small, electric signals move through it so quickly that we can consider them to
affect every point in the system simultaneously. A system that is small enough so that we can make
this assumption is called a lumped-parameter system.

2. The net charge on every component in the system is always zero. Thus no component can
collect a net excess of charge, although some components, as you will learn later, can hold equal but
opposite separated charges.

3. There is no magnetic coupling between the components in a system. As we demonstrate
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later, magnetic coupling can occur within a component.

That’s it; there are no other assumptions. Using circuit theory provides simple solutions (of
sufficient accuracy) to problems that would become hopelessly complicated if we were to use
electromagnetic field theory. These benefits are so great that engineers sometimes specifically
design electrical systems to ensure that these assumptions are met. The importance of assumptions 2
and 3 becomes apparent after we introduce the basic circuit elements and the rules for analyzing
interconnected elements.

However, we need to take a closer look at assumption 1. The question is, “How small does a
physical system have to be to qualify as a lumped-parameter system?”” We can get a quantitative
handle on the question by noting that electric signals propagate by wave phenomena. If the wave-
length of the signal is large compared to the physical dimensions of the system, we have a lumped-
parameter system. The wavelength A is the velocity divided by the repetition rate, or frequency, of
the signal; that is, A= ¢/f- The frequency fis measured in Hertz (Hz). For example, power systems in
the United States operate at 60 Hz. If we use the speed of light (c=3x10® m/s) as the velocity of
propagation, the wavelength is 5x10° m. If the power system of interest is physically smaller than
this wavelength, we can represent it as a lumped-parameter system and use circuit theory to analyze
its behavior. How do we define smaller? A good rule is the rule of 1/10th: if the dimension of the
system is 1/10th (or smaller) of the dimension of the wavelength, you have a lumped-parameter
system. Thus, as long as the physical dimension of the power system is less than 5x10°m, we can
treat it as a lumped-parameter system.

On the other hand, the propagation frequency of radio signals is on the order of 10° Hz. Thus
the wavelength is 0.3 m. Using the rule of 1/10th, the relevant dimensions of a communication
system that sends or receives radio signals must be less than 3 cm to qualify as a lumped-parameter
system. Whenever any of the pertinent physical dimensions of a system under study approaches the
wavelength of its signals, we must use electromagnetic field theory to analyze that system.

Problem Solving

As a practicing engineer, you will not be asked to.solve problems that have already been solved.
Whether you are trying to improve the performance of an existing system or creating a new system,
you will be working on unsolved problems. As a student, however, you will devote much of your
attention to the discussion of problems already solved. By reading about and discussing how these
problems were solved in the past, and by solving related homework and exam problems on your
own, you will begin to develop the skills to successfully attack the unsolved problems you’ll face as
a practicing engineer'”),

Some general problem-solving procedures are presented here. Many of them pertain to thinking
about and organizing your solution strategy before proceeding with calculations.

1. Identify what'’s given and what’s to be found. In problem solving, you need to know your
destination before you can select a route for getting there. What is the problem asking you to solve
or find? Sometimes the goal of the problem is obvious; other times you may need to paraphrase or
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make lists or tables of known and unknown information to see your objective. The problem

statement may contain extraneous information that you need to weed out before proceeding. On the
other hand, it may offer incomplete information or more complexities than can be handled given the
solution methods at your disposal. In that case, you’ll need to make assumptions to fill in the
missing information or simplify the problem context. Be prepared to circle back and reconsider
supposedly extraneous information and/or your assumptions if your calculations get bogged down or
produce an answer that doesn’t seem to make sense.

2. Sketch a circuit diagram or other visual model. Translating a verbal problem description
into a visual model is often a useful step in the solution process. If a circuit diagram is already
provided, you may need to add information to it, such as labels, values, or reference directions. You
may also want to redraw the circuit in a simpler, but equivalent form™. Later in this text you will
learn the methods for developing such simplified equivalent circuits.

3. Think of several solution methods and decide on a way of choosing among them. This
course will help you build a collection of analytical tools, several of which may work on a given
problem. But one method may produce fewer equations to be solved than another, or it may require
only algebra instead of calculus to reach a solution. Such efficiencies, if you can anticipate them, can
streamline your calculations considerably. Having an alternative method in mind also gives you a
path to pursue if your first solution attempt bogs down.

4. Calculate a solution. Your planning up to this point should have helped you identify a good
analytical method and the correct equations for the problem. Now comes the solution of those
equations. Paper-and-pencil, calculator, and computer methods are all available for performing the
actual calculations of circuit analysis. Efficiency and your instructor’s preferences will dictate which
tools you should use.

5. Use your creativity. If you suspect that your answer is off base or if the calculations seem to
go on and on without moving you toward a solution, you should pause and consider alternatives.
You may need to revisit your assumptions or select a different solution method. Or, you may need to
take a less-conventional problem-solving approach, such as working backward from a solution. This
is text provides answers to all of the Assessment Problems and many of the Chapter Problems so
that you may work backward when you get stuck. In the real world, you won’t be given answers in
advance, but you may have a desired problem outcome in mind from which you can work backward.
Other creative approaches include allowing yourself to see parallels with other types of problems
you’ve successfully solved, following your intuition or hunches about how to proceed, and simply
setting the problem aside temporarily and coming back to it later™!.

6. Test your solution. Ask yourself whether the solution you’ve obtained makes sense. Does
the magnitude of the answer seem reasonable? Is the solution physically realizable? You may want
to go further and rework the problem via an alternative method. Doing so will not only test the
validity of your original answer, but also help you develop your intuition about the most efficient
solution methods for various kinds of problems!™. In the real world, safety- critical designs are
always checked by several independent means. Getting into the habit of checking your answers will



benefit you as a student and as a practicing engineer.

These problem-solving steps cannot be used as a recipe to solve every problem in this or any other
course. You may need to skip, change the order of, or elaborate on certain steps to solve a particular
problem. Use these steps as a guideline to develop a problem-solving style that works for you.

Notes

[1] 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.
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[2] By reading about and discussing how these problems were solved in the past, and by
solving related homework and exam problems on your own, you will begin to develop the skills to
successfully attack the unsolved problems you’ll face as a practicing engineer.
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[3] If a circuit diagram is already provided, you may need to add information to it, such as
labels, values, or reference directions. You may also want to redraw the circuit in a simpler, but
equivalent form.
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[4] Other creative approaches include allowing yourself to see parallels with other types of
problems you’ve successfully solved, following your intuition or hunches about how to proceed, and
simply setting the problem aside temporarily and coming back to it later.
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[5] Doing so will not only test the validity of your original answer, but also help you develop
your intuition about the most efficient solution methods for various kinds of problems.
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New Words
manipulate [ma'nipjulert] vt. 84, EHWLERS), BY
computation [ kompju'terf(a)n] n. W&, it
transmitter [trenz'm1ta(r)] n. 24, KIWHL, XEH
interaction [intar'akf(a)n] n. ZAHAEH, T
molecule ['mol1 kju:l] n. 3F, WBUMIERL
microcircuit ['markraus3:kit] n. [H-F15H
assembly [a'sembli] n. FHo, L%
refinery [r1'farnari] n. ¥EE
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hydroelectric  [,hardrau'1lektrik] adj. KITHESM

redundancy [r1'dAndansi] n. SHERESR, IR
tomography [ta'mbgrafi] n [EIX HEWEREZAR
recognizable  ['rekag,narzab(a)l] adj. ATHEAR, ATAAE), AAKIR
prerequisite  [pri:'rekwazit] n. SR
electromagnetic [1,lektroumag'netik] adj. HELK
instantaneously [,Instan'ternjosli] adv. BEE)HE, BT HL
lumped [IaAmpt] adj. &[]V
parameter [pa'r&mita(r)] n. 28, B&
magnetic [maeg'netik] adj. HiH, FAHEYER
cumbersome  ['kamba(r)s(3)m] adj. ZEM, KUK
coupling ['kap(@)l1n] n. B4, &6, BE
interconnect [ Inta(r)ka'nekt] vt. fFHAHERE
quantitative ['kwpntrtativ] adji. EWK], EEH
propagate ['propagert] v. f648%, B, B
velocity [va'lpsati] n B, HE, FAEER
propagation [,propa‘geifan] n. (FBY, HBEENS) £#
extraneous [1k'stre1nias] adj. ShRHN, SNREMEE, BRI
hunch [hant]] n. HA, Tk
magnitude ['maegnrtju:d] n KN, HE, BEX
Exercises

Exercise | Answer the following questions.

According to paragraph one, which two subjects are closely related to electrical engineering?
What are the five major classifications of electrical systems?

What is the function of signal-processing systems?

What is an electrical circuit? ‘

How many problem-solving steps have been discussed in the text? And what are they?
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. Can the above-mentioned problem-solving steps be used to solve any relevant problem?

Exercise 1l Fill in the blanks with the words given below. Change the form where
necessary.

prerequisite velocity magnitude extraneous electromagnetic assembly propagate
microcircuit hydroelectric computation

1. Mr. Brown is said to have been working on an line for years.

2. I want to know the of this equipment.

3. This course is a to more advanced studies.

4. We are expected not only to learn knowledge but also to it.

5. The force is the one responsible for practically all the phenomena one




encounters in daily life, with the exception of gravity.

6. In physics, is the measurement of the rate and direction of change in position
of an object.

7. Nowadays there are many power stations, providing around 20% of the
world’s electricity.

8. Variables are undesirable variables that influence the relationship between the variables that

an experimenter is examining.

9. is a general term for any type of process, algorithm or measurement; this often
includes but is not limited to digital data.
10. In , the supporting material upon which or within which an integrated circuit

is fabricated, or to which an integrated circuit is attached.

Exercise lll Match the explanations in Column B with words in Column A.

A B
assumption having similar or identical effects
alternative a constituent element, as of a system
simultaneously a branch of knowledge or teaching
equivalent supposition
component the choice between two mutually exclusive possibilities
discipline at the same time

Exercise IV Complete the following passage with words or phrases chosen from
the text.

Electrical engineering is a field of engineering that generally deals with the study and
a of electricity, electronics and electromagnetism. The field first became an identifiable
occupation in the late nineteenth century after commercialization of the electric telegraph and
e power supply. It now covers a r of subtopics including power, electronics,
c systems, signal p and telecommunications.
Electrical engineering may include electronic e . Where a distinction is made, usually
outside of the United States, electrical engineering is considered to deal with the problems
associated with large-scale electrical s such as power transmission and m
control, whereas electronic engineering deals with the study of small-scale electronic systems
including computers and i circuits Alternatively, electrical engineers are usually
concerned with using electricity to t energy, while electronic engineers are concerned
with using electricity to process information. More recently, the distinction has become blurred by
the growth of power electronics.

Exercise V Fill in each of the blanks with a suitable preposition or adverb.

Electrical engineers typically possess an academic degree a major electrical
engineering. The length of study for such a degree is usually four

five years and the
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completed degree may be designated a Bachelor of Engineering, Bachelor of Science,

Bachelor of Technology or Bachelor of Applied Science depending the umiversity. The
degree generally includes units covering physics, mathematics, computer science, project
management and specific topics in electrical engineering. Initially such topics cover most, if not all,

of the sub-disciplines of electrical engineering. Students then choose to specialize one or
more sub-disciplines the end of the degree. Some electrical engineers choose to
pursue a postgraduate degree as a Master of Engineering/Master of Science (M.Eng./M.Sc.),

a Master of Engineering Management, a Doctor of Philosophy (Ph.D.) in Engineering, an
Engineering Doctorate (Eng.D.), an Engineer’s degree.

Exercise VI Translate the following sentences into Chinese.

1. There are many different ways to process the signals and their information.

2. The autopilot and auto-landing systems that help to fly and land airplanes are also familiar
control systems.

3. Electric power, which is the foundation of our technology-based society, usually is
generated in large quantities by nuclear, hydroelectric, and thermal generators.

4. As a student, however, you will devote much of your attention to the discussion of
problems already solved.

5. Getting into the habit of checking your answers will benefit you as a student and as a
practicing engineer.

Section B

Practical Writing
Job Application Letters
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Address
Addresser’s name
City, State, Zip Code
Phone Number
Email Address
Date

Employer Contact Information (if you have it)



Name

Company

Address

City, State, Zip Code
Salutation

Dear Mr./Ms. Last Name, (leave out if you don't have a contact)

Body of Application Letter

The body of your application letter lets the employer know what position you are applying for,
why the employer should select you for an interview, and how you will follow-up.

First Paragraph

The first paragraph of your letter should include information on why you are writing. Mention
the job you are applying for and where you found the job listing. Include the name of a mutual
contact, if you have one.

Middle Paragraph(s)

The next section of your application letter should describe what you have to offer the employer.
Mention specifically how your qualifications match the job you are applying for. Remember, you are
interpreting your resume, not repeating it.

Final Paragraph

Conclude your application letter by thanking the employer for considering you for the position.
Include information on how you will follow-up.

Complimentary Close
' Sincerely,
Signature
[Sample 1]
Richard Anderson,
87 Main Street
Springfield, Kansas 68075
Date: 1st October, 2010
Mr. John Smith,
National Electrical,

257, Park Avenue South,
New York, NY 1235-6789.

Dear Mr. Smith,
I am enclosing my resume in hopes that your company may assist me in locating a position as



